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ARGEM: A Dynamic and Stochastic General Equilibrium Model for Ar-
gentina'

1. Introduction

The last few years have seen an explosion of Dynamic and Stochastic General Equi-
librium (DSGE) models built for policy analysis and forecasting in industrialized
countries. The set of papers presented to the recent joint U.S. Federal Reserve
Board-European Central Bank-IMF conference: "DSGE Modeling at Policymak-
ing Institutions: Progress & Prospects" is a significant sample. The need for better
microfounded models that can contribute to policy analysis is also experienced by
developing country Central Banks, Argentina being no exception. On top of the
many difficulties encountered in developed countries in building, calibrating and/or
estimating these models, those who seek to obtain models that can be relevant in
the developing country context find various additional difficulties. One of these
stems from the fact that the models built for industrialized countries typically
assume a freely floating exchange rate and hence can avoid modeling exchange
rate policy. Most developing countries do not have a pure exchange rate float
and their Central Banks regularly intervene in the foreign exchange market with
varying degrees of intensity and frequency. While the opposite "corner" of a pure
interest float with a monetary policy based on determining a path for the nominal
exchange rate is not difficult to model, one of the challenges faced by developing
country modelers is to incorporate exchange rate intervention as an additional tool
available for a Central Bank that also intervenes in the money market (typically
by determining a short run interest rate). This is one of the main objectives of this
paper.

The paper builds upon various recent developments in monetary macroeco-
nomic modeling, including Christiano, Eichenbaum and Evans (2001) (CEE), Smets
and Wouters (2003), Woodford (2003), and Adolfson, Laséen, Lindé and Villani
(2005), to mention but a few. The model is perhaps closest in structure to Adolfson
et al (2005), with a number of significant differences that include the following: 1)
The Central Bank can use alternative monetary policies within the same overall
framework, including a fixed exchange rate policy, a crawling peg policy, inflation
targeting with a pure float and inflation targeting with a managed float. In the
latter case, the Central Bank simultaneously intervenes in the foreign exchange
and money markets with two parallel feedback policy rules. 2) Instead of postu-
lating an "asymmetric productivity shock" we assume that there is cointegration
between the small domestic economy’s (SDE) unit root technology shock and the
large rest of the world’s (LRW). 3) The financial closure of the SDE is different in
that households do not engage in external debt nor save in foreign assets. It is the
government and banks that rely on foreign funding, the cost of which is increasing
in their (detrended) level of net debt. A risk-adjusted uncovered interest parity con-
dition naturally stems from Banks’ profit maximization. 4) We have a full fledged
banking system. Banks have a cost function that is quadratic and dependent on
their loan and deposit stocks, with economies of scope between lending and deposit
taking activities. They have a technical demand for cash, which is a (possibly sto-
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chastic and time-varying) fraction of deposits and must keep a regulatory fraction
of their deposits in non-interest bearing reserves in the Central Bank. Also, they
use the remaining fraction of their deposits as well as foreign funds to finance firms’
demand for loans and the Government’s exogenous demand for loans, to purchase
Central Bank bonds, and to lend (or borrow) in the interbank market. To add
inertia in the "uncovered interest parity condition" we assume that a fraction of
the banks, instead of forming expectations rationally, have static expectations with
respect to nominal currency depreciation. 5) The government tax structure is min-
imal (just lump sum taxes), but it can also finance its expenditures by issuing debt
abroad, by obtaining bank loans, and by using the Central Bank’s quasi-fiscal sur-
plus. 6) The production of intermediate domestic goods requires imported goods
as inputs (in addition to labor and physical capital services) and the firms that
engage in this production obtain bank loans to finance a stochastic fraction of the
capital rental bill and the imported inputs bill (in addition to a stochastic fraction
of the wage bill). 7) Households use cash for consumption and investment using a
stylized transactions technology that requires the use of domestic goods. Hence,
cash is not in the utility function, and the resulting household demand for cash
is dependent on private absorption (and the deposit interest rate). 8) We assume
constant (instead of stochastic and time-varying) elasticities of substitution.

The rest of this paper has the following structure. Section 2 presents the house-
hold optimization problem, which determines their consumption and investment
demands, the rate of utilization of physical capital, the dynamics of the stock of
physical capital, their cash and bank deposit demands, and their nominal wage
setting. Section 3 presents the decisions of domestic goods producers, including
their demand for labor and physical capital services, their demand for imported
inputs and bank funding, their supply of goods and their nominal price setting.
Section 4 has the decisions of importing and exporting firms, all of which have
sticky local currency pricing. Section 5 summarizes the main relative prices in the
paper and makes explicit what we mean by a Small Domestic Economy (SDE) in a
Large Rest of the World (LRW). Section 6 models Banks’ decision problem, which
determines their demand for cash and required reserves, their demand for foreign
funds and for Central Bank bonds, and their supply of deposits and loans. Sec-
tion 7 introduces the public sector, composed of the Government and the Central
Bank. The Central Bank balance sheet plays a significant role in the modeling of
the simultaneous intervention in the money and foreign exchange markets. Section
8 puts together the market clearing equations, the balance of payments equation,
and the relation between the domestic sector output and GDP. Section 9 addresses
a meaningful sample of the alternative monetary policies that may be accommo-
dated into the overall structure. Section 10 lists the non-policy equations of the
non-linear system so far encountered. Section 11 transforms this set of equations so
that the variables are in stationary format, and adds the alternative sets of policy
equations. Section 12 displays possible functional forms for the various auxiliary
functions used, such as the investment adjustment cost function, the function that
reflects the costs due to non-normal intensity of utilization of physical capital, the
transactions cost function, and banks’ risk premium function. Section 13 states our
assumptions on the stochastic shocks that impinge on the economy, with emphasis
on those pertaining to the introduction of (exogenous) growth producing techno-



logical progress. Section 14 presents the complete log-linearized system and puts it
in a matrix form suitable for numerical solution. Finally, Section 15 concludes. The
paper has three Appendixes. The first contains a lengthy analysis of the systems’
non-stochastic steady states, which should be of help in the calibration process.
The second contains the details of the more cumbersome log-linearizations: the
Phillips equations for domestic goods inflation and wage inflation. The third lists
the definitions of the compound parameters that result from the log-linearization
of the model equations.

2. Households

Infinitely lived households are monopolistic competitors in the supply of differ-
entiated labor. There is a domestic market for state-contingent securities that
are held by households, insuring them against profit and wage idiosyncratic risks
(see Woodford (2003)). This makes households essentially the same in equilib-
rium, and allows us to maintain the representative household fiction (i.e. dispense
with the complexities that stem from household heterogeneity). Aside from these
state-contingent securities, they hold financial net wealth in the form of domestic
currency (Mt0 ’H), and peso denominated one period nominal deposits issued by
domestic commercial banks (D;) that pay a nominal interest rate i”. We assume
that the Central Bank fully and credibly insures depositors, so the deposit rate is
considered riskless. Households also invest a real amount V; to expand the stock
of final goods (capital goods) that they own and rent to firms, earning each period
a real rental price if.

2.1. Physical capital, investment, and the rate of capital utilization

The household decides at ¢ the rate of gross investment V;(h), which contributes to
the determination of the quantity of physical capital K;.; in period ¢ + 1 through
the following law of motion for the stock of physical capital:

Ky (h) = (1= 6%) Ky (h) + 2" Vi(h) [1 — Ty (Vtviilgi))} , (1)

where 6% is the (constant) rate of capital depreciation, and z) is an economy
wide stationary investment efficiency shock. As in Christiano, Eichenbaum and
Evans (2001), the second term on the right hand side is a representation of the
technology that transforms investment goods into capital goods. These capital
goods are rented by households to firms. We have no market for capital goods in
the model and hence no explicit price for these goods. As we see below, we do have
a shadow price for installed physical capital (as well as a rental rate).

The function 7y (.) represents investment adjustment costs, and is such that in
the steady state rate of growth of V; (which is p?),

Tv (1) = Ty (1F) = 0, v (1*) > 0.

The household decision process includes establishing the rate of capital utiliza-
tion intensity that the firm will use (and pay for) in period ¢ for the stock of physical
capital it rents. As Christiano et al (2001) argue, allowing for elastic capital uti-
lization has the beneficial properties of 1) dampening movements in marginal cost



by reducing fluctuations in the rental rate of physical capital and also 2) reducing
the fluctuations in labor productivity after monetary policy shocks (see also Smets
and Wouters (2002)). Let wu; represent the rate of capital utilization. Hence, the
flow of physical capital services that the firm uses as input is:

u Ky = KtF.

Using a rate of utilization of capital that exceeds the normal (steady state) level,
however, is costly (whereas a lower than normal utilization actually implies a sav-
ings in total cost) and impinges in the net return from renting. Let 7,(u;) be the
amount of real resources (domestic goods) used up (or saved) when the rate of
utilization is u;. We assume that this function is increasing and convex and we
normalize units so that the steady state rate of utilization is unity, at which there
are no costs (or savings):

7. (ug) > 0,7, (u;) > 0 and 7,(1) = 0.

Hence, taking utilization adjustment costs into account, the net return from renting
K (h) units of capital is:

[Z{(Ut(h) - Tu(ut(h))} Ki(h) (2)

2.2. Currency and transaction costs

The household holds currency Mt0 H hecause doing so it economizes on transaction
costs. We assume that transactions involve the use of real resources (domestic
goods) and that these transaction costs per unit of expenditure in consumption
and investment goods (private absorption) are a convex function 7,; of the cur-
rency/absorption ratio w, (see Feenstra (1986)):

T (04) 7y < 0,74 >0,

_ M (h) _ MP(h)/P
B PtCCt(h> + RtVW(h) ptcct(h) + pE/VQ(h)

Wt

where C; is consumption (of private goods), P, PC and P are the price indexes
of domestic, consumption, and investment goods, respectively. All price indexes
are in monetary units. The two basic price indexes in the domestic economy are
those of domestically produced (domestic’) goods, P;, and imported goods P}Y.
The consumption and investment price indexes are both CES composites of these
basic price indexes, as we see below. For convenience, we define the relative prices
of consumption and investment goods in terms of domestic goods:

When the currency/absorption ratio increases, transaction costs per unit of absorp-
tion decrease at a decreasing rate, reflecting a diminishing marginal productivity
of currency in reducing transaction costs.



2.3. Sticky nominal wage setting

We model nominal stickiness as in Calvo (1983), adapted to discrete time (Rotem-
berg (1987)) and extended to (full) indexation (Yun (1996) and Christiano, Eichen-
baum and Evans (2001)). Household & € [0, 1] supplies labor of type h, and makes
the wage setting decision taking the aggregate wage index and labor supply as
parametric. Every period, each household has a probability 1 — ay, of being able
to set the optimum wage for its specific labor type. This probability is independent
of when it last set the optimal wage. When it can’t optimize, the household adjusts
its wage rate by fully indexing to last period’s overall rate of wage inflation. Hence,
when it can set the optimal wage rate it must take into account that in any future
period j there is a probability ofy, that its wage will be the one it sets today plus
full indexation. Hence, the household faces a wage survival constraint, according to
which the wage rate it sets at t, W;(h) has a probability o}, of surviving (indexed)
until period t 4 j:

Wi Wisr Wi
Wia Wi Wiy
= Wih)miniy.mi; oy = Wi(h) Y

t7]’

Wi i(h) = Wy(h) (3)

where we define the rate of wage inflation 7}" = W, /W,_;, and the cumulative wage
inflation between ¢ + j — 2 and ¢, ¥;, with ¥}, = 1. In deriving the first order
condition for W;(h) below we will use the following identity:

Wt+j(h)q]w ~ Wi(h) T T _ Wi(h) m

] tg w w w w
Wit Wi w1 T Wi

(4)
Another constraint the household faces is its labor demand function:

Wt(h>>‘1",

hy(h) = hy ( i

where W; is the aggregate wage index, defined as:

W, = { /0 h Wt(h)1¢dh}1/(1_¢) : (6)

and where 1) is the elasticity of substitution between differentiated labor services?.
When % sets the optimal wage, it must take into account that there is a probability
aqy that at time ¢ + j its wage will be the W;(h)¥};, and that hence the labor
demand it faces is: .
Wi(h)WP .\
t( ) t,j> ) (7)

hiyj(h) = iy < Wi
J

2.4. The household optimization problem
The household receives income from profits, wage, rent, and interest, and spends on
consumption, investment, taxes, and transaction costs. It’s real budget constraint

2We derive these equations from domestic intermediate firms’ cost minimization in section 3.2
below.



in period t is:

MP"™(h) | Dy(h)  T,(h) = Wy(h)
P, + P, P + 2 hu(h) =

+ [i%un(h) = 7u(u(D)] Ki(h) + ===+ (1+i,)

M () /P
T <pfct<h> +pmh>)

where II;(h) is pre-tax nominal profits, h:(h) is hours of labor exertion, T;(h) is
lump sum taxes net of transfers, and T;(h) is the income obtained in ¢ from holding
state-contingent securities.

Household hA maximizes an inter-temporal utility function which is additively
separable in the consumption of private goods Cy, public goods C, and leisure:

EtZﬁ {21108 [Cryj(h) — ECui i1 (B)] + (9)

H
— M2
1 log [CFL;(h) — £6Ciiya(h)] + (B - f;; hei (R)]},

where f3 is the intertemporal discount factor, i is the maximum labor time avail-
able (and hence the last term in square brackets is "leisure"), and 2{ and 2/ are
consumption demand and labor supply shocks that are common to all households.
Consumption nests habit formation, where £ and &, are less than unity (see Fuhrer
(2000) and Christiano, Eichenbaum and Evans (2001)) into a log utility function.
Consumers hence care about both their level of consumption and their rate of con-
sumption growth. Since the consumption of public goods is not a decision variable
for the household, the term that includes it is only relevant for the evaluation of
the welfare effects of alternative fiscal policies. We drop it below for simplicity.

The household’s inter-temporal solvency is guaranteed by its inability to incur
in debt, which we assume does not bind in any finite time:

Dyor >0, VT > 0. (10)

Household h chooses Ciy;(h), Viy;(h), Kip1+5(h), wtij(h), Diyj(h), Mtofj(h)
(j=1,2,...) and W;(h), to maximize (9) subject to its sequence of budget constraints
(8), physical capital accumulation constraints (1), its combined labor demands and
wage survival constraints (7), and its “no debt” constraints (10). The Lagrangian



is hence:
E>  (Baw) {2 1og[Cryj(h) — £Cryja(B)] + 1 (11)
=0
_ 1+x
Nyt b Wi(h) ¥ v N (h pyj(h)  Tigi(h)
- i\ T + Aegj ()] - .
1+ x VVt+j Pt—l—j Pt—f—]
Wi(h)¥y; Wy(h) W\~
+—t’jht+g‘ (—ta) [lﬁjutﬂ(h) - TU(ut-i-j(h))] Kt+j(h)
Pt—l—j Wt+j
MSJ}H(h)/PtH
— (147 ! © Cryi(h) +pfyViej(h
' (paj%w i) ) | a0+ Vi (1)
PN Gy DisaB) M) Dis(h) | Tees(h),
Fryj TV Py Pryj Py Pryj
K v Vit (h)
+<t+j(h){ (1 —0 ) Kiyj(h) + thVtH(h) l—7y v (h)
t—1+4+j
—Ki145(h) 1}

where (3/\;;;(h) and 37¢,,;(h) are the Lagrange multipliers (for the budget con-
straints and the capital accumulation constraints), which can be interpreted as the
marginal utility of real income, and the shadow price of installed physical capital,
respectively. We will refer to \; and (; as the undiscounted Lagrange multipliers.

2.5. First order conditions

Since households only differ on whether they can choose the optimal wage, we elim-
inate the household index, and use W; to distinguish the newly optimal wage from
the aggregate wage index W, (which includes both optimal and indexed wages).
The first order conditions for an optimum (including the transversality condition)
are the following:

2L G MY p,
C . t o E ( t+1 ) — )\ t t 12
' e, PP\ - M DEC+ IV (12)

Vi Vi Vi \2
Vi <tZzY<PV (‘/tjl) + BE, {Ct—&-lzxrlT/V (%) < ;;1> } (13)

MY>H /P,
= Aoy (t—/t>

pSCy + YV,

Ky ¢, = BE; {Ct+1 (1 - 5K) + At [iﬁ1ut+1 - Tu(uH-l)]} (14)
Ut © )\th [T;(ut) — Zt[{:| =0 (15)
A
D : N=B(1+i)E ( t“) (16)
T4l
MY p, A
MO N1+, [ L = bk < t+1> 17
t t M ptc'ct +p§/‘/t 6 t Ter1 ( )




> ; Wi,
Wi 0=F; E (Baw)’ )\t+jht+j—t+] (erﬂﬂ')dj (18)
g Pryj

—~ —~ —¥x
W me \ ¢ Rk (WA
Wirti; ) = 1AWy /Py \ Wiy

lim B'D; = 0. (19)

Several comments are in order on these first order conditions.

First, we have used some auxiliary functions to alleviate notation. In (12) and
(13) we have defined the function ¢,, that gives the total effect on expenditure
(i.e., including transaction cost related expenditures) of a marginal increase in
absorption :3

on (@) =1+ 7 (w4) — th/M () s (20)
Oy (@) = — 7y () < 0.

Observe that ¢,, is decreasing in the money to absorption ratio w; and that the
effect on expenditure generated by a marginal increase in w; is given by the increase
in expenditure with the initial money/absorption ratio, 1 + 75, plus the increase
due to the reduction in the money/absorption ratio, w; (—7); (ww¢)).

In analogous fashion, in (13) we have used the function ¢, defined as:

oy () =1—7v (1) — v (1),

(where p}” is the gross growth rate of V;) which gives the increase in gross invest-
ment net of adjustment costs (but not of capital stock depreciation) resulting from
a marginal increase in the rate of gross investment growth.*

(12) shows that in equilibrium the utility gain from a marginal increase in
consumption, corrected for the habit related reduction in utility it is expected to
generate next period (left side of the equality), equals the foregone marginal utility
of real income it generates, including that which is related to transaction costs
(given by ©,(.)).

(13) shows that the loss in utility from marginally increasing gross investment
(measured through the undiscounted shadow price of installed physical capital (,
and including investment adjustment costs) minus the discounted increase in utility
it is expected to generate next period, equals the foregone marginal utility of real
income it generates (including that which is related to transaction costs).

(14) states that the shadow value of a marginal addition to installed capi-
tal equals its discounted expected shadow value next period corrected for capital
depreciation plus the discounted net addition to rental income it is expected to
generate.

(15) states that whenever the marginal utility of real income and the stock of
physical capital are different from zero (which we assume is the case for all ¢),
the equilibrium rate of utilization of physical capital is such that the marginal
cost of having it different from the normal level equals its rental rate. Hence, this

3, (m/a) is the partial derivative of [1 + 7y7(m/a)] a with respect to a.
4o (V/V_1) is the partial derivative of [I — 7y (V/V_1)] V with respect to V.
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condition directly determines the optimal intensity of utilization of physical capital
as a function of the rental rate

w = ()7 (i) . (21)

Inserting this expression in (2) gives the following auxiliary function for the real
return from renting one unit of capital after taking utilization adjustment costs

into account:
T (if) = i (i) (i) — 7. ((T’u)_1 (z‘f)) . (22)

(16) states that the loss in utility from marginally increasing the holding of
deposits equals the discounted expected utility of the addition to real interest in-
come it generates next period. And (17) states that the net loss of utility from
marginally increasing the holding of currency after taking into account the reduc-
tion in transaction costs it generates, is equal to the discounted expected marginal
utility of having it available tomorrow with its purchasing power corrected for
inflation. Combining (16) and (17) yields:

A —MtO’H/Pt -1 N (23)
MA\PEC DV L+ap

which shows that the optimum stock of currency as a fraction of expenditure in
consumption and investment is such that the reduction in transaction costs gen-
erated by a marginal increase in this ratio equals the opportunity cost of holding
cash. Inverting —7', gives the following demand function for cash as a vehicle for
transactions (sometimes called "liquidity preference" function):

MO,H
t
B

=L (1+i) [p7Cr+pi' Vi), (24)

where:

1+4P

L(14+iP) = (—rhy) ! <1 o1 )

L£(1+i) = [—T’A’A.) (1+ z‘?ﬂl < 0.

From here on we replace the first order condition (17) by (24) and also use it to
eliminate the household currency to absorption ratio wherever it appears through
the use of the following auxiliary functions:

P () =em (L)), T () =7m (£() (25)

Note in (18) that since all households that can set their optimal wage in ¢ make
the same decision we have denoted the optimum wage rate W;. Hence, (6) and (3)
imply the following law of motion for the aggregate wage rate (after assuming that
the average wage rate of non-optimizers is the average overall wage level in ¢ — 1
indexed by wage inflation no matter when they optimized for the last time):

1-0

WA = ay (Wiar)) " + (1 — aw) W (26)
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Defining the real wage in terms of domestic goods and the relative wage between
the optimizers and the general level:

W, W

wt:Pt, wt:Wta

the first order condition for W; becomes:

0 = E Z (Baw ) Mot il jwis (Wﬁj)d) (27)

~ H 1X ~ -
(wﬂr?’) Y neEhiy <wm§“ ) o
T V=1 Ayjwesy \ T

And dividing through (26) by W}~/ we get:

"1 (1 - aw) (@), (28)

()™ = aw (w20)
which can be used to eliminate w; from (27), leaving a dynamic equation in 7}".
We will refrain from doing so in the non-linear model, maintaining two dynamic
equations for each inflation rate (wage and domestic, imported and exported goods)
for the sake of clarity in the analysis of the steady state, but we will eliminate this
relative wage (and the corresponding relative prices for different types of goods)
when we log-linearize the model.”

2.6. Domestic and imported consumption and investment goods

So far we have ignored the open economy attributes of consumption and invest-
ment, as well as the product differentiation within these classes. We now consider
the household allocation of consumption and investment expenditures across these
product classes and varieties. First we distinguish between domestic and imported
consumption and investment goods. The consumption index we used in the house-
hold optimization problem is actually a constant elasticity of substitution (CES)
aggregate consumption index of domestic and imported consumption goods:

0

1 0c—1 1 0c—1\ 6c—1
Ct = <(ID90 (OtD) o —I—CLN‘gc (sz) o ) s ap +ay = 1. (29)

Oc is the elasticity of substitution between domestic and imported consumption
goods. And CP and C} are themselves CES aggregates of the domestic and
imported varieties of goods available:

_6

1 0—1
cP = (/ Cf(i)‘Tdi) : 0> 1 (30)
0

1 On—1 On—1
CN = (/0 CtN(z‘)aNdz> : Oy > 1. (31)

>The detailed log-linearization of (27) and (28) is in Appendix 2.
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f# and Oy are the elasticities of substitution between varieties of domestic and
imported goods in household expenditure, respectively. We assume that these
elasticities hold for household expenditures in these goods whether they are for
consumption or investment purposes. Total consumption expenditure is:

PFC, = PCP + PNCYN. (32)

Then minimization of (32) subject to (29) for a given C}, yields the following
relations:

OD
P, = aD 7o p¢ ( C ) (33)
1 N\ "7
PN = 4% pC <%) < (34)

Introducing these in (29) yields the consumption price index:

PC = (aD (P)% + ay (PN)1_90>1_190 . (35)

Furthermore, it is readily seen that ap and ay in (29) are the shares of domestic
and imported consumption in total consumption expenditures:
PCP PNCY

— ay = .
PCC, N7 Upee,

(36)

ap =

With investment demand we proceed in exactly the same way. V; is a CES
aggregate investment index of domestic and imported investment goods:

0

-1
) ) bp + by =1, (37)

Vim (b0 () ()

where 6y, is the elasticity of substitution between domestic and imported invest-
ment goods, and V;” and V;" are CES aggregates of domestic and imported goods:

7]
1 1 -1
VP = (/ V;D(z')eedi> . 0>1 (38)
0

ON

N—1

On—1
VN = (VN( ) N o dz) " , On > 1. (39)
Then it follows that the investment price index is:
PY = (b (R)™ 4w () ) (10)

and that the following relations hold:

-PtV‘/;f — Pt‘/;fD +-P1}N‘/tN
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1 VPN “ov
P = by Py (7) ' (41)
t
1
1 N\ ~oy
Py = v py (V%) o (42)
t
PV/P PNVN
b — t by = —L -t 43
D Ptv‘/t-a N PtV‘/t ( )

Conditions (33), (34), (41), and (42) are necessary for the optimal allocation of
household expenditures across domestic and imported goods in consumption and
investment, respectively. Similarly, for the optimal allocation across varieties of
domestic and imported goods within these classes, and using (30), (31), (38), and
(39), the following conditions must hold:

Pi) = P, (Cégz))c

3. Domestic goods firms

3.1. Final domestic goods

There is perfect competition in the production (or bundling) of final domestic
output )y, with the output of intermediate firms as inputs. A representative final
domestic output firm uses the following CES technology:

Qr = </0 Qt(i)ﬂdi) ; 0>1 (44)

where 6 is the elasticity of substitution between any two varieties of domestic
goods and Q¢(i) is the output of the intermediate domestic good i. Then the final
domestic output representative firm solves the following problem each period:

max P, ( /0 1 Qt@)gofdz') . - /0 1 Pi())Q,(3)di, (45)

Qu(i)
Qi) = Qs <P;(j) ) K : (46)

Introducing (46) in (44) and simplifying, it is readily seen that the domestic goods

price index is:
1
1 )
P = ( / Pt(i)lgdz’) : (47)
0

the solution of which is:
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Also, introducing (46) into the cost part of (45) yields:

/0 P i) = PG

3.2. Intermediate domestic goods

A continuum of monopolistically competitive firms produce intermediate domestic
goods using labor, capital, and imported inputs, with no entry or exit. They face
a perfectly competitive physical capital rental market and perfectly competitive
bundlers of import goods and labor types. The production function of firm ¢ is:

: (48)
0 otherwise.

Oui) = { e [KF (D) (2eha()) )" NF(3)* — 2, FP if this is positive
¢; and 2; are industry-wide productivity shocks. K[ is the flow of services rendered
by the (hired) stock of capital when used at the intensity determined by the house-
holds that own them, N/ is the use of imported inputs. z,F'? is a fixed cost that
grows along with the economy and can be used to calibrate profits in the steady
state®. hy(i) is a CES index of all the labor types:

ha(i) = (/01 ht(h,z')%ldh)wwl : (49)

where h;(h,7) is the amount of labor type h used by the domestic firm i. The
production decision of 7 is subject to the demand function of final goods producers
(46) and the price survival constraint, whereby the price it sets at ¢, P;(i) has a
probability « of surviving (indexed) until period ¢ + j.

3.3. Marginal cost and input demands

Extending the assumptions in Christiano, Eichenbaum and Evans (2001) and in
Adolfson et al (2005) to the use of physical capital and imported goods, and al-
lowing for randomness in the fractions of the different input costs that are bank
financed, we assume that stochastic fractions v}" of the labor bill, vX of the capital
rental bill, and v of the imported input bill are financed by the domestic banking
system. Let i¥ be the nominal bank loan rate. Then we may write total variable
cost as:

QEPiE K () + QY Wi (i) + QN PN NF ()

where’
Qf =1+0fiy = [1—vf +0f (1+17)], q=K,W,N. (50)

To maximize profits, the firm must minimize costs. Consider first the mini-
mization of total labor cost:

/ W)y i) (51)

6Christiano, Eichenbaum and Evans (2001), for example, calibrate profits to zero.
"The last expression is convenient for log-linearizing.
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subject to a constant aggregate index or labor types (49). We call the Lagrange
multiplier W;. It does not depend on ¢ since the problem is the same for all firms.
Then the minimization results in ¢’s inverse demand function for labor type h:

Wi(h) = W, (h;géz; ))i . (52)

Defining the aggregate demand for labor of type h:
1
hi(h) = / hi(h, i) di,
0

and the aggregate demand for the labor bundle:

1
ht - / ht('l)dl,
0

(52) implies the household labor demand (5) we used for the household problem.
Furthermore, introducing (52) in (49) yields:

W, = ( / Wt<h>1—¢dz') |
0

confirming that the Lagrange multiplier is indeed the wage index. And introducing
(52) in (51) yields a more convenient expression for the wage bill of firm i:

/ W e (i) = W),

We now obtain factor and bank loan demands by solving the following cost
minimization problem:

min ){QtK Pl KF (i) + QVWih, (i) + QN PN N (i)}

KF(i),he(3),NF (i

subject to (48), where Q;(7) is given. The problem is the same for all firms, so we
eliminate the firm index. The first order conditions are:

QF Pif K = abMC [Qy + 2 F" ] (53)
QY Wihy = (1 — a)bMC; [Qr + 2 F" ] (54)
O PNN = (1= b)MC, [Q, + 2 F"] (55)

where M C} is the Lagrange multiplier. Adding these equations term by term shows
that total variable cost is:

QFPif K[ + Wik + QY PNNS = MCy [Qr + 2 FP]

and that MC; is indeed the nominal marginal cost. Furthermore, introducing the
first order conditions and (50) in the production function (48) yields the following
expressions for the nominal marginal cost:

1 a a1 _
MO, = —eg [(QF Pl (@ W) ] (@FRN) (s0)
[2ad"
]_ a —a —
= e (L) (Rl W ()
K€tz
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where we defined: )
K= [aa (1 _ a)lfa] bb (1 B b)lfb’
and the auxiliary function:
Juc (1 ""ZtL) = [1 — Uf( + UtK (1 —i—itL)]ab 1— U;’V _,_UZV (1 _i_itL)}(l—a)b
[1 — v + oy (1 + z’f)}lfb, fire (1 + Zf) >0

Hence, the (own) real marginal cost is

]\/[C’t 1 . yab [ Wy (1—a)b Ny1-b
= = — 1 — 57
mcy f2) /—ﬂethC( +Zt) (Zt ) % (pt ) ) (57)
where N
t — Pt

is the relative (domestic currency) price between imported and domestic goods.
We refer to this relative price as the internal terms of trade.

Aggregate demand functions for h;, K", and N/ are obtained directly from
(53)-(55) and (56). Note that they all depend on the loan rate, through the
(g =W,K,N). Also, the resulting aggregate nominal demand for bank loans by
firms is:

Ly = fr (1+i) MCy [Q¢ + % F"] (58)
where we defined the auxiliary function:
4 abvk (1—a)bo)V (1 —b)oN
1 L = t t t 59
fu(U+id) = T Y Tl T 1ot (59)
ab (1 —a)b

Aok =1+ Q+if) Qo 1)+ 1+

1-b / I
1 0.
/o) —1) + (1 +iF) fi(1+i) <

B

3.4. Sticky nominal price setting

As in the case of households, firms make pricing decisions taking the aggregate price
and quantity indexes as parametric. Every period, each firm has a probability 1—a«
of being able to set the optimum price for its specific type of good and whenever
it can’t optimize it adjusts its price by fully indexing to last period’s overall rate
of domestic inflation. Hence, when it can set its optimal price it must take into
account that in any future period j there is a probability o/ that its price will be
the one it sets today plus full indexation. Hence, the firm’s price survival constraint
states that the price it sets at ¢, P(i) has a probability o’ of surviving (indexed)
until period t 4 j:

Py (i) = P(i)mimipr. mej1 = Pi(i) WY (60)

where W], = 1. As in the case of wages (see (4)), we make use of the following
identity:
Pij(i)

Piyj

Pt(Z) Tt
P 7Tt+j.

9 _
\Ijt,j o

(61)
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Hence, we can express the firm’s pricing problem as:
PV, D
maX Ey Za Ay — = Quy(i) — mee;(0) [Qe45(1) + 24, F ]

subject to
, Pi(i) o\’
Qi1j(1) = Qry; (P—t]) :
t+j
At 44 is the pricing kernel used by firms for discounting, which is equal to house-
holds’ intertemporal marginal rate of substitution in consumption between periods
t+ 7 and t:

ﬁj Uc+j _ 5j AiiPm (1 +i£rj) oy At-H

Ucy M@y (1 +1P) A

At,t+j

where Uq; is the household’s marginal utility of consumption in ¢ corrected for
habit, and the second equality derives from (12) and (25).
The first order condition is the following (after dropping the firm index):

- - P 0
0=FE; Y (Ba) A jQuijml {—t—t - mmctﬂ'} : (62)

Pomey s
=0 t Nt+j

Since all optimizing firms make the same decision we call the optimum price b,
Hence, (47) and (60) imply the following law of motion for the aggregate domestic
goods price index:

Pl = a(Pym )+ (1 — )P (63)

Proceeding as we did with the wage inflation Phillips equation, we define the
relative optimal to average domestic price:

and express the preceding equations as:

~ im0
0=E > (Ba) Ky jQusj (misy)’ {A - mmctﬂ} :

=0 Titj
ﬂ%_e = om%:f +(1—a) (ﬁmt)l_e )

4. Foreign trade firms

We follow Adolfson et al (2005) in allowing for an imperfect pass-through of ex-
change rate fluctuations by recurring to monopolistically competitive import and
export firms that set prices with stickiness and local currency pricing. Because
the "small open economy" concept is not always used with the same meaning, we
refer to the domestic economy as a "small domestic economy" (SDE) and explain
what we mean by this below. An asterix * as a superscript that is not followed by
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a letter (though it may be preceded by one) means that the variable is exogenous
in the model and refers to the "large rest of the world" (LRW). Hence, P; and
Q; are the LRW’s "domestic" price and quantity indexes and PY* is its import
price index. And an asterisk in a superscript that is followed by a letter in a price
index means that it refers to prices in foreign currency and may or may not be an
exogenous variable in the model. For example, the SDE’s export firms set export
prices P/X in the foreign currency (local currency pricing) which are endogenous
variables, while PV refers to the SDE’s import price index in foreign currency and
is exogenous.

4.1. Imported goods firms
Final imported goods

Perfectly competitive (trade) firms produce (or bundle) final imported goods using
the output of monopolistically competitive intermediate imported goods producers.
The representative firm in this sector uses the following CES technology:

0

1 on—1 GNiN—l
Ny = (/ Ni(i) o~ di> ) On > 1,
0

where 6 is the elasticity of substitution between varieties of imported goods in
consumption and investment as well as in their use as inputs for domestic goods
firms. Maximizing profits (as in (45) for final domestic output firms) gives the
demand function that the intermediate importer of good i faces:

where both price indexes are in the domestic currency. The resulting (domestic
currency) price index for imported goods is:

1 oy
Py — ( / PtN<z'>1—9Nd@') | (64)
0

and the import cost bill is:

1
/ PN (i)Ny(i)di = PN N,.
0

Intermediate imported goods

A continuum of monopolistically competitive firms generate intermediate imported
goods. They buy a bundled final good abroad at the foreign price and turn it into
differentiated goods to be sold in the domestic market in domestic currency (see
Adolfson et al (2005)). They purchase the bundled final good at the price S; P,
where PV is the foreign currency price index of the imported bundle (which we
assume differs from the LRW’s "domestic" price index P;*) and S; is the nominal
exchange rate (pesos per unit of foreign currency). Note that S; PV is thus the
marginal cost for these firms. Their pricing (in the domestic currency) follows



19

the same setup we used for firms producing domestic intermediate goods, with a
probability 1 — ay of optimal price setting and full indexation when they can’t
optimize price. According to the price survival constraint, the price PN (i) the firm
sets at ¢ has a probability a7 of surviving (indexed) until ¢ + j:

Pt]yrg() PN( )Wivﬂi\-fu Wﬁw 1= PN( )\:[11{\[]7

(To=1).  (65)

Due to this, when the firm optimizes it takes into account that there is a probability
o’y that the demand for its good in ¢ + j will be:

. LA
Newj(@) = Newj | —pn— :

t+j

(66)

Hence, they solve:

N N
P (@) Pty Pt

PN(i)T, S p*N
maXEtZaNAtt+]Nt+j( ){ () t,j t+j t+]}

subject to (66). After eliminating the firm index, the resulting first order condition
is:

- — PN N On S PR

N \0 N t+54 t+j

0= Etz (Bon)” M Ny (' ;)7 {PtN W; T =1 P, ’ } . (67)
jZO ] .7

Since all optimizing firms make the same decision, we call the optimal import price

PYN. Hence (64) and (65) imply the following law of motion for the aggregate

domestic currency import price index:
1-6 1-6 1-6n
(PY)' ™ = an (PYmi) ™ + (1 —an) (BY) (68)

We now define the real exchange rate and the relative price between optimized and
overall imported goods:

S, Pt*N N ﬁN

€ = P e PN'

Hence, using our definition of the internal terms of trade pl¥, we can express the
preceding equations as:

j=0 Jorry +J ﬁi\j_] O — 1 pﬁ_j

() —an (7F )T+ (1= aw) RN

4.2. Exported goods firms

Each of a continuum of intermediate exporting firms purchases the final domestic
good at its price P, (which is hence its marginal cost) and differentiates it to sell
in different foreign markets with local currency pricing.
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Final exported goods

The goods are purchased by a representative perfectly competitive final export firm
that has a CES technology:

0*

¥ —1
Xt (/ Xt 9* d@) y 6* > 1,

where 0" is the elasticity of substitution in the rest of the world for the imported
goods that originate in the SDE. Maximizing profit, as in the previous cases, gives
the demand function each intermediate exporting firm faces from the final ex-

porters:
' P*X 7 -0
X6 =% () (69)

Note that the price P/ (i) is in foreign currency. The resulting foreign currency
price index for exported goods is:

PHX = < /O PrX (i) dz)llg*, (70)

and the foreign currency cost bill for the representative final exporting (bundling)
firm is: .

/ P ()X, (i)di = PFYX,.

0

Note that in the demand function for exports (69), X, is the rest of the world’s
imports from the SDE (which we can alternatively write as N;) and P/ is the rest
of the world’s aggregate import price from the SDE (not to be confused with the
SDE’s aggregate import price from the LRW P;V). Hence, we can alternatively
write (69) as
(BN

i = (F0Y "
We further assume that the rest of the World s aggregate imports from the SDE
X, is related to its output (QF) and its output price index (P}) by:

P*X —0*
N* Xt_xtQt(P*) )

where zf is an export demand shock. Note that the relative price in the last
expression can be written as:

Pt*X B Pt*X Pt*N e

Pt* - Pt*N Pt* =DPtPr

where we defined
Pt*X Ne Pt*N

Pt*N ) by = Pt*
as the SDE’s external terms of trade and the LRW’s internal terms of trade. The
first of these relative prices is endogenous in our model due to exporters’ price

*

Py =
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setting, as we further elaborate below. The second is clearly exogenous in our
model. Note that we do not assume that the law of one price prevails in the long
run (non-stochastic steady state). In the context of monopolistic competition, any
good produced by a firm in the domestic economy is not produced by any other
firm in the world. Hence, the law of one price only means that any domestic good
7 must be sold in the rest of the world at the same price it sells domestically after
expressing it in foreign currency: P;X (i) = Py(i)/S;, and that any good i produced
in the LRW must be sold domestically at the price PN (i) = S, PN (i). We see no
reason to assume such lack of market segmentation, even in the model’s long run.

Intermediate exported goods

Intermediate export firms set prices in foreign currency taking the foreign price
and quantity indexes P/, N/, as parameters. The local (foreign) currency pric-
ing of intermediate exporting firms follows the same setup we used previously,
with a probability 1 — ax of optimal price setting and full indexation when they
can’t change price. Hence, according to their price survival constraint they face a
probability o of having the price they set at ¢t survive (indexed) until axt + j:

Py (0) = P ()mmiymily oy = B ()95 (71)
Hence, when taking (69) as a constraint, they must consider that there is a prob-
ability o’ that their demand in ¢ + j will be:

_p*
Xiyj(i) = Xiyj (TJ ,

t+j

(72)
When they can set their optimal price they solve:

max E o A X by A
P tz ool ){ Pz‘fﬁ SeriPiES

subject to (72). The first order condition is:

- iK o J BT 0 P
0=E Z (Bax) Ay Xy (7Tt+j> PrX -1 St+jP*X '

j=0 7Tt+J

Since all optimizing firms make the same decision we call the optimal foreign cur-
rency export price P/, and (70) and (71) imply the following law of motion for
the aggregate price level of exports:

e . - 1-0*
(P = ax (PARN) T + (0 —ax) (BY) (73)

To simplify these expressions as we did previously, note first that the own
marginal cost of intermediate export firms is the inverse of the product of the
SDE’s RER and its external terms of trade:

P, 1

Stpt*X B €tp?.
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Next, we define the relative price between optimizing and overall export prices:

DX
’ﬁ*X — Pt
t * X 7
B

and express the dynamic equations for export prices as:

e8] X kX *
- wx oo | Pt 0 1
0=FL Z (Bax)’ At+th+j(7TtJ)r(j)9 { X } :

* *
s Ty g —1 Ct+iDiy

(W:X)lfg* — ay (7_‘_:3(1)179* + (1 i OfX) (@XT‘_:X)lfe* '

5. A review of some important relative prices

Chart I highlights the international pricing of the model. The SDE’s and the LRW’s
main monetary price indexes P;,, PV, and P}, P/~ PV, respectively, are shown in
the two central columns. For each there is a domestic price index and an imported
price index, each in terms of its own currency. The two outer columns show the
main relative prices. In each economy, the relative price between imported and
domestic price indexes defines the domestic terms of trade (DTT): pY and p}*,
respectively. In the LRW, however, we also distinguish an export price index PV,
different from its domestic price index P;*. Hence, there is an additional relative
price p; between its import and export goods, both in its "domestic" currency
(i.e. foreign currency), which is the SDE’s external terms of trade. Also, in each
economy a certain price index is converted into the corresponding export price
index through local currency pricing (i.e. pricing in the partner’s currency) and
this is the trade partner’s import price index. However, in the case of the SDE we do
not distinguish between its domestic and export goods, so it is the domestic goods
that are exported to the LRW. The solid arrows indicate the local currency pricing
of exporters. Also, for each economy, the domestic price index is converted into
the partner’s currency through the exchange rate: P;/S; and S; P, respectively.
Finally, in each economy the the RER is defined as the relative price between
the partner’s export bundle, converted to the domestic (or "domestic") currency
through the nominal exchange rate, and the domestic bundle.

The SDE’s real exchange rate (RER) is the relative price between imported
goods as they are purchased in the LRW by importers and domestic goods, both
expressed in a common currency:

_ St -Pt*N

€t = Pt (74)

Here, P}V is the rest of the world’s export price index and, hence, is an exogenous
variable in our model. With the same definition, the LRW’s RER turns out to be
its export to domestic relative price divided by the SDE’s RER:

e*:Pt/St: P, Pt*N:p::‘X
t — ]Dt* StPt*N Pt* e .
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Chart |
SDE LRW
Domestic Currency Foreign Currency
Relative Prices| Monetary M onetary Relative
Prices Prices Prices
sp'N P/S
RERY e=sp™N/P e=P/SP=p*/e
P =3
Internal TT|  pN=pY/p pV=P*/P=pp”*
PV | %P
SDE’sExternal TT p=pP*/p™
pN

The numerator is obviously exogenous in our model, but the denominator is clearly
endogenous. Since the SDE is insignificant in size in relation to the LRW, its actions
have no influence in the LRW’s allocation of resources.

The SDE’s internal terms of trade (ITT) is the relative price between imported
and domestic goods as faced by households and domestic firms:

= (75)

It is a ratio between two domestic currency prices. With the same definition, the
LRW’s ITT is a ratio between its imported and "domestic" goods prices (both in
foreign currency):
P*X P*X P*N

t* = t*N t* :p:p:X’ (76)
Pt Pt Pt

and it is equal to the product of the SDE’s XT'T and the LRW’s export to domestic
relative price index.

N*x __
by =

6. Banks

We assume that there is a perfectly competitive banking industry. Banks, like
firms, are owned by households, and are price takers in financial markets. They
obtain funds in the international market B}, supply one period deposit facilities
to households D;, and use the proceeds to supply one period loans to firms and the
government (Lt =L+ L¢ ), lend (or borrow) in the interbank market, purchase
(or sell) Central Bank bonds BEZ, and hold vault cash M” as well as regulatory
reserves RP in the Central Bank. Any interbank loans cancel out and profits are
distributed to owners period by period, so the aggregate balance sheet constraint
for the representative bank is:

L+ B°® + M)” + RE = D, + S,B/P. (77)

We assume that vault cash is a (technical) fraction v2 of deposits, and that in-
terbank deposits are perfect substitutes for Central Bank bonds (so they earn the
same interest rate i;). Since we also assume that the Central Bank does not pay
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interest on regulatory reserves, banks keep these at the minimum, which is assumed
to be a proportion !t of deposits. Hence, (77) is equivalent to:

Lt"‘BtCB:(l_Vf_Vf)Dt‘FStBt*B (78)

We assume that the interest rate on banks’ foreign debt is paid out in the following
period. Since banks’ business is (assumed to be) in domestic currency, they face
exchange rate uncertainty. For every unit of foreign currency they repay they must
expect to have pesos in the amount of

Et 5—5—1(1 + ZtB)v
where
St-1
and 03, are the rate and the expected rate of nominal peso depreciation. To add

some additional inertia, we assume that a fraction 37 of banks has rational expec-
tations and that the remaining fraction has simple static expectations by which

O

Oy = Ot

Except for this heterogeneity in expectations, all banks are the same. Hence, on
average the expected rate of nominal depreciation is:

Oppq = BPEd41 + (1 - 53) 0y

We also assume that must pay a premium on the international riskless rate
iy. Since we do not model the rest of the world, the risk premium (function) is
exogenously given. It has an exogenous component .qﬁZ‘B (a risk premium shock)
as well as an endogenous component p,(.) that is an increasing function of the
trend adjusted (individual) bank foreign debt (see Turnovsky (2000) and Schmitt-
Grohé and Uribe (2003)). Individual banks thus fully internalize the fact that their
individual foreign debt decision determines the foreign currency interest rate they
face, which is:

1 -B - *B StB:B
+i) = (1414) |14 ¢;7 + ps P . (79)

where z; is the stochastic trend in productivity, and we assume p,, > 0 and p/ > 0.

Banks have a real cost function that depends on the real deposit and loan cre-
ating activities of the bank. We assume this cost function is quadratic and implies
that there are economies of scope between lending and deposit taking activities
(see Freixas and Rochet (1997), chapter 3). Specifically, we assume the following
real cost function:

CtB = CB<Lt7Dt7ZtPt) = (80)
1 5/ LN 5/ D\ .5/ L D,
= = . ) —2 _t v
2 [aL (ZtPt> +ap 2 Py o 2 Py 2Py
1 [aPL,? 8D —2aBL,D
_ _|:CZL t© +aply . Qg Lt t:|’ (a5>a€>0’ag>a§’>‘
2 (2e1%)
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We make the assumption that

a? = aPab — (%9)2 > 0.

The representative bank maximizes profit each period:

% = (1+4") L+ (1+i) BE? — (1+iP) D,
—674y (1 +17) SiB;? — CP(Ly, Dy, 2 Py) 2% Py

subject to its balance sheet constraint (78) and its supply of foreign funds constraint
(79). The solution to this program gives the supply of loans and deposits in terms of
the loan margin i/ —i; and the deposit margin (1—~7 —~{") (1 +4,)— (1 +¢), and
the optimal amount of foreign funding in the form of a "risk-adjusted uncovered
interest parity" relation:

Ly = i;—?{ag [(1+if) — (L +i)] + (81)
+ag [(1=~7 =) (U +ia) — (1+47)] }
Dy = B[0P -2 (i) - (L+if)) + (52)
+ag [(L+id7) — (1 +i0)] }
L+i, = [BPEba+ (1-8%) 6] (1+i)) ¢ (S;ff) : (83)

where we defined following auxiliary function for the multiplicative gross risk ad-
justment to the uncovered interest parity:

S, B;P B S, BB S;BB\ , (S:BB
=1 N N ) 84
©p ( P + ¢ +p P + b )P\ h (84)

Given our assumptions on p,(.), the condition a® > 0 is necessary and sufficient to
ensure that the first order conditions yield maximum profits. The resulting optimal
bank cost and (pre-tax) profit are:

1
S [iF = i)+ af [(1 = =) (1+i) — (1+iP)]°

+2a8 [if — i) [1 =2 =) (1 +i) — (L+iP)] ).
* 2 *
i cP + R P 8577 .
tht PtZt PtZt

Given L7, DY, and B;P, the aggregate bank demand for Central Bank bonds
is given by the aggregate bank balance sheet constraint:

B -

BYP = (1 —~F —FYDP + S,B;% - LY. (85)

7. The public sector
The public sector is made up of the Government and the Central Bank.
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7.1. The Government

The Government issues foreign currency denominated bonds in the international
markets, obtains loans from banks and pays interest on these loans, spends on
goods, and collects taxes. We assume that fiscal policy consists of exogenous
paths for nominal lump-sum tax collection (7}), nominal bank loans (L&), and
real expenditures (G;). It finances any resulting deficit by issuing foreign currency
denominated bonds (B;¢). The exogenous paths are assumed to be compatible
with a finite non-stochastic steady state for government debt. To hold foreign
currency denominated government bonds, foreign investors charge a risk premium
over the risk-free foreign interest rate (i}). As in the case of banks, the risk premium
(function) is exogenously given and is assumed to have an exogenous stochastic
component (an external financing shock) and an endogenous component which
is an increasing function of the trend adjusted public sector net foreign liability.
Hence the gross interest rate on the government’s foreign debt is:

S B*G_R*CB
144% = (1447) 1+¢;§G+pg< (B t >)] (86)

Pz

where pl; > 0, and R;“® is the Central Bank’s international reserves.
The Government flow budget constraint is:

S,B¢ = PGy +ilLE — T, + (1 +i%)S,B;C,. (87)

To simplify, we assume the interest on bank loans is paid by the government within
the period.

7.2. The Central Bank

The Central Bank issues currency (M}), domestic currency bonds (Btc B ), and debt
certificates to banks for non-remunerated reserves (RtB ), and holds international
reserves (R;‘ oB ) in the form of foreign currency denominated riskless bonds issued
abroad. We assume that Central Bank bonds are only held by domestic banks.
The (flow) budget constraint of the Central Bank is:

M? + BB + RE — SR8 = M? | + (1 +4,1)B 5 — RB, — (1 +iF )S,R°F =
(88)
[MP .y + B + RE | — S, 1 RiP) + [iea BEE — iy (SiRiEP — (Sy — Sio1) RyEP]

We assume that the Central Bank transfers its real quasi-fiscal surplus or
deficit to the Government every period. This includes all the factors that would
otherwise change the net worth of the Central Bank: interest earned and capital
gains on its international reserves net of interest paid on its bonds, i.e. the second
term in square brackets in (88). Hence, the Central Bank’s balance sheet constraint
is always preserved:

M? + RP = S,R:“P — BOB, (89)

In our model, this equation implicitly defines the Central Bank’s backing of its
monetary base (M + RP) with its international reserves net of its bond liabilities.
The Central Bank supplies whatever monetary base is demanded by households
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and banks, and can influence these supplies by changing R;“? or BE? (intervene
in the foreign exchange or interbank markets).
Adding (87) and (88) gives the consolidated public sector budget constraint:

M + B® + RE + 8, (B — Ri°P) = PGy — T, +if LY + MY+ (90)
F(1 4 i) B + RE G+ (L+4)SiBrS — (1+47,) S RSP

8. Market clearing equations, the balance payments and GDP

8.1. Market clearing

In the physical capital rental market, market clearing implies that the household
supply at the optimal intensity level equals domestic firms’ demand:

e [Qi+ % FP] . (91)

\—1/.K
K, = ab—t
() () Ko = b

u

In the labor market, the household supply h; must equal domestic firms’ demand:

mcy

hy = (1 —a)b——m———
e = @) (1 + oY) w,

[Q: + 2 FP]. (92)
In the loan market we have LY = L, where the latter is loan demand by firms

and the government. Hence, from (58) we obtain:
L, LG

— = fo (L+if) me [Q + 2 FP] + = (93)
P, I
Note that in the last three equations mc; is given by (57).

In the deposit market we have Dy = D;, where the latter is deposit demand by

households. Hence, combining this with (82) yields:

Dy af [1—~F =) (1 +i) — (1+3P)] +af [(1+3F) — (1 +30)]

=z
P aBab — (ab)’

(94)

In the interbank cum Central Bank bond market, interbank loans cancel out
and Central Bank supply BE? must equal aggregate bank demand BtC B.D as given
by (85):

B = (1 =7 =)D + SiB® — Ly, (95)
where Central Bank supply is derived from its balance sheet constraint (89).

In the currency market, the supply of currency must equal household and bank
demand:

M) =L (1+i) [PCCy+ PY'V;] ++ Dy, (96)

where the Central Bank supply is again derived from (89).

In the domestic goods market, the output of domestic firms ); must satisfy final
demand from households, the government, and the LRW, as well as intermediate
demand for abnormal capital utilization costs, transaction costs, and bank costs:

Qi = aDptCCt +bppy Vi + Gy + Xy + Tu((T;)_l (zf{))Kt (97)
+T (1 + ZtD) (pfct ‘Hﬁ/‘/}) + zCP,

where CP are the real resources used up by the banking sector, as given by (80).
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8.2. The balance of payments
Total imports Ny, is the sum of household and firm demand:

PNN, = (1 —ap)PCC,+ (1 —bp) PYV, + PVNF. (98)

The nominal aggregate household budget constraint (where the Y; cancel out) can
be written as:

(ME’H — M ) +(Dy — Dyy) = Ty + Wihy + [T5uy — 70(w)] PR, (99)
+i \Dyy — [T+ 7 ((1+10))] (PEC+ PYVi) = T,

Here II, is the sum of profits from all three types of firms (domestic, export, and
import) as well as banks:

I, = 107 + 1Y + I + 117 = [P,Qy — Wihy — Pifw, K, — PNYNF — iy L] (100)
+{PY [(1 = ap) p{ C + (1 = bp) p Vi + NJ] = S, PV N}
+ [P X, — PXY)
+{(if = i) Lo+ [(L=7 =) (L +4) — (L+47)] Dy
— (1+i7)8B;” — PCP}.
Consolidating (90), (99) and (100), taking into account (97) and the consolidated

balance sheet constraint of banks and firms yields the balance of payments con-
straint:

(RyP = RiSP) = (Bi = B{S) — (B” = B{")) = P7" X, — PPYN,  (101)
+iy o RyOP — i B — i B
8.3. GDP
Using (36), (43), and (98), we can express domestic output (97) as:

Qe = pCiHp Vit Xi+ G =p) (CY+ VY =QY) + Q7 +p Q)
(pfct—FpYVt‘f‘Xt‘f‘Gt_pith)‘|—QtD+inQiV
= Y+ Q7 +p Q.

where we defined intermediate output of domestic and imported origin and real
GDP in terms of domestic goods as:

QP = 7.((7) 7 (ENK, +Fu (1 +iP) (07C, +pY Vi) + 2CP
in = NtF-

Y, = p{Ci+p/ Vi + Xs + Gy — p}' N (102)

9. Monetary Policy

We have endeavored to include banks and the central bank with some detail in
order to be able to consider alternative monetary (including exchange rate) policies
within a unified framework. In the model, the Central Bank, through its regular
interventions in the interbank and foreign exchange markets, is able to aim for
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the achievement of two operational targets: the interbank interest rate i;, and
the nominal rate of currency depreciation ¢;, through two corresponding policy
feedback rules. We define alternative monetary policies according to the nominal
anchor that prevails and how the operational targets and feedback rules are defined.
In particular, we consider two broad classes of monetary policies: crawling pegs,
in which the nominal anchor is the nominal exchange rate, and inflation targeting,
in which the nominal anchor is the target rate of inflation. In the case of crawling
pegs, the Central Bank mainly intervenes in the foreign exchange market, aiming
to achieve a certain rate of nominal depreciation of the domestic currency. In the
case of inflation targeting, the Central Bank mainly intervenes in the interbank
market, aiming to achieve a certain operational target for the (short run) nominal
interest rate that it considers appropriate for reaching a target inflation rate. There
are consequently two pure monetary policies. In the case of a Crawling Peg with
Pure Interest Rate Float (CP-PIF) policy, the Central Bank does not actively
intervene at all in the interbank market. By this we mean that the Central Bank’s
international reserves grow at the economy’s trend growth rate. In the particular
case of a fixed exchange rate, we can think of this regime as one in which there is a
Currency Board, which is a very restricted kind of Central Bank. And in the case
of an Inflation Targeting with Pure Exchange Rate Float (IT-PEF), the Central
Bank does not actively intervene at all in the foreign exchange market, by which
we mean that its peso bond liability grows with the economy’s trend.

The latter is the case that draws the greatest attention in the literature, due
perhaps to the much higher degree of exchange rate flexibility that exists in devel-
oped countries and their high and increasing use of an inflation targeting monetary
policy. In a few developed countries, such as the U.S.A. and Japan, foreign ex-
change market interventions are sporadic and mainly have a signaling purpose.
However, this is not the typical situation, and in most developed countries foreign
exchange market intervention with the purpose of influencing the nominal exchange
rate is quite common (see Bofinger and Wollmerhaiiser (2001) and Wollmerhaiiser
(2003)). In developing countries daily exchange market intervention is even more
frequent and is often the most important policy action that the Central Bank
exerts.

Since our model is mainly intended to be used in developing countries (though
not necessarily exclusively), we construct it so as to allow for a wide range of
alternative monetary policies. In the following we consider the two "pure" (atyp-
ical) extremes just mentioned, but also some of the "mixed" monetary policies.
In particular, we consider inflation targeting with a managed exchange rate float
(IT-MEF), in which the Central Bank pursues an inflation rate target through a
feedback rule for the operational target for the interest rate and simultaneously has
an active intervention policy in the foreign exchange market, with a feedback rule
on its international reserves that tends to "lean against the wind" of movements
in the nominal exchange rate that exceed (or fall short of) an operational rate of
depreciation which is subordinate to the inflation rate target.

Below we consider these alternative monetary policies more explicitly. The
focus is more on obtaining a consistent framework that can deal with the actual
complexities of monetary policies in developing countries than on the proposal
or analysis of a particular "mixed" monetary policy in which the Central Bank
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simultaneously actively intervenes in both the interbank (or money) market and
the foreign exchange market.

9.1. Pure Exchange rate Crawl regimes (PEC)

We define a pure exchange rate crawl regime as one where the Central Bank ab-
stains from actively intervening in the money market. Hence, it maintains its
real liabilities in domestic currency bonds growing along with the economy’s trend
growth:

BB
P,

= bgBZt Vt.

Also, the Central Bank pegs the nominal exchange rate to the foreign currency
by intervening in the foreign exchange market so as to ensure that the rate of
nominal depreciation follows a predetermined target path {4, } such that S;/S, | =
67, for all t. We restrict attention to paths that converge to a constant ¢° in
a finite time. This implies that the Central Bank purchases any excess supply
or satisfies any excess demand of foreign exchange that the private sector may
have at the nominal exchange rate S; = St,ldtT. We could formalize this as an
infinitely fast feedback rule in which the Central Bank counteracts (excessive)
nominal appreciations (depreciations) by purchasing (selling) international reserves
(thus "leaning against the wind"). In the case considered here the Central Bank
counteracts any deviation whatsoever of the rate of nominal depreciation from
its target path. Hence, the stock of international reserves is endogenous and the
following equation must be included in the system:

5y = 0] Vt. (103)

In the particular case of a fixed crawling peg policy the nominal rate of depre-
ciation is kept at a constant level 67, and in the particular case of a fixed exchange
rate policy, that constant level is unity.

9.2. Inflation Targeting regimes

Under Inflation Targeting there are various possibilities for monetary policy feed-
back rules that can define the Central Bank’s operational target for the nominal
(domestic currency) interest rate i;. A fairly general one is one where the Cen-
tral Bank simultaneously responds to deviations of the gross domestic inflation rate
from a target path {7} that converges to a constant 77, to deviations of the trend
adjusted output level from a target path {(Y;/z)] } (that converges to the long run
average (or non-stochastic steady state) detrended output ), and possibly also to
deviations of the gross wage inflation from a target path {77} (that converges to
the same constant 77 as the domestic inflation target). All these target paths, if
they are time varying, are assumed to converge to a constant in finite time. We

also introduce a preference for slow changes in the nominal interest rate through
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the presence of the lagged interest rate:

‘ T . BBe\ 1" .
1+Zt = |:7T*_N (1+Z )()OB (ZP—*N>:| (1—|—Zt_1)h0 (104)

() () ()
m ) \mtui) \(Wi/a)')

ho € [0,1],h1>17h220,h320.

Several comments are in order. The first (rather awkward) multiplicative term in
the feedback rule is specially designed to have a consistent non-stochastic steady
state for the model. We deal with the steady state at length in an Appendix.
Second, we assume that this rule has the so-called "Taylor property" (h; > 1)
whereby the Central Bank responds to excess expected goods inflation by increasing
the expected real interest rate (and not merely the nominal interest rate). Third,
we assume that the interest rate smoothing coefficient hq is not greater than one,
but note that we could have greater generality by allowing for "superinertial"
policy rules for the nominal interest rate (hy > 1) (see Woodford (2003), chapter
2). Fourth, a variant of the interest rate feedback rule makes the Central Bank
respond to consumer inflation. In that case m; must be replaced by 7¢ in (104),
which, according to (35) is:

_1
1 1-6 1 1—-0 1-fc
ﬂ-tc - 1-6¢ (ﬂ-t) ¢ + (1 o )190) (7'['?7) C] !

e () L+ &5 (i

Fifth, another variant for the feedback rule has a forward looking reaction function,
replacing the deviation of inflation from target by the expected deviation for next
period.

Inflation Targeting under a Pure Exchange rate Float regime (IT-PEF)

We define an Inflation Targeting under a Pure Exchange Rate Float (IT-PEF), as
one where additionally the Central Bank abstains from actively intervening in the
foreign exchange market. By this we mean that it maintains the real value of its
international reserves growing along with the economy’s trend growth:

*CB
Ry

* N
B

= 102 Vt.

Inflation Targeting under a Managed Exchange rate Float regime (IT-
MEF)

Alternatively, we define an inflation targeting under a managed exchange rate float
(IT-MEF) as one in which the Central Bank actively intervenes in the foreign ex-
change market. We assume that aside from its operational target for the nominal
interest rate, the Central Bank also has an operational target for the level of inter-
national reserves. The following is one possible feedback rule for the international
reserves, in which the Central Bank tends to "lean against" real appreciations or
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depreciations (last multiplicative term), has a preference for smoothing the varia-
tions in the level of international reserves, and where it also has a long run target
(") for the fraction of total financial system liabilities that are backed by Central
Bank international reserves:

1—k _
R _ (o OTHD) BT RCE N (G
PNz Pze 2P*N PNz Ty

ko € (0,1), ky > 0.

The first multiplicative term is designed so as to have a consistent steady state in
which the reserves target is satisfied. Note that under this policy feedback rule
the Central Bank does not aim at any specific level of the nominal exchange rate.
However, it does have a policy of "leaning against the wind" by increasing the
purchase of reserves whenever there is real peso appreciation (§;7;Y < ;). The
nominal anchor is still clearly the target inflation rate, as when there is a pure
float.

10. Putting (most of) the non-linear system together

In this section we put together the non-linear equations thus far encountered that
are common to all the monetary regime models. For clarity, we gather the equations
in a few categories and give each a distinctive name that characterizes it:

Dynamic equations:

Consumption:
c c
24 an! ~ D
o s, PP (o ) = e (1 +0)
Investment:

v Vi) (Vi)
ot (i) rom et () (5)
= M@ (1+3P)

Marginal utility of installed physical capital:

¢, = BE; {(1 - 5K) Ce1 + A I (Ztlil)}

Marginal utility of real income:

)\tzﬁ(l—f—i?) E, ()\tJrl)

Ti4+1

Physical capital accumulation:

K= (1-6%) K+ 2V, [1—TV< i )}
Vet
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Wage Phillips equations:

> » wmY
0 = E Y (Baw) Aepjwijhig (7??"+j)¢{( T )

w
Ty j

H ~ —
B (0 nHZtJrjhi(-‘rj <wt7ﬁu> o
=1 Ayjwiy i)

j=0

w - w _0 ~ w —
(T = aw (1) 7+ (1 — aw) (@)

Domestic price Phillips equations:

0=E; Z (Ba) At jQrs; (7Tt+j>9 {% - rmct—kj} ,

7T .
=0 t+j

i’ =am=] + (1 - a) ()

Imported goods price Phillips equations:

0= B Y (o) Ruoyi ) { g - O et
= Iy AN )" D j V45 Ty - :
g G4Vt \ Tt Wﬁj Oy — 1 pi\-[i-j

(7)™ = an (7)Y + (L —an) (Y)Y

Exported goods price Phillips equations:

- in e [P o 1
0= B (o ReosXoostril)” {E5 — g e |
J

=0 7Tt+j
« X\ 1-0" xX \1-0" X _xX) 10"
(Wt ) = ax (ﬂ—t—l) + (1 - aX) (pt ur ) :
Identities:
Wt . ﬁ
Wg—1 Ty
py T
pi\i1 ¢
pt _m
P:ﬁ [
€¢ . 5t7T:N
€t—1 ¢
Fiscal:
e; B¢ iLLe T,
= Gt — o (106)
t t t
B*G R*CB €tB*G
+ 1+Z*7 1+¢*E¥ +pG (( t*l _ t*]. )6_1>:| t*l .
( ! 1) [ = Zt—lpt*_]\{ Zt—lpt*_]\{ ! W?Npt*—Nl
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Balance of Payments:

R:CB B:G B*B R*CB
Pt*N - Pt*N - Pt*N

B*G R*CB
_ 1 y* 1 *G t—1 o t—1 B
(i) { IR REL (<Zt—1pt*]\{ 21 PN “)|x

*N D*xN
t Ptfl

B*B €1 B*B
_ 1 £ 3 1 Bx N t—1 t—1 .
aiy reosen (G555 )

Bank arbitrage:

1414 = [BBEtdtJrl + (1 - BB) 5t] (L+4;) vp < P
12t

Static equations:

Market balance equations: Physical capital rental market:

abme,

r\—1/.K
T )K= —ee— + 2 F
(u) (t) t — (1+Ut2t) [Qt t i|
Labor market:
(1 —a)bme, D
hy = —FL———— + 2. F
b (1+olVif) w, [Qt K }

Loan market:

L ) LE

Fz = fo (1+4)) me, [Q + 2 FP] + ?’;.
Deposit market:

Z— {af [ =7 =) (i) = (L +i0)] + a5 [(1+1f)

Interbank cum Central Bank bond market:

Bto B D, B*B L,

1-— — S—
Pt ( fYt fyt ) P _'_ P*N .Pt

Cash market:

M? ) gD

—L =L (1+iP) [pFC+p) Vi] P

P, P

Domestic goods market:

(1-— b)mct [

=Y, Dy
Q=Y+ @+,

Q¢ + ZtFD]

* X -k t—1
_pt Xt Nt+ (]‘—i_ltfl) W

StB;‘B)

(107)

*G
Bt—l

— (141}
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Other static equations: Real GDP
Y, = pf Co+p} Vi + Xy + Gy — pi' Ny
Intermediate demand for domestic goods:
QP =7 (1+iP) (07 Cy + pY Vi) + 2CF + (7))~ (i) K,

Loan supply:

Ly 2t

7 = o5 (op [ +) = (i) +af (1= =) (1+) = (1+37)]}

Bank real cost:

1 L\ D, \? L D
OB — 2 |8 (=L B Zt\ _9,B(_ 2t T
¢ 2 [aL (tht> + “D ZtPt o ZtPt ZtPt

Central Bank balance sheet:

BOP RO MY D,

PPN p tp

Real marginal cost:

1 . (1—a)db B
mes = e (1) () (2) 61"

Export demand:
Xy = z{Qf (p:X)i
Import demand:

(1 —b)mey

PNy = (1=a”) piCot (1= 0°) P Vet Sy

[Q) + 2 FP],
Consumption relative price:

= [ (=) )]
Investment relative price:

pl = [Z)D X (1 B bD) (piv)l—ev} =6y |

In the preceding we have used (79) and (86) to substitute for the banks’ and
the government’s external financing interest rate, respectively.

So far we have 37 equations to determine the following 39 endogenous variables:

Rates of return: i i, if P, (4)

Rates of inflation: 7%, m;, 7V, 7%, &4, (5)

Relative prices: py, pi™, pf’, pi’, we, e, Wy, pr, Py P> mey, (11)

Flows: C;, Vi, hsy Ny, Xy, Qy, QP CBY; (9)
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Stocks: K;, M?/P,, R:°B/PN, B:B/PN, B:Y/PN, BEB/P, D;/P, L/P;,
(8)

Lagrange multipliers: A\, (,, (2).

Hence, we have room for the two monetary policy equations that define the
alternative monetary regimes. Instead of listing them now again (see the section
on the Central Bank), we will do so in the next section, where we put the model in
terms of stationary variables. An additional system equation giving the dynamics
of the rate of technological growth with the corresponding additional endogenous
variable (the rate of technological growth) will be appended when we specify the
assumptions on the relation between the SDE’s and the LRW’s growth rates below.

11. The non-linear equations in stationary format

In order to have a well defined steady state we need to express the system’s equa-
tions in terms of stationary variables. The only source of growth in this model
is technological progress, so we use lower case letters to express upper case letter
variables when deflated by the permanent technology shock in the production of
domestic goods z;, and add a superscript ° to the Lagrange multipliers to denote
that they are inflated by the same factor:

— _wt_Wt _Ct _Vt _Qt _Y;t
Wy = S T P G =—, Uy = —, q = —, Ye = —,
Zt t2t Zt Zt 2t 2t
D
D ¢ L . K B Ny . Xy B Gy
q; - PR t+1 — ) ng = —, Ty = —, gt = —,
Z 2 2t 2t 2t
0 CB *CB
0o _ M, _ Dy pCB _ B, *CB __ Ry
mt e t — 1 - ) rt - *N .
Pz Pz Pz Py
*B *G G
pB o — B *G B tzi gtzi G:L_t
! Pt*NZt7 ! Pt*NZt7 Pz’ Pz’ ! Pz’
o * Z*
o o A A * t *k t
/\t = Atzh Ct = Ctzh At = Atzt’ 4 = ) 2y = -
t

We also define the growth rate of the permanent technology shock:

zZ
== (108)
Zt—1

Note that z;* is the LRW’s permanent technology shock relative to the SDE’s,
which below we assume is stationary. Hence, we rewrite the equations of the
nonlinear system in stationary format as:

Dynamic equations:
Consumption:

z Ztc Zgrl o~ -D
i () - BB ) = Xy, (1 +P)
Cely

—&ci1 Crr1Hipr — ¢t

Investment:

o 1% 2
v Coiqz v v
o V t z t+1~t+1 1 t+1 2 t+1 5
12 oy | ——H; | + BE; T Ty it ) | ——HMit1
Vg1 Hiyq Ut Ut

= Nou (1+73))




Marginal utility of installed physical capital:

Marginal utility of real income:

N =801+iP)E (—t“ )
' ( ' ) : M1t
Physical capital accumulation:

k v
ktJrl = (1 — 5K) —i -+ Zz/Ut |:1 — Ty <—tu?>:| s
Hy Vg1
Wage Phillips equations:

o0

o w w 7Tw
0= E, Z (Baw )’ Ay Wit bt (Wm‘)w { ( - )

j=0

o Nzl (@tWI?U)wX
V=1 AW

w
Tyt

w
Tttj

w\i— w 1-6 o~ w1
(7)™ = aw (72)) T + (1= aw) (@)™
Domestic goods price Phillips equations:

o0

i =0 0 ﬁ m 0
0= E Z (Ba)’ Mgy et (s s) {2 - g—mctﬂ} ;
=0 Titj -
0 = om0+ (1— ) (pm)' 7.
Imported goods price Phillips equations:
o0 SN_N
i —o py T On et
0=FE, Z (Ban)’ At+jnt+j(7ﬁrj)0]v { tNt 9 1 Nj } :
=0 7Tt+j N ™ pt+j

1-6 1-6 ~] 1-6
(Wiv) Y= ay (7‘(‘?11) Y+ (1 - ay) (pivﬂiv) N
Exported goods price Phillips equations:

o0

* X

* * X
ey Tty 0" —1 €t+iPty;

~ X, _*xX *
., wx g [ DT 0 1
0= B (Bax) Koy roey(mi5)? { T }

() = ax (7)) + (10— ax) XA
Identities:

37
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prt _m
pi‘iﬂ s
e _ om” (110)
€t—1 ¢
Fiscal:
o G ie — , . G o b
6 = ST iy ) (146 e (G — D) emr)] . (111)
€ KT
Balance of Payments:
<
r P = b =0 =p e -+ (L) W (112)
it
—(1+i4) [1 + ¢t—G1 + pa ((bt—Gl - Tt—ClB) et—l)} IU/ZT‘.*N
b*B
—(1+i4) [1+¢t 1T DPs (bt 16— 1)] *N
KTy
Bank arbitrage:
Ltip = [P Bl + (1= B7) 6] (1 +147) op (ed}”) (113)

Static equations:

Market balance equations: Physical capital rental market:

_ k abme,
’ 1 /.K t t D
—=———— | + F
(TU) (Zt ) 0 (1 + Ut (0 ) [Qt }
Labor market: a W
—a)bme
hy = d @+ F D}

(1 +vlViF) w,

Loan market:
= f1 (1 —i—th) mey [qt —i—FD] —i—étG

Deposit market:

1 ) . ) )
d; = a—B{af [(1—75—7{2) (1414;) — (1—1—2?)} —l—aég [(1+ZtL) — (1+zt)]}
Interbank cum Central Bank bond market:
bCB (1 —’)/t f)dt‘i‘etb:B —Et
Cash market:
my =L (1+14]) [pf e +p/ vi] + 7.
Domestic goods market:

(1 —b)mey [

FD
o et

Qt:yt+QIfD+
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Other non-policy static equations: Real GDP
Yo = pf e+ p v+ 2+ g — pi e
Intermediate demand for domestic goods:
a? =Fa (L+iP) ¢ +p} o)) + CF + 7, (1) ™" (iF) )k

Loan supply

gt:aiB{ag [(L+if) = (L] +ag [(L—f =) (L +i) — (L+i0)]}

Bank real cost: .
CB = 5 [afﬁ? + agdf — 2GOB€tdt] .
Central Bank balance sheet:
bCB *C'B
t

0 R
=er; T —my — 7 dy

Real marginal cost:
1 L K a —a —
mCt K}Et ¢ ( it ) (/Lt ) b wil )b (piv)l b .

Export demand:
* okk ok * —0"
Ty = T2y Gy (th) (114)

Import demand:

(1 —b)ymey

prne = (1 —a?) pfe + (1—0")p/ v + T

a0+ F"]
Consumption relative price:
ptC = [aD + (1 — CLD) (piv)l_ec]llec .
Investment relative price:
ol = o+ (1=07) ()]
Policy equations: Pure Exchange rate Crawl regimes (PEC)

beP =S8 Vt.
Inflation Targeting under a Pure Exchange rate Float regime (IT-PEF)

7_‘_T 1—ho Toat h1 T ho y h3
14, = 1+ b*P 14 )" [ = : =%
+ 1 (W*N (14 pp (e )) (1+1i;1) (WtTH T2 T




40

*CB
T =1 vt.

Inflation Targeting under a Managed Exchange rate Float regime (IT-MEF)

7TT 1—ho Tyt hi W ha y hs

. » . . ¢ t

= (G aene @) Caent (32)(5) ()
t+1 t t

0,H d b*B 1—ko 5 *N\ —k1
T:CB:(VTm +ta+e ) (T*CB)ko( 17y )

t—1
e Ty

This system can be simplified considerably. First, note that we can eliminate
the rate of nominal depreciation by leading (110) and using the resulting expression
in (113):

. €11 T e " )
144, = {53@ <t_+1 :“Vl) + (1 — ﬁB) —t *5\[1 (1414) pp (etst) . (115)

€t Tit1

In the case of PEC regimes, the exchange rate policy equation (103) becomes:

€ Ty T
—_— =0 Vt. 116
et_l ﬂ_;kN t ( )

And in the case of IT-MEF the Central Bank reserves rule becomes:

0.H | g1 ep*BY 0 —k1
T:CB _ <7Tm +a+e ) (T;:_ClB)ko< €¢ > ‘

€ €t—1

Second, note that adding (111) and (112) term by term allows us to replace the
balance of payments equation by the following simpler equation that combines the
two:

*CB *B *X ¢ P
Ty — bt =Py Ty — Ny + (]. + Zt—l) N (117)
KTy
—( i) [L+ 617+ e (5Ther)] o+ H L
Mg €t

Now the fiscal equation (111) is decomposable from the rest (since b7 does not
show up in any of the remaining equations), so we may leave it out of the system.
Also, in any of the pure policies there is a variable we can convert to a constant.
Obviously, many other variables may be substituted out of the system at the cost
of having longer formulas.

12. Functional forms for auxiliary functions
The specific functional forms we use for the abnormal capital utilization cost,
investment adjustment cost, and transaction cost functions are the following:

'K

— ¢ ay+1
Tu(uy) = p— (ugt = 1), a, >0 (118)
ay 212
v (1) = 7(,@/—”), ay >0 (119)
bu
v (W) = ayw+ —, an, by > 0. (120)
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The utilization intensity of physical capital as a function of the rental rate is,
according to (118) and (21):

1
up = (f) " (121)
iK ’
and hence the steady state utilization rate is unity (v = 1) and the real return
from renting one unit of capital (gross of depreciation) is, according to (22):

Ky = IE it e
r (Zt):au—l—l | 7 +15.

In the steady state I' (ZK) =K.

In the case of the investment adjustment cost we defined the rate of growth
of real investment expenditure py = V;/Vi_y = (v¢/v;_1) pf, which is p* in the
steady state. Hence, in the steady state there are no investment adjustment costs
(Tv (,uv) = 0), since investment grows along with the economy’s trend. Further-
more, 74, (1) = 0 and 77, (1V) = ay > 0.

In the case of transaction costs, we have two parameters for calibration using
a simplification of the functional form used in Uribe and Schmitt-Grohé (2003).
According to (23), the resulting liquidity preference function is:

O H bas 3

¢ DY _

T+ — :£ ]_"‘Z — ) 122
"l pl v (1+i) a’M—'—l_l_,'_liP] (122)

where w; is the household money to absorption ratio. We prove in the Appendix
that the steady state deposit rate is 1 +4? = 7 ;* /3 under inflation targeting and
1 +i” = 6"m*Ny? /B under a pure crawling peg. Hence, defining 6* = 77 /7*N for
inflation targeting, we can use the former formula for both regimes, and the steady
state money to absorption ratio is:

w=L(r"w/B) =

bas ?
3 ) (123)
ayr + 1-—

ﬂ—le/Z

According to (122), household money demand decreases with the deposit rate
and increases in proportion to private absorption. w; tends to infinity when the
deposit rate approaches (ay +1)"" — 1 from the right, is equal to (bys/an)"’
when the deposit rate is zero, and decreases to [ba/ (aar + 1)]°° when the deposit
rate tends to infinity. Also, the resulting auxiliary function for the total effect on
expenditure of a marginal increase in absorption (20) is:

Hence, the formulas for 7, (1 +47) and @, (1 +14P), are:

_ . b
Par (14i7) = auw + - = (124)
1 _1
b : b 2
= apy M 3 + by M 3
aM _|_ 1 - 7-(-T'u‘z CLM + 1 - ﬂ-Tuz




42

o (1+47) =1+2by

but - ]2 . (125)

ay +1— 1+iP

For the bank risk premium we use the following functional form:

RP
BY —  RP B\ P P
pi (eb}”) = aff (ebP)™ oAt > 0,0l > 1.

Hence, in the risk adjusted uncovered interest parity (84) we have:

P

o (ebiB) = 1+ 68" + (o +1) o (e?) %"

13. Stochastic shocks
In the shock specification for domestic output we follow Adolfson et al (2005) in
having a permanent productivity shock z;, and a transitory productivity shock
;. However, instead of postulating an AR(1) asymmetric technology shock (i.e.
a law of motion for z*), we assume a cointegrating relation between the logs
of the technology shocks in the LRW and the SDE which includes a direct lagged
influence of the LRW’s rate of technological growth on that of the SDE. We assume,
as in Adolfson et al (2005), that in the non-stochastic steady state total factor
productivity levels and growth rates in the LRW and the SDE are equal (z** =1,
and p** = p*). Hence, zZ*; = log z;*;. Also, we assume the following processes
hold:
B = R e (126)
fif = p Hy_1 +asfi;"y — .2 + g, (127)
where £7* and €7 are i.i.d. technology shocks. Putting these expressions in matrix

form and including the stochastic trend through a constant perhaps reflects the
cointegration assumption more transparently. We have:

Alogz = a,Alogz 1 + B(AlogZ—1) + C + &,

where: _
= — z ~ _ ol
2t = |: 2 :| ) €t = i gf :|
B 0 0 [ p™ 0
A = |: _1 1 :| ) B = I az pz :| )

o = { (1= p*)log pi* }
(1 —p* —a,)logp?

and p** a, + p* € (0,1). During the transition, the growth rate of the LRW
influences the growth rate of the SDE through the coefficient a,, while the growth
rate of the SDE has no influence on the rate of growth of the LRW. Also, the
persistence coefficients may be different. Furthermore, note that the law of motion
for z;* can be obtained from the following identity:

A2k SEZ L kk ekk
N S Rt q-
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We use this identity to eliminate z;* from the growth dynamics equation (127) and
from the log-linear version of the export demand equation (114) by differencing,
obtaining:
L — 1y = p° (ﬁf—l - l/zf—2) +a, (//Zfil - l/zf;) — (ﬁf: - ﬁf—1) +ef — €1
BB =G = G — 0 (B — BN T - T A

The first of these must be added on to the previous equations as one of the equations
of the system(s), where [i; is an additional endogenous variable. (For this, we lead
the equation one period in order to eliminate the second lags). The second is the
equation we use for exports (instead of the log-linearized version of (114)). Hence,
the exports equation in our model becomes dynamic. On the other hand, ji;* is
given by the exogenous process (126) (which we also lead one period).

On the other hand, we assume that the stationary technology shock log(e;)
follows an AR(1) process:
Pe ~€

€ = <€t71) o

where p, € (0,1), and &{ is an i.i.d. shock.
v

We also assume that the stochastic process for the logs of 21, 2&, 2V, a7}, and
v{ are AR(1):

n n Pn _m

2 = (zt_l) " ey, n=H,C,V,
* * X X

Ty = (xt—l) € s
q _ q Pva vl _

Ut - (Ut—l) ! Et ) C]—W,K,N

where py, py, pye € (0,1), and g}, e, eV are i.i.d. shocks. We further assume that
the steady state values €, 2z, 2, zVare all unity. In the baseline model we take
the bank technical demand for cash parameter v and the regulatory parameter
vl as constants, as well as the Central Bank target rates of inflation 77, 77T
and output y/. Therefore, E;7;,,, 7" and 7] disappear from the interest rate
feedback policy rules (129) when we implement the baseline model. We also treat
g and t; as constants, and the stock of bank loans to the government (¢ as an
exogenous deterministic path that describes the gradual bank divestment of the
large stock of government bonds in banks’ assets that were converted to loans in

the aftermath of the crisis.

14. The log-linear systems

In this section we list the log-linear system equations. The detailed log-linearization
of the Phillips equations for domestic goods and wages can be found in Appendix
2. We change the order of the equations to facilitate the state space representation
that we adopt for the model’s numerical solution, listing the static equations first,
the dynamic equations with no expectational terms second, and finally the dynamic
equations with expectational terms.

14.1. The equations
The log-linear equations of our systems are the following:
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Non-policy static equations:
Market balance equations: Physical capital rental market:
(14 1/a,) i = if — Fy + ey + gl — (1+ 1/i%) a5 — oMOTK
Labor market:
hy = e + g — Wy — (1+1/i ) Oé%cfz\f — ooy
Loan market:
Zt = oM [ﬁl\Ct + Oéqat - '7 + 5LMA + (SLMAW + (SLMAN} + (1 — aLM) EG

Deposit market:

afsd+ (1 - afs) [(1+a¥P)iP = oM (7, - a}f P3P - a}fP37))]

(140~ oV,

Interbank cum Central Bank bond market:
afl?t + (1 — ozA) bCB = (dt aMP3B a%D7f> + (1 — aL) (et + b*B>
Cash market:

g = o (64 5F) + (1 - a§) (@ + ) — G4 (1 - ) (4 +3F)
Domestic goods market:

G = a%g, + aPar + (1 —af — a%) [T/n\ct + g, — OKMIE — aNC@iV}

Other non-policy static equations: Real GDP
a’y = a) (Ct+pt)+az};/ (@\t‘f‘@v) +ay T,
+(1—af—af—a§)gt— (1—aY) (@N—i—ﬁt).
Intermediate demand for domestic goods:
P = a?” [oﬁM @ +p9) + (1—aSM) (0 +py) + b???] (1 —af ) CP + alVik
Loan supply:

afsa%— (1 —afs) [(1+04MD)/Z;D —aMP (@t—o/\émyf —Q%Dyfﬂ

= (]_ + OZML)% — OéML/{t

Central Bank balance sheet:

~

ﬁCB = amet +GQCB <dt —|—”yt> + (1 - afB — a2 )bCB €y
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Real marginal cost:

e, = abil’ + (1 — a) b, + (1 — b) B + a}1C7F

+ aba2 05 + (1 — a) balD)Y + (1 — b) MDY — %,
Import demand:

m=a) (G +p;) +ay (Ge+p) —Dp

+ (U= ad = o) [+ g — (14 1/i%) aX T — a0

Bank real cost: R R
C’tB = aP°, + (2 — aBC) dy.
Consumption relative price:
@C = apcﬁiv
Investment relative price:
]3}5/ = apvﬁiv
Dynamic non-policy equations with no expectational terms:

Identities:

o~

Wy — W1 =7} — e — 1y
B =Dl =T — T
Y- =m" T
Balance of Payments cum Fiscal:
aBPRCE | oBPR, (1 — PP a2BP)
[/2'\:—1 + GRP?&:i + (1 - aRP) 045“’ <B:i31 + /e\t—1> ‘1‘/[;:131 — Hy — %:N}
= afT5E o (5 + ) + af” (B, + P - - 7Y

+(1—af” —af” — af") (L4 af” = af?) G — af Ty + of 7T + of VT - 7))

Exports:
Te =T =G — Gy — 0" (B —P) + T — T F G — 7
Physical capital accumulation:
e = arc (B =77 ) + (1= are) (B + 2
Growth:

i — iy = p° (1 — i) +ax (7 — 0y) — e (B — Ty) + 67 — &1,
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Dynamic non-policy equations with expectational terms:
Consumption:
(I +ac) {7 + 27 = [+ ac) (@ + 7)) — actia] }
— Q¢ {E{Zﬁl — [(1 + Oéc) Et </C\t+1 + ﬁerl) — OéC/C\t]} = )\t + ETM/’L\?
Investment:
G+ 3 —ay () (@ — Doy + 1) + Bav (1) By (e — 00 + i)
= /):: + €M/Z;D
Wage Phillips equation:

(1 —aw) (1 — Baw)
aw (1 +x)

Ry =Ry = BE, (R — ) + (ke + 3 =X = 1)

Domestic price Phillips equation:

o~ . . l—a)(l—-af) -
Ty — M1 = ﬂ (Etﬂ'tJrl - 7Tt) + ( )é ﬁ) mcg.

Imported goods price Phillips equation:

- - - N 11—« 1—anf) .
R al =g (Eal, - aY) + LmUmad) gy,

Exported goods price Phillips equation:

~k ~k o~k A~ 1—- ax 1— OéXﬁ ~ P~
R -w = g Ear - w) - =) 6y

Shadow value of installed physical capital:

o ~o 2au + 1 ~ ~O0 ~z
G = Ei {5QKC,5+1 + (1 — Bax) K@—H) Ztlj-l + )‘t+1:| - Mt+1}

Marginal utility of real income:

~

o ~0 A~
. ™D ~ ~z
A= B +ip = Exmen — By gy

Bank arbitrage:

i = G+ BB (B — R — ) + (1-8%) (@ — @ + 7 -7 )

~%xB Y e
+a™¢, + (1 —a"™") a" (et + st>
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Policy equations:

Pure Exchange rate Crawl regimes (PEC)

7CB _
b;” =0
~T
~x N
e — €1+ T —T =0, .

Inflation Targeting under a Pure Exchange rate Float regime (IT-PEF)

/\*C’B
t 07

’Lt = h[ﬂt 1 —|—h1 (7Tt — 7Tt ) —|—h2 (7Tt —%?T —ﬁf) + h3 (g//\t — @\tT) (129)
Inflation Targeting under a Managed Exchange rate Float regime (IT-MEF)

A*CB = k?o?”t 1 — k)l (é\t — /e\t—l) . (130)

i = hoir1 + Iy (Wt—ﬂt) + hy (7Tt —%;UT l/zf) + h3 (@\t_g?)
When the consumption inflation is used instead of the domestic inflation, we
can use (35) to obtain the rate of inflation of the consumption deflator (which is

the model’s approximation to the CPI) in deviation from its steady state value as
a simple average of imported and domestic inflation:

/7'(\'tc = anc%\iN + (1 — anc) %\t-

Also, under alternative specifications, the expected deviation E; (%Hl — %ﬂl) of
the inflation rate is used in (129) instead of the current deviation, and/or the year
over year inflation rate %;4 =T+ 1+ T2+ 73 (and similarly for the inflation
target rate) is used instead of the quarter over quarter specification.

The definitions of the compound parameters used in the preceding equations
can be found in Appendix 3.

14.2. Forcing stochastic processes
As long as we have no good reason to believe that some of the exogenous shocks
are correlated, we can assume that they follow individual AR(1) processes:

ZkSZk

//It = p* i + g,

~ .
€ = P€i—1 T &,

and similarly for the rest of the exogenous forcing processes. We stack the exoge-
nous variables in a vector Z* = (Z; Pp,)" which is composed of a subvector which
is independent on the monetary policy regime:

N ~H ~K ~W ~N ~ ok % ~xN o~ T ’\*B]
t

Zy=1[ & 2z, Z, zZy U, v, U, Y A b7 g tpg xpom,om @i

and a subvector Pr; which depends on the policy regime (R = PEC,IT). Under

a PEC regime:
~T

Pppes = [0, ],

and under an IT regime:

Prry = T
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However, in our baseline model (which addresses IT-MEF) we will simply assume
constant targets, so we only need to use Z;.

We can express the dynamics for the exogenous forcing variables in the form of
a first order VAR process:

ZE = MRZE |+ 5, s ~ iid N(0,%), (131)

where M is a matrix that is congruent with Z* and has all its eigenvalues inside
the unit circle.

14.3 The log-linearized systems in matrix format

We first eliminate p¢, pY, and @B , in order to reduce the number of equations
without significantly complicating the remaining equations. But we introduce a
new variable and equation in order to eliminate fi; , from the growth equation:
ﬁit = Ji;_,. The 32 remaining equations in each regime determine the paths of the
following 32 variables, which we stack in three vectors (W;, X;,Y;) given the paths
of the exogenous stochastic or deterministic variables:

_ K T 7L D 3CB ~0 ~ ~ ~D 7 7 —~ -~
Wy =i he iy iy by my @ Y @ b di mer

_ = AN ~X 7%B o ~CB 7 7. ~z ~z |
Xy =[we p; b b7 a1 i ke py Nl,t]
R N U BN ~N ~xX ° 7° /

Yi=la v wm) 7w m o AN (el

W, includes the variables that can be eliminated by use of the static equations,
X, includes the state (or pre-determined) variables, and Y; includes the jump (or
non-predetermined) variables. We can express the three blocks of equations (static,
dynamic with no expectational terms, and dynamic with expectational terms) in
the following matrix form:

HW,=H*"X,+ H"Y, + H*Z; (132)

Bu X+ BpY, = CnuXe1+CuYq + DWW+ Jllzt + JthA + Jl?’thil33)
Bo1 Xy + By, = AnE X + ApE Y + CnYiy + DWW, + JSEtZt+(Ll34)

Note that the matrix J; is included to account for the presence of 7i;", in the
growth equation, and that JY is included to account for Eﬁgl in the consumption
dynamics equation and Eﬁﬁrvl in the bank arbitrage equation. The second and
third blocks of equations can be conveniently expressed as:

{Bn Bu] {Xt} _ [ 0 0 } {Eth%l} (135)
By Ba Y Ag1 A EyYin
Cii Cia Xi1 Dy
e e

Ji J? J3 0
+{J§}Zt+[ 01 }Zt—l‘i‘[ 01 :|Zt—2+|:JO}EtZt+1
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Assuming H,, is non-singular, (132) yields:

W, = H'H*X,+ H,'H"Y,+ H,'H*Z, = (136)
)}ft } +H;'H*Z,. (137)

| H,*H® H 'HY | {
t

Inserting this equation as well as (131) (without the superindex R since we do not

consider variable target paths in the baseline case) in (135) and rearranging yields:

By — DyH;'H® By, — DH;'HY | [ X,
Boy — DoH;YH® Boy — DoH ' HY | | Y,

0 0:||:EtXt+1:|+|:Cll 012:||:Xt1:|_’_
Ay Ag EiYi 0 Cy Y

DiH-YH* + J} 2 3
+{D2H;1HZ+J21+J§M Zit| g |4t g | P2

We now rearrange the system in a form suitable for numerical solution using
the Generalized Schur decomposition, as in Klein (2000) (see alternatively Binder
and Pesaran (1995), King and Watson (1998), Uhlig (1999), and Sims (2000)).
For this we convert the second order matrix difference equation to first order by
defining X; = X;_; and Y; = Y;_;. The matrix difference equation can hence be
expressed as:

I 0 0 0 X
071 0 O Yin
00 0 O E X1
0 0 A21 A22 EtY;H—l
0 0 I 0 X,
0 0 0 I Y,
~C., —Ci» Bu-DH'H* Bu-DiHH' | | x, | T
0 —Cy By — DyH,'H® Byy — DyH'HY Y,
0 0 0
0 0 0 ZZt
— (DyH'H? + J}) —J =g =1
Zi—o

— (DoH ' H? + Jy + JIM) 0 0

The first order autorregresive equation for the forcing processes can be written as:

Zt M O O Zt—l MUy
Zia | =10 M O Zig | + | -1
Zi_o 0 0 M Zi_3 )

In compact (and obvious) notation, we have the Klein (2000) format:
AVEth#Fl — E)?t + 5Zt
Zt - ]/—\\4/2/15_1 + J?t.
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Note that since A is clearly singular, the traditional Blanchard and Kahn (1980)
method cannot be used (at least in this particular state space setup). The gener-
alized Schur decomposition (also called QZ decomposition) is particularly appro-
priate for this case. As long as there exists at least some complex w such that
det(Aw — B) # 0, there exist unitary matrices () and Z such that QAZ = S and
QEZ = T are upper triangular and such that for all 7 the diagonal elements S;;
and T}; are not both zero. Also, the set of generalized eigenvalues is the set of ra-
tios Tj;/Si (where, with abuse of notation, when S; = 0 we call the corresponding
generalized eigenvalue "infinite"). Furthermore, the pairs (S;;, T;;) can be arranged
in any order. Hence the eigenvalues can be arranged so that their moduli are in
ascending order. We partition X; into two parts such that all the predetermined
variables come first:

~ k yt
Xt:{yt], where k= | Y,

If the number of eigenvalues within the unit circle (i.e., such that |Tj;| < [Sul|)
is equal to the dimension of k; and the resulting (after rearrangement) upper left
block Z;; of Z is non-singular, then there exists a saddlepath solution (which is
almost surely (P) unique) and can be expressed as:

ki1 = Gk + Hz
}/t = Kk?t‘i‘LZt,

where

G = ZuSyTnZzit

H = (GZiy— ZuSiiTia)R+ (21151 S1s — Zis) RM + Z11S1'Q.C
K

L

Zon 711
(Z22 — Kle) R

vec(R) = [I ~M® (T2_21522)}_1 vec (T2_21Q25) :

16. Conclusion

This paper has developed a rational expectations, dynamic and stochastic general
equilibrium model for a small economy whose growth stems from a unit root tech-
nology shock that is cointegrated with the analogous technology shock in the rest of
the world. The model has households and three types of firms (domestic, importing
and exporting), all of which are monopolistically competitive, as well as perfectly
competitive banks. Importing and exporting firms engage in local currency pricing.
The model has four Phillips inflation equations (for wage inflation, domestic goods
inflation, imported goods inflation, and exported goods inflation, respectively), in
which price (or wage) setters that don’t have the opportunity of optimizing fully
index to the previous period’s inflation rate. Households make the consumption
and investment decisions and also decide on the intensity of utilization of the phys-
ical capital they rent to domestic firms in a competitive market and their demands
for cash and bank deposits. Banks finance a stochastic fraction of the domestic
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firms’ wage bill, capital rental bill and imported inputs bill and the Government’s
exogenous demand for loans. They also issue deposits and obtain funds abroad to
finance their loans, hold cash and regulatory reserves, and purchase Central Bank
(domestic currency denominated) bonds. Their (static) profit maximization yields
the model’s risk adjusted uncovered interest parity equation. The Central Bank
issues currency and domestic currency bonds, and holds foreign currency reserves
and regulatory bank reserves. The main focus is on building a common framework
where monetary policy can take different forms. Hence, the Central Bank’s bal-
ance sheet plays an important role. In particular, we develop the extreme cases of
a crawling exchange rate peg with a pure interest rate float, an inflation targeting
regime with a pure exchange rate float, and an inflation targeting with managed
float regime where the Central Bank simultaneously intervenes in the money and
the foreign exchange markets with two corresponding policy feedback rules.

In future research we hope to calibrate the model and use it to make numerical
simulations under alternative policy regimes. Towards this end the present paper
makes a significant advance by specifying reasonable and easy to use adjustment
functions, obtaining the log-linear version of the model with the variables in sta-
tionary format, and by going a long way towards the solution of the steady state
systems. The fiscal aspects have been purposely kept to a bare minimum. We leave
for future research the development of a more fiscally oriented version of the model,
which should be quite straightforward but highly rewarding for policy analysis.

Appendix 1: Analysis of the steady state

We first define the non-stochastic steady states around which we make log-linear
approximations to the different dynamic systems that correspond to the alternative
monetary policy regimes. We replace the stationary variables in the system by their
non-stochastic steady state values (which we denote as the same variables without
any time index) and recall that 7y (4*) = 7/, (%) = 0 (and hence ¢y, (1)) = 1),
and 7, (u) = 7, (1) = 0 (and hence '™ (¢*) = ). For simplicity, we normalize

the following shocks to unity in the steady state: ¢* = p™V* = 2¢ = 2V = 2H =

*

r* = € = 1. We also eliminate y and ¢” from the domestic goods market balance
equation, obtaining:

Dynamic equations:

Consumption:
L= B8 - D
— = 1 138
Investment: .
v =By (147 (139)
Marginal utility of installed physical capital:
° 1
¢ K (140)

= (
A /B = (10
Marginal utility of real income:

=5 (1+1") (141a)
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Physical capital accumulation:

k W
A , 142
v pE — (1 — (5K) (142)
Wage Phillips equations:
~1+'¢X — w thX 143
v -1\ (143)
l=w
Domestic price Phillips equations:
_ 0
P = mmc, (144)
1=np.
Imported goods price Phillips equations:
0 e
~N N
= — 145
=5V
Exported goods price Phillips equations:
|
P = 9— : (146)
0" — 1ep*
1=p*
Identities: y
1=" (147)
TP
N
1= (148)
T
* X
1=1= (149)
,7T*
* N
L (150)
T
Balance of Payments cum Fiscal:
wop (114N p (o Q) [1+67 +p. (077)]
r 1- ~ | =0 1— ~
ILLZﬂ-* uzﬂ-*
— b+ ikec
= (p*X T — n) + J .
e
Bank arbitrage:
141 14 .
— =9 <7T—N) o5 (eb*?) (151)
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Static equations:
Market balance equations: Physical capital rental market:
ki® [1+ 0] /i = abme [q + FP]
Labor market:
hw [1+ 07" = (1 — a)bme [g + FP]
Loan market:
0= fr (1+i*)me g+ FP] + (€ (152)
Deposit market:
d= aiB {aZ [ =7 =@ +0) - (1+")] +af [(1+4") — (1+0)]} (153)
Interbank cum Central Bank bond market:
VP = (1—~P —Md +eb*? — 1.

Cash market:
m® = L (1+i?) [pc+p"v] ++7d.
Domestic goods market:

q=appSc+bpp v+ +g+Tu (1+iD) (pcc—i—pvv) +CP

Other non-policy static equations: Loan supply
1 . . . .
(=G {ap [(1+") = (A +0)] +ag [(1 =77 =7 (1 +0) = (1+7)]} (154)
Bank real cost:

1
CcP = 3 [al? + afyd® — 2af td] (155)

Central Bank balance sheet:
bCB *CB 0 Rd

Real marginal cost:

me = fue (1) (i) w0 (7).

Export demand:

z=(p")"
Import demand:
(1 —b)me

pNn = (1—aD)pCc+ (1—bD)pvv+m [q

+ FP"]
Consumption relative price:
1
= [0 =) )]
Investment relative price:

P = [ ) )]
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Policy equations: Pure Exchange rate Crawl regimes (PEC)

CB _ 1C
b =1f.
T _5T
ﬂ.*N_ )

Inflation Targeting under a Pure Exchange rate Float regime (IT-PEF)

T

(1+) " = <;TN (1+) o (eb*B)>1_hO (1)h1 ( ~ )h2 (156)

r*CB = 1.

Inflation Targeting under a Managed Exchange rate Float regime (IT-MEF)

(144) o = (:Z (1+) ¢p (eb*B))l_ho (:_T>h1 <l2’>h2

7TwT,LL

0,H *B
m>" +d+eb
/*CB 7T

e

A first glance at these equations shows that several of the steady state variables
are easily determined. This is the case of w, p, p~, p*¥, which are all equal to one.
This implies that in the steady state there is no distinction between agents that
optimize and those that index and, in particular (from (144)):

Also, (147)-(150) imply
r=a" =0, 7 =mu* and 7 = 71" (157)

The second of these equalities implies that consistency in price and wage inflation
targets requires 77 = 77 1*, which we assume is the case. In the case of a Pure
Crawl regime, 0 = 67. Hence, in terms of exogenous variables, the endogenous
rates of inflation are:

r=na" =07 av=67Vy and ¥ = 7. (158)
Therefore, (141a) implies that the steady state deposit rate is:

p_ 0wt

B g

In the case of Inflation Targeting, first note that introducing the second equality
of (157) in (156) simplifies the feedback rule to:

141

(1+0) ™ = (:Z (1+i) g (eb*3)> o (%)MW (160)

(e
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Second, introducing (151) in (160) and recalling that h; > 1 (and hence hg + hy +
hy > 1) gives m = 7. Therefore, we again have all the steady state inflation rates:

N:(Sﬂ'*N:T X *

T=T7 ', 7 =xTp* and % =7

We now let 6 stand for 77 /7* in the IT regimes. Hence, from now on we can use
the same notation in all regimes: §” for the steady state rate of capital depreciation,
and 7T for the steady state rate of inflation.

Using (141a) we verify that the steady state gross deposit rate under I'T regimes
is also equal to the wage inflation rate divided by the time discount factor:

7.‘.T,U/Z _ W
s B
Therefore, from now on we can use 7y, @), and w, to denote 7, (WT[LZ/ 5),
P (7p?/B), and L (77 p?/B), respectively (which are detailed in (124), (125)

and (123)). Hence, from (139) and (140) we obtain the steady state value of i as:

i = s, so= (17/B—1+06%) @y

We now concentrate on the remaining variables and equations. Combining
(152) with (154), we obtain the following relation between the loan rate and the
interbank rate:

aB (1 + iL) —adPfy (1 + iL) syt [q + FD} —aBte —afrv/p

1+1=
ap —ag (1 =77 =)

1+iP =

Note that, according to (59), the numerator is strictly increasing in 1 + % and
strictly decreasing in q. Also, since we assume that v% +~+% < 1 and that a5 > af
(see (80)), the denominator is positive. Hence, we can invoke the implicit function
theorem to obtain 1 + i’ as a function I(.) that is strictly increasing in 1 + 4 and
strictly decreasing in ¢:

L+it=1,(1+14,q). (162)

Using (155) to eliminate CP, and inserting (162) in (153) and (154) and adopt-
ing the following shorthand notation:

d(1+i,q) = aiB {af [ =~ =) (1 +14) = 7"/B] +ag [IL(1 +4,q) — (1 +1)]}
(163)

((1+1i,q) = aiB {ap 1Ll +i,9) — A+ 0)] +ag [(1 =~ =) (1 +0) —x*/5]}
(164)

PC(e) = [aD + (1 _ aD) (seNe)lfec} o

pV(e) = [bD + (1 _ bD) (seNe)kaV] oy 7

we can write the remaining equations as:

o <51 = ‘L;_ﬁ;) (165)
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CO _ NM)\O — 21 (166&)
,LLZ
k = vss, Sg = (167)
( /”—(1—y3>
__ Syngh* PrSyllu _ Y
W= sshXe, (s = Sy = ) 1) (168)
0
D = Son6, (891\7 - HNJI 1) (169)
% Sg* 0*
p= (s =577)  am
1+ 1+ oftP
«CB «B «B | _RP (,1xB\%3
" (1 WT*N)—b <1_,m*N 140" +af” (e0*?) D
(se* ) g—t+ie iteC
14i=0T(14) [1 + 8B 4+ (ol + 1) aftP (ebP) ] (171)
abs,*
k= . P 172
80[1—UK+UK]L(1+i,q)] [q+ ] (7)
1 — -1
h = ( a)bse [q + FDj|

W[l — oW +oWIL(1 +14,q)]

and hence, using (168) to eliminate w from this equation:

Ly (1 —a)bs,* D
L TNe w1 v o L (173)
b9 = (1 —~P —Md(1+14,q) +eb™® — (1 +1i,q) (174)
m® =@ [p(e)c+ p¥(e)v] +~+7d(1 + i, q). (175)
g = (a”+7um) pC(e)c+ (V" +7u)p (e)v+a+yg (176)

b LB+, + 0B A0+ i,q)] — 200 +6,0)d(1 + i)}

bB = er*@B —m® — 4 Rd(1 414, q) (177)
-1
W=t = " — (178)
frueL(1+1,q))s0® (soxe)
z= ( : ) (179)

1-0 1q+FDj|

B D\ _C D\ ,V 0
saNen—(l—a )p (e)c—i—(l—b )p <e)v+1—vN+UNIL(1+iaQ)80 [
(180)

Pure Exchange rate Crawl regimes (PEC)
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bF = b,
Inflation Targeting under a Pure Exchange rate Float regime (IT-PEF)

T*CB =Tp.

Inflation Targeting under a Managed Exchange rate Float regime (IT-MEF)

er*CB = ’}/T [mo + (1 - ’YB)d(l + i? q) + eb*B} :

A steady state system of 8 equations

Now, we eliminate h and w from (168), (173), and (178), to obtain consumption
in terms of i and ¢ and e ((185) below), use (167) in (172) to obtain investment in
terms of those same variables, use (179) and (180) to eliminate x and n, respectively
from the balance of payments cum fiscal equation, and use (171) to eliminate b*?
((182) below). Also, to abbreviate we use the following notation for the trade
balance and the domestic currency value of bank foreign debt:

1 "o

tb(c,v,1+1i,q,e) = - {59* < ¢ > — —[(1=a”)p%(e)c (181)
(& Sg* S0

+(1-0")p"(e)v+ 1-b sgt (g + FP)]¢.

1—oN +oNI(1+1d,q)°

(182)

. _1_
i — (L))
@+ D" |

eb*B = Ip(1 +1i) = [

We are left with the following equations:

1+
er P (1— = )+IB(1+z')=etb(c,v,1+i,q,e)+9—t+[IL(1+W)—WG-

qu,/r*N
(183)
e\
q= (@ +7a) p(e)e+ (07 +Tar) P (o + (Se*) +g  (184)
1
+5 [aZe(1 +i,q) +aB [d(1 +1i,9)]° — 2a50(1 +i,q)d(1 +i,q)]
14x
-1 (1—a)b
[ ( )M}
. Fro(IL(144,9))s8% (so e B .
S |: (l—a)bsg_l[q+FD] :|X = C<1 + 1,4, 6) (185)
3 | T—oW+oW I (T+i,q)
abs;I [q + FD}
pu— E 1 . 1
v S250 [1 _UK+UK[(q7]_—|—@)] U( +Z7Q) ( 86)
m’ =w [pc<€)c + pv(e)v] + ’YBd(l + 1, q)_ (187)
0P = (1=~ =) d(1+i,q) + Ip(1 +1) — €(1 +14,q). (188)

bB = er*@B —m® — 4 Bd(1 414, q) (189)
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Pure exchange rate Crawl regimes

b8 =SB, (190)
Inflation Targeting under a Pure Exchange rate Float regime (IT-PEF)

r*¢B = r,. (191)
Inflation Targeting under a Managed Exchange rate Float regime (IT-MEF)

er*™ =T {m® + (1 —+P)d(1 +i,q) + Ip(1 + i)} (192)

For any of the regimes we have 8 equations to determine the 8 variables: r*¢Z,

e, q, ¢, v, 1 +1i, m®, b°B. The steady state values of the remaining variables can
then be obtained from the equations above.

A steady state system of 3 equations

Finally, we now obtain a core system of only 3 equations in 1 + 4, ¢ and e, two of
which are specific to the monetary policy regime. First, (185), and (186) can be
used to eliminate ¢ and v, and hence express the stock of currency in circulation
(187), the trade balance (181), and the domestic output balance as:

m®(1+i,q,e) = @ [p°(e)e(1+1,q,e) + p" (e)v(1 +1i,q)] +7v7d(1+1,q)

th(1+1,q,e) =tb(c(l +14,q,e),v(1+1i,9),1+1,q,€)

Domestic output balance:

q= (aD + ?M) pc(e)c(l +i,q,e) + (bD + ?M) " (e)v(1+1,q) (193)

0*
1
() o B ia? + B 0+ i) - 260+ 41+ i)
6*

This last equation is common to the three regimes. The other two equations are
specific to the alternative monetary regimes.

Pure Exchange rate Crawl regimes (PEC)

Under a Pure Crawl, (190) eliminates b6“Z. Hence (189) becomes
er @ = 05" +m(1+1,q,¢) +7"d(1 + i, q),

which can be used to eliminate *“Z. Hence, we have:
Balance of payments cum fiscal balance:

) ) 144" )
{657 +m (1 +1i,q,e) +v7d(1+4,q9)} (1 — MZW*ZN) + Ig(1 +1)

=etb(1+i,q,e) +g—t+[IL(1+1i,q)— 1]€°.

Banking system balance sheet:

05" = (1 =" = 4M)d(1 +i,q) + 17 (1+13) = (1 +1, ). (194)
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Inflation Targeting under a Pure Exchange rate Float regime

In the case of an IT-PEF regime, (191) eliminates . Eliminating b6“Z from (188)
and (189) we obtain the financial sector (Central Bank and Banking system) con-
solidated balance sheet (196). Hence, the two equations are:

Balance of payments cum fiscal balance:

147" ) . ‘
(1 - uzwfzv) + Ip(1+ i) = etb(1 +1i,q) + g — ¢ + [Io(1+1i,q) — 1] €°. (195)

Financial system balance sheet:

ero =m(1+i,q,e) + (1 —~v5)d(1 +4,q) + Ip(1+1i) — £(1 +1i,q). (196)

Inflation Targeting under a Managed Exchange rate Float regime (IT-
MEF)

Finally, under a Managed Float, eliminating v“? from (188) and (189) we obtain:
er'®? =m(1+1,g,¢) + (1 =7")d(1+i,q) + Ip(1 +1) — (1 +1,q).

Hence, using (192) to eliminate er*“®, we obtain (198), which combines the Finan-
cial System balance sheet with the Central Bank’s feedback rule for its international
reserves. Hence, the two equations are:

Balance of payments cum fiscal balance:

T 1 “
ort(tig) (1 - M;ZN) FIp(1+i) = etb(1+i, g, €)+g—t+ (1 +i,q) — 1] £,

(197)

Financial system balance sheet:
(1= {m°A+i,q,e)+ (1 —~+")d(1 +4,q) + Ip(1+ i)} = (1 +1i,q). (198)

Appendix 2: Log-linearization of the Phillips equations

Phillips equation for domestic goods

We first log-linearize the Phillips equations for domestic goods, since the procedure
is simpler than with the one for the wage rate. We rewrite the equations to be
log-linearized for the reader’s convenience:

0 =arl =l + (1 — ) (i) 0. (199)
o - DT 0
0=FE Y (Bo) Ay yuej (mesj)’ {#j - 9_—1mct+j} ; (200)
=0 ’

First we express these equations in terms of the log deviations from steady state
values. For a variable 7, for example, we define the log deviation from steady

state as:
~ ¢
7 = log (—) .
™
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Take (199) first. Dividing through by 7}~ and taking logs yields:

1-6
O:log{a (ﬂt_l) +(1—a)ﬁ%_9}.
Tt

The steady state values for m; and p; are m and 1, respectively, so we can write this
expression in terms of the ratios of the variables and their steady state values:

0 = log{a (%)1_9+(1—a);’5§9}

= log {a exp [(1 —0) (log% — log %)] +(1—a)exp[(1—10) 10gﬁt}}

= log{aexp[(1~0) Fer — 7))+ (1 - a)exp [(1 - 0) 7]}

= G(%h %t—laﬁt)‘

Second, a linear approximation of this expression is:
G(7y, T-1,0¢) = G+ G117y + Gomyo1 + Gapy,

where G is the value of the function at the steady state values of the variables,
and G is the partial derivative of G’ with respect to its jth variable, valued at the
steady state values of the variables. Taking the corresponding partial derivatives
gives: R
O=—a(l—-0)(m—71)+(1—a)(1—0)p,

and hence:
~ «

Yz

(Fe— Fa) - (201)

T 1-a
Now take (200) and simplify the notation to:

0= Et nythﬂ- {ﬁt QtJrj — ngCt+j} s (202)
Jj=0
by defining:
_ 73o© 0 _ T
Pt+j = At+ﬂt+g‘ (7Tt+j) ) Qt+j = )
Tt+j
0
Sg = 9—1 v = Pa.

Now rewrite (202) as:

i Z YT Quij = s ' By Z VT jmers ;. (203)
j=0 Jj=0

Recall that the steady state value of p, is equal to 1, as is that of €2, ; by construc-
tion. Then, since v < 1, the steady state for (203) is:

= . T r —
FZ’YJ = — = sglﬁmc = sglchnyJ. (204)

j=0 7=0
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Dividing term by term (203) by (204), and taking logs, yields:

o~ =~ iy
Py + log ((1 —NE Y~y exp (log %) exp (log Qm))

§=0
= log | (1— Et27 exp | log —= Lis exp <log tﬂ) .
= F mce
We rewrite this as:
/P’i + H(fb ﬁta i_1\t+17 §t+17 ) = J(fb T/n\ctv ft+17 fn\ct+17 ) (205)
where
H(ft, Qt, ftﬂ, Qtﬂ, ...) = log <(1 —v) E nyj exp (ftH) exp (ﬁtﬂ-))
§=0

J(ft, mey, ftﬂ,w/fctﬂ, ...) = log ((1 — ) E; Z'yj exp (ftﬂ') exp (w/”L\ch)) )

§=0
Now we log-linearize H and J, as we did above for G, noting that 1) Q, = 1,
so the corresponding term disappears, and 2) the partial derivatives of H and J

with respect to I'y;; are the same, so that the corresponding terms cancel out in
the linear approximation of (205). Hence, we are left with:

pety(1l—7) EQu1 + 7 (1—9) EQua+ ... (206)
= (1 =m)me;+ (1 —7) mee +9° (1 —7) Meya....
Using the definition of §2;, its log-linear deviation from steady state is:
Qt—i—j =T — %\t+j7
0 (206) becomes:
Do+ (1 =9) B (R = Ton) +9° (1 =) By (T = o) + ...
= (L=y)me;+7 (1 —7y) M +9° (1 —7) Mo

which can be rearranged to:

pt-l—ﬂ't = 1 — Z’YJEt mCt+] +7Tt+]>
7=0

Now, note that this implies:

Brt o= (1= 7) (7t + 70) + VB (B + Fusa )
and hence: R N
Py = (1 = Ba)me, + Bak, <Z7t+1 + g1 — /7Ft> ;
(where we have replaced 7 by its original expression). Now we use (201) to eliminate
p; and p,,;, and finally obtain the log-linearized Phillips equation:

T — M1 = (1 — a)(il — 6&) Ct + BE, (7Tt+1 - 7Tt)
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Phillips equation for wages
In this case the equations are:

() = aw (1) (1= aw) (@) 7 (207)
0 = EY (Baw) Xy heswe (mt;)" (208)
7=0

~ H 1X ~ —¢x
(U%W?) Y gzl <U&W?>

w S T w :
Titj Y =1 ANy Wiy \ Ty

Repeating the procedure used for (199), the log-linear version of (207) is:

Wy = - f‘V;W FY—70,). (209)

Now divide through (208) by (@,x)”¥* and simplify the notation to:

N u o w \ 14
0=E; Z/}/{/Vrt-‘,—j {(wtﬂ-t ) T _ Sw\:[lt—l-j (7Tt+j) X} )

=0
by defining:
H pX
_ o _ -1 . 77Hzt+‘ht+'
Liyy = ANher Wiy (7T11€1)+j) y e o—i?,
t+5 Wt+j
Sw = L, Yw = Baw.
Y —1
and rewrite it as:
o0 o ’¢
~ 1+ j j 1+x
(wymy’) "X E, Z’Y{/VF?H = swky Z’Y{/VF%UH‘P?H (Tr;ljl*j) ) (210)
=0 j=0

The steady state value of w; is 1, so the steady state for (210) is:

rv re
v = Su Y (@)X (211)
1 —yw L=y

Dividing term by term, the last two equations yields:
(o) (@0 +77) + HEO T, ) = T 07 T, By, ), (212)

where

Hw(f%ﬁtﬁm ..) =log ((1 —vw) B Z%/V exp (ffﬂ))

Jj=0
wTw Jw Aw JFw  Jw AW
JUTY, v, 7 L Vi T )

= log ((1 —Yw) Et Z’VJW exp <f;v+3) exp (‘Tj?ﬂ) exp ((1+ ¥x) %g}ﬂ)) :

J=0
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As above, we log-linearize H" and J", noting that the partial derivatives of H* and
J* with respect to I';y; are the same and cancel out in the linear approximation
to (212). We obtain:

(L) (@ + 7)) = (=970, Yo B (B, + A+ 00 7))
=0
which implies:
(v (@e+7) = (=97 (T + 1+ o) 7
+ (1 +x) v By ({I\Et—&-l + %qiuﬂ) ;

and hence: 8
~ 1—fPowy= -~ . .
Wy = —— Y + Ba E(w + 7 —7Tw).
t T+oy ! Bow By (Wi t+1 t

Now use (209) to eliminate @t and @Hl:

~w ~w (1_aW) (].—BOéw)
T T T (T )

VY 4 BE, (7E, - 7).

Finally, the definition of ¥}" implies:

~O

(I\];U:X/};t_‘_/z\f]_)\t —@t,

so substituting in the last expression yields the log-linearized Phillips equation for
wages:

~w ~w (1—Oéw) (1_5CYW)
T T T (L )

(ke + 2 =X, =) + BE, (R — 7).

Appendix 3: Definitions of compound parameters
The non-policy primitive parameters involved in the log-linearized structural equa-
tions are the following: 3, &, u?, 6%, .¢*B, ol aBP g, t, (¢ i*, FP a, b, v", 0",
N, B AR BB 6l aP, a8, ay, av, ay, by, and the policy parameters are w7 (or
6T) and hg, hi, ho, and in the case of IT MEF, ko, k;, and 7.

The following compound parameters have been used in the log-linearization of
the systems:

Structure of firm factor/loan demands

I -1 -1
MC ¢ c ¢ MC ¢
K N

= CY% = Q — 7
1/vk + il /oW 4 ¢F 1/oN +il

!
Structure of the real marginal cost base:

Qg = g
q_q+FD
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Structure of firm loan demand:

ab

LM 1/vE 4L
g8 T ) '
1/vE 4L 1/oW il 1/vN 4L

(1—a)b

LM _ 1/oW 4L
T2 o ab + (1—a)b + 1—b
1/vE 4L 1/oW 4L 1/vN 4L
aMC aMC
gEM = LM K GEM = o Lm QW
K LKL’ w 2 WL
aMC
LM __ LM LM N
5N = (1 —71 T 72 ) uNGL

Elasticity of private loan demand w.r. to the gross loan interest rate:
fyLM = (5?{M,UK _i_(SIl/JVM,UW +5%MUN) (1 +ZL)
Structure of total loan demand:

JIM fr(1+iYyme(q + FP) B 0 — (¢
i+ i)me(q+ FP) +0G 4

Structure of bank deposit supply:

aBd
aBd+aP [(1+4P) — (1 — 4B — 4B) (1 +1)]

B
pg
Structure of bank deposit margin:

oMD (1—~" =% (1+1)
(1 +4P) = (1 =+ —~%) (1 +1)

Structure of bank lending margin:

1+
oML =

Structure of deposit drains:

B R R
MD Y MD Y Y MD
B R

= 1B AR . 1—~AB AR 1_RB

«

Structure of Bank assets:
o0+ (1 - a8) 577 = of (7 — alfP37 — alfP58) + (1 - of) (& + 57)

¢
{4 b8

a
Structure of Bank liabilities:

oB = d(1 —~% —+")
b7 d(1 — 4B — AR) 4 eb*B




65

Structure of cash demand:
oM =_ % [p9c +p"v]
 w[pCe+ pVu] +~vBd

Structure of private absorption:

OéiM C pcc
pCe+pYou
Elasticity of household cash-absorption ratio w.r. to the gross deposit interest
rate:
Lo 2
(apy +1)(14P)—1

Structure of domestic output:

2= Y oS
Pyt P+ eV Pyt Y
Structure of aggregate supply:
Y Y Y pCe
at = ——, a, =
y+pn plet+pVv+a+g
%
v x
ol = b ol =

ple+pYv+ax+g’ pCe+piv+a+g

Structure of loan supply:

B aBl
apg =
P APl af [(140P) — (1 =P —4R) (1 +1)]
Elasticity of intermediate domestic demand w.r. to the rental rate:
¢D _ ]CZK o k?ZK/CLu

Q = = =
© T aug?  Tu[pCetpVol + OF

Structure of intermediate domestic demand:

210 — TMm [pcc +pvv]
VT Fy [pCec+ pVo] + CB

Elasticity of auxiliary transactions cost function w.r. to the gross deposit in-
terest rate:

T ayw + byt P 14 aJZI\;2 b
~ b
T = ayw -+ —M.
w

Structure of Central Bank liabilities:
0

CB _ m
= 0,1
aq m0+’de+bCB€(7)
Rq
I 7 € (0,1)

’I’)’LO + ,de + bC’B
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Elasticity of real marginal cost w.r. to the gross loan interest rate:

ay’ = Jabajl® + (1 — a) bajy© + (1 —b) an] 1—;—LZL <1
Structure of imports:
N (1 - aD) pCe
T W=aP) et (L 0P)pVu + (1 - bymefg + FP] /(1 + vNik)
W = (1=0")p¥v

(= aP)pct+ (1—0P)pVu+ (1 — Bymelg + FP] /(1 + 0Vib)
Structure of bank cost:

(aPl —afd)

aBr? + aBd? — 2alltd

aB¢ =

Structure of consumption price index:

1-— ap Ny1-fe
apc = CLD(+ (1 _)a<Dp) (;N)l—Hc < (07 1)

Structure of investment price index:

(1=bp) (P¥)""

vV = — € (07 1)
bp + (1= bp) (PN)' ="
Structure of physical capital formation:
1-0%)k 1-0"
= ( ) = € (07 1)

Structure of uses of foreign exchange resources:

T*CB
afP =
BP .
PO b (L) [14 077 4 P (Pt | i
gt = -

Q2BP b*B

T*CB +n+ (1 + Z*) [1 + ¢*B + OélBP (b*BG) ]

uzw*N

Structure of sources of foreign exchange resources:

BP b*CB
a3 = «C'B %« X ) _r*B g—t+ileC
b*¢B +p x—i—(l—l—@)#zw*N—I— -
aBP B p*Xl'
4 - *B _ LG
CB X : T g—t+ill
bOP + pra + (14 0%) e + 5
% r*B
BP __ (1 +1 ) pEmEN
CL5 =

p+CB +p*Xl' + (1 +Z*) r*B + g—t+ik LG

#ZW*N e

€ (0,1)

€(0,1)
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Structure of net primary deficit:

pp_ b Y T
LT g ikee -t 2T g ilee —t
Structure of marginal utility of consumption:
5E 3
ac = > 0, ac = >0
p* — B¢ S

Elasticity of auxiliary function p,, w.r. to the gross domestic interest rate:

_ 2by 1/2
C 2y F+w(ay +1) (1 +iP) -1

EM

Structure of bank risk premium:

1+ ¢*P 4 oftP (b*Be)

a

RP
Qg

Structure of bank arbitrage premium:

1+ ¢*B 1
ZRP — +¢

L+ 6"+ (14 afF) aft? (bBe)"  (1+as) g — 03"

Structure of consumer price index:
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