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In this document we lay out the microeconomic
foundations of a dynamic stochastic general equi-
librium model, called Policy Analysis Tool Applied
to Colombian Needs (PATACON), designed as a
forecast tool and as a guide to advise monetary
policy authorities in Colombia. In companion
documents we present other aspects of the model,
including the estimation of the parameters that
affect dynamics and impulse response functions.

JEL classification: E32, E52, F41.
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l. INTRODUCTION

In this document we present a dynamic stochastic general equilibrium model designed
to forecast and to provide guidance 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 neoclassical 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 has been augmented to match the data
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 its name implies, PATACON is tailored to match particular Colombian economic
circumstances. For instance, Colombia is a net international borrower and conse-
quently, it is influenced by changes in world capital markets. The model has, there-
fore, to allow for external world interest rates and perceptions of Colombian risk to
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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.
Therefore, the external factors that have been important for the Colombian macro-
economic 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 commercial-
ization within domestic borders. In brief, this calls for a model with different types of
imported input 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 in studies such as those by Parra (2010), or Gonzélez, Rincén
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 Gémez, 2010).

The evidence reported in Julio (2010); Julio, Zéarate and Herndndez (2010); Iregui,
Melo and Ramirez (2009); Misas, Lopez and Parra (2009); and Hofstetter (2010)
suggests that wages and prices in Colombia 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 that respond and adjust themselves
quickly. To account for this fact we have built in many different relative prices with
different degrees of stickiness and allowed for monopolistic competition in impor-
tant 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 is data on output and prices by
sector. To get around this, our proposal is to model the production of a composite
output in one sector using all labor 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 labor. This

1 Imports plus exports are about 45% of Colombia’s GDP.
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production structure frees us from depending upon problematic data constructions
of factor demands by sector.

As important as designing the economic structure of a model is, it is also essential
to develop a platform upon which the model rests. The platform is a set of tools that
makes the use of the model possible. The main reason for this is the considerable
uncertainty present in the economic environment, not least of all in a country such as
Colombia, which cannot be anticipated by experience nor feasibly put into the model
environment. These uncertainties have to do with structural shifts in economic
structure, or with the measurement error contained in the data that is availabe to us.
The platform makes it easier to adjust the model to cope with these uncertainties as
they come about.

This platform is designed to work for a central bank. Consequently it is crucial to keep
in mind that the theoretical structure of the model acts as a constraint on this platform,
and the discipline of economic theory acts against ad hoc solutions to unpredicted
changes. The elements of this platform are contained in the following articles:

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

. Gonzalez, Mahadeva, Rodriguez and Rojas (2011) describe how the model
can be used by taking account of real world features of the data.

. Bonaldi, Gonzalez and Rodriguez (2011a) and Bonaldi, Gonzalez and
Rodriguez (2011b) describe the estimation of the model and present impulse
response analysis.

. Bonaldi, Gonzalez, Prada, Rodriguez and Rojas (2011) describe an efficient
algorithm for calibrating the steady state ratios and relative prices.

This paper is organized as follows. Section Il presents an overview of the model.
Household behavior is described in Section Ill. In Section IV we present the
production structure including intermediate and final goods producers. Section V
discusses demand for Colombian exports in the world market and the debt elastic
external interest rate. Monetary policy arrangements are shown in Section VI, and
section VII concludes.
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[I.  THE MODEL STRUCTURE

The model structure is summarized in Figure 1 and can be roughly described as
follows. Households rent capital to firms and offer labor in a monopolistic environ-
ment, obtain profits from firms, receive remittances from abroad and borrow from
the international markets at an interest rate that depends on the aggregate level of
indebtedness. In so far as expenditure, they purchase imported and domestic goods
for consumption —an aggregate investment good— and cover their debt service. The
production sector consists of monopolistically competitive firms that hire capital, labor
and imported raw materials to produce a homogeneous domestic good. This domestic
good is transformed 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 export goods. These firms operate in monopolistic competition.

Figure 1
PATACON: Model structure

Labor and capital Debt and remittances

—» Production < Households <«

Inported
consumption

Inported

Inported

Transforming —] .
investment

firms

oD

Rest of the

. world

Note: T stands for distribution.
Source: Author’s design.



Ensavos soBre POLITICA ECONOM[CA, VOL. 29, NUM. 66, EpicioN DiciemBre 2011

Similarly, imported goods are combined with distribution services by firms with some
market power. Thus, the final price of imported goods is determined by both the foreign
price and the cost of distribution in the domestic market. The latter implies an incom-
plete pass-through of the exchange rate to consumer prices. Parra (2010) and Gonzélez
et al. (2010) show evidence for this hypothesis. In general, the distribution allows for
consumer and investment goods, both domestic and imported, to be purchased by
households and exports to be sold abroad. Explicitly including the distribution services
is one difference between PATACON and DSGE models calculated by Christiano etal.
(2005), Smets and Wouters (2007) and Adolfson, Laséen, Lindé and Villani (2008).

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 N, grows at an exogenous rate I. That is, N, = (1+m)N,_, Technological prog-

ress A, is exogenous and follows the process A = (1+ gt)A_1 where g, is a stationary
variable and is described by Ing, =p, Ing,_, + (1— pg) Ing+ e, where g is the
steady state growth rate of the technological progress, 0 < p, <1, and €/ ~ n(O,ag).

To keep things simple, both the rate of labor force participation and the rate of unem-
ployment are also exogenous in this economy. The number of people working during
each period is L, = (1 - TD) X TBP, X N,, where TD, is the unemployment rate from
the economically active population and TBP, is the gross rate of participation from the
total population. Both concepts correspond to series reported by the Colombian Depart-
ment of National Statistics (DANE).2 The model is solved for the stationary variables;
and consequently, we express all variables in model units, effectively adjusting them
for the two sources of growth, population and Harrod neutral technological progress
and for convenience, also by total average number of hours in a quarter I .

. HOUSEHOLDS

There is a continuum of households indexed by j. These households solve three prob-
lems simultaneously: the first is maximizing utility subject to a budget constraint;
the second is choosing the consumption bundle composition, between domestic and
imported goods; and finally, since the households offer differentiated labor in a monop-
olistically competitive labor market, making their choice for the nominal wage.

2 Departamento Administrativo Nacional de Estadistica, Colombia.

\ 229



230 ‘ PoLicy ANALYsIs TooL APPLIED TO COLOMBIAN NEEDS: PATACON MODEL DESCRIPTION
pp. 222-245

A. UTILITY MAXIMIZATION

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(j),lt(j)), where ¢/ (j) the
consumption bundle and I, ( j) is the level of leisure. We assume that each household
has a fixed allocation of time (I ) so that its leisure, relative to the total time, is given
by I,(j)=1—(1-TD,)TBRh, (), where h,(j) is the fraction of hours spent working
during the quarter.

The instantaneous utility function is the following:

u Zh

o= 5 e )l ) -5

((1—TD,) T8RN, ( j))“"),

where o represents the intertemporal elasticity of substitution, hab is the habit
consumption parameter, C,", is last period final consumption, and 7 is the inverse of
Frisch’s elasticity. In addition, there are exogenous shocks to the marginal utility
of consumption, z!', and to the marginal disutility of labor, z;".

It can be assumed that these exogenous shocks follow autoregressive processes.

The household owns the production factors, hours to work h, ( j) and physical capital
k. (j)- From the use of these production factors each household earns a real hourly
wage rate, w, ( j), and a real rental rate of capital, r¥. Additionally, households receive
real profits, &,, from firms and remittances, tr*, from abroad. These remittances are
exogenous in foreign currency and follow an autoregressive process.

The household buys Arrow-Debreu securities which are state contingent securities
that insure the household against idiosyncratic shocks. As we shall see, wages are
allowed to differ across households; however, with these securities, consumption
plans of different households are identical. Since households are insured against
idiosyncratic shocks, and have the same preferences; then it must be the case that all
individual decisions are identical, except for the wage and fraction of hours worked.
This enables us to drop the j subscript in the other variables.

As for the expenditures, the household buys the consumption bundle, at a price p",
and invests in capital stock by buying new investment goods, x, at a price p;~. Since
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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 described through the following equation:

N (XIF,Xil) i B
where X is the adjustment cost parameter.

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

We can aggregate across the households and express the aggregate budget constraint as:

xF Cx * - x
CtF +%X1F + S P, bl—l [1+Itl )+\I/X (XtF’XtF—l):
t

p L+ m) 1+ g )\ 1+ 2P
uk, P . S P
¥ —— 4w, (1-TD,)TBRh® +¢, + "—i—tr" + 2L b @
t (1+ﬁ)(1+ gl) t( I) Iht &I pth t pth t
wherel+ zf* = P is the external consumption bundle inflation in foreign currency

Cx
t-1
that follows an exogenous process.

A second constraint faced by the economy is the capital accumulation equation,
defined as:

1-6(u,))k
- + ( t t-1 2
M) ?
where ¢ (ut) is the endogenous depreciation rate, which is a function of the capital
utilization:
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<. b +
o(u,)= 6+m(ul)l !

With 6 as a parameter that affects the steady state rate of depreciation, b > 0 a scale
parameter, and T > 0 a parameter that affects the dynamics of the capital deprecia-

tion rate.

Aggregating across households, the first-order conditions for this problem are:

A =1!(c] —habef,)” ©)

lX
rF="thut 4
t ltc t ( )

XF FF
A pth =A — Ay % FXI_1

t -1

_ o [P0 ) (X X
+ﬁEt(1+n)(1+ gm)l }'t+1( ( ' )XtF ( - ) ©)
A =B E(1+0,) AU, + B E(1+0,) AL (1-6(u.,)) (©6)
2= BE (Lrg,,) A, L @)
t t t+1 t+1 1 + J_[:;fl
- w1+ d

A=PE(1+09,,) A1+ (—'gl) 8
(AR a) AL+ ) ®)

S . . . Lo
wherel + d, = S—‘ denotes the nominal devaluation rate, § is the subjective discount
t-1

factor, and must be small enough to ensure that there will always be net discounting
of the future. In particular, for given values of 0, g and o, 8 is constrained by

AL+ mL+g)”’ <L

Note that Equation (4) describes the trade-off in adjusting the degree of capacity
utilization; Equations (5) and (6) describe the investment and capital stock decisions
respectively, which are often used as the basis for partial equilibrium estimations of



Ensavos soBre POLITICA ECONOMICA, voL. 29, NOM. 66, EDicion Diciemere 2011 ‘ 233

investment; Equations (3) and (7) jointly produce the standard Euler equation for
intertemporal consumption. Finally, by combining Equations (7) and (8) we obtain
the uncovered interest rate parity.

B. DOMESTIC AND IMPORTED CONSUMPTION CHOICE

In a separate hypothetical second stage, households choose consumption of domes-
tically produced goods and imported goods by minimizing costs. The aggregate
consumption bundle includes domestically produced goods, ¢, and imported goods
adapted for local consumption, ¢™. These are aggregated in utility as:

| ) e ) 0

where w®is the elasticity of substitution between domestic consumption and imported
consumption. y*controls the participation of domestic consumption on total consump-
tion. The first-order conditions for the minimization problem are:

pch -of
CtdF = yc( th ] CtF (10)
P
and:
mF __ c pth - F
C _(1_V )( ch ] G (11)
t

where pi™ is the price of domestically produced consumption and p™ is the price of

imported goods. By substituting Equations (10) and (11) into the consumption bundle
we obtain the consumer price inflation:

1
cF ) _ c ptcfif cdF B _AC ptnlli mF e
R A b e &= R I
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C. WAGE SETTING PROBLEM

The households offer differentiated labor in a monopolistically competitive labor

market. But wages are rigid in nominal terms; it can therefore be assumed that each

household must wait for a stochastic signal before adjusting the nominal wage rate.

As in Erceg, Henderson and Levin (2000), households are hired by an intermediary

firm which operates in perfect competition. This firm combines the work effort of

households and supplies a joint labor input, h”. The demand for labor of household
. -0" 1

. . W, . . BNAUIN )

jis n(”:(#) h", and the wage index is w, E[ftwt(j)l ’ dj]1 *, where 6"
t

represents the elasticity of substitution among differentiated labor from households.

Given the demand for its differentiated labor, the household optimally sets its wage
when it receives a random signal which arrives every quarter with probability 1 —e&", this
probability is independent from its own history and from other shocks in the model.
The optimal wage, w™ ( j), is chosen so as to maximize the household’s expected
utility subject to the budget constraint and the consequent probability that it would
not be able to reset its wage in the future. Notice that all households able to choose
optimally 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 subscript j from the optimal wage. If the signal is
not received, the wage is adjusted according to a rule. This rule implies that nominal
1+ nfi)

wages increase in line with previous period inflation, W (j)= Wt_l(j)(

1+aF
Additionally, it can be shown that aggregated real wage follows:

1+ 7% o 19" =
" = e(w(m)) (1-e")we") )
t

V. FIRMS

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 produc-
tion 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
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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 four stages. First, a set of firms
produces a domestic generic good (gross output). These firms combine domestic
factors, such as labor and capital, with imported raw materials. In the second stage,
the generic 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". These firms do
not produce any value added. However, having this transforming stage in the model
allows us to create a set of relative prices that is useful in the calibration process. In
the third stage, a final producer combines the distribution services with intermediate
goods to produce either a domestic consumption good, a domestic investment good,
or export or import goods.

Finally, we have the producers of investment goods who combine the final domestic
investment good with the imported investment good, and produce an aggregate invest-
ment good.

A. GROSS OUTPUT PRODUCERS

There is a continuum of firms indexed by z € (0, 1), wherein each firm produces a
differentiated product, g (z), sold at a price p{(z). These firms find themselves in a
state of monopolistic competition and in each period have a constant probability of
adjusting their price optimally. Therefore, they must solve two problems: first, they
decide on their factors” demand for production, and then, they choose the output
price upon receiving a stochastic signal that allows them to change the price.

The production function is defined as:

p
1

q (2)=17/ [aﬂ (va, (z))‘%1 +(1_a)% (mf (Z))pp—lr

Py

1 py-1

o (2= (60" 2t (-0 mn o) | ®
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where k;(z) is the demand for capital® from firm z, h, (2) is the demand for labor
in hours, rm{ (z) is the demand for imported raw materials and z/ is an aggregate
temporary technology shock that follows an exogenous process. The price of raw
materials, p™, depends on the nominal exchange rate through the price of imported
raw materials at the dock, p/™. This comes from the fact that purchasing power
parity holds: that is, p/™ =s,p/™*, where p/™ is the external price of raw materials
which we also assume to be exogenous. The difference between the price of raw
materials at the dock and the final price of raw materials comes from the existence

of nominal price rigidity.

Notice that the production function in Equation (13) 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). There exist elasticities of substi-
tution between va, (z) and rm{ (z) and between k; (z)and h, (z)are(p) ™ and(p,)".
The participation of k¢ (z) in the value added is controlled by ¢ and the participation
of va, (2) in the production is controlled by a.

From the minimization problem, these firms determine their factor’s demand:

e aqf<z>))i(( <1—av>va<z)z))5 w

ziva, (2 1—TDt)TBPtht(
e[ o (2) Vi aa (1))
i (Z)Z‘[zwz)) ( < (2) ] )
0 (@) (@)Y
pth _it(z)zt( thrth(Z) ) (16)

where the real marginal cost, A{(z), is derived as:

- (z_l) 0{[% (07" + (e )m) ]] - a)( o ]

3 Aggregating the demand for capital across all firms equals the total supply of capital given by uk.
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Note that A{ () is the same for every firm z, because it depends on the aggregate
wage rate, w,, the aggregate rent of capital, r¥, the relative price of raw mate-

rmF
P

cF !

t

common to all firms.

rials

as well as on the aggregate temporary technology shock, which is also

Each firm z, as a producer of the differentiated intermediate good, faces a downward
sloping demand curve of the form:

04
09-1

q A 991 691
q°(2)= (p‘p—q(:)) aF, where g = [ﬁ)(qf (z)) ¥ dz] is the gross output demand,

t

1
pfF = [f(l) ( p (z))H)q dz]wq is the aggregate price and 6¢is the elasticity of substitu-

tion among the z firms.

The problem of setting prices is motivated by assuming that in each period firms face
a constant probability (1 — &9 of receiving a signal which tells them that they can
adjust their price optimally. As in Calvo (1983), the representative firm z will choose
aprice, p?™ (z), so that its expected stream of profits will be at its highest, given the
constraint that it will only be allowed to change its price optimally on receipt of a

random signal. The other e%firms set their price according to the following backward
looking indexation rule: p;** (z) = p{, (z)(1+ n?fl)' (1+7)™", where 7 is the central
bank’s inflation target, 1 = (% = 0 is the weight assigned to past inflation as opposed

to this target.

Given Calvo’s pricing arrangement at each moment, the producer’s inflation is given

by*:

ont \L-¢° .
L+ 2F)- (1_eq)[f_q,f‘) L+ 2 )

t

+ & [(1 + nﬁfl)’q 1+ y‘z)i(l’q)]l_eq]wq , 17)

4 Since all firms are identical and A7 (z) = A then p¥*(z)= p?*". That is, all adjusting firms
choose the same price.
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Finally, integrating across firms we obtain the output equilibrium condition:
q° =apq where ap/ is the price distortion that appears from the fact that there are
two fractions of firms adjusting at different prices (see Yun, 1996), g is the aggre-
gate demand for the raw good that must satisfy:

cdC xdC disC eC
F_ P ac, P ac , Py .c, P ¢
O =—5C +—5% + quSt+—qet
P P P P

and g is the total supply from all z goods, defined as:

P

1 p-1 1 p1|p-1
¢=z3aﬂwa>n+a—arvmmp} -

B. TRANSFORMING FIRMS

At a following stage, the generic raw base product is transformed into four different
types of intermediate goods: domestic consumption goods, ¢’°, domestic investment
goods, x°, exports, e°, and distribution services, dis’. An example of domestically
produced consumption would be services. Construction is an example of a domesti-
cally produced investment good. In Colombia, oil, coal, nickel, coffee and indus-
trial products are typical examples of export goods. And examples of domestically
produced distribution services would basically include transport and commerce.
These transforming firms take one input and produce four types of output using the
following equation:

1

af =y (o) e )
1 (18)

nt, = [vg’m e )w"‘ + v (% )w”‘ +yon ‘1(dist° )w"‘ ]”T‘

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 the Edwards
and Végh (1997) model of banking production. In Equation (18), w_ governs the elas-
ticity of substitution between domestic uses of output and exports, and w_, governs
the elasticity of substitution among domestic uses of output. The parameters v _, v,,
V,V,V define the shares.

x! “dis

nt’
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The functional form in Equation (18) assumes that substitution between export
production and any other domestic use of output is not necessarily the same. In
Colombia, nearly one half of export production is concentrated in four commodities
which are often called “traditional exports”. These goods (oil, coal, nickel and coffee)
cannot easily be transformed for domestic use. That is why we should allow for a
different elasticity to capture the special rigidity that emerges in the transforming
that takes place between domestic production and traditional exports.

The first order conditions are given by the following supply functions:

wg-1 w1
pr L df nt, )
t it
P _ (vmntt Jw“_l(vxxtdc Jl (20)
P q; nt,
is -1 . Wy =1
LFCZ w Vi dlisy 1)
tq qt ntt
eC o eC wg-1
D= (q—] 22)
t it

C. FINAL GOOD PRODUCERS

In every economy there is a sector which takes finished manufactured goods and
brings them to the consumer. This sector combines retailing, marketing and trans-
port. The role of this sector is becoming increasingly important as goods acquire
the essential characteristic of services, which is to be designed for each consumer.
The economics of this sector have 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 used to
transform the raw outputs of other sectors so that they are ready for final uses.

It is also described how the distribution sector transforms the intermediate goods
into goods ready for final use. In what follows, j, is a dummy variable which could
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refer to domestic consumption, ¢/, domestic investment, x, exports, g, or imports
m,. The superscript j represents cd, xd, e or m.

There is a continuum of firms, indexed by z, which produces j(z) in monopolistic
competition. These firms buy the intermediate good j°(z) ata price p/°, and
combine it with the distribution sector’s output, dis/,to transform this intermediate
good into a good ready for final use. As above, we assume a price setting structure,
as in Calvo (1983), for the production of this final good and also in the production of
the distribution services.

The production function for the final good is represented by:

o)
o1 |pizg

(2)= [(w)i"(jf (@) (1) (6 (2))

here w’represents the elasticity of substitution between distribution services output
and other raw goods. ~is a participation coefficient. The demand for factors is:

p—m(L“]

P’ Jt 1
plis i) (1_"fj)jt(z) ol
pef Tt dis/

where ) (z) is the marginal cost associated with producing good j, (2).

The market equilibrium condition for the j, good is, j&© =ap/j" where ap/, is the
price distortion, j°* = [ j,(z)dz is the total supply from all z firms in each J, sector
and j; is the total demand for each J, sector output.

In the model, Equation (10) is the demand for final domestic consumption ¢, Equa-
tion (24) is the demand for final domestic investment x’", Equation (5.1) is the demand
for final exports and Equations (11) and (25) are the demands for imports. Finally,
note that the price of the imports depends directly on the exchange rate since the
purchasing power parity condition holds at the dock, that is, p{" =s, p/™* where, p™
is the external price of imports that follows an exogenous process.
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D. 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, an example of the latter would be infrastructure. These
two types of capital are aggregated to produce combined investment. This enables us
to work with an aggregate capital stock in production. The technology for combining
the two types of capital is described by:

X1F — th (’\{X)E(Xtd': )7 +(1_,\‘X)E(XImF) o (23)

where x| is final investment, x™ is the input of domestically produced invest-
ment, X" is the input of imported and distributed investment, w* is the elasticity of
substitution between domestically and imported investment, ~* defines the share of
domestic investment into total investment, and z,' is an investment efficiency shock.
The expressions for the investment demands are:

) ptxdF o X(F
&dF:W(xxJ e (24)
) ")
mF O\ F
mF — 1_ X pt Xt_ 25
XI ( ’\‘ )(th thF] th ( )

V. FOREIGN VARIABLES

It is assumed that exports e"are demanded according to the following function:

ex \
e :( ptc*] ¢ (26)
p

t

where ¢, is the external demand that follows the autoregressive process, p* is the
F
_K

foreign currency price of Colombian exports and is defined as, p;* = s
t
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Following Schmitt-Grohé and Uribe (2003) we impose a further condition to ensure
that external debt converges into a predetermined ratio with GDP. Let us assume that
the external sector offers resources at a rate, i;", which depends on the deviation of
debt from this target ratio. In that case, we define the rate of interest as:

i _ . S Cx b* _
i =7"2" exp | Q, %#—b* @7)
pt yt
—_ Lo . . . S.p b
where 17 is the nominal risk-free international interest rate, oy is the external
pt t

debt to gross domestic product ratio, b* is its target value, €, > 0 is a parameter that
affects the model dynamics, and z* is a risk-premium shock which follows an exog-
enous process.

VI.  MONETARY POLICY

Monetary policy in the model follows the simple rule:

i, = Py, +(1- ps)(T A G :‘r)) +o, (v -y )+ (28)

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, y,"* is the
level of output if prices were flexible, and ¥y 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 by this rule are defined by the exogenous process z;.

VII.  CONCLUSIONS AND FURTHER RESEARCH

In this document we have described the structure of PATACON, a DSGE model
for the Colombian economy. PATACON was designed to be useful for analyzing
Colombian macroeconomic data and to help guide monetary policy discussion. The
data used in the model was constructed by Mahadeva and Parra (2008), who have
described the construction of a data set that is used to calibrate the model. Bonaldi
et al. (2011) propose an algorithm for calibrating the steady state ratios and rela-
tive prices according to the data. Bonaldi et al. (2011a) and Bonaldi et al. (2011b)
describe the estimation of the model and present impulse response analysis, and,
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finally, Gonzélez et al. (2011) describe how the model can be used for taking account
of real world features of the data.

However, in its design we have ignored three characteristics of the Colombian
economy that may be important. The first omission in PATACON is that it does
not incorporate frictions in the labor market, and consequently, it cannot explain
the dynamics of employment and unemployment over the business cycle. An initial
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
omission is not having made the introduction of the financial sector so as to better
understand its role in the economic business cycle. Some initial work has also been
done on this aspect. See, for example, Lopez and Rodriguez (2008); Lopez, Prada
and Rodriguez (2009); Lopez and Prada (2010) or Bustamante (2011). And finally,
the third omission is the lack of an explicit modelling of the government sector.

243



244 ‘ PoLicy ANALYsIS TooL APPLIED TO COLOMBIAN NEEDS: PATACON MODEL DESCRIPTION
PP. 222-245

REFERENCES

10.

Adolfson, M.; Laséen, S.; Lindé, J.; Villani, M.
“Evaluating an Estimated New Keynesian Small
Open Economy Model”, Journal of Economic
Dynamics and Control, vol. 32, num. 8, pp.
2690-2721, 2008.

Bonaldi, P.; Gonzalez, A.; Prada, J. D.; Rodri-
guez, D.; Rojas, I. E. “Método numérico para la
calibracién de un modelo DSGE”, Revista Desa-
rrollo y Sociedad, nim. 67, pp. 119-156 2011.

Bonaldi, P.; Gonzalez, A.; Rodriguez, D. “Esti-
mating PATACON”, Discussion Paper, Banco
de la Republica of Colombia, 2011a.

Bonaldi, P.; Gonzalez, A.; Rodriguez, D.
“Importancia de las rigideces nominales y reales
en Colombia: un enfoque de equilibrio general
dindmico y estocéstico,” Ensayos sobre Politica
Econdmica, nim. 66, 2011b.

Bruno, M.; Sachs, J. Economics of Worldwide
Stagflation. Harvard University Press, 1985.

Burriel, P.F. V.J.; Rubio-Ramirez, J. F. “MEDEA:
A DSGE Model for the Spanish Economy”, PIER
Working Paper, num. 09-017, 2009.

Bustamante, C. “Politica monetaria contraciclica
y encaje bancario”, Borradores de Economia,
num. 646, Banco de la Republica of Colombia,
2011.

Calvo, G. A. “Staggered Prices in a Utility-
Maximizing Framework”, Journal of Monetary
Economics, vol. 12, num. 3, pp. 383-398, 1983.

Campa, J. M.; Goldberg, L. S. “Pass-Through of
Exchange Rates to Consumption Prices: What
Has Changed and Why?”, in International
Financial Issues in the Pacific Rim: Global
Imbalances, Financial Liberalization, and
Exchange Rate Policy (NBER-EASE Volume
17), NBER Chapters, pp. 139-176. National
Bureau of Economic Research, Inc., 2008.

Christiano, L. J.; Eichenbaum, M.; Evans, C. L.
“Nominal Rigidities and the Dynamic Effects of
a Shock to Monetary Policy”, Journal of Polit-
ical Economy, vol. 113, num. 1, pp. 1-45, 2005.

11.

12.

13.

14.

15.

16.

17.

19.

Christiano, L. J.; Trabandt, M.; Walentin, K.
“Introducing Financial Frictions and Unem-
ployment into a Small Open Economy Model”,
Working Paper Series, num. 214, Sveriges Riks-
bank (Central Bank of Sweden), 2007.

Edwards, S.; Végh, C. “Banks and Macro-
economic  Disturbances Under Predeter-
mined Exchange Rate”, Journal of Monetary
Economics, num. 40, pp. 239-278, 1997.

Erceg, C. J.; Henderson, D. W.; Levin, A. T.
“Optimal Monetary Policy with Staggered Wage
and Price Contracts”, Journal of Monetary
Economics, vol. 46, num. 2, pp. 281-313, 2000.

Gonzélez, A.: Mahadeva, L.; Rodriguez, D,;
Rojas, L. E. “Monetary Policy Forecasting in
a DSGE Model with Data that is Uncertain,
Unbalanced and About the Future”, Ensayos
sobre Politica Econdmica, num. 66, 2011.

Gonzélez, A.; Ocampo, S.; Rodriguez, D;
Rodriguez, N. “Asimetrias del empleo y el
producto, una aproximacion de equilibrio
general”, Borradores de Economia, num. 663,
Banco de la Republica of Colombia, 2011.

Gonzélez, A.; Rincon, H.; Rodriguez, N. “La
transmision de los choques a la tasa de cambio
sobre la inflacion de los bienes importados en
presencia de asimetrias”, in M. Jalil and L.
Mahadeva (Eds.), Mecanismos de transmisién
de la politica monetaria en Colombia (chap. 10),
Bogota, Banco de la Republica y Universidad
Externado de Colombia, 2010.

Hofstetter, M. “Sticky Prices and Moderate
Inflation”, Economic Modelling, vol. 27, num. 2,
pp. 535-546, 2010.

. Iregui, A. M.; Melo, L. A;; Ramirez, M. T. “Are

wages Rigid in Colombia?: Empirical Evidence
Based On a Sample of Wages at the Firm Level”,
Borradores de Economia, num. 571, Banco de la
Republica of Colombia, 2009.

Julio, J. M. “Heterogeneidad observada y no
observada en la formacion de los precios del
IPC colombiano”, Ensayos sobre Politica
Econémica, num. 63, pp. 66-99, 2010.



20.

21.

22.

23.

24.

25.

Ensavos soBre POLITICA ECONC)M[CA, VOL. 29, NUM. 66, EDIcCION Diciemsre 2011

Julio, J. M.; Zarate, H. M.; Hernandez, M.
D. “The Stickiness of Colombian Consumer
Prices”, Ensayos sobre Politica Econdmica,
num. 63, pp. 100-153, 2010.

Lépez, M. R.; Prada, J. D. “Optimal Monetary
Policy and Asset Prices: The Case of Colombia”,
Ensayos sobre Politica Econdmica, vol. 28,
num. 61, 2010.

Lopez, M. R.; Prada, J. D.; Rodriguez, N.
“Evidence for a Financial Accelerator in a Small
Open Economy, and Implications for Monetary
Policy”, Ensayos sobre Politica Econémica, vol.
27, num. 60, 2009.

Lopez, M. R.; Rodriguez, N. “Financial Accel-
erator Mechanism: Evidence for Colombia”,
Borradores de Economia, num. 481, Banco de la
Republica of Colombia, 2008.

Mahadeva, L.; Gémez, J. G. “Los factores
externos que afectan la politica monetaria
colombiana”, in M. Jalil and L. Mahadeva
(Eds.), Mecanismos de transmision de la poli-
tica monetaria en Colombia (chap. 1), Bogot4,
Banco de la Republica y Universidad Externado
de Colombia, 2010.

Mahadeva, L.; Parra, J. C. “Testing a DSGE
Model and Its Partner Database”, Borradores de
Economia, num. 478, Banco de la Reptblica of
Colombia, 2008.

26.

217.

28.

29.

30.

Misas, M.; L6pez, E.; Parra, J. C. “La forma-
cién de precios en las empresas colombianas:
evidencia a partir de una encuesta directa”,
Borradores de Economia, num. 569, Banco de
la Republica of Colombia, 2009.

Parra, J. “La sensibilidad de los precios del
consumidor a la tasa de cambio en Colombia:
una medicién de largo plazo”, in M. Jalil and L.
Mahadeva (Eds.), Mecanismos de transmision
de la politica monetaria en Colombia (chap. 9),
Bogot4, Banco de la Republica y Universidad
Externado of Colombia, 2010.

Schmitt-Grohé, S.; Uribe, M. “Closing Small
Open Economy Models”, Journal of Interna-
tional Economics, vol. 61, num. 1, pp. 163-185,
2003.

Smets, F.; Wouters, R. “Shocks and Frictions
in US Business Cycles: A Bayesian DSGE
Approach”, American Economic Review, vol.
97, num. 3, pp. 586-606, 2007.

Yun, T. “Nominal Price Rigidity, Money Supply
Endogeneity, and Business Cycles”, Journal
of Monetary Economics, vol. 37, num. 8, pp.
345-370, 1996.



