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The Model

PATACON is a DSGE model for policy analysis and forecasting of
the Colombian economy.

The model follows Christiano, Eichenbaum and Evans (2005) and
adds characteristics to replicate a small open economy. See
González, Mahadeva, Prada and Rodríguez (2011).
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General Features I: Nominal and Real Rigidities

Monopolistic competition in labor and goods market with sticky
prices á la Calvo (Erceg, Henderson and Levin (2000) and
Kollman (1997)).
Partial price and wage indexation (past inflation).
Variable capital utilization with endogenous depreciation as a
function of capital utilization. (Greenwood et al, (1988), King and
Rebelo (1999), CEE (2001)).
External habit (Abel (1990), Fuhrer (2000)).
Adjustment costs are in terms of the change in the flow of
investment.
Incomplete exchange rate pass-through (sticky prices á la Calvo
and distribution of imported goods).
Transforming firms
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General Features II: External Shocks and Sources of
Fluctuations

External factors:
External demand (prices and quantities).
Remittances.
External interest rate.
Raw materials prices.
External inflation.
Prices of imported goods of consumption and investment.

Internal factors:
Monetary policy shocks.
Exogenous changes in consumption.
Exogenous changes in labor supply (intensive margin).
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General Features III: Exogenous Shocks and Sources
of Fluctuations

Internal factors:
Exogenous movements in Tobin’s Q (investment efficiency).
Transitory shocks to the productivity in the final good production.
Permanent shocks to the long run growth of productivity.
Shocks to the “mark-up” to the final good price and wages.
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Technological progress, population and unemployment

Total population Nt follows a process

ln
(

Nt

Nt−1

)
= ρn ln

(
Nt−1

Nt−2

)
+ (1− ρn) ln (1 + n) + εnt

Labor force is defined as

Lt = (1− TDt ) TBPtNt

Technological progress (in this model equivalent to trend
productivity per hour worked) follows:

ln
(

At

At−1

)
= ρa ln

(
At−1

At−2

)
+ (1− ρa) ln (1 + ga) + εat
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Model units
Models such as these are easier to solve if variables can be
expressed as stationary, mean zero, deviations for the steady state
Therefore we express all variables in model units, effectively
adjusting them for the two sources of growth, population and
Harrod neutral technological progress
Let Jt in uppercase be the total quantity of a real economic
variable, such as the volume of consumption

I Per-capita terms

j̃t ≡
Jt

Nt
I Model units

jt ≡
Jt

ZtNt l
where l is total hours available per person and

Zt = Z γg
t−1A1−γg

t

and Zt
Zt−1

= (1 + gz
t )
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Household

Continuum of households j of measure one, indexed by j ∈ (0,1).
Utility function

u (·) =


(

zu
t

1−σ

[
cF

t (j)− habcF
t−1

]1−σ
)

−
(

zh
t

1+η ((1− TDt ) TBPtht (j))1+η
)
(Zt l

)1−σ

where ht (j) the proportion of total hours that are worked.
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Household

Budget constraint

cF
t (j) +

pxF
t

pcF
t

xF
t (j) + bt (j) +

stpc?
t

pcF
t

1 + i?t−1

1 + πc?
t

b?t−1 (j)
(1 + n) (1 + gt )

+

ˆ
pa

t+1,t (j) at+1 (j) dωt+1,t (j) + ΨX
(

xF
t (j) , xF

t−1 (j)
)

=

r k
t ut (j)

kt−1 (j)
(1 + n) (1 + gt )

+ wt (j) (1− TDt ) TBPtht (j)

+ξt + at (j) +
stpc?

t

pcF
t

tr?t +
stpc?

t

pcF
t

b?t (j)

+
bt−1 (j)

(1 + n) (1 + gt )

(
1 + it−1

1 + πcF
t

)
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Household

Investment cost

ΨX
(

xF
t (j) , xF

t−1 (j)
)

=
ψX

2

(
xF

t (j)− xF
t−1 (j)

)2

xF
t−1 (j)

Capital accumulation equation

kt (j) = xF
t (j) +

(1− δ (ut (j))) kt−1 (j)
(1 + n) (1 + gt )

Variable depreciation

δ (ut (j)) = δ +
b

1 + Υ
(ut (j))1+Υ
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F.O.C s

λc
t = zu

t

(
cF

t − habcF
t−1

)−σ
r k
t =

λx
t

λc
t

b uΥ
t

λc
t

pxF
t

pcF
t

= λx
t − λc

t ψ
X xF

t − xF
t−1

xF
t−1

+βEt (1 + n) (1 + gt+1)1−σ λc
t+1

(
ψX (xF

t+1 − xF
t
)

+ ΨX (xF
t+1, x

F
t
)

xF
t

)
λx

t = βEt (1 + gt+1)−σ λc
t+1r k

t+1ut+1 + βEt (1 + gt+1)−σ λx
t+1 (1 − δ (ut+1))

λc
t = βEt (1 + gt+1)−σ λc

t+1

(
1 + it

1 + πcF
t+1

)

λc
t = βEt (1 + gt+1)−σ λc

t+1 (1 + i?t )

(
1 + dt+1

1 + πcF
t+1

)
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Household

Consumption Bundle

cF
t (j) =

[
(γc)

1
ωc
(

cdF
t (j)

)ωc−1
ωc

+ (1− γc)
1
ωc
(

cmF
t (j)

)ωc−1
ωc

] ωc
ωc−1

cdF
t (j) = γc

(
pcdF

t

pcF
t

)−ωc

cF
t (j)

cmF
t (j) = (1− γc)

(
pmF

t

pcF
t

)−ωc

cF
t (j)
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Labor market

Workers are hired by intermediaries firms, which combine the
work effort of individual workers and supply a joint labour input

min
{ht (j)}

ˆ 1

0
w̃t (j) h̃t (j) dj

s.t h̃F
t ≤
ˆ 1

0

[
h̃t (j)

θw−1
θw dj

] θw
θw−1

F.O.C will imply

h̃t (j) =

(
w̃t (j)

w̃t

)−θw

h̃F
t

w̃t ≡

[ˆ 1

0
w̃t (j)1−θw

dj

] 1
1−θw
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Nominal wages are sticky (Calvo wages)

Given the demand for their differentiated labour, individuals can
set their wages. Each individual is only free to renegotiate a salary
when they receive a random signal which arrives every quarter
with probability 1− εw .
If wages are not renegotiated they are set by a rule.

wRule
t (j) = wt−1 (j)

(
1 + πcF

t−1

1 + πcF
t

)

If on the other hand, the j th individual receives the signal to
renegotiate her wage at period t , that will be set according to:

wopt
t (j) =

θw

θw − 1
numw

t (j)
denw

t (j)
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Nominal wages are sticky (Calvo wages)
where

numw
t (j) ≡ Et

∞∑
i=0

(
βεw (1 + n)

)i
i∏

k=1

[
(1 + gt+k )1−σ

]

zh
t+i ((1− TDt+i ) TBPt+i )

1+η

hF
t+i

(
wopt

t (j)
wt+i

)−θw (
1 + πcF

t

1 + πcF
t+i

)−θw1+η

denw
t (j) ≡ Et

∞∑
i=0

(
βεw (1 + n)

)i
i∏

k=1

[
(1 + gt+k )1−σ

]

λc
t+i (1− TDt+i ) TBPt+i

hF
t+i

(
wopt

t (j)
wt+i

)−θw (
1 + πcF

t

1 + πcF
t+i

)1−θw

Then, the real wage evolves according to

wt =

εw

(
wt−1

(
1 + πcF

t−1

1 + πcF
t

))1−θw

+
(
1− εw) (wopt

t

)1−θw


1
1−θw

+ zw
t
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Intermediate Production Firms

There are a continuum of firms indexed by z ∈ (0,1)

Each produces a differentiated product (z) given the following
production function which is weakly separable in value-added
factors of production

qC
t (z) = zq

t

[
α

1
ρ (vat (z))

ρ−1
ρ + (1 − α)

1
ρ

(
rmF

t (z)
) ρ−1

ρ

] ρ
ρ−1

vat (z) =

[
α

1
ρv
v
(
k s

t (z)
) ρv −1

ρv + (1 − αv )
1
ρv ((1 − TDt ) TBPtatht (z))

ρv −1
ρv

] ρv
ρv −1

where at = At
Zt

and ks
t =

ut kt−1

(1+n)(1+gz
t )
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Intermediate Production Firms

The first-order conditions are then given as:

wt = λq
t (z) zq

t

(
αqC

t (z)

zq
t vat (z)

) 1
ρ ( (1− αv ) vat (z)

(1− TDt ) TBPtatht (z)

) 1
ρv

r k
t = λq

t (z) zq
t

(
αqC

t (z)

zq
t vat (z)

) 1
ρ (αv vat (z)

ks
t (z)

) 1
ρv

prmF
t

pcF
t

= λq
t (z) zq

t

(
(1− α) qC

t (z)

zq
t rmF

t (z)

) 1
ρ

where λq
t (z) is the real marginal cost in model units and

measured in consumption process of these firms.
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Intermediate Production Firms

The real marginal cost in model units and measured in
consumption process of these firms λq

t (z).

λq
t (z) =

1(
zq

t

)
 α

([
αv
(
r k
t
)1−ρv

+ (1 − αv ) (wt )
1−ρv

] 1
1−ρv

)1−ρ

+ (1 − α)
(

prmF
t
pcF

t

)1−ρ


1

1−ρ

The price of raw materials in external currency is exogenous

prmC
t = stprm?

t
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Prices are sticky (Calvo pricing)

Each period firms face a constant probability (1− εq) of receiving
a signal which tells them when they can adjust their price.
The other εq firms that are not allowed to reset their prices follow a
backward-looking indexation rule:

prule
t (z) = pqF

t−1 (z)
(

1 + πqF
t−1

)ιq
(1 + π)1−ιq

where π is average long-run inflation taken to be the central bank’s
target, ιq ≥ 0 is the weight assigned to past inflation as opposed
to this target.
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Prices are sticky (Calvo pricing)
If on the other hand, the z th receives a signal which tells it that can
adjust their price, it will choose

pqopt
t (z)

pqF
t

=
θq

θq − 1

Et
∞∑
i=0

(εq)i ∆t+i,t
At+i
At


λ

q
t+i (z)

 pqF
t+i

pqF
t

θq

qF
t+i(

i∏
l=1

{(
1+π

qF
t−1+l

)ιq}
(1+π)i(1−ιq )

)θq



Et
∞∑
i=0

(εq)i ∆t+i,t
At+i
At


 pqF

t+i

pqF
t

θq−1
pqF
t+i

pcF
t+i

qF
t+i(

i∏
l=1

{(
1+π

qF
t−1+l

)ιq}
(1+π)i(1−ιq )

)θq−1


Therefore the inflation dynamics will evolve according with

(
1 + πqF

t

)
=


(1− εq)

(
pqopt

t

pqF
t

)1−θq (
1 + πqF

t

)1−θq

+εq
[(

1 + πqF
t−1

)ιq
(1 + π)i(1−ιq)

]1−θq


1

1−θq

+ zπt
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Final production good

There is an aggregation technology

qF
t =

[ˆ 1

0

(
qC

t (z)
) θq−1

θq
dz

] θq

θq−1

.

The demand for the intermediate good (z) is given by

qC
t (z) =

(
pq

t (z)

pqF
t

)−θq

qF
t

The output price is given as the aggregate

pqF
t =

[ˆ 1

0

(
pq

t (z)
)1−θq

dz

] 1
1−θq
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Transformation of final good
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Transformation of final good

At a next stage, the final product qF
t is transformed into four

different types of output: domestic consumption, cdC
t , intermediate

domestic capital goods, xdC
t , exports, eC

t , and as distribution
services , disC

t .

qF
t =

[
ν
ωq−1
nt (ntt )ωq + ν

ωq−1
e

(
eC

t

)ωq
] 1
ωq

ntt =
[
νωnt−1

c

(
cdC

t

)ωnt
+ νωnt−1

x

(
xdC

t

)ωnt
+ νωnt−1

dis

(
disC

t

)ωnt
] 1
ωnt
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Transformation of final good

Supplies of each if them are given by

pcdC
t

pqF
t

=

(
νntntt

qF
t

)ωq−1
(
νccdC

t
ntt

)ωnt−1

pxdC
t

pqF
t

=

(
νntntt

qF
t

)ωq−1
(
νxxdC

t
ntt

)ωnt−1

pdisC
t

pqF
t

=

(
νntntt

qF
t

)ωq−1
(
νdisdisC

t
ntt

)ωnt−1

peC
t

pqF
t

= ν
ωq−1
e

(
eC

t

qF
t

)ωq−1
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Distribution

Note that
disF

t = discd
t + disxd

t + dise
t + dism

t

Distribution of the domestic product

jt (z) =

[(
γ j) 1

ωj
(

jCt (z)
)ωj−1

ωj
+
(
1− γ j) 1

ωj
(

disj
t (z)

)ωj−1
ωj

] ωj

ωj−1

where jt : domestic consumption cd
t , domestic investment xd

t ,
exports et and imports m?

t .
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Distribution

Demand for disj
t (z)

pjC
t

pcF
t

= λj
t (z)

(
γ j jt (z)

jCt

) 1
ωj

pdisF
t

pcF
t

= λj
t (z)

((
1− γ j

)
jt (z)

disj
t

) 1
ωj

Additionally, each of this sectors is subject to a similar price rigidity
as the one described above and the price of import goods is also
exogenous

pmC
t = stpm?

t
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Investment

Investment goods produced

xF
t = zx

t

[
(γx )

1
ωx
(

xdF
t

)ωx−1
ωx

+ (1− γx )
1
ωx
(

xmF
t

)ωx−1
ωx

] ωx
ωx−1

xdF
t = (γx )

(
pxdF

t

zx
t pxF

t

)−ωx

xF
t

zx
t

xmF
t = (1− γx )

(
pmF

t

zx
t pxF

t

)−ωx

xF
t

zx
t

DMM (Banco de la República) PATACON August 3, 2011 44 / 82



Exports

External demand
peF

t = stpeE
t

eF
t =

(
pe?

t
pc?

t

)−µ
c?t
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Interest rates

External interest rate

i?t = i
?
z i?

t exp

(
Ωu

(
stpc?

t

pcF
t

b?t
yt
− b?

))

Policy rule

it = ρs it−1 + (1− ρs)

(
i + ϕπ

(
πcF

t − π
)

+ ϕy

(
yt

yflex
t
− 1

))
+ z i

t
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General Methodology

We calibrate the steady state by minimizing the following objective
function:

fobj (θ) =
n∑

i=1

ωi

(
xss

i (θ)− xd_lr
i

)2

where xss the steady state values and xd_lr
i the equivalent ratios in

the data.
In this exercise we target the 21 nominal ratios.
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Results of the Calibration

Ratios and relative prices Model Data Deviation%
Colombia

Investment / GDP 0.22 0.23 0.003
Imported investment / Total investment 0.37 0.36 0.030
Domestic inv. without dist. / Gross product 0.13 0.12 0.004
Consumption / GDP 0.82 0.80 0.023
Dom. cons. without dist. / Gross product 0.68 0.60 0.035
Imported consumption / Total consumption 0.12 0.12 0.024
Labor supply 0.30 0.30 0.000
Raw materials / Gross product 0.09 0.10 0.029
FOB Imports / Import. with distribution 0.76 0.73 0.038
FOB imports + raw material / GDP 0.24 0.23 0.025
Exports without dist. / Gross product 0.16 0.17 -0.047
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Results of the Calibration

Ratios and relative prices Model Data Deviation%
Colombia

Remittances / GDP 0.03 0.04 -0.015
Dom. consumption dist. / Dom. consumption 0.05 0.06 -0.011
Dom. investment dist. / Dom. investment 0.04 0.04 -0.005
Exports dist. / Exports 0.12 0.13 -0.014
Dom. cons. without dist. / Dom. consumption 0.92 0.94 -0.025
Dom. inv. without dist. / Dom. investment 0.93 0.96 -0.026
Exports without dist. / Exports 0.85 0.88 -0.028
Domestic consumption / Gross product 0.68 0.64 0.061
Domestic investment / Gross product 0.13 0.12 0.031
Exports / Gross product 0.19 0.20 -0.019
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Estimation Strategy

We use bayesian methods to estimate

ln P (θ|y , ỹ) ∝ ln P (y |θ)︸ ︷︷ ︸
likelihood

+ ln P (θ|ỹ)︸ ︷︷ ︸
prior long-run parameters

+ ln P (θ)︸ ︷︷ ︸
prior short-run parameters

ln P (θ|ỹ) ∼ N (µ,Σ)

where µ was set to the parameter values found in the calibration
stage. The variance Σ was computed by generating draws from
the objective function if the calibration stage.
The priors of the short run parameters are characterized by a
large variance.
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Draws of the calibration objective function
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Draws of the calibration objective function
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Estimation

Prior Posterior
Param. Dist. Mean Std LB UB Mode Mean Std

η MN 3.0000 Σ 0.01 5.00 2.475 2.5054 0.31853
hab MN 0.2100 Σ 0.00 0.99 0.315 0.3160 0.07109
σ MN 4.0000 Σ 0.01 10.00 4.9 5.0393 0.85355
α N 0.9008 0.00147 0.10 0.99 0.9011 0.9011 0.00146
αv N 0.6501 0.00251 0.10 0.99 0.65025 0.6501 0.00250
γc N 0.9823 0.00169 0.00 1.00 0.9838 0.9838 0.00174
γcd N 0.9679 0.00290 0.01 0.99 0.9683 0.9679 0.00289
γe N 0.9197 0.00164 0.01 0.99 0.9198 0.9197 0.00165
γm N 0.9448 0.00103 0.01 0.99 0.9447 0.9446 0.00103
γx N 0.8859 0.00225 0.01 0.99 0.8858 0.8856 0.00225
γxd N 0.9751 0.00180 0.01 0.99 0.9753 0.9751 0.00181

Σ =

(
0.08642416 −0.013786532 −0.09287633
−0.01378653 0.004669188 −0.01586939
−0.09287633 −0.015869387 0.85507558

)
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Estimation

Prior Posterior
Param. Dist. Mean Std LB UB Mode Mean Std
ρq U 1.5500 0.70083 0.10 3.00 0.9255 0.9231 0.00560
ρqv U 1.5500 0.70083 0.10 3.00 0.8900 0.9023 0.06242
εq B 0.5000 0.14142 0.00 1.00 0.3225 0.3216 0.02142
εw B 0.5000 0.14142 0.00 1.00 0.4050 0.4136 0.07221
εm B 0.5000 0.14142 0.00 1.00 0.1125 0.1156 0.02654
ρc? B 0.5000 0.14142 0.00 1.00 0.7100 0.6590 0.12524
ρπm? B 0.5000 0.14142 0.00 1.00 0.8650 0.8501 0.04590
ρπrm? B 0.5000 0.14142 0.00 1.00 0.5700 0.5536 0.07968
ρzi? B 0.5000 0.14142 0.00 1.00 0.3450 0.3463 0.09084
ρtr? B 0.5000 0.14142 0.00 1.00 0.8550 0.8508 0.04209
ρπc? B 0.5000 0.14142 0.00 1.00 0.1650 0.1732 0.05215
ρzπq B 0.5000 0.14142 0.00 1.00 0.7900 0.6585 0.19998
ρzπw B 0.5000 0.14142 0.00 1.00 0.2300 0.2515 0.08583
ρπfood B 0.5000 0.14142 0.00 1.00 0.2950 0.2916 0.08151
ρzx B 0.5000 0.14142 0.00 1.00 0.4050 0.4013 0.06727
ρzu B 0.5000 0.14142 0.00 1.00 0.8650 0.8371 0.07080
ρg B 0.5000 0.14142 0.00 1.00 0.3250 0.3118 0.07713
ψx B 0.5000 0.14142 0.00 1.00 0.4550 0.4483 0.06787
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Estimation

Prior Posterior
Param. Dist. Mean Std LB UB Mode Mean Std

Var (πfood ) IG 0.0005 100 1E-07 0.05 0.0004 0.0004 0.00008
Var (c?) IG 0.0005 100 1E-07 0.05 0.0000 0.0001 0.00001
Var (g) IG 0.0005 100 1E-07 0.00 0.0000 0.0001 0.00001
Var (π?) IG 0.0005 100 1E-07 0.05 0.0001 0.0001 0.00003
Var (qm) IG 0.0005 100 1E-07 0.05 0.0005 0.0007 0.00016
Var (qmr ) IG 0.0005 100 1E-07 0.05 0.0040 0.0042 0.00097
Var (tr) IG 0.0005 100 1E-07 0.05 0.0235 0.0252 0.00512
Var

(
z i) IG 0.0005 100 1E-07 0.05 0.0005 0.0005 0.00012

Var
(
z ie) IG 0.0005 100 1E-07 0.05 0.0000 0.0000 0.00000

Var (zπq ) IG 0.0005 100 1E-07 0.05 0.0001 0.0001 0.00002
Var (zπw ) IG 0.0005 100 1E-07 0.05 0.0004 0.0007 0.00032
Var (zu) IG 0.0005 100 1E-07 0.05 0.0023 0.0045 0.00222
Var (zx ) IG 0.0005 100 1E-07 0.05 0.0006 0.0006 0.00019
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Priors - Posteriors
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Priors - Posteriors
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Priors - Posteriors
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Priors - Posteriors
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Priors - Posteriors
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Motivation

Using a model as a main monetary policy forecasting tool is a very
different exercise from simulating a model to answer particular
questions.

To forecast for policy, we need to match our model to as much of
the useful information, even if that information comes in an
awkward variety of shapes and forms.

When forecasting with a DSGE model we have to take into
account the following data problems:

I Data uncertainty
I Steady state uncertainty
I Anticipated shocks that can be uncertain
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Data Availability
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Forecasting Method

We use a state space representation of the model where the
measurement equation relates the available data to the model
variables and the transition equation contains the structure of the
model.

I The measurement equation allows us to include the uncertainty of
the data through a time varying variance of the measurement error.

I Also, it allows us to handle an unbalanced data set through the use
of a selection matrix.

The forecast of the model is a mix of the Kalman filter and the filter
smoother.
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State-space representation
The solution to the log-linearized first order conditions can be written
as

ct = Gpt

pt+1 = Hpt + εt+1

ct = GHpt−1 + Gεt
pt = Hpt−1 + εt .

Consequently, our transition equation is

xt =
( ct

pt

)
=
( 0 GH

0 H

)( ct−1
pt−1

)
+
( G

I

)
εt

and our measurement equation is

Wtyt = Wt Isxt + Wt Γ + Wtvt

where Wt is a selection matrix and Is is matrix where every row
contains only one entry different from zero (=1) and every column
has at most one entry different from zero. Γ is vector with the
steady-state values.
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Data uncertainty and off model information
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Information about the future I
Endogenous variables

This information is relevant for signal extraction. Which is the state of
the economy?
Examples: surveys about expectations, forecasts from other models.

1 Include in the yT vector the forecast and in xT the expectations of
the variable.
Modified measurement equation for time T (last period of the data
set) that includes one period ahead information of the
endogenous variable xj

y1,T
...

yk ,T
ft (yj,T +1)

 =


x1,T

...
xk ,T

Et (xj,T +1)

+


ζ1,T

...
ζk ,T
εf


2 Calibrate the variance of εf to capture the uncertainty about the

forecast.
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Information about the future II

Exogenous variables

This information is used to generate a conditional forecast that
assumes a path for the exogenous variables.
Example: World GDP forecasts by the IMF

In this case we include the value of the exogenous variable at time
T + h as an observable variable, consequently this information
enters as a surprise in period T + h. At time T agents are not
aware of the value of this variable at time T + h. The
measurement equation for the “observable” exogenous variable xl
at time T + h becomes(

yl,T +h
)

=
(
xl,T +h

)
+ (υT +h)

where the variance of υ determines the weight that yl,T +h has on
the forecast.
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Summary of I and II

Then we have a time varying measurement equation of the form:

 y1,t
...

yk ,t

 =

 x1,T
...

xk ,T

+

 ζ1,T
...

ζk ,T

 for t < T


y1,T

...
yk ,T

ft (yj,T +1)

 =


x1,T

...
xk ,T

Et (xj,T +1)

+


ζ1,T

...
ζk ,T
εf

 for t = T

(
yl,t
)

=
(
xl,t
)

+ (υt ) for T < t ≤ T + H
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Forecasting method

Our forecasts for the variables contained in the yt vector is

y f
t+h = Isx f

t+h + Γ

with

x f
T +h =

{
xT +H

T +h if t + h ≤ T + H Smoother
Φh−HxT +H

T +H if t + h > T + H Standard Kalman filter forecast

where xs
t = E [xt |Ys] and Ys = (y1 . . . , yt , . . . , ys) .

E [xt |Ys] is the Kalman smoother for s > t .
T + H is the last period for which there’s at least data available for
one variable in vector yt .
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Monetary Shock
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Productivity Shock
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Cost Push Shock
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Preferences Shock
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Investment Shock
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External Demand Shock
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Remittances Shock
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Risk Premium Shock
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