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Abstract

In this document we lay out the microeconomic foundations of a dynamic stochastic general equi-
librium model designed to forecast and to advice monetary policy authorities in Colombia. The model
is called Policy Analysis Tool Applied to Colombian Needs (PATACON). In companion documents we
present other aspects of the model and its platform, including the estimation of the parameters that affect

the dynamics and the impulse responses functions.
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1 Introduction

In this document we present a dynamic stochastic general equilibrium model designed to forecast and to
provide advice for monetary policy in Colombia. We call the model Policy Analysis Tool Applied to Colombian
Needs (PATACON). The model is similar to models used in other small open economies. For example, the
Riksbank, the central Bank of Sweden, uses the model by Christiano, Trabandt, and Walentin (2007). The
Bank of Spain uses MEDEA, a DSGE model by Burriel and Rubio-Ramirez (2009). The Bank of Norway
and the Bank of Canada constitute other examples.

PATACON is a New Keynesian model constructed on top of a neo-classical growth model in which
economic agents optimize the use of their resources over time. The source of growth is exogenous and depends
on technological change and the rate of population growth. Following the work of Christiano, Eichenbaum,
and Evans (2005) and Smets and Wouters (2007), this model is augmented to match the date with features
such as sticky nominal wages and prices as well as real rigidities such as habit in consumption, adjustment
costs in investment, variable capital utilization and endogenous capital depreciation.

As it name implies, PATACON is tailored to match particular Colombian economic circumstances. For
instance, Colombia is a net international borrower and consequently, it is influenced by changes in world
capital markets. The model has therefore to allow for external world interest rates and perceptions of
Colombian risk to affect domestic developments. The first effect is captured by a world interest rate, the
second by a sustainable ratio of net foreign assets to GDP that can be altered along with perceptions of risk.
World demand also matters, through export demand. Then, the external factors which have been important
for the Colombian macroeconomic outlook are present in the model.

Although Colombia is not very open to trade!, world prices do matter for GDP and inflation. This
is probably because imports are complementary in domestic production and consumption. That said, the
import price is affected by commercialization within national frontiers. In brief, this calls for a model with
different types of imported inputs - capital, raw materials and consumption products - each of which can
be complementary in intermediate or final consumption with domestically produced inputs. Naturally there
should be a role for domestic margins in affecting the pass-through, as suggested by studies such as Parra
(2010) or Gonzéalez, Rincon, and Rodriguez (2010). Another channel by which world prices matter is through
export prices and so revenues, a recurrent theme of Colombia’s economic history (Mahadeva and Gomez
(2010)).

The evidence reported in Julio (2010), Julio, Zarate, and Hernadndez (2009), Iregui, Melo, and Ramirez

(2009), Misas, Lopez, and Parra (2009) and Hofstetter (2010) suggests that wages and prices in Colombia

mports plus exports are about 45% of the GDP



are very heterogeneous in their degree of stickiness. Some wages in the formal sector and some important
regulated prices continue to be indexed but there are other prices which respond and adjust quickly. To
account for this fact we have built in many different relative prices with different degrees of stickiness and
permitted monopolistic competition in important parts of the production structure.

Equally important in model design are the restrictions imposed by the available data. Reliable data on
the amounts and prices of factor inputs employed by different production sectors are not available, although
there are data on sectoral output and prices. To get around this, our proposal is to model the production
of a composite output in one sector using all labour and capital, and then describe a transformation of
that composite output into its different forms in other sectors where these two factor inputs do not feature.
Similarly different imported inputs are combined with domestic factors and aggregated without the use of
capital and labour. This production structure allows us to avoid depending on problematic data constructions
of sectoral factor demands.

As important as designing the economic structure of a model is also to develop a platform in which the
model rests. The platform is a set of tools that makes possible to use the model. The main reason for this is
the large uncertainty featured in the economic environment, not least for a country such as Colombia, which
cannot be anticipated by experience and feasibly put into the model environment. These uncertainties are to
do with structural shifts in economic structure, or to do with the measurement error contained in the data
that is presented to us. The platform makes it easier to adjust the model to cope with these uncertainties as
they happen.

That platform is designed to work in a central bank. Crucially the theoretical structure of the model acts as
a constraint on this platform, the discipline of economic theory acts against ad hoc solutions to unpredicted
changes. The elements of this platform are contained in other articles published by the Department of

Macroeconomic Modelling in the Banco de la Republica and can be listed as follows:

e Mahadeva and Parra (2008) describe the construction and testing data set that is used to calibrate this

model.

e Bonaldi, Gonzalez, Prada, Rodriguez, and Rojas (2009) describe an efficient algorithm for calibrating

the steady state ratios and relative prices.

e Gonzilez, Mahadeva, Rodriguez, and Rojas (2009) describe how the model can be used taking account

of real world features of the data.

e Bonaldi, Gonzalez, and Rodriguez (2011) and Bonaldi, Gonzalez, and Rodriguez (2010) describe the

estimation of the model and present impulse response analysis.



This paper is organized as follows. Section 2 presents an overview of the model. Section 3 describes the
technological progress, the dynamics for population, employment and model units. The household’s behavior
is described in section 4. In section 5 we present the production structure including intermediate and final
good producers. Section 6 discusses demand for Colombian exports in the world market and the debt elastic
external interest rate. Monetary policy arrangements are shown in section 7. Section 8 describes the model

relation with national accounts and section 9 concludes.

2 The model structure

The model structure is summarized in Figure 2.1 and can be described roughly as follows. Households rent
capital and labor to firms, obtain the benefits they generate, receive remittances from abroad and borrow
from the international markets at an interest rate that depends on the aggregate level of indebtedness.
Regarding expenditure, they purchase imported and domestic goods for both consumption and investment
and cover the debt service. The production sector consists of monopolistically competitive firms that hire
capital, labour and imported raw materials to produce an homogeneous domestic good. This domestic good is
transformed, through a technology, into goods suitable for consumption, investment, exports and distribution.
Finally, these domestic goods need to be distributed and commercialized. This is done by firms that combine
distribution services with consumption, investment and exports goods. These firms operate in monopolistic
competition. Similarly, imported goods are combined with distribution services by firms with some market
power. In general, the distribution allows consumer and investment goods, domestic and imported, to be
purchased by households and exports to be sold abroad.

One difference between PATACON and DSGE models estimated by Christiano, Eichenbaum, and Evans
(2005), Smets and Wouters (2007) and Adolfson, Laséen, Lindé, and Villani (2008), is that the former
explicitly includes the distribution services. Thus, the final price of imported goods is determined by both the
foreign price, and the cost of distribution in the domestic market. Similarly, the final price of exported goods
incorporates the distribution costs. Thus, there is incomplete pass-through of the exchange rate to consumer

prices. Parra (2010) and Gonzélez, Rincon, and Rodriguez (2010) show evidence for this hypothesis?.

3 Technological progress, population, unemployment and model units

Growth in the model is driven by population and trend productivity per worker, per hour worked. The

economy is populated by a continuum of households. The total population of size Ny grows at an exogenous

2The complete set of variables and the set of equations are presented respectively in appendices A and B.



Figure 2.1: PATACON: Model structure
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rate . That is, Ny = (1 4+ 7)) N;—1. Technological progress Ay, is exogenous A; = (1 + g¢) A;—1 where g; is a

stationary process and it is described by

Ing: = pglng—1 + (1 - pg)Ing + ¢/

g is the steady state growth rate of the technological progress, 0 < p, < 1, and €] ~ n (0,09).
To keep things simple, both the rate of labour force participation and the rate of unemployment are also

exogenous in this economy. The number of people working during each period is

Lt:(].—TDt)XTBPtXNt

where T'D; is the unemployment rate from the economically active population and T'BP; is the gross rate of
participation from the total population. Both concepts correspond to series reported by the Department of
National Statistics (DANE)3.

The model is solved for the stationary variables and consequently we express all variables in model units.

Let J;, in uppercase, be the total quantity of a real economic variable, such as the volume of consumption.

3Departamento Administrativo Nacional de Estadistica, Colombia.



The lowercase with a tilde above represents the same variable in per capita terms:

The variable in model units is expressed without the tilde. It is adjusted not just for population but also for

productivity growth, so that it is stationary and therefore constant in the steady state. For convenience, the

variable is also adjusted by the total hours available per person?.

L
= AN

There are some variables in the model such as the holdings of domestic assets by domestic residents, By,
where the upper case denotes nominal values. For those variables, the lower case expression is also in real
terms and so adjusted for the consumer price index, p§f’, as well as population, total hours worked and trend
productivity growth. For example, by = %picp is the real stock of assets per person and b; = j—:z is the real
stock of assets per person and per total hour worked, per unit of technological progress. Wages are also an

exception because the stationary real variable is w; = j—i where w; = ZZ} is the real hourly wage rate.
g t

Finally, external nominal variables such as the external debt, Bf and remittances, TR} are defined in

is the real stock of external debt

. . L 7 B}
real terms using the foreign consumer price index. For example, b} = N
287

per person in foreign currency, and as before, by = % is the real stock of external debt per person, per total
hour worked and per unit of technological progress in foreign currency.

We are restricted to work with certain functional forms for technology and preferences, as those mentioned
by King, Plosser, and Rebelo (1988), which ensures the existence of a balanced growth path. Thus the
intertemporal rate of substitution of consumption should be independent of the scale of consumption. Neither
should the income and substitution effects associated with greater technological progress affect the supply

of labour. The production functions should all feature constant returns to scale, and technological progress

should be Harrod-neutral.

4 Households

There is a continuum of households indexed by j. These households solve three problems simultaneously, the
first is to maximize utility subject to a budget constraint, the second is to choose the consumption bundle

composition, between domestic and imported goods. Finally, since the households offer differentiated labour

424 hours daily, or approximately 2016 hours each quarter



in a monopolistically competitive labour market, they choose the nominal wage.

4.1 Utility maximization

The household j seeks to maximize the discounted sum of its utility subject to a budget constraint. Its
instantaneous utility function describes its preferences over consumption and leisure at any moment in time
u (cf (§), 1 (§)), where ¢f (j) is the average consumption bundle for each member of the household and I; ()
is the average level of leisure spent for each member of the household. We assume that each household
has a fixed allocation of time, so that the average leisure for each member of the household is given by
It (j) = 1 — (1 = TDy) TBP,lhs (j), where lh; (j) is the total hours that each individual spends working
during the quarter and [ is the total number of hours in an average quarter.

The instantaneous utility function is the following,

1+n

" 1—0o h T—0— h
. 7 WA%_U ((1 —TD,;) TBP;h, (J)) ’

w() = — <5f () — habéf_l (1 +gt)) T 149

. . . . . . . . T.F .
o represents the intertemporal elasticity of substitution, hab is the habit consumption parameter, ¢,_; is
last period per capita final consumption and 7 is the inverse of the Frisch’s elasticity. In addition, there are
exogenous shocks to the marginal utility of consumption, z{*, and to the marginal disutility of labour, 2.

These exogenous shocks are assumed to follow autoregressive processes,

Inz' = poulnzt | +(1—p.)lnzt 4 e

Inz' = palnz! |+ (1 —pn)lnz" + efh

where %, Z" are long run means, 0 < p,« < 1,0 < pn < 1, efu ~n (O, azu) and efh ~n (O, azh).

The household owns the production factors, total hours to work h; and physical capital k;. From the use
of these factors of production each household earns a nominal hourly wage rate, W; (j), and a nominal rental
rate of capital, RF. Additionally, households receive nominal profits, Z;, from the firms and remittances, tr}

from abroad. These remittances are exogenous in foreign currency and follow the autoregressive process,
Intr} = pgs Intry_ | + (1 — pgs) In&r" + €

where Zr” is the mean parameter , 0 < pg+ < 1, and €/ ~n (0, atm).
The household buys the consumption bundle at a price p{”, invests in capital stock by buying new

investment goods, z! (5), at a price p¥¥". Since investing is costly, we assume that the household covers the



investment cost. This cost is proportional to changes in the investment rate as in Christiano, Eichenbaum,
and Evans (2005) and it is describe through the following equation:
) 12
X () (7) — 221 (9))

W (2 (7), 2154 () = 5 )

where % is the adjustment cost parameter.

The household also chooses how intensively to work the capital. The rate of capital utilization is repre-
sented by u;. Through this decision the household will affect both the rent of capital and its depreciation
rate. See Christiano, Eichenbaum, and Evans (2005). Additionally, the household has to cover the debt
services in domestic and foreign currency. Net domestic assets, By, earn a nominal interest i;, and net foreign
assets, By, in nominal foreign currency terms, pay an interest rate iy. We denote the nominal exchange rate
as s; and the external consumption bundle price as pf{*.

Finally, the household buys Arrow-Debreu securities a;1 1+ (j) at a real price pf,,, (j). These are state
contingent securities that insure the household against idiosyncratic shocks. As we will see, wages are
allowed to differ across households, however, with these securities, consumption plans of different households
are identical.

Equation 4.1, summarizes the budget constraint faced by household j.

xF Cx * - - %

F P R StPs bi_1 (4) 1+, “ . ) )

¢t (])+p§F$t () +b + o 57 (4 90) <1+7r§* + [ piy1e () aerr (G) dwigr e (5) +
) ) . ki1 (g ) ) .
W (ol )l () = ) s+ () (1= TD) TBRI () + & + e () (41
SpET L sepE L, bi—1 (J) (1 +it1>
try + b + —
pt t st i ) 1+7m)(14g:) \1+75F

where &; represent real profits from all firms, p§” is the price of the consumption bundle and pfig: = (14 m7*)
t—1

is the external consumption bundle inflation in foreign currency that follows the exogenous process
7% = pres M| 4 (1 — pres) N7 4 €7

where 7 is the mean of the foreign inflation, 0 < pres < 1, and efc* ~n (O, o”c*).

A second constraint face by the household is the capital accumulation restriction, defined as:

(1 =6 (ur (4))) ki1 (J)

ke (5) = xf (j) + (1+m) (14 g:)

10



where § (uy (7)) is the endogenous depreciation rate, that is a function of the capital utilization,

§ e (7)) =3 + = ()T

with § being the steady state rate of depreciation, b > 0 a scale parameter and T > 0 a parameter that

affects the dynamics of the capital utilization.

The dynamic problem of the household j, in per capita terms, is®:%
T T DICIRE (1. ), 1= (L= TDy. ) TBP s (7))
Ci s Tty R, Oty ts Ut s=0

_ - ke () = b () (14
st @ (j) (L= TD) TBPhy (j) + rfus (j) ;i(ﬁjum gﬂ;) (H;c;)
t

SPE" (i [ N a i i
+ pdt; (b: )+ trt*) - /p?ﬂ,t (7) @eg1 (J) dwesre ()
t
F Ccx Pk y ) x
. | StPy b1 (]) L+
> F
Z G (])"’_pgpwt (J) + ng 1+7n 1+ 7§

X (@ () - A+ a) i (1) |

B R R Y
B G =2 () + (-6 () B,

where [ is the gross subjective discount rate, and must be small enough such that there is always net discount-
ing of the future. In particular, for given values of 7, § and o, 8 is constrained by (1 +7) (1 +7)' 7 < 1.
Since households are insured against idiosyncratic shocks, and have the same preferences then it must be

the case that all individuals decisions are identical. Consequently, we can aggregate across the individuals

5The household is interested in maximizing utility for each member over an infinite lifetime horizon,
Neu (af (j),1— (1 — TDy) TBPhy (j)) —(1+n)iu (af (j),1— (1 — TDy) TBPhy (j)) .

See Romer (2005) page 48. Remember that No = 1 and that NIZ: =(1+mn).

6The household problem is solved in per-capita terms and the first order conditions are transformed to model units.
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and express the first-order conditions for this problem in model units as:

X = 2t (cf - habéfq)i (4.3)
k toor
ry = ~gbu (4.4)
t )\t t
zF F_F
Pt T D G I
A = A=A —_ 4.5
t ng t £ xf—1 (4.5)
B . ,(/JX ZCF —.’EF +\IJX ZCF ,QTF
+BE; (1 + n) (1 +gt+1)1 t4+1 ( ( il : ?’EF ( B8 LA )
t
X = BE (14 gi41) " ANpartitess + BB (1+ gop1) ™7 Ay (1= 6 (ugy1)) (4.6)
. 1+
A = E; (1 ¢ _— 4.7
P = AR N () (@7)
AC = —0 yc % 1+ dt-‘rl
i = BE(1+gi41) " Mpq (1+147) T moF (4.8)
+ i
where 1 + d; = =%~ denotes the nominal devaluation rate.

St—1

Similarly, by aggregating across all households budget constraints we obtain the aggregate resource con-

straint:8

F Ccx * %
r, P F 51§ b1 I+, X (. F _F
c; + X + +\II Ty, Ty = 49
oo pif (L7 (1+ 1) (wa* SRy “9)
k utkt*l F Stpf* * Stpg* *
ph_ WML (1= TD)TBPAE + ¢ + 2P gpr 4 5Py
(147m) (1+g:) 3 ) TBEhY +& pet ot ot

Note that, equation (4.4) describes the trade-off in adjusting the degree of capacity utilization; equations
(4.5) and (4.6) describe the investment and capital stock decisions respectively, which are often used as
the basis for partial equilibrium estimations of investment; equations (4.3) and (4.7) together produce the
standard Euler equation for intertemporal consumption. Finally combining equations (4.7) and (4.8) we

obtain the uncovered interest rate parity.

4.2 Domestic and imported consumption choice

In a separate hypothetical second stage, the households choose consumption of domestically produced goods

and imported goods by minimizing cost. The aggregate consumption bundle includes domestically produced

"We also assume the standard transversality conditions

lim (5(1+7)' 35 fi =0 lim (8 (1+m))" Ahe = 0

t— oo
lim o0 (8 (1 +7))" A2k = 0

where S\f is the Lagrange multiplier associated with the budget constraint and S\f is the Lagrange multiplier associated with the
capital accumulation constraint. They are then the shadow prices of consumption and capital respectively in terms of utility.
8Where we use the relations J I pE s () atsr () dwitre () dj = [a () dj, [be () dj = 0 and [we (§) he () dj = wihf

12



goods, ciF (4), and imported goods adapted for local consumption, ¢/ (5). These are aggregated in utility

as: '
Foo de [ dF (o) S e (omF oy S |
¢ () =)= (" (7)) = + (1= (" (5)) (4.10)
where w°® is elasticity of substitution between domestic consumption and imported consumption. ¢ controls
the participation of domestic consumption on total consumption.
The minimization problem is:
CdFégF (

min Dy

J)+pite
{&7 (), &P ()} Lo

N (PEENTT ‘
¢ () = (ng) £ (7) (4.11)
and .
mE oy gy (PP
o () = (1 w(ng) £ () (4.12)

where p¢ef is the price of domestically produced consumption and p/*f is the price of imported goods.

By substituting equations (4.11) and (4.12) into the definition of total cost of consumption we obtain the

expression for the aggregate consumption deflator:

c c %
pef = [7c (pde)l—w (1=~ (plnp)l—w } e

and, by an algebraic manipulation of the later equation, also an expression for the consumer price inflation

e L (B )™ e (5 )]
enif) = o (G, @rmi)) -+ 0= (G ()

t—1

4.3 'Wage setting problem

The households offer differentiated labour in a monopolistically competitive labour market. But wages are
rigid in nominal terms; it is assumed that each household must wait for a stochastic signal before adjusting

the nominal wage rate.

13



Representative labour aggregator

As in Erceg, Henderson, and Levin (2000), workers are hired by an intermediary firm which operates under
perfect competition. This firm combines the work effort of individual workers and supply a joint labour input.
The problem of the intermediary firm is to minimize its costs given technological restrictions. The problem
is described as:
1 ~
i [ G ()4

w _0w
oW—1 w1

1
st ﬁfg/ [ﬁt () 7"
0

where 6" represents the elasticity of substitution among differentiated labour from households.

The first order conditions for this problem are the demand for labour of the household j

and the wage index

Wy = [/01 ay ()0 dj] o . (4.13)

Household’s decisions over nominal wages

As in xxx, nominal wages are sticky. Given the demand for their differentiated labour, a household adjust
wages according to a rule, but it is only free to optimally set a salary when it receives a random signal which
arrives every quarter with probability 1 —&". This probability is independent of its own history and of other
shocks in the model. Thus the probability that the wage is set by a rule for the next i quarters is (5“’)i. This
rule implies that nominal wages increase in line with previous period’s inflation and the rate of increase of
productivity:

afe ) = aa () (1 00 (THI5E).

1+7T§F

If, on the other hand, the household j receives the signal to adjust its wage at period ¢, it will face the

14



following problem:

wrpz(a% Et Z (ng (1 + ﬁ))z u (5f+i,z— (1 — TDt-‘ri) TBPt-‘riBt—H (]))
¢ i=0

= . Wi (4) - iF
st i ()= —— hii

W44
_ o (g TR )
Wiy (§) = Wy (5) ( 1 F e
k=1 T vk

and subject to the budget constraint (4.1).

It follows that the optimal salary of household j, if renegotiated at time ¢, will have to obey:

) 0% numi (j)
) = L 4.14
wi () 0w —1 deny’ (j) (4.14)
where we define the terms num}’ (j) and den}’ (j) as:
numi? (5) = By (8= () ][0+ gi0)' 7]
1=0 k=1
-0 w\ 17
opt ( cF N —f
h 1+ wy™ (4) L+
2y (1 =TD¢y;) TBP.y;) n hf_H ( ZUt-&-i ) <1+7Ttifl (4.15)
den (5) = By (B (+m) T [+ g00)' 7]
i=0 k=1
W)\ 1\
A yi (1 =TDy ) TBPiy; | hi; | — — : 4.16
il t+i) e e < Witi ) <1 + wek, (4.16)

Notice that all households able to choose optimally their wage, will choose the same wage because the
market for assets allows them to eliminate the idiosyncratic risk associated with not being able to adjust
optimally in the future. We can therefore omit the subscript j from equations (4.15) and (4.16). Additionally,

it can be shown that aggregated effective real wage follows:

1+ 7\ 1-6" =
w, = [gw (wtl (t—l)) (1= ) (w)' ] (4.17)

1+ mgF

Aggregation of the labour supply for the households implies:
1 1/~ (Y 0%
[ia= [ () @i
0 0 Wy
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5 _ F
hy = awyh;

where aw; = fol (w0 (4) /wt)‘ew dj is the wage distortion that appears from the fact that there are two
fractions of households adjusting at different wages?, h¥ is the aggregate supply of labor and hf is the

aggregate demand from the representative labour aggregator.

5 Firms

This section contains a detailed description of the production process in the model. The process starts with
the production of a raw domestic good that is combined with imported goods and later commercialized.

The production structure of our model differs from the production structure found in other DSGE models.
There are several reasons why we build a more complex production sector. First, we found that distribution
of goods is an important component of the total cost of the final good (see Parra (2010)). Second, final goods
are produced using both imported goods and domestically produced goods. Similarly, imported goods have
to be distributed and the distribution costs are not negligible.

The complete production process comprises eight stages. First, a set of firms produce a domestic generic
good (gross output). These firms combine domestic factors, such as labor and capital, with imported raw
materials. At a second stage, output of the intermediate domestic producers is bought by imaginary ware-
housing firms as inputs of production of a homogeneous good. In the third stage, the homogeneous good is
transformed into four different intermediate goods: domestic consumption goods, domestic investment goods,
export goods, and distribution services. We call firms involved in this stage transforming firms. They are
imaginary firms because they do not produce any value added. However, having this transforming stage in
the model allow us to create a set of relative prices that are useful in the calibration process. In the fourth
stage of the production process, we generate distinct distribution services. That is, there are a number of
firms buying distribution services from the transforming firms to produce differentiated distribution services
at no cost. In the fifth stage a final producer of either domestic consumption good, domestic investment good
or exports, combines the differentiated distribution services with intermediate goods from the transforming
firm.

The last three stages in the production process are carried out by the following firms. First, there are

importers of consumption and investment goods. These importers combine raw imports with the distribution

9This expression can be expressed in a recursive way:

_qw _ow
L) @ i
aws =¥ ((1+gt)(tl)wt 1) awi—1 + (1 —ev) < L

(1 +neF) e Wy
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sector output to produce an imported good that is useful for domestic consumption or investment. The
second type of firms are the importers of raw materials who sell their product to producers of the domestic
output. Finally, we have the producers of investment goods, they combine the final domestic investment

good with the imported investment good and produce an aggregate investment good.

5.1 Gross output producers

There is a continuum of firms indexed by z € (0,1). Each produces a differentiated product z given a

production function. In model units, the technological restriction is:

—1

@ (z) = 2 [ozrla (vay (z))pT + (1 - a)% (rmf (z))p"l} o (5.1)

vay (2) = [aé}v (ks (Z))m;[l +(1— av)i (1 =TD;) TBP;h; (z))pz;l} o

where k7 (2) is the demand for capital from firm z, h; (2) is the demand for labour in hours, rm/ (z) is the

demand for imported raw materials and 2} is an aggregate temporary technology shock that follows
Izl =poalnzl | 4 (1 —p.a)lnz? 4 €

z? is the mean of the exogenous process , 0 < p,« < 1, and efq ~n (0, O'Zq).

Notice that the production function in Equation (5.1) implies different degrees of substitutability between
value added and raw materials, and between capital and labor. This feature allows us to control the degree
of substitutability between domestic and imported factors, see Bruno and Sachs (1985, p. 64).

The elasticities of substitution between vay (z) and rmf" (z) and between kf (z) and hy (z) are (p)~ " and
(po)~" . The participation of k§ (2) in the value added is controlled by o, and the participation of vas (z) in
the production is controlled by «.

These firms find themselves in a state of monopolistic competition and each period have a constant
probability of adjusting their price. They sell the total production Q¢ (z) to an intermediary at a price
ng (z). They must solve two problems: first they decide on their demand for factors of production and then

they choose its output price upon receiving a stochastic signal that allows them to change the price.
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Cost minimization problem

Intermediate firms solve the following minimization problem!?:

min o poh (2)+ B s (2) + LAY (2)
—t L.h, o P
K (2),ht(2), RMy(2) pIF (2) P ) pH () !
C 1 p—1 1 F p=1] p—1
s.t QF (2) <2l |av (VA (2) 7 +(1—a)? (RM/ (2)) * (5.2)

Py
py=1 py =1

A= [“ (K3 ()57 + (1= au)7 (ALihy (2)5 }

to determine their demand for factors. In Equation (5.2), W; is the nominal wage, RX is the nominal rent of
rmF

capital and pj} is the domestic price of the raw materials used for the production. The first-order conditions

for the problem above are:

o= 0 (SO (o ) =

1

o= e (St ”)(O‘k(g’> (5.4

P\ () (qu@); (5.5)

pi" zirmi (2)

k
wy is the real wage, rf = :i} is the real rent of capital and A (z) is the real marginal cost. In model units

c
t

and measured at the consumption price index A/ (z2) is defined as:

e = o [0‘ (oo 65" 1 —e =] ™) (p::nFpr] d

Note that A{ (z) is the same for every firm z, because all firms face the same marginal cost and therefore will

set the same market prices.

10Note that the minimization problem is solved in levels and the first order conditions are presented in model units.
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Profit maximization problem

The problem of setting prices is motivated by assuming that each period, firms face a constant probability
(1 — &7) of receiving a signal which tells them that they can adjust their price optimally. This probability is
independent of the firm and also time. This set up is as in Calvo (1983). The other €7 firms set their price

according with the following backward looking indexation rule:

aq

p:ule (Z) _ pgfl (Z) (1 4 ﬂ_gf'l>b (1 —|—f)1_/4q (56)

where 7 is the central bank’s inflation target, 1 > ¢ > 0 is the weight assigned to past inflation as opposed
to this target.

The problem of the representative firm z is to choose a price pi (z) so that its expected stream of profits
will be highest, given the constraint that it will only be allowed to change its price optimally on receipt of a

random signal. The problem of the adjusting firm is to maximize

e F
i jos z(z) - X ~
E, Z (€9)" Ay <t+CF ) qgﬂ' (2) — >\1(51+i (2) qgﬂ' (2)
i=0 t+i

subject to the demand curve for its product

and the price-setting rule

pii (=) =pt" ] { (1 + W?fm)bq } (1 +7) "

i c

I1 {(1 + gt+k)_0:| )\;\:g is the discount factor.
k=1

The first order condition for the optimal price, p?®” (z), is:

where Ay = (8 (L +7))’ *T+ — (B(1+n))

il o
t+i F
XZJA(Z) ( F7 ) Qiyq

o0 . A pq
Etz (e9)" Aty ;JI ; - L: v 77
o o (it hen ) 8
7= T Z
X A A ) wE
Etz (Eq) AtJrz',t ;1-:7 % A 99 —1
i=0 <11:[1{(1+7r§f1+l)" }(1+f)i<1—ﬂ>>
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qopt

Since all firms are identical and A (z) = A then pf°?* (z) = pI°"*

. That is, all adjusting firms choose the

. . .. . . +
same price. Given Calvo’s pricing arrangement at each moment, 1 — ¢? firms will choose the price pf°"" and

the remaining €9 firms will adjust following the rule. Consequently the output price aggregator is given by

q 1—-097] 1-09
1—-61 L i(1—9
i = [(1 —e?) (pi') T +et {pfi (1+75) a+m@ )} ] (5.9)

and from Equation (5.9), it is easy to obtain an expression for the producer’s inflation, which is :

1
1_pga] =07

1—09
gopt 1—69 I o
<1+7r;1F) S ep— <pth> (1+7r;1F) + et {(waﬂ) (1+7) )] (5.10)

2

Profits and aggregation

Profits to each firm are:

(= (L8 -xe) e,

F
j 23

Integrating across firms we obtain the aggregate profits,

p—1

g = LI st ol a)F 4= ) (mf)
Following, Yun (1996) we have the output equilibrium condition
g = aplal

—99
where ap! = [ (pg (2) /ng) dz is the price distortion that appears from the fact that there are two

fractions of firms adjusting at different prices'!, ¢f" is the aggregate demand for the raw good, that must

satisfy:
cdC xdC disC
qf _ ptq Cgc+Ptq $gc+ptq d.tc_’_ tq tc
P y2 Dby t

11 This expression can be expressed in a recursive way:

—6
<1+7qu1>7p (1+m)w opt\ 07
apf = 1 - apl_y + (1 — <) (”%)
(1+7") ‘
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and ¢ is the total supply from all z goods, defined as'?:

1 p=1 1 p=1]p-T
€= [ @t = st 0a)T + - (mf) 7]
where
Pu
L L pu—1 1 pu—17] pv—1
vay = [aé’“ (k7)) » + (1 —ay)e ((l—TDt)TBPthf) Py } ,
with
htF = /h't (Z) dZ,
and

ko= /kf (2)dz = uko—1/ (1 +7) (1 + g.)).

5.2 Warehousing firm

In order to obtain the demand for the intermediate raw domestic product we assumed a warehousing firm
that aggregates the intermediate output to produce an homogeneous good and, for simplicity we also assume

that they do not use any other input. Their transformation happens according to the following function:

The elasticity of substitution among the z firms is given by #?. The problem of warehousing firms is then to

minimize cost subject to this constraint, that is:

1
min | @ s
[0,1] 0

q€ (2), z€

s.t

049

1 c 091 99—1
{ / (@€ ()  dz| zqf
0

12To obtain this expression we use the fact that we are in a symmetric equilibrium, and that the ratios

'rmf (z)

qt(z)

Ei(z) hi(z) wi(2)
vi(z) ve(z)? qi(2)

and are the same for all firms.
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The optimality condition is the demand function

_g9
o€ (2) = (f)}?) o

This demand was used in the minimization problem of the transforming firms (see Equation (5.7)). The

aggregate producer price is given by

5.3 Transforming firms

At a next stage, the generic raw base product is taken from the warehouse and transformed into four different
types of intermediate goods: domestic consumption goods, C’tdc, domestic investment goods, Xfc, exports,
E€, and distribution services, DISF. An example of domestically produced consumption would be services.
Construction is an example of a domestically produced investment good. In Colombia, oil, coal, nickel,
coffee and industrial products are good examples of domestically produced exports. And for a domestically
produced distribution services would simply be transport and commerce.

These transforming firms take one input, and produce four types of output using the following technology

1
QF = [ VL v (50)] (5.11)

nt

1

NT, = [ug}m*l (COY= yem =L (XAC) ™ 4 yone=t (DISE )“’”’] ot
which represents the minimum quantity of real resources (in terms of the final good of the economy) that
are needed to produce these many outputs as in Edwards and Végh (1997) model of banking production. In
Equation (5.11), w, governs the elasticity of substitution between domestic uses of output and exports, and
wnt governs the elasticity of substitution among domestic uses of output. The parameters vy, Ve, Ve, Ve, Vdis
define the shares.

The functional form in Equation (5.11) assumes that substitution between export production and any
other domestic use of output is no necessarily the same. In Colombia nearly half export production is in five
commodities, and these are often called traditional exports. These goods (oil, minerals and coffee) cannot
easily be transformed for domestic use. That is the why we would want to allow for a different elasticity to

capture the special rigidity in transforming between domestic production and traditional exports.
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The maximization problem of this firm is'®:

] F
{cge nglagjsc EF} pgdccﬁc+p§dCXgC+ngSCDIStC+ptecEtC_pg Qf
t o t o ¢
1
QF = [va ™ (NTy)* 4wt (BE) ™| ™
1

T (XO) w (DISE) ]

Wnt

NT, = [yt ()

and the first order conditions are given by

—1 n -1
pgdC _ (Vntntt)wq (Vccgc)w ' (5 12)
pi" af nity
-1 nt—1
ptde _ (Vntntt)wq (V:ngc)w ' (5 13)
pi” a nty
pglisC B <Vntntt>wq1 <Vdisdistc)wnt1 (5 14)
pi" 4 nty '
C C\ Wa—1
Pi we—1 <€t )
= Ve = (5.15)
pi" N

equation (5.12) to (5.15) are supply functions.

5.4 Distribution of manufactured goods

In every economy, there is a sector which takes finished manufactured goods and brings them to the consumer.
This sector combines retailing, marketing and transport. The role of this sector is becoming ever important
as goods acquire the essential characteristic of services, which is to be designed for each consumer. The
economics of this sector has a very important effect on final consumer prices, which is often referred to as
distributor’s margins. For example, they play a role in shaping the pass-through of exchange rate changes
into the economy (see Campa and Goldberg (2008)). In this section we describe how the output of that
sector is produced, and then used to transform the raw outputs of other sectors so that they are ready for

final or intermediate uses.

5.4.1 Distributing firms

There is a continuum of distributing firms indexed by z who take the product from the transforming firm

and shape it into an intermediate input that can be used to take other goods to their respective markets.

They buy this good at a price pf**C and sell it at a price p#’® (z) . Their final output is DIS; (z).

13Note that the maximization problem is solved in levels and the first order conditions are presented in model units.
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Profit maximization problem

These firms operate under monopolistic competition. Each firm z, as a producer of the differentiated inter-

mediate good faces an downward sloping demand curve of the form

_gdis

dis
disy (2) = (ptm(F)) dis{

Y

gdis

1
dzs 1_9dis 1—gdis

where dis]” = fol (dist (2)) 0% dz] e is the final output of distribution, pf*sf = fo (pfs (2))
is the aggregate price of distribution services and 8% is the elasticity of substitution among the z firms.

In addition, we assume that nominal prices are determined as in the previous sections, with a probability
(1 — Edis) firms receive a stochastic signal that tells them whether they can set their price optimally. If not

the firm follows a rule of the form

dis

Pl () = s () (L ) () (516)

as before 14 is the weight assigned to past inflation as opposed to the central bank target and 7% is the
inflation of the final output of distribution.

The problem of the z** firm is to choose the output price p* (z) to maximize the discounted sum of
profits subject to its demand curve and to the price rule that has to follow if the firm is not allow to reset

its price. The optimum price on receiving the signal obeys

pdis

Piific piisF disF
) N disF 1St 4i
dis\? A PiLi (Pt >
Brys (7)) Apyia 5 - Ers — — i
et Jome )
O — (5.17)
disF o Gdis — 1 disF disF \ 0915 -1 :
v - B (N
. i p¢ P p/is “t+i
By (e%9) Ay 25 | — B — i
— v Ldis (1, dis
i=0 (H {(1+ﬂdleil) }(H_ﬂ)l(l d ))
=1
dis

From the price aggregation and the fact that a fraction *** of firms follow an indexation rule and a
fraction (1 — Edis) firms adjust the price optimally, we arrive at the following equation for the inflation of

the distribution sector final output:

_gdis

1 disF\ __ 1— dis pfiSOPt 1 disF
o) = |- (B ) )

1—gdis . J dis

+€dzs (1+ dst) (1_'_%)171,
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Profits and aggregation

The profits of each firm are:

) dis Py ) disC )
f” (2) = (W) disy (2) — pth dis; (2)
Py by

and after aggregating across all firms, the aggregate profit for the distribution sector is

disF j;  F disC
dis _ Pyl disy by disC
= — 184 .
t cF cF t
Py by

The market equilibrium condition for the distribution sector is:
dis® = apl*dist’ (5.19)

. . . __pdis
where ap = [ (p*s (2) /pfist) %" dz is the price distortion, dis{ = [ dis; (z) dz is the total supply from

the z firms and dis!" is the aggregate demand for distribution services, that must satisfy:
dist = dis¢ 4 dis?? + dis¢ + dis}"

where dis¢?, dis??, dis§, dis are the distribution output for final domestic consumption, final domestic

investment, final exports and final imports.

5.4.2 Final good producers

In this section we describe how the distribution sector transforms the domestically produced items into goods
ready for final use. In what follows, J; is a dummy variable which could refer to domestic consumption, C¢,
domestic investment, X{ or exports, F;. The superscript j represents cd, zd or e.

There is a continuum of firms, indexed by z, which produce J; (z) in monopolistic competition. They
buy the raw good JC (z) from the transformation sector at a price p{ C, and combine it with the distribution

sector’s output to transform this good into a good ready for final use according to the production function

K@) = |07 (€ @) T+ (=997 (D18t () 7 ] B

here w’ represents the elasticity of substitution between distribution services output and other domestically

produce good. 7 is a participation coefficient.
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These firms are in monopolistic competition and each period can be allowed to change their prices with
a constant probability. They need to chose the demand for factors, and also the optimal price in the event

that they are allowed to change.
Cost minimization problem

Given the output, the demand for factors are the first order conditions of the cost minimization problem:

JjC disF )
B je+ P _Dprsj

i (2)

min 5
JE(2).DIS{(z) Pl (2)

wd

67 (UF ()T (1) (D18} () 7 ] N

s.t Ji (z) <

The first order conditions are:

= z —
" ! jf
1
disF ) 1— 7\ 5 wJ
Df dis]

where M (z) is the marginal cost associated with producing the good j; (z). The marginal cost is a weighted

average of the relative prices of inputs as shown in the following equation:

C 1—wj is 1—w
A =)\ = [+7 P A pg *r
1 (2) =X = |7 oF +(1 7) oF

Dy by

i) 1—wi

Profit maximization problem

We assume that each firm z faces a downward sloping demand curve of the form

97
0J

i -
: P (2) .
Ji(2) = ‘ JF ]tF
Dt
F . s . . . s ol 1,. ejfl 67 -1
where 67 represents the elasticity of substitution among the z varieties, ji" = | [; (j: (2)) ¥ dz and

o= )]

As in the rest of the paper, we assume a price setting structure as in Calvo (1983). With probability

(1 — &l ) firms receive a stochastic signal which lets them know if they can choose the price in an optimal
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way. If not, prices follow a rule of the form

! . e J 1=
P ) =l () (1 dR)

(5.20)

As before, 7 represents the indexation to past inflation for each firm that produces the j; (z) good, and ﬂ'g F

represents the final inflation of good j;.

The firm z has the problem of choosing p{ (z) to maximize his discounted future stream of profits given

a demand function for variety z and Equation (5.20). The solution to this problem implies that

JF N 97
. Ag+z<pt‘7?> ]t+7
Etz ( )lAH—i,t A;‘T ; - ;
e e ({0t Jrsmr=)”
i _ =
oy = —
pi 67 -1 i (%ﬂ) §E
oo t+i
Etz ( ) At+zt Asts P pt+l 07 —1
=0 (l—[{ 1+7Tt 1+l J (147) (1 u))
=1

As in previous sections, the inflation rate for each j; is defined through the following equation:

1-67 ) )
§F j P i\ P\ 1
(1—|—7rt ): (1-9) (Pp <1+7rt ) te (1+7TH) (1+7)
2

Profits of each firm z are given by

_ 0 (2) i (2)

i(z)= G — A (2)
by
and the aggregate profit of sector j; is
. CF
& = pZth )‘th :

The market equilibrium condition for the j; good is:

3" = apji

(5.21)

(5.22)

where ap'z =/ (pi (2) /p'ZF) dz is the price distortion, & = [ ji (2)dz is the total supply from all z

firms in each j; sector and j{ is the total demand for each j; sector output . Equation (4.11) is the demand

for final domestic consumption ¢, Equation (5.36) is the demand for final domestic investment x¢

Equation (6.1) is the demand for final exports.

27

Fand



5.4.3 Importers of consumption and investment goods

Imports are transformed and made ready for final and intermediate consumption by a continuum of interme-
diary firms. There is a sector that buys raw imports on the world market, combines it with the distribution
output to produce an imported good that is fit for local use. We assume that these firms operate in monop-
olistic competition and consequently they solve two problems: A cost minimization problem to obtain the
demand for inputs and a profit maximization problem to choose its optimal prices, the probability of setting

prices is as in Calvo (1983).

Cost minimization problem

The z* firm produces imports M; (z) using the raw import M} (z) and the distribution sector’s output

DISP™ (z). The technology for producing M, (z) is

m_1

M, (2) = |[(¥™)=™ (DIS] (2)) "™ + (1— ™)™ (M (2)) =

m

where w™ represents the elasticity of substitution and "™ defines the share of raw imports.

The intermediate firms determine their demand for inputs by solving the following problem:

piisF pyc
min DIST () + M} (z
prspomp  ppt T (=) ppt =)

m

st Mi(z) < [(vm)ﬁ (DIS™ (2)) 5™ + (1 —4™)a™ (M} (Z))w:‘gl] T

The optimality conditions are:

disF L my (2) \ &
B = M (el (5.23)
and
mC 1 my (z ﬁ
Z%F = A (z) (1 =7")" (mfiz))> (5.24)

where A" (z) is the real marginal cost. As before AJ* (z) = A} for all firms.
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Profit maximization problem

In keeping with the literature on new open economy models, we assume that there is a degree of stickiness
in local currency pricing. As ever, the stickiness is model of as in Calvo (1983). With probability (1 — &™)

each firm receives a stochastic signal that it can choose its optimal price. If not it should follow the rule

m

PP (2) = pit (2) (L) (L+m) (5.25)

with (™ defining the degree of indexation and 7/ the imports final inflation.
m

As before the 2! firm’s problem when it receives the signal is to choose pi™ () to maximize its discounted

profit stream:

= m\? pﬁz (Z) pﬁ}; ~ im ~
max  Ej Z (e™) Apyi T i (2) — AL (2)
Py (2) P Diyi Diti

m —-om
subject to the demand function, my (z) = (p;,,—l(pz)) mf" and the price rule in Equation (5.25). In this

m

oM —1 e —1 . .
case m{ = [fol (my (2)) 7 dz} " is the aggregate amount of imports adapted for domestic use, pi*f" =

1 __
-0

[ fol (pi™ (z))lfem dz} is the aggregate price of imported goods and 6™ is the elasticity of substitution
among z varieties.

The optimal price is determined by:

S i A )‘mrz(z)<:ﬁ+g>emmf+z
By (€M) Avyip 5 | - -
e O D ({0 )" famie)
pZnF - om o 1 P{[’ﬁj Pﬁlj om _1 R (526)
S i Apyi pel; (p;”F> Myt
By (™) Avyig A, ; . - SR
=0 (H{(H“Zﬂfiﬂ)h }(1+f)i(lﬂm)>
1=1

using the aggregate price for imported goods and the fact that a fraction 1 — €™ of firms choose the price

optimally, the aggregate price in the sector is

mF (1 o &_m) (pmopt

; e () (1w

)

1
)170771 L 19m:| 1—6™m
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and the inflation for the final imported good is

;m
pmopt 1-6™ 1—om o 1,m 1—-6™ e
(L+mF)y = 1-e™) | p (1+ mF) +em [(1 +a ) A+m) (5.27)

Pt

Note that the inflation rate in this sector depends directly on the exchange rate through the price of the
imported goods. In fact, using the purchasing power parity condition, pi”c = s;p;"*, where pj** is the external

price of imports, we have that imported inflation is
(14 7"C) = (L+dy) (1 + 7™*) (5.28)

where 7" is the inflation rate of imports in foreign currency that follows the exogenous process

mx

h’l’f(’;n* = Pgrmx 1H7Ttni*1 -+ (]. — pﬂ—m*) h’lﬁm* + 6?

*

where 7* is the mean of the foreign inflation, 0 < p;m« < 1, and efm* ~n (0, cr“m*).

Profits and aggregation

The profits of the 2! firm are given by & (z) = % — A*my (2), and the total profits of the sector
t

are

pi" F c

&= oF T — Amy
Dy

As before, the market equilibrium is

m¢ = apmmf (5.29)

where, api™ = [ (p}" (z) /p{"F) ~%" dz, is the price distortion, m{ = [my (2) dz is the total supply of imports

and m[" is the total demand for imports, this demand satisfy
e e = mf (5.30)

5.5 Raw materials importers

There is a continuum of firms indexed by z, these firms operate under monopolistic competition. These firms
import raw materials and sell them to domestic producers. They buy a quantity, RM/, of raw materials at

the port price, p;™¢, and transform them into a differentiated raw material, RM; (z), without cost. These
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firms face a negative slope demand curve for its product

—_grm
pi" (Z)> F

rmy (z) = ( P rmy
t

rm
rm_q
Tt

where "™ is the elasticity of substitution among firms, rm{” = [ fol (rmg (z))ei dz] 7 s the imported
good adapted for aggregate use and p;™f = [ fol (pi™ (z))lferm dz} = is the aggregate price of raw
materials adapted for production. In this case the raw materials price, p;™¥ already includes the distribution
cost, that is, the distribution of raw materials is not explicitly model'4.

As for the importers of goods for consumption and investment, these firms receive a signal that allows

them to adjust optimally their prices, otherwise prices are set by a rule

™m rm

p:mrule (Z) — p:ﬁﬁ (Z) (1 + WITlF)L (1 =+ f)l_L (531)

where /"™ represents the indexation to past inflation and 7/™¥ the raw materials inflation. When the signal
is received, the z'" firm’s problem is to choose the price p;"*"" (z) to maximize the discounted stream of real
profits subject to the demand for its product and subject to the price rule (Equation (5.31)). In this case

the first order condition for the optimal price is given by

pipC (p:r-F ) T F
o0 , P (BEE) T el
E rmyt A, Aty piys \ppmt i
t E (5 ) t+i,t T4, B . g
rmopt grm =0 (1‘[ {(1+7r;1'ﬂl) }(1+f)’“” )>
Py (Z) _ =1 (5 32)
rm k! ] rmF o ormF\ 67 —1 : .
Dt oo Piti <pt+i ) rmPF
E rm iA At pifs \ g™ e
t Z (5 ) t+1,t A A . ] T
(i ()™ peem™)
=1

The aggregate raw materials inflation is defined as

meopt 1-67™ 1_grm Jrm o
(L+mmF) = |(1-e™) (;TmF> (mmt) 7 e [ mmt) T
t

(5.33)

Note that the raw materials inflation rate depends on the nominal exchange rate through the price of

imported raw materials. This comes from the fact that we assume that purchasing power parity holds, that

* *

is, p’t”mc = s:p;""*, where p;™* is the external price of raw materials. Therefore, the inflation rate of raw

14We decided not to model the distribution of imported raw materials because there is no statistical information about this
in the Colombian national accounts.
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materials at the port is

(1479 = (1 +dy) (1 +m™) (5.34)
Mm%

where ;" is the raw material inflation in foreign currency, which we assume exogenous.

mx

_ r
In 7™ = prrme I "F + (1 = prrms ) InT ™ + €

p— . Tmx Tmx
where 7* is the mean of the exogenous process , 0 < prrms+ < 1, and €] ~ (O, o™ )

Profits and aggregation

The profit of each raw materials importer is:

) = (P ) e (2) - pﬁ:f rime (2)

piF t
and integrating over firms we have the aggregate profit for the raw materials importers sector

rmF F rmC

rm
rmo Py t by ,rmC.
t cF cF t
by Py
The market equilibrium is
c rm F
rmy = ap; Tm;

Lo L -
where, as before, the price distortion is ap;™ = [ (p{™ (2) /p;™F") dz. The total demand for raw mate-

rials, 7m{", comes from the aggregation of the raw good producer (equation (5.1))

and the total supply of raw materials, rm$ = f rmy (z) dz, comes from the aggregation over the raw materials

importers.

5.6 Investment producers

As we have seen investment goods can be produced abroad and domestically. Both are important in explaining

Colombian growth and fluctuations. An example of the former would be machinery equipment, an example of

gt

is equal for all firms.
Tmg

15In the aggregation across all the raw good producers it must be that
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the latter would be infrastructure. These two types of capital are aggregated to produce combined investment.
This then enables us to work with an aggregate capital stock in production. The technology for combining

the two types of capital is well described by:

- w0
w®—1 w?—1] w1

2 == (") (@) T+ 1= (@) (5.35)

where z{" is final investment, %" is the input of domestically produced investment, z*f" is the input of
imported and distributed investment, w” is the elasticity of substitution between domestically and imported
investment, v* define the share of domestic investment into total investment and 2 is an investment efficiency
shock

Inzf =poelnz® | 4+ (1—pe)lnz® + €

where Z” is the mean of the exogenous process , 0 < p,= < 1, and efm ~n (0, UZI).
The firms which carry out this aggregation operate under perfect competition. Hence they solve the

following problem to find the final demand for z¢* and z*F".

max (" X{ = ppt X — Pt X

dF mF
{z,, » T }

s b s @) 0 F )

The expressions for these demands are:

zdF \ ~w R
dF » Py Lt
o= (v )< P ) — (5.36)
' B 2
mE \ ~w' F
mF T Py Ty
x = (1-v < ) — 5.37
Ps 0 (B) (537)

Combining Equations (5.36), (5.37) and (5.35), we obtain an expression for the price of the final investment

good
1 —w® —w® ﬁ
i’ = = |6 @) T+ (=) ) T (5.38)
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6 Foreign variables

It is assumed that exports Ef" are demanded according to following function

P pg* —K
o= () (61)
Dy

where ¢} is the external demand, that follows the autoregressive process

Inc¢f =peInc_ |+ (1= pe)Inc + €

where ¢* is the mean of the exogenous process , 0 < pe« < 1, and ef* ~n (07 UC*).
p¢* is the foreign currency price of Colombian exports and is determined in the world market, that is,

it = s;p¢*, and consequently, exports inflation rate is define as

(1+7") = (1 +dy) (1 +75%). (6.2)

The ratio —% is the slope of the demand for Colombian exports.
Following Schmitt-Grohe and Uribe (2003) we impose a further condition to ensure that external debt
converges to a predetermined ration with GDP. Let us assume that the external sector offers resources at

a rate 47 which depends on the deviation of debt from this target ratio. In that case, we define the rate of

. Cx px e
i =1 2" exp (Qu <St‘?t + _ b*)> (6.3)

PEr e

interest as:

512" b s the external debt to GDP ratio in the

-% . . . . . .
where 7 is the nominal risk free international interest rate, P
cF oy,

same currency, b* is its target value and €2, > 0 is a parameter that affects the model’s dynamics, zi* is a
risk premium shock which follows an exogenous process

Inz* = piIn2/* | 4+ (1 — poin ) InZ0* + etzi .

Zi* is the mean of the exogenous process , 0 < p.:» < 1, and efu ~n (O7 O'ZH).
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7 Monetary policy

Monetary policy in the model follows the simple rule
. . = cF — Yt 7
iy = psig—1 + (1 — ps) (z + on (7rt — 7r)) + @y <yflez — 1) + 2 (7.1)
i

where p, is the smoothing coefficient, i is the steady state value for the nominal interest rate, ¢, determines

the response to deviations in the inflation from its target, yf % is the level of output if prices were flexible,

and ¢, is the response to deviations of GDP from its flexible prices value. Deviations from the observed

nominal interest rate and the nominal interest rate dictated for this rule are define by an exogenous process
i

2.

Inzi =p.ilnzl |+ (1 —p.)InZl + efi

where Z! is the mean of the exogenous process , 0 < p,: < 1, and efl ~n (0, le>

8 National Accounts

From the aggregate budget constraint of the households (equation (4.9)), follows the balance of payments

identity as'6:

* * 2 Cx
5tp§ b1 L4145y sy b
¥ =

— 8.1
i G m (g 1tm  pit 51
F mC rmC (3
P p D§ E Dt c |, StPy , « X (. F _F
nget — ng my — ng rmy + ng tr; — W (xt ,zt_l)
Defining §; = pglp ﬁ, we can express real GDP as:
F el mC rmC'
F,PE P PE R DY E Dbt C
yr =c¢; + xy + e; — my — rmyg . (8.2)
gttt Tt et T g

9 Conclusions and further research

In this document we described the structure of PATACON, a DSGE model for the Colombian economy.
PATACON was designed to be useful for analyzing the Colombian macroeconomic data and to help guide

the monetary policy discussion. However, in its design we ignored three characteristics of the Colombian

16The derivation is presented in Appendix C.
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economy that may be important. Currently, the Department of Macroeconomic Modeling at Banco de la
Reptblica is continuously working on these and other related issues.

The first omission of PATACON is that it does not incorporate frictions in the labour market and con-
sequently it cannot explain the dynamics of employment and unemployment over the business cycle. A
first attempt to incorporate these features in a DSGE model for the Colombian economy can be found in
Gonzalez, Ocampo, Rodriguez, and Rodriguez (2011). The second aspect, in which we are working on, is in
the introduction of a financial sector to understand its role in the economic business cycle. Some work has
also being done in this respect. See, for example, Lopez and Rodriguez (2008), Lopez, Prada, and Rodriguez
(2009) , Lopez and Prada (2010) or Bustamante (2011). The third modification is to include explicitly the
government within the model.

Finally, the in-house construction and design of a general equilibrium model creates spill overs that
are also valuable. Indeed, the design and implementation of PATACON has created a need to improve
the understanding of some macroeconomic phenomena and to develop econometric techniques useful for
its implementation and suitable for routine use. Members of the Department of Macroeconomic Modelling
have responded to these needs producing several academics works that include a descriptive analysis of the
Colombian business cycle, the development of a database consistent with a general equilibrium model, a
measure of the pass-through effect of the exchange rate to the consumer price inflation, the implementations
of a numerical algorithm useful for calibrating the model steady-state, an estimate of the Frisch elasticity'”,
and an estimation of the relative importance of various nominal and real rigidities within a general equilibrium

model for the Colombian economy'® .
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A Variables

Symbol Description

Real quantities

cf Consumption bundle

ciF Final domestic consumption (demand)
¢ Intermediate domestic consumption
cdcr Final domestic consumption (supply)
cmF Final imported consumption

zF Final investment

xdF Final domestic investment (demand)
x4C Intermediate domestic investment
zdCF Final domestic investment (supply)
xmF Final imported investment

mt Final imports (demand)

m* Imports at dock

continue...
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Symbol Description

mC Final imports (supply)

el” Final exports (demand)

e® Intermediate exports

eCF Final exports (supply)

AT Multiplier for capital accumulation equation
A¢ Multiplier for budget constraint

h¥ Labour

k* Capital supply

k Total capital

U Variable capital utilization

0 (u) Endogenous depreciation

rm?’ Final raw materials (demand)

rm¢ Final raw materials (supply)

y Real gross domestic product

q” Gross output (demand)

nt Domestic uses of output

q¢ Gross output (supply)

va Value added

dist Final distribution services (supply)

dis®? Distribution services used for domestic consumption
dis®? Distribution services used for domestic investment
dis® Distribution services used for exports

dis™ Distribution services used for imports

dis® Final distribution services (demand)

b* External debt

Interest rates

n Nominal interest rate

i External nominal interest rate
Inflation rates and nominal devaluation

continue...
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Symbol Description

ol Consumption bundle inflation
mgdF Domestic consumption inflation
et Exports inflation

am Imported goods inflation

am¢ Imported goods inflation at dock
WfF Homogeneous good inflation
mrmE Raw materials inflation

mdisk Distribution services inflation
e Investment inflation

mdF Domestic investment inflation
dy Nominal devaluation

Marginal cost

A Marginal cost of producing good ¢
Aed Marginal cost of producing good cd
A€ Marginal cost of producing good e
AT Marginal cost of producing good m
AT Marginal cost of producing good rm
\zd Marginal cost of producing good xd

Relative prices

— Final domestic consumption / Consumption bundle

e Final domestic consumption / Gross product

T Intermediate domestic consumption / Gross product

s Final exports / Consumption bundle

L Final exports / Gross product

L Intermediate exports / Gross product

e Final imports / Consumption bundle

- Final imports / Final investment

- Intermediate imports / Consumption bundle

s Intermediate imports / Final investment

continue...
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Symbol Description

— Intermediate raw materials / Consumption bundle

L Intermediate raw materials / Final raw materials

— Final raw materials / Consumption bundle

t Gross output / Consumption bundle

— Final distribution services / Consumption bundle

— Final distribution services / Final imports

-7 Final distribution services / Gross product

o Intermediate distribution services / Gross product

Lo Final investment / Consumption bundle

— Final domestic investment / Consumption bundle

L Final domestic investment / Final domestic consumption

L Final domestic investment / Final imports

7 Final domestic investment / Gross product

— Final domestic investment / Final investment

T Intermediate domestic investment / Gross product

= Foreign currency price of exports / Foreign consumer price index

%F* Real exchange rate

C* Foreign currency price of imports / Foreign consumer price index

= Foreign currency price of raw materials / Foreign consumer price index
w Real wage

r Real rent of capital

Optimal prices and wage

woPt Optimal real wage

T Optimal price of gross output ¢

Lo Optimal price of domestic consumption goods cd

o Optimal price of exports e

T Optimal price of imports m

rmopt
ppt:T Optimal price of raw materials rm
pdisopt

v Ty Optimal price of distribution services dis
Dy

continue...
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Symbol Description

xdopt

;fd 7 Optimal price of domestic investment goods zd
Profits

£ Aggregated Profits

&1 q gross output producer’s profits

ged cd domestic consumption goods producer’s profits
&e e exports producer’s profits

&m m imports producer’s profits

grm rm raw materials producer’s profits

gdis dis distribution services producer’s profits

god xd domestic investment goods producer’s profits

Auxiliary variables

f Recursive equation for optimal wage

fo Recursive equation for optimal wage

v Recursive equation for optimal price of gross output ¢

yed Recursive equation for optimal price of domestic consumption goods cd
pe Recursive equation for optimal price of exports e

g Recursive equation for optimal price of imports m

grm Recursive equation for optimal price of raw materials rm

pdis Recursive equation for optimal price of distribution services dis

prd Recursive equation for optimal price of domestic investment goods xd
e1 Recursive equation for optimal price of gross output ¢

ecd Recursive equation for optimal price of domestic consumption goods cd
G Recursive equation for optimal price of exports e

om Recursive equation for optimal price of imports m

erm Recursive equation for optimal price of raw materials rm

o Recursive equation for optimal price of distribution services dis

o Recursive equation for optimal price of domestic investment goods zd

Price distortions
ap? Price distortion of gross output ¢

continue...
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Symbol Description

ap®® Price distortion of domestic consumption goods cd
ap® Price distortion of exports e

ap™ Price distortion of imports m

ap™™ Price distortion of raw materials rm

ap®s Price distortion of distribution services dis

ap®™® Price distortion of domestic investment goods xd

Exogenous variables

c* External demand

g Growth rate of the technological progress
Fiodal External imported inflation

T External imported inflation

T External raw materials inflation

tr* Remittances

z% Shock to marginal utility of consumption
zh Shock to marginal disutility of labour

z4 Temporary technological shock

z® Investment efficiency shock

2t Nominal interest rate shocks

2V Risk premium shock

B Equations

B.1 Households

Utility maximization

('3 ('3 xF T* Cck *
St Py * StPt X (.F _F F, Pt F (1 + thl) 5t Dy t—1
trr +yp + by — U (z;,2; 1) =¢ +—==x — B.1
pt T (om) = 4 ym o ) e G (v OV
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Wage setting problem
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Distributing firms
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C Balance of payment’s identity

Starting from he aggregate household budget constraint we have:
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using the from the profits &:
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using the homogeneity of degree one in the production and also using the factor demands
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Distribution profits implies
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