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On December 2000, the National Congress of Guatemala enacted a bill named
"Ley de Libre Negociacién de Divisas”, which makes it legal to trade in any
foreign currency, eliminates the legal tender feature of the "quetzal” (the
Guatemalan national currency), and allows the domestic banking sector to
engage in financial intermediation operations denominated in any foreign
currency. This law will be effective on May 1, 2001.

This paper develops a model intended to analyze the effects of the new law on
the Guatemalan economy. In particular, a dynamic, perfect-foresight, general
equilibrium model of a small-open economy with imperfect capital mobility is
solved. The change in the legal regime is modeled as a change in some preference
parameters. The model shows that, in the most plausible scenario, we should
not expect to observe very important macroeconomic or foreing-exchange effects
at the time when the new law becomes effective.

*The author thanks Erick R. Vaides for helpful research assistance.

tThis working paper was prepared at the Departamento de Investigaciones Econdmicas.
The views expressed herein are those of the author and do not necessarily represent those
of Banco de Guatemala.
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1 INTRODUCTION

On December 2000, the National Congress of Guatemala enacted a bill named
"Ley de Libre Negociacién de Divisas”, which makes it legal to trade in any
foreign currency, eliminates the legal tender feature of the ”quetzal” (the
Guatemalan national currency), and allows the domestic banking sector to
engage in financial intermediation operations denominated in any foreign
currency. This law is to be effective on May 1, 2001.}

As a matter of fact, the US dollar has been used for several years in
Guatemala as a unit of account, deposit of value, and /or medium of exchange
in a limited but important subset of economic transactions. Nevertheless,
the enactment of the new law has caused a lively discussion in Guatemala
regarding its possible immediate effects on the main macroeconomic and
monetary variables. The basic premise in the discussion seems to be that the
new law will encourage the process of currency substitution (the US dollar
replacing the Guatemalan quetzal) to an extent greater than what is already
observed.?

This paper develops a model intended to analyze the effects of the new law
on the Guatemalan economy. The model shows that, in the most plausible
scenario, we should not expect to observe very important macroeconomic or
foreign-exchange effects at the time when the new law becomes effective.

We will now comment on the main features of the analytical framework
used in the paper. We develop a dynamic, perfect-foresight, general equilib-
rium model of a small-open economy with imperfect capital mobility.®> There
are four sectors in the model: the households, the domestic banking sector,
the offshore banking sector, and the government.

There is a continuum of identical households, each of which is endowed
with a constant amount of the unique consumption good per period and with
initial stocks of six different types of monetary assets: quetzal-denominated
currency, dollar-denominated currency, quetzal-deposits, dollar-deposits in
the domestic banking sector, dollar-deposits in the offshore banking sector,

'Congreso de la Republica de Guatemala (2000).

2See, for example, CIEN (2001), Facultad de Ciencias Econémicas (2001), and Sosa
(2001).

31In essence, we present a portfolio-allocation model for analyzing currency substitution,
in the tradition of Calvo (1996a) and other references therein. However, the way we model
the imperfect capital mobility feature is different from the most usual approaches that can
be found in the relevant literature (as will become clear below.)
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and foreign deposits. The representative household gets utility from con-
sumption and from holding stocks of the monetary assets mentioned above.
These monetary assets produce liquidity services and are imperfect substi-
tutes for one another. The household makes a consumption/investment
decision each period in order to maximize the present value of its utility; it
also decides how to allocate its wealth among the different monetary assets.

It is important to notice that the household cannot have a short posi-
tion in any asset (either domestic or foreign.) This restrictive assumption
is introduced to make it possible for the domestic interest rate to be perma-
nently influenced by the central bank (an apparent feature of the Guatemalan
economy.)? °

The domestic banking sector is perfectly competitive. It gets funds on
deposit from the households and invests those funds on public bonds, bar a
reserve requirement. Both deposits and bonds can be denominated in either
quetzals or dollars. The offshore banking sector is also perfectly competitive.
It also gets funds on deposit from the households and invests those funds on
public bonds, but it operates in dollar-denominated assets only. The off-
shore banking sector is not subject to a legal reserve requirement, but it
voluntarily holds a fraction of its deposits in the form of liquid foreign assets.
The offshore banking sector is included in the model because its importance
is acknowledged (though not quantified) in the Guatemalan financial mar-
ket. Again, both the domestic banking sector and the offshore one are
precluded from borrowing from abroad in order to preserve the ’imperfect
capital mobility’ feature of the model.

The public sector includes a fiscal authority and a monetary authority.
The fiscal authority gives lump-sum transfers to the households or exacts
lump-sum taxes from them. There is no public expenditure or public in-
vestment in the model, and there are no distortionary taxes (other than
inflation.) The monetary authority or central bank issues currency denom-

1Since the model is a perfect foresight one, it has no room for country risk’ (or for any
kind of risk.)

°If this assumption were relaxed and the household could borrow from abroad, then
the domestic interest rate would be necessarily equal (in real terms) to the international
one. Even if borrowing from abroad were precluded but the household were allowed to
borrow from the domestic credit market, then the domestic real interest rate in steady
state could not be different from the subjective discount rate and, hence, could not be an
independent policy variable.

6See, for example, International Monetary Fund and The World Bank (2000).
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inated in quetzals, gets funds on deposit from the domestic banking sector
as reserve requirement (in both quetzals and dollars), and issues bonds (in
quetzals and dollars.) It devotes the proceeds to foreign-asset accumulation
(international reserves) or to transfers to the fiscal authority.

The policy regime in the model is such that the central bank prede-
termines the exchange rate and fixes the domestic interest rate, while the
fiscal authority’s transfers to the households equal exactly the central bank’s
net interest revenue. This is a particular case of monetary dominance and
fiscal accommodation that guarantees that the consolidated government’s
intertemporal budget constraint holds. In this regime, the central bank’s
international reserves and the monetary aggregates are endogenously deter-
mined in equilibrium. Although the model’s policy setup does not literally
represent the Guatemalan actual fiscal /monetary policy combination, it is a
simplification that underscores the disposition of both the monetary and the
fiscal authority to preserve the macroeconomic stability (in particular, the
exchange rate and the financial stability) at the time when the new law is to
become effective.

The 'monetary-dominance/fiscal-accommodation’ feature distinguishes this
model from others that also deal with currency substitution. Most of the
theoretical literature on currency substitution assumes that seigniorage is a
key element in fiscal deficit’s financing; moreover, most of the empirical lit-
erature deals with historical experiences in which that seems to be the case.”
However, the law under analysis will become effective in Guatemala in an
environment in which the inflation rate has been moderate for ten years:
less than 15% a year in the 1991-2000 period, and less than 10% a year in
the 1997-2000 period.® In addition, the central bank has a historically high
level of international reserves (for the country’s standards)’ and has shown
a predisposition to use them in order to substantially reduce the exchange
rate’s volatility.'”

In the model, the effect of the new law in question is to cause an increase in
the share parameter in the utility function corresponding to dollar-deposits in
the domestic banking sector and a decrease by the same amount of the share

"See, for example, Calvo (1996), Calvo and Végh (1992), ILADES (1992), and references
therein,

®Banco de Guatemala (2001).

9See Banco de Guatemala (2000).

10See Edwards (2000).
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parameter corresponding to quetzal-deposits.!! These changes in parameter

values are announced four periods before they are materialized (one period
representing one month.)'> The nature of the analytical experiment is the
following: the artificial economy is at the original steady state before period
0. On period 0, it is announced that from period 4 on, a new set of parameter
values will be effective. The problem is to find the original steady state of
the artificial economy, as well as the new steady state and the transition
paths for all relevant variables. The analysis focuses on the two relevant
steady states and the transition paths between them because it tries to isolate
the permanent effects of the new law from the day-to-day operation of the
economy. This is also why the model was designed as a perfect-foresight
one, and the policy setup was modeled as invariant to the changes implied
by the new law.

The remainder of this paper is organized as follows: the second part
presents the model and its calibration in detail; the third part presents the
solution technique applied and the results obtained; and the last part contains
a conclusion that wraps up the main ideas in the paper.

2 THE MODEL

The following perfect-foresight model corresponds to a deterministic, endow-
ment, monetary, small-open economy. There are four sectors: the house-
holds, the domestic banking sector, the offshore banking sector, and the
government. We now proceed to examine the model’s features in detail.

2.1 Some Definitions and Conventions

In what follows, the variable ¢; represents consumption; m; is the house-
hold’s nominal domestic currency balance, mg is its nominal foreign currency
balance, d; represents nominal domestic quetzal-denominated deposits, dg;
represents nominal domestic dollar-denominated deposits; dg,¢s: represents

'The strategy of modeling an increase in one country’s level of currency substitution
as a change in parameter values of dynamic, general equilibrium models has antecedents
in the currency substitution literature; it is used, for instance, in Bufman and Leiderman
(1992) and in McNeils and Asilis (1992).

2The new law ("Ley de Libre Negociacién de Divisas”) was enacted on December 2000
and expected to be effective four months later, on May 1, 2001.
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nominal offshore dollar-denominated deposits, dg, represents nominal for-
eign dollar-denominated deposits, and f; is a nominal quetzal-denominated
lump-sum transfer from the government (which, in principle, can be positive,
negative, or zero.)

The symbol i4; denotes the nominal interest rate on domestic quetzal-
denominated deposits, i4s, is the nominal interest rate on domestic dollar-
denominated deposits, i4g,f7, is the nominal interest rate on offshore dollar-
denominated deposits, and ¢} is the nominal interest rate on all foreign assets
(including deposits); P, is the price (measured in quetzals) of one unit of the
good in period ¢, and E; is the nominal exchange rate (the price of one dollar
in terms of quetzals.)

In period t, the household chooses the t value of each asset, taking the
t — 1 value of each asset as given.

Interest rates indexed t — 1 clear the financial assets markets in period
t — 1 and must be paid in period ¢, and those indexed t clear the markets in
period t and must be paid in period ¢ + 1.

Lower case variables correspond to the individual household, while capital
case variables are aggregate per capita averages.

We assume that the law of one price holds in this economy:

P, =E, PVt (1)

where P} is the foreign price level. Hence, in terms of rates of growth,
the following equation holds:

14m=(1+¢e): (1+mn;),Vt (2)
where:

Py

il = 3

+ T P, ( )
o

1+5; == Et_]_ (4)

1+ 7 = — (5)

Moreover, we assume that the foreign inflation rate is always zero:

%= =0 (6)
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Therefore, it must be the case that in this economy the inflation rate is
always equal to the rate of devaluation:

e = EE,Vt (7)

Besides, for normalization purposes, we assume that:

P =1Vt (8)
and, hence:
Pt —_ Et, Vt (9)

We also assume that the foreign interest rate is constant and smaller than
the subjective discount rate of the household:

1
i, =il (O,E v 1) Vi (10)

In addition, in order to simplify the notation, we define the following
variables:

iy = %* (11)
i E"Tzn*’* (12)
=g (13)
L= Et;&‘ (14)
dsof s = %*%ﬂ (15)
&, = (16
=4 a7

and, in general, a ’hat variable’ is the corresponding nominal variable
measured in real terms (i.e., measured in units of the consumption good.)
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2.2 The Household

There is a continuum of infinitely-lived households. Each household has a
fixed endowment of y units per period of the unique, perishable consump-
tion good. The household also has initial stocks of the following financial
assets: domestic currency m_,; foreign currency mg _;; domestic, quetzal-
denominated deposits d_;; domestic, dollar-denominated deposits dg _;; off-
shore, dollar-denominated deposits dg,fy,—1; and foreign, dollar-denominated
deposits dg_,. The household also gets a nominal (quetzal-denominated)
transfer f, per period from the government. Fach period, the household
decides how to allocate its wealth between consumption and asset accumu-
lation, and how to divide its wealth among the different financial assets.
The household maximizes an intertemporal, time-separable utility func-
tion, which adds up the discounted utility flow of each period. The argu-
ments of the period-utility function are the quantity consumed of the unique
good during the period, and the real values of the stocks of the monetary
assets (currencies and deposits). The latter belong to the utility function
because of the liquidity services that they provide to the household. The
household has no access to any form of credit, either domestic or foreign.

2.2.1 Household’s Problem

The household solves the following problem:

» 08K PRGN
{CE L |m$‘t!d£:d$‘t1d$aff‘£sd;<; } =0

o0
U= Zﬁt "U (Ct:ﬁnm&n dy, ds 1, d$off,s,d§,¢) (18)
t=0
subject to:

¢+ my + Mgy + di +dgy + dgopse + &;,t =

(1 +dgg4-1) - dge—1 + (1 + tagorse—1) - E$off,t—1+
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(1 3 i;,z—l) rdgy_y + fi; (19)
and

Ct, ﬁt—hﬁ&i—la (1;—1: gs,t—l: J$Off,t—11 &;,t_]_ 2 01 Vi (20)
where:

u (ct:mta ﬁ&ts Ets C?$,ta a’f$off,t:&;,t) e
[ log (¢;) + azlog (M) + aslog (Ms,) + aqlog (cﬂ)

+as log (JM) + aglog (J&.Jff‘g) + aylog (&;t)] (21)

ay,ay,...,ar € (0,1) (22)

27:&3; =i (23)

=1

id,~1, 8,1 LdSof f,—1, bg 1, I—1,g,—1 are given;
current and future prices are known and taken as given.

In the problem above, equation (19) is the period budget constraint. In
addition, prevention of Ponzi schemes is guaranteed by the fact that the
household is not allowed to hold short positions in any financial asset (in-
equality (20).)

2.2.2 First Order Conditions

The following six equations are the first order conditions of utility maximiza-
tion for the household with respect to the variables m,, ms ., P d$ ) dsoff L d$ o
respectively:

il 1 1

.08 - s 24
q o Cig - m )6 £l 1 % i1 c£+1 ( )
1 I 1
O!] o - {13 ¢ Eom—— 6 = Ct‘]_ 5 T (25)

Ct mg¢ Ct+1
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1 1 1 1
e SRR R A ki) s 2%
> Cy : d, " : 14 g¢41 ( d’t) Ct+1 ( )
1 1 : 1
oy o= = Gy e = o (1 ) (27)
(& $.t Ct41
1 1 . 1
Gy =g =By (1+tasosst)  — (28)
Ct ds,,ff,; Ct+1
1 1 1
e O e = G 29
- Cy s dg i ( +t$'t) Ct+1 (o

2.3 The Domestic Banking Sector

There is a generally available, constant-returns-to-scale, domestic banking
technology in the artificial economy. Because of the constant-returns-to-
scale feature, there are zero profits in this banking sector and, without loss
of generality, we can assume that there is only one domestic banking firm
that behaves competitively.

The balance sheet of the domestic banking firm is the following:

R

B )
z R + —2 + By, == + Dy, (30)
t

E; E;

In the left-hand-side, R;; represents quetzal-denominated reserves, Rg;
represents dollar-denominated reserves, By is quetzal-denominated bonds,
and Bgy; is dollar-denominated bonds. In the right-hand-side, D; repre-
sents quetzal-denominated deposits, and Dg, represents dollar-denominated
deposits (all variables in nominal and per capita terms). We assume that
the domestic bank does not have access to the international capital market
at all, and does not have any net worth.

The bank does not use real resources to operate; however, it is subject to
a reserve requirement: it needs to hold a fraction 7; € (0,1) of its deposits
in the form of deposits at the central bank. That is:

Rb‘t =T1" Dg (31)

Rgpe = 71+ Dsy (32)
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and, hence:
B D
2+ Bue= (1-1)- (5 + Dsy) (33)

Since the bank is assumed to have zero net worth, the zero-profits condi-
tion implies that total nominal revenue equals total nominal cost each period:

R : B ,
%+ Reps + (1 +140) - | ==} (2 44g,) - Base =
Ei By
] D, .
(14 iay) - B + (14 4as;) - Dy (34)
t+1

where 7, is the nominal interest rate on domestic, quetzal-denominated
bonds, and ig; is the nominal interest rate on domestic, dollar-denominated
bonds.

Moreover, because of the constant-returns-to-scale feature prevailing in
the banking technology, it must be the case that there are zero profits in each
possible banking operation.'® This statement implies that the following four
conditions must hold:

71 D4+ (14 4¢) - [(1 = 71) - D) = (1 +4ay) - Dy (35)

T1-Dg + (1 + i$,t) [(1 =71) - Dgy) = (1 +das¢) - Dy (36)

-rl.D$,t+(1+¢t)-[(1~71)-D$,t-a]-( : )

B
= (1 + tass) - Ds, (37)

(1—71)- Dy

Tl'Dt-f-(l—i-is,t)'l E
¢

] By = (1+ig) - Dy (38)

13For example, prices cannot be such that there are losses in quetzal-denominated in-
termediation, even if they are offset by profits in dollar-denominated intermediation. The
reason is that a new bank could be established to operate in dollar-intermediation only
with unlimited profits at such prices. Of course, that situation could not possibly char-
acterize an equilibrium.
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Equation (35) corresponds to quetzal-denominated investments financed
with quetzal-denominated deposits; (36) corresponds to dollar-denominated
investments financed with dollar-denominated deposits; (37) corresponds
to quetzal-denominated investments financed with dollar-denominated de-
posits; and (38) corresponds to dollar-denominated investments financed with
quetzal-denominated deposits. Equations (35) to (38) imply the following
conditions:

TI RN (39)
T (40)
i =11l ) NP 1) (Hlt_m) | (41)
tag=T1+ (1 —71) (L+ige) - (1 +&41) — 1 (42)

In addition, combining equations (39) and (42) we get:

=0 (1 +eg) -1 (43)

And combining (39) and (43) we obtain:
?:d,g — (]. . T) N [(1 + i’$,£) (]. + €t+1) f 1] (44)

These results imply that if one the four interest rates (i;,is,%a¢,%as,)
is given, the other three are automatically determined in equilibrium. In
particular, if g, is known, then igg,,%;, and ig; are determined by equations
(40), (43), and (44), respectively. Besides, equation (43) implies that the
interest rate on quetzal-bonds is equal in real terms to the interest rate on
domestic dollar-bonds.
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2.4 The Offshore Banking Sector

There is also a generally available, constant-returns-to-scale, offshore banking
technology. We also assume that there is only one offshore bank that behaves
competitively.

The balance sheet of the offshore banking firm is the following (all vari-
ables in nominal and per capita terms):

Rgorpe + Bsoss,t = Dsogyye (45)

In the left-hand-side, Rg,;;, represents dollar reserves held by the off-
shore bank in the international capital market, and Bg,yy: represents dollar-
denominated bonds held by the offshore bank in the Guatemalan domestic
credit market. In the right-hand-side, Dg,ss, represents dollar-denominated
deposits. We assume that the offshore bank cannot borrow in the inter-
national capital market, but it can hold international assets that yield the
international interest rate g .

As the domestic bank, the offshore bank does not use real resources to
operate. Moreover, and unlike the domestic one, the offshore bank is not
subject to a legal reserve requirement. Nevertheless, we assume that in
order to operate the offshore bank needs to hold a fraction 7, € (0,1) of
its deposits in the form of liquid assets Rg,,,, at the international capital
market:

Rgopp0 = T2+ Dsy (46)
and, hence:
Bsore = (1= 72) - Dsosyy (47)

It is also the case that for this bank the zero-profits condition implies
that total nominal revenue equals total nominal cost each period:

(1+15,) - Riopse + (L+1se) - Bsogre = (1 + tasosse) - Dsopye (48)

where ig4g077,¢ is the nominal interest rate on offshore dollar-denominated
deposits, and ig, and ig, are as previously defined.
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Since the offshore bank invests a fraction 75 of its assets in internationally
liquid reserves, then the zero-profits condition requires that:

(1 +i3,) - [T2 - Dsogpal + (1 +1sy) - [(1 = 72) - Dsosy,]

= (1 + %asorft) - Dsofst e

Hence, in equilibrium, the offshore nominal interest rate on deposits is
completely determined by the international nominal interest rate ig,; the
nominal interest rate on domestic, dollar-denominated bonds ig,; and the
offshore reserve parameter 7y:

UdSoffit = T2 (1 + 1§¢) e 7a) - (T3P0 € (50)

2.5 The Government

2.5.1 Budget Constraint

The period budget constraint of the government (in nominal and per capita
terms) is the following:'*

5 - (1 +%-1)Bi—1

E, E, + (14 iS,t—l)B&—l 8 R%,t =

(MO, — M0,_;)
E,

B,

Ey

+ (Rspt — Rep—1) + = + Bss + (1 +45,_1)Rg

(51)

In equation (51), F; represents the primary fiscal deficit (lump-sum trans-
fers to the household minus lump-sum taxes'®); B;_, is the domestic, nominal
(quetzal-denominated) public debt issued on period ¢t — 1 that must be paid
(along with the corresponding interest) on period ¢; Bg; ; is the domestic,
nominal (dollar-denominated) public debt issued on period ¢ —1 that must be
paid in period t; Rg,_, is the stock of foreign, nominal (dollar-denominated)

' This budget constraint corresponds to the ’consolidated’ government (i.e., the fiscal
and monetary branches of government taken together.)
15There are no public expenditures in the model.
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public net assets'® determined on period ¢ — 1 that matures (and yields inter-
est at the rate i5, ;) on period ¢; Rg;— is the stock of dollar-denominated
bank reserves determined on ¢ — 1 and taken as given on t; M0;_; is the
(quetzal-denominated) nominal monetary base determined on period ¢t — 1
and taken as given on period t. The monetary base is, in turn, equal to
the sum of quetzal-denominated currency and quetzal-denominated bank re-
serves:

M{}; = Mt + Rb_r_ (52)

where M, is quetzal-denominated currency in the public’s hands and R,
is the stock of quetzal-denominated bank reserves, both determined on ¢.

Prevention of Ponzi schemes and a full use of resources on the part of the
government are guaranteed by the following conditions:

B, E,-Bs;, Bi-Rj

it o
JDt} Pg PE = ( F,F) ,Vt (53)

where I" is a very big (but finite) number.

2.5.2 Fiscal and Monetary Branches

The government is divided in two branches: the fiscal branch and the mon-
etary one. The fiscal branch is in charge of disbursing lump-sum transfers
to the households (or exacting lump-sum taxes from them, when the trans-
fers have a negative sign.) The fiscal branch does not accumulate assets or
liabilities at all, but it can get transfers form the monetary branch.

The monetary branch (or central bank) issues high-powered money and
public debt, and holds international reserves. The central bank’s balance
sheet is as follows (in dollars per capita):

MO B
Ry, = —— + Ry + = + By + NW, (54)
’ E; E;

where NW, is the net worth of the central bank on period ¢ and all other
variables are as previously defined.

16That is, international reserves minus public external debt.
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In addition, we can measure central bank’s profits using the following
formula:

Ilg, =
- : MO0, : B4
(1 + 2’$,t—1) Ry 1 — - Rgpp-1 — (1 +94-1) - 7
, T,
= (1 -+ ?'$,t—1) ! B$,t—l - = (55)

t

where Ils, stands for nominal profits (measured in dollars) determined
on period t; and T; represents nominal, per capita, quetzal-denominated
transfers from the central bank to the fiscal branch. In real terms, the
formula for central bank’s profits is:

g, =
-k -~ ]. —_— i
(1 o ?’$‘t-l) «Rg; 1 — (1 i r) * MOp—1 — Ry
— (14 d4-1) - (1_4—5) «By_1— (1 +1ig¢1) - Bge1 — Ty (56)

2.5.3 Public Policy

We will explore the behavior of the model under a particular policy regime.
Under this regime, the government predetermines the exchange rate and fixes
the interest rate. That is, the government sets the value of the following
variables:

Eo =E; € (0,00) (57)

gy =€ € [0,00),Vt >0 (58)
1

E'$'t =g € (3;,3 == 1),Vt -3 1 (59)

ﬁc e ﬁ (60)

ﬁ = (1 +* i%,z—l) g ﬁ%,t—l“‘
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Pk | o
() o~ -4 () B
(1+ds4—1) - Bse (61)

In words, the government sets the path for the exchange rate and the
devaluation rate (equations (57) and (58)). Since the law of one price prevails
and foreign inflation is zero, this means that the government also sets the
path for the price level and the inflation rate.

Equation (59) implies that the government also exogenously determines
the domestic interest rate on dollar-denominated bonds. This rate is re-
stricted to be greater than the international interest rate for the model to
deliver relevant results for the Guatemalan economy. It is also restricted to
be less than the household’s subjective discount rate to make sure that inter-
est rate on offshore deposits is always low enough for a stationary equilibrium
to exist.!”

Equation (60) indicates that the fiscal primary deficit is equal to the
transfer that the fiscal authority gets from the central bank, and equation
(61) implies that such transfer is equal to the amount of net financial revenue
of the central bank. This is a special case of fiscal/monetary coordination in
which monetary policy is dominant and fiscal policy accommodates in order
to satisfy the requirements of the government’s intertemporal budget con-
straint. Combining equations (51), (56), (60), and (61) we get the following
expression for the level of international reserves:

— —~

= M % BE &
R, = A + Rgpy + "Ef + By, (62)

2.6 Market Clearing Conditions

In equilibrium, the following market clearing conditions must hold every
period:

170therwise, if ig could be greater than 1 — 1, it would be possible that the interest
rate on offshore deposits were greater than the subjective discount rate. In that case,
the household would choose an ever increasing per capita consumption path that would
be infeasible.
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Goods market:!'®

Y+ mse—1 + (1 P i;,t—l) : [&;,t—l e Jﬁ;,t—l o ﬁ;off,t-—l} =

C, + Mg + dy, + Ry, + Riopys (63)
Dollar-denominated currency:

mg = Mg, (64)
Quetzal-denominated deposits:

d; = D, (65)
Domestic dollar-denominated deposits:

ds: = Dg, (66)
Offshore dollar-denominated deposits:

dsoffe = Dsogfyt (67)
Foreign dollar-denominated deposits:

%,t & Dg,t (68)

Banks’ bonds:

%+B$,t (1) (%ms,t) iy DY, (69)
Quetzal-denominated currency:

my = M0, — 1 - Dy (70)
Quetzal-denominated domestic-bank’s reserves:

Ry =1, - Dy (71)
Dollar-denominated domestic-bank’s reserves:

Rgpy = 71 Dy (72)
Offshore bank’s reserves:

Rgoppe = T2 Dsosy (73)
Primary fiscal deficit:

fi = Fi (74)

18This is the relevant per capita resource constraint for this small open economy.
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2.7 Calibration

There are fifteen parameters in this model. They were calibrated to the
Guatemalan economy for monthly data. We will briefly comment on the
strategy followed for calibrating each parameter.

There are eight parameters in the household’s utility function: the dis-
count factor parameter and the share parameters of the seven arguments of
the period-utility function. The strategy for calibrating these parameters
was to get their values from the first order conditions for the household’s
utility maximization in steady state, using for that purpose some relevant
information from the Guatemalan data. However, the assumption that the
household has no access to any sort of borrowing implied that the discount
factor parameter 8 was not uniquely determined. Hence, an arbitrary value
was assigned to 3, such that the implied discount rate was slightly greater
than the highest interest rate at which the household could invest. The val-
ues for the share parameters oy, as, a4, as, ag, and oy were determined from
the first order conditions in steady state, as functions of some parameters
(B, 1§, 1,1, id, 148, tdsof f, T1,€) and some average values from the data:

MO D D$ D$o If
( c )(c)’( c >’( ¢ )

The value of the parameter a3 was arbitrarily set to be equal to one tenth
of ay, since there are no data available about the amount of dollar-currency
held by Guatemalan residents.

The values for the parameters i, 71, and £ were taken from the Guatemalan
data. The ¢ parameter was equated to the average lending rate of the
Guatemalan banking system during the period 1991-2000 (using monthly
data.) The ¢ parameter was equated to the average monthly rate of change
of the exchange rate (the price of one US dollar in terms of Guatemalan
quetzals) for the same period. The 71 parameter was equated to the current
(as of April 2001) legal reserve requirement for Guatemalan banks. The
values for ig, 4,745 were determined using equations (40), (43), and (44), as
functions of 7 and 7.

The foreign interest rate parameter ig was equated to the average rate
on certificates of deposit reported by the US Federal Reserve Board for the
period 1965:12-2001:03 (monthly data.) The offshore interest rate parameter
tasors Was set arbitrarily (since there are no official data for that variable)
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at some point between the interest rate on dollar-deposits at the domestic
banking sector and the discount rate.

The average ratios (@), (Q), (2}) were computed from the Guatemalan

e

data.!” Since there are no data for Dg,ss, available, the (D—*gf-ﬁ) ratio was

arbitrarily estimated to be half the size of the (%) ratio.?’

The reserve ratio for the offshore banking sector 7, was determined from
equation (50), given the values of ig, i4305f, and .

Lastly, the monthly consumption-good endowment was normalized to be
equal to one.

The values for all the parameters are given below:

Y = 1
By = 0.89076
TR 0.010849
a3 = 0.0010849
oy = 00057825
as (= 19681 x 107°
ag (= 0.0015186
oy = 0.089995
B = 1/1.015
T1 = 014
s W 0.095661
£ = 0.003202
1 = 0.017519
igsoy =  0.013333
s = 0.004462

And the average ratios used in the calibration are the following:

The monthly series for consumption was obtained by a cubic interpolation of the
corresponding annual series divided by twelve.

20This figure is consistent with the gross assessment contained in International Monetary
Fund and The World Bank (2000).
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(49) = 0.970228
(2) = 2076500
(2) = 0.004464
(Zer) = 10382

3 SOLUTION

3.1 Equilibrium Definition

" Equilibrium” in this economy is a set of sequences for consumption allo-
cations, asset stocks, and prices, such that each household solves its util-
ity maximization problem, the domestic bank solves its profit maximization
problem, the offshore bank also solves its profit maximization problem, the
government’s period and intertemporal budget constraints hold, the equa-
tions that characterize the policy regime hold, and all markets clear. In other
words, in equilibrium equations (24)-(29) hold (household maximization); as
well as equations (39)-(44) (domestic bank’s maximization), equation (50)
(offshore bank maximization), equations (51) and (56) and condition (53)
(government’s constraints and central bank’s profits), equations (57)-(62)
(policy-regime equations), and the market clearing conditions (63)-(74).

3.2 Equilibrium Dynamical System

After substituting equations (39)-(44), (50), (51), (56), (57)-(62), and (64)-

(74), into equations (63) and (24)-(29), we get the following nonlinear system
of seven first-order difference equations in seven variables (c, M0 0, Ms? D, Dy,
D$of 7, and D$) that represents the equilibrium dynamical system:

y+ Mg+
(1 +15) - [ﬁé,t—l * mt—l = ﬁ1t—1 = §$,L-1 i §$off,t—l}

= ¢ + Mgy + Df, + MO, + (1 — 71) - Dy + D + Dgog e (75)
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1 1 1 1
Q' — — Oy == — = - - —_— 76
’ Ct (MO,:—*Tl Dt) * 1+8 oty e
1 1 1
Q- ——Q3 = =0 01— il
: C . Mg, g Ce+1 ( )
1 1 1 1
o, e e e B S it s LR el s 78
Qg = Qy D, B g (1 +14q) — (78)
1 1] s
apr— — == Fray-(1+ig3) — 79
> o= D, G- ay-(1+ig) i (79)
1 1 1
Q- — — Qg+ = =0 -a;-(1+i48077) — 80
e g =B e () (30)
1| 1 1
- ——p == F-a;-(1+1) — 81
e e () (81)
where:
(1+88) &8 + (1 —71) - [(1 +5) 0T %) - 1]} (82)
(14+idg) =[1+ (1 —71) - ig] (83)
(1 + tasopy) = [T2- (1 +dg) + (1 — 72) - (1 +4s)] (84)

3.3 The Experiment

The new law ("Ley de Libre Negociacién de Divisas”) was enacted on De-
cember 2000 and expected to be effective on May 1, 2001. In the model, the
effect of the new law is to cause an increase in a5 (the share parameter in
the utility function corresponding to dollar-deposits in the domestic banking
sector) and a decrease by the same amount of a4 (the share parameter cor-
responding to quetzal-deposits.) These changes in parameter values occur
in period 4, but they are announced in period 0 (one period representing one
month.)
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The nature of the analytical experiment is the following: the artificial
economy is at the original steady state before period 0. On period 0, it
is announced that from period 4 on, a new set of parameter values will be
effective. In particular, a4 and ay will change from a4 and a5 to a4, and
as 1, respectively, subject to the following restrictions:

Qa, 50, 041,051 € (0,1) (85)
(s — aso) + (041 — agp) =0 (86)
Q51 > Q590 (87)

Actually, the following parameter values were used:*!

N = 0.0057825; 0y 10 &= 041:!]“42'05*0

aso = 1.0681 x 1075; o [ " eetasn

The problem is to find the original steady state of the artificial economy,
as well as the new steady state and the transition paths for all relevant
variables.

3.4 Solution Method

Both steady states of the economy were found by evaluating the fixed point
of the equilibrium dynamical system (75)-(81) at each of the two sets of
parameter values. The dynamical system was linearized around both steady
states, and it was verified that the system displayed saddle-path stability at
both points. Then, the linearized version of the saddle-path around the new
steady state was derived.??

In order to solve for the transition paths, the following idea was pursued:
after a large number of periods 7', the dynamical system is close enough to
the new steady state so that the linearized version of the saddle-path is a

2I'The choice of the values used for a4 and as o is explained in the Calibration section
of this paper. The arbitrary values chosen for a4 and as; imply that both quetzal-
and dollar-deposits have the same weight in the representative household’s utility function
after the new law becomes effective.

22The general methodology for linearizing a nonlinear dynamical system of difference
equations around the relevant steady state is explained in Farmer (1999).
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good approximation to the true saddle-path. Consequently, an approximate
solution for the transition paths would be a set of trajectories (one for each
of relevant variable) such that:

(i) the initial conditions for the predetermined variables? of the sys-
tem (provided by the original steady state) are satisfied on period 0;
(ii) the laws of motion of all variables (provided by the nonlinear,

equilibrium dynamical system (75)-(81)) hold from period 0 to period T
(taking into account that two parameter values change on period 4); and
(iii) the linearized version of the saddle-path around the new steady
state holds on period T'.
The value for 7" was chosen so that a further increase in 7' caused only
a negligible change in ¢y (the value for consumption on the period of the
announcement of the new law.) Using 7" = 119 guaranteed that result.

3.5 Results

The macroeconomic effects of the analyzed experiment are rather mild. In
what follows, we discuss those effects in detail. The model’s solution for
the relevant variables can be observed in Figures 1 and 2. Figures 1.1,
1.2, and 1.3 show the behavior of exogenous variables that remain constant
along the experiment. The main and obvious effect of the experiment is
the conversion of a fraction of quetzal-deposits into dollar-deposits at the
domestic banking sector on period 4, when the values of the corresponding
preference parameters change (see Figures 2.1 and 2.2.) Other variables do
not seem to be affected in Figures 1 and 2, except for a slight increase in
the level of international reserves (Figure 2.6.) However, as will be clear
soon, there are marginal effects in all variables that become apparent when
the scales on the vertical axes are suitably modified.

It might look puzzling that the significant shift from quetzal-deposits to
dollar-deposits in the domestic banking sector on period 4 causes only very
mild macroeconomic effects. In particular, the greater demand for dollar-
deposits does not cause a drop in international reserves; quite on the contrary,
international reserves increase slightly as a result. The explanation rests on
the fact that, under the prevailing assumptions, that shift from quetzal-

23The definition of 'predetermined variable’ that we are using can be found in Farmer
(1999, Ch. 3.) In our system, the predetermined variables are the following: MO0,_4,

Ms 1, Di—1, Dg i1, Dsosgt—1, and Dg,
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deposits to dollar-deposits does not itself affect the foreign exchange market
at all, since it is accomplished by a simple change in the unit of account of
the corresponding deposits at the domestic bank.?® 2 In other words, the
currency substitution process that we are modeling here is not one in which
domestic currency is replaced by foreign assets, but rather one in which
domestic currency is replaced by domestic assets denominated in a foreign
unit of account.

Now let us look at the marginal effects in operation. The key to under-
standing these effects can be found in Figure 3, where we can appreciate the
behavior of consumption. Let us notice first that the steady state value of
consumption increases from period 4 on (i.e., after the parameter change.)
We can also observe that the current consumption level drops on impact at
period 0 (when the new law is announced) and remains lower than the orig-
inal steady state level from period 0 to period 4; then, it engages in a path
that converges to the new (higher) steady state value. In other words, the
representative family increases its savings for a while in order to increase the
value of its portfolio and achieve a permanently higher level of consumption.
In turn, this behavior of consumption is explained by the behavior of the
domestic banking sector, to which we turn our attention now.

Dollar-deposits at the domestic banking sector yield a higher interest
rate (in real terms) than quetzal-deposits. This is so because under perfect
competition total revenue must be equal to total cost in both quetzal and
dollar operations. While both quetzal- and dollar-bonds yield the same
interest rates in real terms, the dollar-banking reserves yield a higher real-
interest rate than the quetzal-reserves.?® Hence, the quetzal-deposits interest
rate must be less than the dollar-deposits rate if the domestic bank is to
operate in both currencies.

When it is announced that there will be a shift in preferences from quetzal-
deposits to domestic dollar-deposits, it becomes clear that a fraction of the
former will be converted into the latter. This, in turn, means that the
marginal yield on the whole household’s portfolio will increase. However,

24 At the same time, there is a change in the unit of account of a fraction of the reserve
requirement, but, again, the net demand of foreign exchange is not affected at all.

25 An important assumption here is that the domestic bank does not invest abroad, so
the increased amount of dollar-deposits is still offset by domestic bonds (either quetzal-
or dollar-denominated), in addition to the reserve requirement.

26Both types of reserves yield zero nominal interest rate, but quetzal-reserves are affected
by the devaluation rate.
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in steady state the sum of the marginal yield and the marginal utility of the
portfolio must be equal to the subjective discount rate. If the marginal yield
of the portfolio increases, the marginal cost of saving becomes less than the
marginal benefit, so the representative family saves more. As the family saves
more, the value of the portfolio increases and its marginal utility decreases.
Eventually, the marginal utility of any asset is low enough so that the sum
of the marginal yield and the marginal utility of the portfolio is just equal to
the subjective discount rate; at that point, a new steady state is reached in
which the consumption level is permanently higher than before. This chain
of results explains the behavior of consumption in Figure 3.

In Figure 4 we can observe the behavior of the offshore deposits. As
we can see, the new steady state level (from period 4 on) is higher than the
original one. In addition, from period 0 to period 3, the level of offshore
deposits is increasing and higher than the original steady state; this is what
we would expect since the savings level increases at that time. However, on
period 4 the level of offshore deposits drops, and then it increases gradually
until it gets to its new (higher) steady state level. The drop on period
4 is explained by the increased convenience of using dollar-deposits at the
domestic bank from that period on.

Figures 5, 6, and 7 show the workings of foreign deposits, dollar-currency,
and quetzal-currency, respectively. In all cases, the new steady state is
higher than the original one. As in the case of the offshore deposits, the
levels of these variables increase from period 0 to period 3, drop in period 4,
and increase gradually from period 4 on, approaching the new steady state.
However, unlike the case of the offshore deposits, these variables drop slightly
on impact on period 0. The cause for this drop is the low interest rate that
these assets yield (as compared to the subjective discount rate); it turns out
to be optimal to concentrate the saving effort in the high-return assets (like
the offshore deposits and the deposits at the domestic bank.)

The behavior of the international reserves can be observed in Figure 8.
Again, the steady state level increases from period 4 on. The saving effort is
reflected in the increase observed from period 0 to period 3 and from period
4 on. On period 4, the variable undergoes a sudden increase caused by the
conversion of small fractions of the stocks of dollar-currency, foreign deposits,
and offshore deposits into domestic dollar-deposits (as was explained above.)
It is important to notice that while the conversion of a fraction of the stock
of quetzal-deposits into domestic dollar-deposits is a direct consequence of
the assumed change in preferences, the conversion of some parts of the stocks
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of other dollar-denominated assets into domestic dollar-deposits is rather an
optimal response of the representative family to the parameter change.

Figure 9 shows how the primary fiscal deficit needs to be reduced (or
the primary fiscal surplus needs to be increased) in order to keep both the
devaluation rate and the domestic interest rate constant. The reduction in
the deficit is caused by an equal reduction in the central bank’s net interest
revenue for two reasons: (i) the central bank issues more bonds and at the
same time accumulates more international reserves, but the former yield an
interest rate greater than the latter; and (ii) the quetzal-denominated reserve
requirement decreases while the dollar-denominated one increases (but the
latter yields a real interest rate greater than the former.)

4 CONCLUSION

This paper develops a model intended to analyze the currency-substitution ef-
fects of a new law (”Ley de Libre Negociacion de Divisas” ) on the Guatemalan
economy. In particular, a dynamic, perfect-foresight, general equilibrium
model of a small-open economy with imperfect capital mobility is solved.
The change in the legal regime is modeled as a change in some preference
parameters: it is assumed that the share parameters in the utility function
corresponding to the quetzal-denominated deposits decrease when the new
law becomes effective, while those corresponding to the domestic, dollar-
denominated deposits increase by the same magnitude.

The model shows that, in the most plausible scenario, we should not ex-
pect to observe very important macroeconomic or foreign-exchange effects at
the time when the new law becomes effective. Such a scenario would involve
the following elements: (i) the new law increases the Guatemalan residents’
preference for holding assets denominated in a foreign unit of account; (ii)
however, the new law does not increase the Guatemalan residents’ prefer-
ence for holding foreign assets; (iii) both monetary and fiscal policies sup-
port macroeconomic stability; and (iv) Guatemalan banks use only domestic
assets (either dollar- or quetzal-denominated) to offset their dollar-deposit
liabilities.

The main cause for this result is the fact that the conversion of quetzal-
denominated deposits into dollar-denominated deposits at the domestic bank-
ing sector can be accomplished just by performing the adequate accounting
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operations, so the conversion itself does not affect the net demand of foreign
exchange.
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