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Summar

The paper presents a general-equilibrium framework for short-run
macroeconomic analysis in a developing country where agents are sub-
ject to foreign exchange restrictions and face interest rate ceilings.
These ceilings and restrictions lead to the emergence of informal
mavkets. Expectations are formed rationally, and nominal wages are
determined through one-period labor contracts. Asset demand functions
are derived within the framework of a portfolio approach. Interactions
between stocks and flows in the model are consistently formulated.

The complexity of the model precludes an analytical treatment.
Therefore, a simulation approach, based in part on parameters derived
from the existing literature, is used to assess its properties. Experi-
ments using policy variables that are typically altered in stabilization
programs illustrate the workings of the model. Specifically, the simu-
lations analyze the macroeconomic effects of a temporary increase in
government spending on home goods, a temporary increase in central bank
credit to commercial banks, a longer-run increase by l percentage point
of official interest rate on bank loans, and a once-and-for-all deval-
uation of the official exchange rate. Policies are announced before
being implemented and are assumed to be fully credible,

The simulation experiments highlight the importance of wealth and
income effects associated with the existence of informal loan and for-
elgn currency markets. As in standard models, anticipated expansionary
fiscal and credit policies are associated with a rise in output, prices,
and the informal interest rate, as well as a current account deficit and
a depreciation of the parallel exchange rate. These results are quan-
titatively sensitive, however, to structural characteristics not often
incorporated in standard models. Moreover, unlike the prediction derived
from other models, an increase in lending and deposit interest rates in
the formal financial sector may lead to a fall, rather than an increase,
in private bank deposits, and may well be associated with a temporary
contraction 1n output. An anticipated once-and-for-all devaluation of
the official exchange rate is associated with a fall in the parallel
market premium, both in the short- and the long-run. Again, in contrast
to standard models, the devaluation also has a temporary expansionary
¢ffect in the transition period following the announcement and a contrac-
tionary effect when implemented.






I. Introduction

Rezeent developments in macroeconomics for developing countries
have [ocused on the role of informal credit and foreign currency
markets in the design of stabilization policies. In most developing
countries with an underdeveloped system of financial intermediation
comrercial banks play a predominant role as a source of funds for
firms, both for short-term working capital purposes and for long-term
fixed capital formation. Bank credit is, however, often rationed,
with bank lending rates typically fixed by the authorities and
unresponsive to excess demand for credit. As a consequence of this
"financial repression", unorganized money markets tend to develop and
become an essential source of funds. 1/ Similarly, the imposition of
trade controls and exchange restrictions on foreign transactions have

often led to the emergence of parallel markets in foreign currency.

The macroeconomic role of financial repression in developing
countries has proven to be controversial. While there is widespread
agreement on the microeconomic distortions implied by interest rate
ceilings, the consensus does not extend to the short-run macroeconomic
effects of removing such ceilings or moving administered interest
rates closer to market-clearing levels. Analysts in the McKinnon-
Shaw tradition would argue that raising controlled interest rates need
have no effect on aggregate demand, and would simply shift the compo-
sition of such demand from consumption to investment. By contrast,
adherents of the "New Structuralist” school emphasize the presence of
informal loan markets, and suggest that raising controlled interest
rates would draw funds away from such markets, thereby raising
iuterest rates there, as well as constraining aggregate demand. 2/

)/ The parallel or "curb" market is an informal --sometimes
illepgal-- credit market in which loan suppliers and demanders can
transact freely at uncontrolled interest rates. In some countries,
the volume of loans transacted in the curb market is believed to be at
least as great, and perhaps several fold greater, than that transacted
in official credit markets. Empirical evidence on the role of
informal loan markets is provided by Chandavarkar (1987). See also
Gonzdlez-Vega and Zinser (1987) for the Dominican Republic, and
Timberg and Aiyar (1984) for India. Credit allocation policies in
developing countries are critically reviewed by Virmani (1985).

2/ See Arida and Taylor (1989), Bruno (1979), van Wijnbergen
(1982, 1983) and Taylor (1983, pp. 86-103). The New Structuralist
view has been subject to a number of criticisms; see Agénor (1989),
Buffie (1984), Dauhajre (1987), and Owen and Solis-Fallas (1989).



The macroeconsnic affects of paraliel markefs fox ,
change has also atiracted a great deal of interest recent
Parallel markets in foreign exchange bhave typicaliy ;
response to foreign ewchange controls. These controls, Impose
batance of payments reasouns, generate an unofficial wmarket whic
haoth dependent upon conditions in the official mavket and ves
ro market forces. The price, outpul and welfare Implicalicus
parallel foreign currency mavket will wary according ve whethe
wmwnfficial transactions are 1llepal and participants face penaliie:
which vaise expected costs of transacting in this mark

While repressed credit markets and parallel foreign exchange
markets coexist in many developing countries, they have only recently
teen integrated in a common analytical framework by Montiel (1961]
However, the requirement of analvtical tractability led Montiel (1%91)
to adopt a very simple macroeconomic model which did not cmbody

ot

soveral key developing-country features. In parficn1ar, leakes
between official and parallel foreign evchanpp markets, which will be
shown to play an important role below, were excluded. En addition,

the model developed here incorporates other structural features which
are commonly perceived as relevant in developing countries, such as

trade taxes and imported intermediate inputs in the production
process. It allows for the existence cof neminal wagse contrascis

thereby creating the scope for Keynesian unemplovment
also assumed to be forward-looking. 2/ In a forward-looki
every policy announcement and every event that has a possi
implication for future policy affects expectations, and these musc be
taken into account for a proper understanding of the dynamic affects
of policy shocks. The general equilibrium nature of the wodel <
it particularly suitable for an analysis of the transmission m
of macroeconomic policies. Its complexity, however, preclud-J a
purely analytical treatment. A simulation approach, that is, the
numerical solution of the model with specific functicnal forms and
parameter values, Is used to assess its propercies., 2/ Pavamester

1/ See Agénor (1990b) for a review of the literature.

2/ Forward-looking expectations have by now become a major
feature of developing-country macroeconcmic analysis although the
hvpothesis remains subject to controversy, both in deveioplng caun-
tries and elsewhere. See, for instance, Pesaran (1988).

3/ In macroeconomics, simulation is most often asscciated wiith
specific, estimated econometric models. By contrast, Camiller

{1984), Nguyen and Turnovsky (1983) and Levin {1%89) use simulatior &=
it is used here, as basically a theorvetical tool to analyrze abscrvact
and fairly general models. They described this alternaz
o simulation as "theoretical simulation”, in order to
complementarity with the solution of <mall analytizal mo




estimates are either taken directly or inferred from the existing
literature on developing countries.

The remainder of the paper is organized as follows. The struc-
ture of the model is described in Section II. Simulation experiments,
involving changes in policy variables and shocks related to the
external economic environment, are examined in Section III. Section
IV concludes and discusses some possible extensions of the analysis.
The Appendix presents the parameter estimates used in the simulations.

II. Specification of the Model

We consider a small, open economy in which there are four types
of agents: the private sector (households and producers), the
government, the central bank, and the commercial banks. The exchange
rate system consists of an official market which coexists with an
illegal (or quasi-illegal) parallel market for foreign exchange.
Commercial transactions of the private sector are settled partly in
the official market at the fixed exchange rate s. The rest of the
commercial transactions and all capital transactions are settled in
the parallel market at the free exchange rate b, which is determined
by market forces. The central bank determines the total amount of
foreign currency sales in the official market, using a rationing rule
based on the composition of private consumption imports, after
provision has been made for imports of intermediate goods and
government imports.

The economy produces two goods: a home good, Qh’ which is used
only for final domestic consumption, and an export good, Qx’ for the

sole purpose of exports. The capital stock in each sector is fixed
over the time frame of the analysis, and labor is perfectly mobile
across sectors. A consumer good is imported which is not produced at
home and is an imperfect substitute for the home good. Due to the
existence of tariffs, foreign exchange controls, and a positive
premium between the official and parallel exchange rates, exports are
in part smuggled out, and consumer imports are in part smuggled in.
Producers also import an intermediate input which is not produced
domestically. The central bank provides unlimited access to foreign
exchange through the official market to producers for the purchase of
imported intermediate inputs. 1/

l/ In principle, unlimited access to the official market may
generate the incentive to over-invoice imports of intermediate pgoods,
and this should depend on the same factors affecting the propensity to
under-invoice exports (see below). For simplicity, we abstract from
this possibility.



T
d el market fo
an informal --or 'b"-- leoan market. Households can hold four
categories of assets: domestic currency notes, deposits with the
banking system, foreign currency-denominated assets, and loans
extended through the informal credit market. 1/ Domestic currency
notes bear no intevest, and are held only for transaction purposes.

¥s on their lecans are

controlled by the monetary authority. As a result, interest rates on
bank deposits are aiso given under the zerc-profit condition. The
rate of return on foreign currency-dencminated assets depends on the
world interest rate and exchange rate expectations. Holdings of all
assets are financed from agents’ net worth or by borrowing through the
banking system or through rhe informal leoan market. Z/

Bank credit and curb market loans are taken to be perfect
substitutes in the private sector’s portfolio. This permits all
rationing-induced "spill-over" effects of changes in the stock of bank
credit to be concentrated in a single market --the informal loan
market-- by permitting bank credit and curb market loans bo be treated
as a single asser. While interest rates on assets and liabilities of
the banking system are fixed by applicable legal norms, the interest
rate on curb market loans, as well as the price of foreign exchange in
the parallel market, are determined by prevailing market conditions.

Under the small country assumptien, tne domestic price of
intermediate imports, Pz is exogenously determined by world prices,

1)

o+
Pn' The price of the home good, P is determined endogencusly in the

i

h’
home market and is explained below. The domestic price of final
imports, PI’ as well as the domestic price of exports, P , are also

determined endogenously, as a result of smuggling activities.

1/ The menu of assets couid be further extended to include land
and physical capital.

ents that is repatriated (as
ge market does not affect the
f foreign-currency denominated

2/ Forvelgn horrowing of private ag
it would be) through the parallel exchan
model, since only net private holdings o
assets matter.



1. Aggregate supply

Technology for the production of the home good is characterized
by a separable, Cobb-Douglas function:

- - S A
0, = $(ROF(L,, V) = $&) (@) Ty Y, L

where Qh denotes gross output, K, the stock of capital (assumed

h labor, Nh the imported intermediate input, and ay and ay
the elasticities of output with respect to labor and intermediate
inputs, respectively. Under the assumption of profit maximization and
perfect competition, the following supply equation can be derived: 1/

h
constant), L

1ogQh = . [aLlog(w/Ph) + aNlog(Pn/Ph)], (1)

l - &

*
where w denotes the nominal wage rate, Pn ] SPn’ and a = a + oy <1.

The index of domestic consumer prices, P, is defined as a
geometric average of the price of the home good, and the price of
imported consumer goods, PI: 2/

5§ 1-6
P=PP 0, 0<6<1, (2)

where § denotes the value share of the home good in final domestic
consumption. The domestic currency price of imported consumer goods

*
depends on the world price of imported goods, PI’ which is exogenously

determined, and on a weighted average of the official and parallel
exchange rates:

P, = (sobl_a)P;, 0<o=<1 (3)

where o denotes the proportion of imports carried through official
channels. The coefficient o is related below to the rationing rule

1/ For the derivation of equation (1'), see Islam (1984).

2/ The price index (2) and the consumption and import behavioral
equations that follow reflect the assumption that the instantaneous
utility function for consumption of the private sector is of the
Cobb-Douglas type.



followed by the authorities in the official markest for foreign
exchange. 1/

Labor contracts last one period and are negetiated one pervicd in
advance, so that the wage rate is known by fivms at the beginning of
the period --that is, before output and home good prices are realized.
Nominal wages adjust slowly to thelr equilibrium value, and are
determined by:

Alogw = ¥(logw - logw ), 0<¥ =<1 (4)

where w denotes the equilibrium level of the nominal wage, and V¥ is
the speed of adjustment of the nominal wage to its market-clearing
level. The market-clearing wage is derived from the labor-market
equilibrium condition, with labor demand being derived from the first-
order conditions for profit maximization. This yields 2/

= ja (S
6= a (PQ, +P Q)T (5)
where ES denotes the (exogenous) level of labor supply.

From the first-order conditions for profit maximization, the
demand function for imported intermediate inputs can be derived as

Np = o P/ (6)

Consider now the supply of exports. Since the economy being
considered is that of a small country where the export price is fixed
in the world market, the foreign demand for exports is infinitely
elastic and the volume of exports is supply-determined. For
simplicity, a production function identical to (1) is assumed for the
export good:

Q = $(RIFUL_, N), (7)

1/ Market prices of imported goods depend on the marginal cost
of foreign exchange. Thus, an equation like (3) would hold when
certain categories of goods can be imported freely at the official
exchange rate, while others cannot. If all imported goods are
rationed, o would be zero.

2/ 1f there is a production lag between the time when labor is
paid and that when output is sold, total labor costs would also depend
onn the informal interest rate. See, for instance, Buffie (1984 .



where the quantities Ex’ Lx’ Nx are appropriately defined. Following

the same reasoning as above, the following supply equation can be
obtained:

1ogQx = - [aLlog(w/Px)] + aNlog(Pn/Px)], 7))

l -«

where Px' the supply price of exports, is defined as
P_ = [bd + s(1 ! P 8
L= b2+ sl - 1)L - @)P (8

In equation (8), 0 < T < 1 measures the "ad valorem" rate of

taxation of exports, and & denotes the proportion of undeclared
exports. The above expression shows that the relevant supply price
for producers of exported goods (in domestic currency terms) is an

average of the price of smuggled exports, bP:, weighted by the pro-
portion of smuggled exports, ¢, and the after-tax price of official
exports, s(l - rX)P:, weighted by the proportion of exports that are
legally sold abroad, (1 - ®). The behavior of & is explained below.

From (7‘), the demand function for imported inputs by the export
sector is given by

Nx = aNPxQx/Pn' 9

The officially recorded level of domestic output must exclude
that part of the domestic production for exports that is illegally
smuggled out. Thus, recorded real gross aggregate output at factor
cost Zg can be defined as

* *
Zg = [PQy + (P - BRP)Q1/P = [P0 + (1 - 7 )(1 - )sPQ 1/P, (10)

where P is used as the deflator. To obtain net aggregate output at
factor cost, Z, real imports of intermediate goods must be subtracted

from Z :
g

*
Z=2 - (PN/P) = [PQ + (1 -7)(1 - ®sPQ -PNI/P, (11

h%h

where N = N, + N .
h X
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Total expenditure by the private sector, Ep, is given by

long = h logZd + h_log(A_J/P) - h3(LL - Em O < h, <1 (12)

1 2 +17°

] } , d . .
where A denotes total wealth of the private sector, Z real disposable

income, and LL the nominal interest rate in the informal credit

market. Em denote:

+1 .
formed at t. Equation (12) indicates that total private spending is a
positive function of income and wealth, and a negative function of the
real rate of interest --defined as the nominal interest rate in the
informal credit market corrected for the expected change in consumer

Vi

1

—
Y

of inflation for period t+1,

prices. Real disposable income, Zd, is defined as
pz% = (1 - )Pz v @pP Q.+ (i - i)LP. - [(1 - @i, - i)0P (13)
( T) £ Ry Wy RO [ ( Kty av.q (13)

where 7 denotes the income tax rate, Lp the stock of domestic bank

credit held by the private sector, DP the stock of deposits held by
the private sector in the banking system, {_the interest rate on bank
(&3

loans, and Ld the interest rate on bank deposits. The first term in

equation (13) represents after-tax factor income derived from legally
recorded production activities. The second term represents income
derived from the smuggling of exports --which is therefore not taxed--

*
and is equal to illegal exports in foreign currency terms, @PXQX,
valued at the parallel exchange rate, b. Finally, the last two terms

represent the implicit subsidies and taxes from the existence of
interest rate controls. 1/

To understand how the last two expressions are derived, note that
the existence of interest rate c2ilings imposes implicit taxes and
subsidies on private agents, as craditors and debtors with the banking

system. In the general case iL > ic, sc that the interest rate
ceiling provides an implicit subsidy to debtors equal to (i - i yiP .
o I r J e § \L CI 'l
Similarly, if u denotes the reserve requirement on bank deposits,
included in (13), because
resources is already




iarerest rate regulation imposes an implicit tax on creditors equal to

Y
g ;L,LL Ld]D{)l.

1/ The net effect depends therefore on

i i NrP X T . . .

& LC)L_I [(1 p)LL Ld]D_l. Since i will typically be greater
than Ld’ controls will provide a net implicit subsidy if agents are
sufficiently indebted with respect to commercial banks, that is, if

P pP > - iy - 1/ - ).

The notion of a "financial repression tax" (or subsidy) provides
a general way of formulating the impact of interest rate controls. As
shown by Montiel (1991), an index of financial repression, p, can be
formally defined as

p = (LL - LC)/iL, 0<p=<1 (14)

where p measures the present value of the subsidy, per unit of bank
credit, which is implied by the prevailing interest rate ceilings.

When interest rate ceilings are not binding, LC = LL and p = 0. As
the curb loan interest rate rises relative to the controlled rate Lc’

the constraints become more and more binding and p approaches unity.
Equation (14) can be explicitly introduced in (10) by replacing

(4, - &) by piy. 2/

The nominal value of agents’ financial wealth, A4, is defined as
the sum of holdings of domestic currency notes €C, bank deposits Dp,
bank credit (which is a liability) Lp, and foreign exchange bFP; 3/

A =cc + DP + bFP - 1P, (15)

1/ 1t can be noted that (1 - p)LL represents the interest rate

that banks would pay on deposits, in the absence of interest rate
ceilings.

2/ In Montiel (1991), the financial repression tax is assumed to
affect wealth (stocks) rather than income (flows).

3/ Note that foreign currency holdings are valued at the
parallel market exchange rate, b. Also note that since loans in the
informal credit market take place between households and firms, they
cancel out in the definition of private sector wealth.
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The budget constraint of the private sector, which determines
flow changes in financial wealth, takes the form

+ abFP (16)

- d p . P K P . P
AA = P(Z° - ET) + i D7, + i,bF L L, T

£ -1
'* . » . s
where ¢£ denotes the world interest rate. The first term in equation

(16) represents the portion of disposable income that is not spent
(domestic savings). The second and third terms measure interest
income derived, respectively, from bank deposits and holdings of
foreign-currency denominated assets. Interest payments on foreign
assets are assumed to be repatriated through the parallel market, and
are therefore valued at the unofficial exchange rate. The fourth term
represents interest payments on bank credit. Finally, the last term
captures valuation changes due to fluctuations in the parallel
exchange rate.

Consider now the determination of the composition of households’
financial portfolio. Desired holdings of foreign currency-denominated
assets are defined as

log[bFP/(A - CC)) = Ay - AL, - A i, + A

o~ Mz T Mta T sy (17

where Lg denotes the perceived rate of return on foreign assets, de-

fined as

e

i

IR

+ Eb (18)

. *
4= (L+ )(ED /b)) - 1=, o1

where E5+1 = EAlogb+1 denotes the (one-period ahead) expected rate of

depreciation of the parallel exchange rate. Equation (18) indicates
that a rise in the interest rate on curb market loans or bank deposits
induces a fall in desired holdings of foreign assets, while a rise in
the perceived interest rate on foreign interest-bearing assets (due to
a rise in the world interest rate per se or to a higher expected rate
of depreciation of the parallel market exchange rate) raises the
desired proportion of interest-bearing financial wealth that
households would like to hold in the form of foreign assets in their
portfolios.

Desired holdings of bank deposits, which consist only of
interest-bearing deposits, are given by

log(DP/(A - €C)) = a, - a i, + a,i

0 10 7 % T MYy (19)



Equation (19) indicates that desired holdings of bank deposits
rise as a proportion of interest-bearing financial wealth with an
increase in the deposit rate or a fall in the interest rate on curb
market loans or in the rate of return on foreign assets.

The demand for domestic currency notes reflects a pure transac-
tion motive, and is given by

Log(CC/P) = ¢ 1og(2) + ¢,log(qP Q /P), ®, > 0 (20)

where the assumption Py > ¥ is taken to capture the view that illegal

activities require a more intensive use of currency notes than legally
recorded ones. 1/

Finally, from the expenditure function (12), aggregate demand for
the home good can be written as:

- P
Qh Gh + 6PE /Ph’ (21)
where G, denotes exogenous real government spending on home goods.

K} The

~ i -

To derive the current account of the economy in the presence of
fraudulent trade transactions, it is important to distinguish between
reported trade flows, that is, officially measured transactions with
the rest of the world, and unreported flows.

Given private expenditure as outlined above, the demand by the
private sector for imported consumer goods can be determined as a
constant share of total expenditure: 2/

l/ Note that the familiar adding-up constraints on the interest-
bearing components of wealth bear on the parameters of equations (17)
and (19) only, and not on (20). Consequently, in the former equa-
tions, the quantity A - CC (which measures interest-bearing financial
wealth) appears as the scale variable.

NS ORT a aY a al e e e R N | e .

2/ PNote that this is consistent with the foreign exchange regime
assumed above, since 1mports of consumer goods are not subject to

e mem A T e L a | NS I RIS DR, : PPy
qua[lLiLy CONSLIL4dlllLs, Lue_y are b.LlllpL_)’ L“dlllleLed L[lLUU&H two dLLLCL nt

markets. Under this spec1f1catlon the quantity of consumer goods

tnd +leas o +ha ~FF3 a1l mawleat+ vaarmAarmod alariva nvicea

§ e~ » o
Lulyurt.cu LllLUusll l—llc ULLJ.L,LQL llldLl\C\- L5 LCDPULIDLVC l—U LCLGL—.LVC PL LT

changes, but the share of such goods in total private consumption is

LYo ol
IV L.



(1 - 6)PEP/PI. (22)

*
overnment imports P_G_ of final goods, in forei

terms, and the central bank provides unlimited access for these
imports. Producers also have unlimited access to the official foreign
exchange market for imports of intermediate inputs. By contrast, the
central bank satisfies only a portion o of total private sector demand
for imported final goods.

Formally, the central bank sets the total amount of foreign
currency sales in the official exchange market equal to a minimum

* *
quantity PnN + PIGI --which corresponds to the demand by domestic

producers for imported inputs plus the demand for final imports by the
public sector-- plus a fraction ¢ of private sector demand for
consumer 1mports glven by equatlon (22) l/ Total sales of foreign

v mdzmmme s hnd i T ~ T

['S, are tnererore dqud.L to

F_=P'N+ PG +oP 1P 0<o=x<1 23)
RS RS o SIS S =0= (

The officially recorded current account, €, is equal to the value
of recorded exports minus the value of recorded imports of final goods
by the private sector and the government authorized by the central
bank, plus imports of intermediate goods and interest income on net
foreign assets of the public sector and the central bank. Measured in
foreign currency terms, C is therefore given by

F (24)

* *
€= (1L-®PQ + Ll(F?l +R ) - Fg,

where ® measures the fraction of exports that are smuggled out of the
country, so that officially recorded exports amount only to

*
(1 - ¢)PxQx. Equation (24) also assumes, as previously mentioned,

that interest income on foreign currency-denominated assets are repa-
triated through the paraliel market for foreign exchange. 2/ Note

l/ This formulation allows us to link the rationing scheme with
the determination of the domestic price of imports.

2/ This is, admittedly, a simplyfing assumption. In practice,
one is likely to observe repatriation through both legal and illegal
channels. The decision regarding which market agents choose to
surrender foreign exchange receipts derived from interest payments
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that since intermediate imports are not rationed and there is no
under-invoicing by producers, their full value is recorded in the
official trade statistics. Foreign exchange demand by the private
sector for final imports not eligible for the official market, that

is (1 - o)P}IP, spills over to the parallel market.

The coefficient ¢ is assumed to depend positively on the exchange
rate ratio g = b/s. The particular functional form adopted here is
given as

v
¥(q,r ) =1 - [(1-r)/q1". v >0 (25)

The function Q(q,rx) can be shown to satisfy the following
properties:

82/3q > 0,  8%/3r_> 0, 3*8/3¢° < 0, 1imd = 1 for q » =.

The first two properties indicate that the higher the tax rate on
exports, or the higher the premium, the higher will be the under-
invoicing share. The magnitude of 3%/3q and 6@/6rx can in general be

expected to be inversely related to the perceived implicit and
explicit costs of engaging in illegal transactions and to the degree
of enforcement of exchange restrictions. The third property indicates
that there are rising costs to engaging in illegal activities (related
perhaps to a higher probability of being detected). Finally, the
fourth property indicates that when the premium is high enough,
relative to the tax rate on exports, the under-invoicing share tends
to unity. Note also that even if the premium (g - 1) is zero (that
is, if b = s), the existence of an export tax still provides an
incentive to fake invoices.

Consider now the capital account. Net private capital flows
through the official foreign exchange market are prohibited, and
public capital inflows are treated as exogenous. The capital account
surplus is therefore equal to minus the change in net holdings of
external assets of the public sector:

AF = - AFE (26)

Using (24) and (26), the change in net foreign assets of the
central bank --measured in foreign currency terms-- is given by

(continued from page 12) should also depend on the level of the
premium. The above assumption simplifies considerably the workings of
the model.



AR = C - AFS. (27)

The unreported current account, €, which determines the rate of
change of the private stock of foreign currency-denominated assets, is
in turn given by

= _ D * _*p_ ) *p
C=orP =P + §FF - (1 - )P 1P (28)

4. Banks, budget deficits and the money supply

Bank assets consist of reserves held at the central bank, denoted
RR, and credit extended to households and producers, 1. Their liabi-
lities are the deposits held by the public, Dp, and credit received

from the central bank, Lb. The balance sheet of the banking system is
therefore given by:

RR + IP = pP + 1P, (29)

Banks are assumed to hold no excess reserves. Given a required
reserve ratio of u, reserve holdings are given by

RR = pDP. 0O<pu<1l (30)

Reserves held at the central bank pay no interest, but credit
extended to commercial banks by the monetary authorities carries an
interest charge which, for convenience, is set equal to the interest
rate which banks charge their customers for loans, LC. Under these

conditions, the zero-profit condition for the banking system is given
by:

L= i/ -, (31)

which determines the interest rate paid on bank deposits, Ld' The

banks’ willingness to accept deposits is infinitely elastic, implying
that the actual level of deposits held in the banking system is
determined by the demand side, that is, the borrowers’ demand. Equa-
tion (31) fixes the relative price between the lending and deposit

rates. Since p > 0, in general Ld < Lc.

The central bank does not lend directly to households. Its
balance sheet equates base money (defined as the sum of currency notes
in circulation plus commercial bank reserves) to the sum of
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international reserves valued at the official exchange rate and the
stock of domestic credit extended to the government and commercial
banks minus the central bank’s net worth, denoted :

CC+RR=sR+ (L-1IP)-aq, (32)
where total domestic credit L, consists of credit to the private

sector by commercial banks LP, and credit to the public sector L8 and

to banks by the central bank, Lb:

L=1P+ 18+ 1Y, (33)

Changes in the central bank'’s net worth are given by the
difference between interest income on foreign reserves, lending to
commercial banks and the government, and net transfers to the

government budget, £ 1/

- 8, (34)

Q=0 ,+isR . +i (P +158) + asR
pSRp + (L + 1T ]

1

The model’s dynamic specification is completed with a description
of the behavior of the non-financial public sector. The govermment’s
revenue sources consist of income taxes on the private sector, export
taxes, Iincome from holdings of foreign-currency denominated assets,
and transfers from the central bank. It consumes both home and
imported goods, and pays interest on its domestic debt. It borrows on
external markets as well as from the central bank. Consequently, the
government deficit, denoted D, can be written as follows:

+ sPoG . 18 35)
s T I) - Lc ~ - (

* Lk g
D=1PZ+ 1 (L-8)sPQ + Lengl +¢8 - (2 1

1°h
The deficit is financed by borrowing either at home or abroad:

saF® = p + aLS. (36)

The model can be operated in several different modes, according
to the deficit financing rule. In what follows, it will be assumed
that government expenditure is exogenous and that a ceiling is imposed
on foreign financing. Deficits are therefore financed by central bank
credit --a typical situation in many developing countries. Equation

(36) therefore determines the evolution of 5.

1/ The importance of a proper accounting of central bank net
worth is emphasized by Anand and van Wijnbergen (1989).
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Finally, the money supply can be defined as

M =cc + DP. (37)

5. The complete model

Table 1 in the Appendix provides a summary of the equations of
the model. The basic innovations of the model are its detailed
account of the macroeconomic effects of government restrictions and
the treatment of expectations. Controls on interest rates and foreign
exchange allocation lead to the emergence of informal credit and
foreign currency markets, and these determine how various macro-
economic shocks affect prices, output and portfolio decisions. The
dynamics of the model arise essentially from forward-looking expec-
tations and asset accumulation, in contrast with early macroeconomic
models for developing countries which rely on partial adjustment and
adaptive expectations mechanisms. This implies, for example, that
unlike in earlier models, anticipated future shocks will have
immediate effects, and the current effects of current shocks will in
general depend on their expected duration.

In this setting, the central bank retains five instruments of
policy --the level of controlled bank loan interest rates LC, the

required reserve ratio u, the amount of credit it extends to the

commercial banking system Lb, the proportion of private final imports
satisfied in the official foreign exchange market o, and the official
exchange rate s. The fiscal authority determines the income tax rate
r and the rate of taxation of exports, T s well as the levels of

spending on home and imported goods, G

h and GI.

III. Simulation Properties of the Model

The estimation of a model as complex as the one presented above
represents a difficult task under rational expectations. In view of
this complexity and the lack of reliable and detailed data of adequate
length for a sufficient number of countries, as well as the complete
absence of data for certain variables, a useful strategy is to adopt a
calibration procedure. 1/ This approach permits the analysis of the

1/ Whalley (1985) provides a perceptive discussion of the pros
and cons of calibration versus estimation procedures, in the context
of Computable General Equilibrium models.
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effects of policy changes that alter the time pattern of key macro-
economic variables can be determined. 3/

The parameter set, as well as the starting values of exogenous
variables used in the simulations, are presented in the Appendix.
Using these values, a baseline which approximates the steady state
solution of the model is first calculated. Once the baseline is
established, the properties of the model are examined by subjecting it
to a variety of shocks. We study here the effects of four domestic
policy shocks, affecting variables which have featured prominently in
stabilization programs in developing countries. These shocks consist
of changes in government expenditure on home goods, in central bank
credit to commercial banks, in the interest rate on bank loans, and in
the official exchange rate. The first two shocks are assumed to be

1/ As mentioned earlier, this view of simulation is thus basi-
1 ~

v a hatwean analvtical modelline and 2 m i
y <& \,Uluya.ulu.n..)c pgelwetll alldliytilitalr UGBTIl llly alil a ivic Ly

call
simluation approach, such as econometric simulation.

2/ The consistency between expectations and solution values is
enforced by a Fair-Taylor type iterative process. The solution period
is set to 40, and terminal conditions take the form of a "no change"
assumption whereby expectations formed for periods beyond the terminal
date are equal to the last solved values. For a description of this
type of algorithm, see for instance Taylor (1986).

3/ 1In principle, this simulation procedure does not imply that
the model is immune from the "Lucas critique" (see Lucas, 1976),
according to which a policy change sufficiently atypical as to amount
to a change in "policy regime" could well induce behavioral responses
by private sector agents that shift the parameters of the model’s
equations. However, the analysis of policy changes that lie within a
short range of policy variations would not be subject to this

critique. See Sims (1987) for a further discussion.
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transitory in nature, the interest rate shock is maintained during
five periods, and the exchange rate change is assumed to be
permanent. 1/ The results reported here refer to anticipated shocks
which, although announced in period t, are implemented in period t+5
and are fully credible. 2/ For the first three experiments, the
nominal wage is maintalned at its market clearlng level calculated in
the base
transmis

run solutio
ion mechanisms to the real sector other that wage flex1bili ty
n 1. a3 -
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Consider first a temporary (one-period only), fully anticipated
increase by 10 percent in government spending on home goods G, ,

financed by central bank credit. Figure 1 depicts deviations from
baseline values for some key endogenous variables in the model: the
real output of home goods, the domestic price level, total domestic
credit (which is endogenous in the model), the stock of net foreign
assets of the central bank, the informal interest rate, and the
parallel exchange rate.

The anticipation of a future credit-financed increase in
government spending on home goods has macroeconomic consequences

1/ Transitory shocks are better suited to the analysis of
stabilization issues and have the convenient computational feature
that the steady-state values of the expectational variables remain
unchanged. However, interest rate and exchange rate changes have
often a more permanent character, and they are modeled as such here.

2/ The experiments were also performed with unanticipated
shocks. As a consequence of the assumption of no wage indexation, the
major difference with the results reported below is that real output
effects are higher, and price effects lower, at the announcement
period. Qualitatively, however, the dynamics are basically identical
to those discussed in the text for the periods following implemen-
tation of policies.



Figure 1. _.ﬂo:%o.ﬁ_.g Increase in Spending on Home Goods of 10 Percent
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before the shock itself actually occurs, as shown by the behavior of
the variables between period t and t+4. The price of home goods rises
prior to the policy change. Since the nominal wage is maintained at
its baseline level, the real product wage unambiguously falls and
this, in turn, stimulates domestic supply. This last effect is rather
weak initially, but increases in the period preceding the implemen-
tation of the spending shock.

These initial effects operate largely through the informal
markets --the parallel exchange rate depreciates and the curb interest
rate falls prior to implementation. The expected rate of return on
foreign currency-denominated assets rises, as a result of an antici-
pated future depreciation of the parallel exchange rate associated
with the forthcoming increase in the domestic money supply, due to the
increase in credit-financed government spending. This gives agents
the incentive to switch away from domestic assets and towards foreign
currency assets before the shock occurs. As a consequence, the
parallel rate depreciates. The rise in the premium induced by the
increased demand for foreign exchange reduces the private sector'’s
demand for deposits, causing households to shift assets into the
informal loan market, which leads to a fall in the curb market
interest rate. These phenomena exert income and wealth effects which

m

increase private demand prior to the implementation of the fiscal
shock. The future expected rise in domestic prices reinforces the
P PURSRpETEE JFU P U h] ~ o e P R " P I Sy P Nk
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to fall initially. In turn, the fall in the real rate further
£

-9 Tt + nAT Fape 4
stimuiates prl‘v'a;.e e‘i{p"uu;\_ ure, contri

increase in the domestic price level.

The short-run reduction in the rate of interest in the informal
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an market has two offsetting effects. On the one hand, it reduces
the implicit subsidy provided by controls and decreases real dispo-

sable income. On the other, it magnifies the size of the decline in

. . Py

the real interest rate associated with expected inflation, as
t ates

indicated above, and this stimulateg private expenditure, offsetting
in part the demand- reducing effect coming through disposable income.
The net short-run effect through informal markets on private spending,
operating trough both the premium and the informal 1oan rate, is
expansionary prior to implementation of the spending shock

Upon implementation, the rise in government spending is
expanslonary both dlrectly and through its monetary effects. The
increase in the money supply reinforces the direct expansionary impact
of the fiscal shock, and operates again through the informal market
for foreign exchange, that is, through a sharp increase in the
premium. Although the curb interest rate falls when the policy is
implemented, the real interest rate actually rises, because the
removal of the fiscal stimulus in the next period produces an expected
price decline, Thus the transitory nature of the shock diminishes its
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expansionary effect with forward-looking agents. After the shock is
removed, the system returns to its initial equilibrium only gradually,
since the monetary effects of the once-and-for-all credit infusion
take time to dissipate through the balance of payments. Finally,
smuggled exports increase the flow of foreign exchange channelled
illegally in the economy, but this is more than offset by a rise in
smuggled imports, implying that the stock of foreign currency-
denominated assets decreases over time. The portfolio implications of
this tend to sustain the initial rise in the curb interest rate,
keeping upward pressure on the premium and prolonging the return to
the original equilibrium.

2. A rise in central bank credit to commercial banks

Consider now a fully anticipated, transitory increase by 10

. : . b .
percent in central bank credit to the commercial banks L, implemented
in period t+5. Figure 2 shows deviations from baseline values for
some of the key endogenous variables in the model.

Because the fiscal expansion considered previously was credit-
financed, the outcome of this exercise resembles in many respects that
of the fiscal policy experiment, except that the credit infusion is
now removed after one period. As before, the anticipated increase in
central bank credit generates output and price effects before the
shock actually takes place. The anticipated rise in the premium leads
to an immediate depreciation of the parallel exchange rate. This
raises the domestic price of imported goods, and together with a
wealth-induced expansion in aggregate demand, leads to an increase in
the price level and to an output expansion in the home goods sector.
Net foreign assets of the central bank fall, as a consequence of the
higher level of domestic activity (which raises imports), and the
increase in under-invoicing of exports (resulting from the higher
premium). During the transition period (t, t+4), output and prices
rise, the parallel exchange rate depreciates continuously, and the
curb interest rate falls for the same reasons as those indicated for
the fiscal shock.

When the increase in central bank credit actually occurs (in
period t+5), loans to the private sector by commercial banks expand.
As a result, the demand for credit in the informal market falls, and
the curb interest rate drops sharply (by about 7 percentage points).
The reduction in the financial repression tax lowers the implicit
subsidy provided by controls on interest rates, therefore reducing
disposable income --since households are net debtors-- and this has a
negative effect on private spending. But the fall in the curb rate
also reduces the real interest rate, which has a positive effect on
private expenditure. The net effect is an expansion of private
spending, which further stimulates output and raises prices.



Figure 2. Temporary Increase in Central Bank Lending of 10 Percent
(Percentage deviations from baseline)
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The fall in the curb market interest rate gives agents the incen-
tive to switch towards foreign currency-denominated assets, leading to
a sharp spike in the premium. As the stock of foreign assets held by
the private sector increases prior to period t+5, the undoing of the
credit expansion leaves the private sector with a portfolio more
heavily weighted toward foreign exchange than initially, and the
parallel exchange rate appreciates beyond its initial level in the
process of restoring portfolio equilibrium. The appreciation of the
free exchange rate reduces the propensity to under-invoice exports,
increases the flow of foreign exchange channelled through the official
market, and reduces the rate of accumulation of foreign-currency
denominated assets. Overall, therefore, the short- and long-term
effects of a credit expansion are qualitatively quite similar to those
tesulting from an expansion of government expenditure on home goods
described above.

3. An increase in bank loan interest rates

An alternative monetary policy tool frequently employed in
developing countries is an increase in administered interest rates.
This measure, which has been advocated by the McKinnon-Shaw school
(see Fry, 1978), is intended to attract funds into the organized
financial system, thereby making them available for lending to private
agents. The effects of such a policy on aggregate economic activity
are a priori indeterminate since, on the face of it, this policy would
seem to increase the cost of credit while at the same time increasing
credit availability.

Consider, then, a fully anticipated increase in the interest rate
that banks charge on their loans to domestic agents (LC) by one

percentage point (equivalent to a 20 percent rise, in relative terms),
implemented in period t+5 and left in place until period t+10. Figure
3 summarizes the results.

This measure affects economic activity through a number of
channels. A key step in this transmission mechanism, however, is the
portfolio reallocation to which this policy gives rise. An increase
in the bank lending rate also raises (in the proportion 1/(1 - p)) the
interest rate paid on bank deposits. This rise in interest rates in
formal financial markets causes individuals to attempt to move funds
from both the informal loan market and from foreign-asset hoards into
domestic deposits. As a result, the curb interest rate rises when the
measure is implemented, and the free-market exchange rate appreciates,
both on impact and, as is now familiar, when the measure first becomes
anticipated. The magnitude of both effects depends on the degree of
substitutability among these assets. As the parallel exchange rate
appreciates, the domestic-currency value of financial wealth falls, to



an extent that depends on the weight of foreign currency assets in
private portfolios. The reduction in the nominal value of wealth
causes a secondary reallocation of portfolios, since the demand for
interest-bearing assets is linearly homogeneous in (non-currency)
financial wealth., Because of this wealth effect, the demand for
domestic deposits may, in net terms, rise or fall. 1In this model, the
deposits and foreign exchange and an important share of foreign assets
in private portfolios leads to a reduction in domestic bank deposits
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This measure has contractionary effects on prices and output for
a number of reasons. First, the appreciation of the parallel exchange
rate reduces the real value of private wealth. Secord, the exchange
rate appreciation also reduces the producer price for domestic
exports. Third, the implicit subsidy provided by controls on interest
rates falls, as the proportional increase in the controlied interest
rate exceeds that in the curb market. The increase in ith2 informal
interest rate exerts direct contractionary effects on spending as
well. Consequently, output and domestic prices fall when the measure
igs implemented,.

It is worth noting that the anticipation of these effects brings
the contractionary effect of this measure forward to the first period
--that is, to the period in which the policy change is first
announced. The reason is the combination of a negative wealth effect
from the reduction in the premium and the fact that the anticipated
price decrease in the fifth period raises the real interest rate in
the fourth period, which reduces output and the price level in that
period, which then affects price expectations and the real interest
rate in the third period, and so on. The contractionary effects of
the anticipated measure increase over time as the date of
implementation approaches. However, in similar fashion, the
anticipated reversal of the interest rate increase exerts an
expansionary effect before it occurs. The increase in the bank
lending rate is removed in the eleventh period, and thus the peak
contraction occurs in periods six and seven.

The mechanisms through which an increase in bank lending and
deposit rates could lead to a contractionary effect have not been
thoroughly treated in the literature, in the sense that general
equilibrium interactions have typically been neglected. 1/ The model

l/ In a different context, Lorie (1988) developed a fix-price
disequilibrium macroeconomic model with credit rationing in which an
increase in deposit interest rates (which leads, under profit maximi-
zation, to a rise in lending rates) becomes potentially contractionary
because it increases the financing constraint faced by domestic firms.
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developed here highlights the importance of market linkages and wealth
effects in the determination of macroeconomic outcomes. These results
guggest that the short-run macroeconomic effects of McKinnon-Shaw
financial liberalization policies may prove to be problematic.

4, Devaluation of the official exchange rate

This sub-section examines the short- and long-run effects of a
devaluation of the official exchange rate --an issue which, in the
past few years, has been the subject of renewed controversy in
developing-country macroeconomics. 1/ We consider a 10 percent deva-
luation which, as before, is announced in period t and implemented in
period t+5, so that both the timing and the magnitude of the deva-
luation are known with certainty. Devaluation profits are retained by
the central bank, rather than transferred to the government. As
mentioned above, wages are assumed to adjust endogenously, with e
coefficient of adjustment ¥ = 0.8, to their new equilibrium level.
Figure 4 summarizes the results of this experiment.

At the outset, it should be noted that in our model, a mechanism
frequently cited through which devaluation may adversely affect real
output, that is, automatic wage indexation to price level movements,
is absent. Nevertheless, an official devaluation has indeed a
contractionary effect on domestic real output at the announcement arnd
implementation periods. It should also be emphasized that this is a
net effect and thus a function of the model's parameter values and
initial conditions. Expansionary effects are also present (and indeed
dominate in intervening periods), but are simply overwhelmed in this
case,

The channels through which a devaluation of the official exchange
rate affects real activity in our model are complex. The most
important negative channel is through an increase in the real price of
imported inputs, which functions as a negative supply shock. Second,
the official devaluation directly increases the domestic price level
(through its impact on the domestic price of imported goods),
increasing thereby the demand for currency. Since monetary policy is
unchanged, this causes households to shift funds out of deposits, curb
market loans, and foreign currency assets. The result is a higher
informal interest rate, and an appreciation of the parallel exchange
rate. 2/ The higher curb interest rate has a direct contractionary

1/ See, for instance, Lizondo and Montiel (1989), and Rojas-
Suarez (1987). '

2/ Note that the parallel market premium therefore falls as a
result of both the devaluation of the official exchange rate and the
appreciation of the free exchange rate. This is in contrast to what
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effect on private spending, as does the reduction in private real
wealth brought about by a reduced domestic-currency value of foreign
assets and a higher price level. Moreover, export production falls,
because the increase in the demand price of exports is dampened by the
appreciation in the parallel exchange rate, while the supply price of
exports bears the full impact of the increase in the price of imported
intermediate goods. On the other hand, the induced increase in the
curb market rate raises the implicit financial repression subsidy and
thus real private disposable income. This has a positive effect on
the demand for home goods, as does the switch in expenditure due to
(officially-measured) real exchange rate depreciation. At the same
time, positive supply effects arise from a reduction in the real wage.
In our model, however, these expinsionary effects are overwhelmed by
the contractionary effects outlined earlier.

Interestingly, the effects of an anticipation of an official
devaluation are the reverse of those produced by the devaluation
itself, that is, they are expansionary. Output rises in period t+4
because the anticipated price increase and parallel exchange rate
appreciation in period t+4 combine to lower the real interest rate in
period t+4. The anticipated appreciation of the unofficial exchange
rate lowers the rate of return on foreign assets, causing individuals
to shift into more lending through informal markets, thereby lowering
the equilibrium curb market rate initially. Together with an expected
price level increase, this lowers the real interest rate and increases
domestic demand in period t+4. Because the induced price level change
in this period is much smaller than the price level jump induced by
the devaluation in period t+5, however, these effects become
progressively weaker as one moves backward in timebefore the
devaluation is implemented, and are overwhelmed at the announcement
period by the negative wealth effects resulting from the appreciation
of the unofficial exchange rate. These results help underline the
importance of a proper account of dynamic features and expectational
phenomena in assessing the macroeconomic consequences of devaluation,
as emphasized by Buffie (1984), and Lizondo and Montiel (1989).

The officiel devaluation proves to be very effective in improving
the current account in this model. The reason is clear --conventional
expenditure-switching effects are here strongly reinforced by
expenditure-reducing effects. 1In addition, the fall in the parallel
market premium reduces the propensity to under-invoice sales abroad,
resulting in a higher level of recorded exports. Because the

(continued from page 23) is normally observed in dual exchange market
models, in which the reduction of the premium is brought about
strictly by changes in the official exchange rate. Our results differ
due to the presence of the curb loan market. The informal interest
rate is affected by the price level effects of the devaluation.
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resulting reserve inflow is only partially monetized and since other
financial policies are unchanged, the real effects of the official
devaluation are slow to dissipate.

IV. Concluding Remarks

The purpose of this paper has been to develop a macroeconomic
model for a developing economy subject to a variety of distortions:
nominal wage stickiness embodied in wage contracts, cellings on
interest rates, and foreign exchange restrictions. The model provides
a consistent, albeit complex, framework for a quantitative analysis
of the macroeconomic implications of these features for the conduct of
stabilization policies.

The model has been calibrated using a set of plausible parameters
derived partly from existing econometric estimates for developing
countries. Shocks involving policy instruments that have featured
prominently in stabilization efforts have been analyzed, under the
assumption of consistent forward-looking expectations: we have
considered the dynamic macroeconomic effects of changes in government
expenditure on home goods, in central bank credit to commercial banks,
in the administered interest rate on bank loans, and in the official
exchange rate. The simulation results have highlighted the role that
informal markets play in an economy subject to a variety of government
restrictions. They also highlight the fact that, under rational
expectations, shocks begin to exert macroeconomic effects when
(credible) policy announcements are made, or when they first become
anticipated, rather than when they actually occur. Finally, the
results also illustrate how the dynamics of the model are strongly
affected by the initial composition of asset holdings. In particular,
whether the parallel exchange rate depreciates or appreciates, or
whether the curb market interest rate rises or falls, depends to a
large extent on the size of the initial stock of foreign
currency-denominated assets held by private agents in their
portfolios, and on whether households are net creditors or net debtors
with respect to the commercial banks. The speed of adjustment,
however, has been shown to be quite rapid across shocks.

Although only a limited number of policy simulations have been
reported here, it should be emphasized that the model is well suited
to address a number of substantive research or policy-oriented issues.
For instance, a modification in the rationing rule in the official
foreign exchange market (for instance, a rise the proportion of
private imports channelled through the official market) has
substantial effects on prices and the parallel exchange rate, through
stock-flow interactions built into the model. Similarly, a rise in
the export tax rate is associated with a fall in export tax revenue
and officially recorded inflows of foreign exchange. A higher tax
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rate on exports reduces the relative price of siports perceived by
domestic producers, and this in turn tends to reduce supply and to
increase the incentive to divert exports from the official market to
the parallel market. Finally, an increase in world interest rates may
prove to be expansionary, despite its impact on external debt
payments. When the interest rate on foreign assets rises, private
agents attempt to reallocate their portfolios moving away from
domestic assets and towards foreign assets. Since the central bank
does not accomodate this desired portfolio shift, the parallel
exchange rate depreciates. If the private sector is a net external
creditor, the positive wealth effect associated with the exchange rate
change stimulates private expenditure, as well as output of home
goods.

The key implications of the simulation experiments can be
summarized as follows. Anticipated expansionary fiscal and credit
policies are associated with a rise in output and prices, a fall in
the informal interest rate, as well as a current account deficit and a
depreciation of the parallel exchange rate. An innrease in lending
and deposit interest rates in the formal financial sector may lead to
a fall, rather than an increase, in pw~ivate bank deposits, and may
well be associated with a contraction in output. An anticipated
once-and-for-all devaluation of the official exchange rate is
associated with a fall in the parallel market premium, both in the
short- and the long-run. The devaluation also has a temporary
expansionary effect in the transition period following the
announcement, and a contractionary effect when implemented, which is
slow to dissipate. This result highlights the importance of allowing
for a proper time frame in judging whether or not devaluations are
contractionary. In all of those cases, informal markets for foreign
exchange and credit play key roles in transmitting the influences of
shocks, and the economy's dynamic response is influenced to an
important degree by "leakages" into parallel markets. Our results,
therefore, demonstrate that short-run macroeconomics in developing
countries can ill-afford to ignore the influence of such "unofficial”
transactions.
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APPENDIX

Structure and Calibration of the Model

The equations of the model are presented in summary form in Table
1. Variables are defined in Table 2. 1/

The model presented in this paper is calibrated, rather than
estimated. Available estimates of key macroeconomic parameters differ
greatly with regard to countries and periods covered, specification of
estimated equations, and econometric methodology. The parameter set
used here is based partly on available evidence, in particular on the
econometric estimates derived by Haque, Lahiri and Montiel (1990),
using pooled time-series cross-section data for 31 developing
countries. 2/

Table 3 presents the key parameters of the model (excluding all
constant terms, which are determined residually), as well as initial
values of the exogenous variables. The initial values of endogenous
variables are derived by an iterative method which approximates the
steady state solution, that is, the static, long-run solution of the
model. The normalization rule used to solve the model enforces all
macro-equllibrium conditions. For instance, equilibrium in the market
for the home good 1is given by equating the supply of home goods with
total demand; for solution purposes, the demand equation is used to
determine the price of home goods.

Some features of the parameter set are noteworthy. The elasti-
city of output with respect to labor and imported inputs are
consistent with the results reported elsewhere in the literature. The

1/ Using (14) and (31), equation (13) has been re-written as

d

Pz% = (1 - 7)PZ + ®bP Q_ + pi [LP

*
X X L'7-1

1 - w0 .

2/ Note that not all parameter estimates are chosen from
empirical studies which explicitly incorporate rational expectations,
or any other particular assumption in our model. However, the
suitability of parameter values for our purposes depends not only on
the presence or absence of particular assumptions in the models from
which they are derived but also on the overall structure of those
models. Therefore, values which come from models incorporating
rational expectations, or any other particular assumption, but whose
structure differs from our model will not be necessarily superior to
values obtained from other types of models.
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speed of adjustment of the nominal wage to its market-clearing level ¥
is set to O throughout, except for the exchange rate experiment where
¥ = 0.8. The interest elasticity of private sector expenditure is
close to the elasticity for consumption derived by Rossi (1988) and
accords well with the evidence on saving elasticities reported by Fry
(1988, p. 142). The particular form chosen for the under-invoicing
share, although arbitrary, provided reasonable results in the
simulation experiments for low values of v. 1/ The required reserve
ratio on bank deposits, p, is set to 0.4, an assumption which is
consistent with reserve ratios actually observed in many highly
inflationary, financially-repressed economies. The estimates of the
(semi-) elasticities of the demand for bank deposits relative to the
curb interest rate (a1 = -0.6) and the administered deposit rate

(a2 = 1.1) reported in Table 3 are slightly lower than those reported
by van Wijnbergen (1982, p. 156; 1985) for Korea (a1 = -0.9,

o, = 1.6), but experiments with values closer to these last estimates

did not change significantly the results.

Finally, the results were subjected to limited sensitivity
analysis, using an alternative parameter set with plausible values.
However, sensitivity analysis cannot "prove" in any sense that the
cheosen parameter values are "true" values, nor that the conclusions
derived are completely general.

1/ Empirical evidence is too sparse to provide any guidance as
to whether or not the under-invoicing function is appropriate.
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Table 1.

APPENDIX

Equations of the Model

Supply of home goods

logQ, = 1/(1 - a)[alogP, - ajlogP -

Supply of export goods
1ogQx -1/(1 - a)[along -

Supply price of exports

P = [b2+ s(1- 7 )(1 - ¢)]P:.

Nominal wage contracts
Alogw = ¥(logw - logw-l).
Market-clearing wage

w = aL(Pth + PxQx)/L'

Official output at factor cost

aNloan -

aLlogw]. a, @, ay < 1
aLlogw].

0« L <1

O<sv¥<1

o
PZ = Pth + (1 - rx)(l - Q)SPXQx - PnN'

Demand for imported intermediate inputs

N = a,(PQ, +PQ)/P.

Domestic price level

6§, 1-6
P = PhPI .

Domestic price of final imports

- *
P - (%! ”)PI.

0<6§<1l

0<so0osx<1
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Table 1. Equations of the Model (continued)

Private sector expenditure

Loge? = h logz? + h,log(a_,/P) - hy(i, - Ex_.). 0<h <1

Real disposable income

d * . .P
Pz = (1 - )Pz + P Q_+ pi (P - (1 - “)D?l]. 0<r<1

Demand for the home good

- p
Q, = G, + SPE°/P, .

Financial repression tax

1A
»
IA
b

p = (LL - LC)/LL. 0
Financial wealth

A =M+ bFP - 1P,

Budget constraint of the private sector

*
aa = pz? - Py v P +-L£bF?1 - 1 1P+ abF?

Demand for foreign assets

ye) - _ _ . - . .
log{bF" /(A - CC)] AO AILL AZLd + A3L£.

Rate of return on foreign assets

* -
i, 24, + Eb ..
¢ ¢ +1

Demand for domestic currency notes

Log(CC/P) = p log(Z) + p,log(2qP Q /P). ¢, > o,
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APPENDIX
Table 1. Equations of the Model (continued)

Demand for bank deposits

log(DP/(4 - €O)) = o - ayly + ayly - agly.
Private Demand for final imports

P - (1 - 5)PEP/p,.
Official sales of foreign exchange

F, = PN+ PG+ oP 1P 0 1

s ™ °n °r T sos
O0fficilal current account

* ok

C=(l-®PQ + Le(#_gl +R ) - Fg
Under-invoicing share

¢=1-1Q - Tx)/q]V, q = b/s, v > 1, 0<% <1,
Net foreign assets of the central bank

AR - C - AFE,
Unreported current account

- P - * K ) ) * p

Cy = aFP = oP Q + LeFl_jl (1 - o)P 1P,
Balance sheet of commercial banks

RR + IP = DP + 1P,
Reserve holdings by commercial banks

RR = uDP. 0<p=<1

Interest rate on bank deposits

LC = Ld/(l - 4.




- 32 -
APPENDIX

Table 1. Equations of the Model (concluded)

Balance sheet of the central bank
CC + RR = sR + (L - IP) - q.
Total domestic credit
L=1P+ P+ 18,
Central bank’s net worth

, b g g
+ LC(L_I + L-l) + AsR . - 7.

-1 1

Q Q i R
= + Lls -1

Government deficit
*

- i 18
+sPG) - i L

* *
— . _ \ =4 _
D = rPZ + LesF§ +7 (1-@)sPQ + 5. (P .

1Ch
Deficit financing

18 = Lgl - D + sAFS,

Money stock
M=cC+ DP.
Parallel market premium

p=q-1.
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Table 2. Definition of Variables

aQoqQao >

Nominal private financial wealth

Parallel market exchange rate

Reported current account

Private holdings of domestic currency notes
Unreported current account

Fiscal deficit

Private sector deposits in commercial banks
First-difference operator

Private sector expenditure

Expected inflation rate for period t+1 formed at ¢t

Expected rate of depreciation of the parallel exchange rate

formed at t for period t+l
Under-invoicing share of exports

Private holdings of foreign currency

Net foreign assets of the public sector (exogenous)
Real government spending on home goods

Real Govermment spending on final imported goods (exogenous)
Private imports of final goods

Interest rate on bank loans (exogenous)

Interest rate on bank deposits

Rate of return on foreign-currency denominated assets

World interest rate (exogenous)
Interest rate on curb market loans
Total domestic credit

Bank credit to the private sector

Credit to commercial banks by the central bank (exogenous)
Bank credit to the public sector (exogenous)
Labor supply (exogenous)

Domestic money stock
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Table 2. Definition of Variables (concluded)

0 A B T = e~ I

ST N RSN

lav] v ]
X % M

I TR B~ QO O .Q
SRRt

oy
Uy

€

N E|

Total imports of intermediate inputs
Consumer price index
Parallel market premium

Price of home goods

Domestic price of final imports
World price of final imports (exog:zanous)

World price of imported intermediate inputs (excgenous)

Supply price of exports

World price of exports (exugenous)

Ratio of parallel to official exchange rate
Production of home goods

Production of export goods

Net foreign assets of the central bank
Required reserves

Financial repression tax

Official exchange rate (exogenous)
Income tax rate (exogenous)

Tax rate on exports (exogenous)

Transfers from the central bank to the government
Nominal contract wage

Equilibrium nominal wage

Officially recorded gross domestic product

Officially recorded net domestic product
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APPENDIX
Table 3, Parameters and Initial Values
Parameters

a, = 0.3 ay = 0.2 v+ = 0.0

§ = 0.8 c = 0.2 hl - 0.7
h2 - 0,1 h3 - -0.5 4 = 0.4
Al = .0.5 AZ - -0,6 A3 = 0.9
® = 0.4 9y = 0.7 a; = -0.6
a, = 1.1 a3 = -0.5 v = 0.1

¥ = 0.0° & = 0.4 p = 0.257

Exogenous variables

PP - 1.0 P’ = 1.0 Pl - 1.0
n X I

s = 1.0 r = 0.3 r = 0.1

X

. = 0.05 & = 0.06 G 120
i,=0. L# = 0. T =

G, = 340 F& = 2800 P - 1400

*
Set to 0.8 for the exchange rate experiment.

*ook
Initial baseline value.
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