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Motivation

» Macro CGE models acknowledge the links between National
Accounts and Balance of Payments and Fiscal Accounts.
» Allow for Taxation and Sectoral analyses.

» CGEM are NOT intended for Policy Recommendations but are
mostly used to present the economy’s outcomes after
assessing different alternative scenarios.



The Economy |

—» Flow of goods and services
----- » Remuneration or transfer
== Institutional agents
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The Model: Supply Side

Production factors, Indirect taxes, Intermediate consumption and
Imports are combined to create total supply of the representative
good (Activity).

This process involves solving three different cost minimization

problems:

» Factor Demand Problem.
» GDP - Intermediate Consumption Problem.
» Output - Imports Problem.
Firm also maximizes its revenue by optimally solving:
» FC and IC Distribution Problem.

» FC components Distribution Problem (link to demand side).
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Factor Demand Block

—» Flow of goods and services
«++-» Remuneration or transfer
=Institutional agents
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The Model: Factor Demand Problem |

» Three factors combined + Production Taxes = Value Added.

» Firms solve the Factors Demand Problem (minimizes
expenditure subject to production):

min L K Z,
{LKI’Z} pLL + pkK + pz

s.t.

ot o=l =1\ op-1
FAC = 0 <7TLL °F +axK °F +mzZ °F )

» Elasticity of substitution among factors satisfies o > 0.
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The Model: Factor Demand Problem 1l

From the FOCs we derive the optimal demand of factors:

%F FA F FA
L= <9F7TL”F> FAC o _ <9F7TK”F> ¢

pL OF Pk O '
7F FAC
Z= <9F7erF> 7
Pz OF
where the aggregated price of factors pr is expressed as
1 =
pr = 5 (R P R R ) T
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The Model: Indirect taxes and GDP

» Added value, AV, is completed once indirect production taxes
are acknowledged (nominal terms):

pavAV = peFAC + TX, ,
where tax revenue in production (TX,,) is given by
TX,a = txvapr FAC.

» GDP (YY) supply is obtained by adding up AV, indirect (net)
taxes over products ( TX),) and import tariffs ( TRg):

pyY = pavAV + TX,, + TRg ,
where indirect product taxes and tariffs are given by

TX,, = tx,ypavAV, and TRg = trepyM
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Domestic Supply Block

——» Flow of goods and services
«++-» Remuneration or transfer
=Institutional agents
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The Model: Domestic Output Problem |

» GDP and IC combined yield total domestic supply of the
representative good.

> The firm solves for optimal combination of Y and IC in the
domestic output's second-level cost minimization problem:

min pyY + p;c/CD
{v,IC}

s.t.

op—1 op—1 %
OUT: 60 <7TYY c —|—7’[',CDICD 70 >

» Again, elasticity of substitution between Y and IC satisfy
oo > 0, however, these goods are more complementary than
substitutes (0 < oo < 1).
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The Model: Domestic Output Problem Il

» From FOCs, optimal GDP and Intermediate Consumption
demands are

Oo T oo T
Y = ((907Typo> OUT d IcD = <907T,CD”°> ouT
Py 0o pic fo

where the aggregated price of domestic output po is

1 o 1 71
_ 0,,1-00 oo ,1-0p)\1l-90
po = 9o (”Y Py =+ TicoPic )

» With Y’s Demand and Supply equations, one can solve for the
price of GDP, py:

1
l1-0p

pavAV + TX,, + TRy

(Bomypo)”® OT%T
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Total Supply Block

—» Flow of goods and services
«++-» Remuneration or transfer
=Institutional agents
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The Model: Activity (total supply) |

» When The firm when it solves the first-level cost minimization
problem given by:

i ouT M
(omin, PO + pm

s.t.

oa—t AL o1
ACT = 0,4 <7roOUT 4 + M °a ) )

» Elasticity of substitution between OUT and M is g4 > 0.
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The Model: Activity (total supply) Il

» From FOCs, optimal domestic output and imports demands
are, respectively

A ACT 74 ACT
ouT = (9,471’0 ) and M = (HAWM )
Po 0p ' Pm Oa

with aggregated price of ACT, pa given by

].O'A

1 -0,
pa = o (ngpo AT Py ) A

» OUT demand and supply equations are solved for price of
OUT, PoO:

ACT
[4
po = Oamo A 50 PA

op—1 op—1 oo-1
Ao <7Tyy 0+ mcplCD °o )

16
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The Model: Activity (total supply) Il

Additional considerations on ACT formation:

> The clearing market condition assures that
PAACT = poOUT + pyM.

» RW provides all demand for imports inelastically at the
international price py,, and therefore

PM = €Pjy

where € is the nominal exchange rate.

17 /49



Supply Distribution Block

——» Flow of goods and services
«++-» Remuneration or transfer
=Institutional agents
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The Model: Supply Distribution |

Total supply, ACT, is distributed between intermediate and final
consumption.
» The firm determines distribution of ACT between intermediate
(IC) and final consumption (FC) by maximizing revenue from

sales:

max piclCS + prc FC
{IC,FC}

s.t. a CET technology of distribution

TA—1 TA—1 Ta—1
ACT = 0ap <7T/C5/C5 A +7mpcFC 7a >

» The elasticity of transformation between intermediate and
final consumption is 74 < 0.
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The Model: Supply Distribution Il
» From the FOCs, optimal FC and IC supplies are

™™ ACT
ICS = (eADw,CS”A)
pic 04D

A ACT
' and FC = (QADTFFCPA) L
PFC OaD

with aggregated price of activity, pa, given by

1 1 o\ T
_ A TA TA A1=7a\ 1774
Pa= g (”/CSP/C + TEcPFC )
» However, py is determined through the market clearing

condition:
pAACT = plchS + ,DFcFC

» With IC supply and demand equations, we have

1
[(QOTFICDPO)UO %UOT] 7oA
Pic =

A ACT
(Gapmicspa)™ 5
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FC Distribution Block

——» Flow of goods and services
«++-» Remuneration or transfer
=Institutional agents
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The Model: Final Consumption Distribution |

» The firm determines distribution of FC supply between
Consumption (C), Investment (I), Government Expenditure
(G) and Exports (X). X are classified between traditional, Xt
(which are assumed as exogenous); and non-traditional, Xy.

» Firm maximizes its revenue from selling final consumption:

max C+pil + pcG + px. X7 + pxo X
{C’I’nyN}PC Pi PG PXT AT T PXy AN

s.t.

. TFC
Tec—1 TEc—1 TEC— )TFcl

_ rec—1
FC = X1+40¢c (ﬂ'cC iic 4+l e + e G iCFC +7TXNXN7FC

» Elasticity of transformation between types of final
consumption satisfies 7/ < 0.



The Model: Final Consumption Distribution Il

» From FOCs we derive the optimal supply of each of the FC
components:

TFC -
FC— Xr
Orc

prc FC — PX_T)_<T
pz (FC — X7)

Z = |OpcTz ,WichE{C,G,/,XN}

With pgc given by

_ 1 TEC 1T 1- ti
prcFC = OFc (Z 7Pz FC) (FC = X7) + pxtXT

» FC supply or FC demand equations can be placed in the latter
expression in order to solve for pgc.
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Factor Remuneration Block

—» Flow of goods and services eI s s sttt s e s e e raes
----- » Remuneration or transfer i
== Institutional agents

T Accounts (flows)
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The Model: Income Distribution |

» Factor supply is assumed to be exogenous (completely
inelastic): L, K, and Z.

» Then it holds:

PLZ = REM = REMuy + F;
px K = EBE = EBEyy + EBErg + EBE¢cy
pzz = MIX = MIXHH

» Given the supplies of factors, and the demands (AV
production), we derive the factor prices:

FAC
OFW

pw =9F7FW(

1
)”F pr , for W e {L,K, Z}.
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The Model: Income Distribution |l

Distribution of factor remunerations and rents in the model are
paid according to fixed coefficients:

» Factor remunerations:
» REMpyy = WﬁﬁMREM and F, = wgﬁ/MREM.
» EBEyy = wEﬁEEBE, EBErr = WEEEEBE and
EBEGV = FEEEEBE.
> MIX = MIXyy.
» Rents:
» Payments: RHH — WEIHEBEHH, RFR = WEREBEFR and
RGV = ngEBEG\/.
» R=RHH + RFR + R® = Ryy + Rer + Rev + Fk.
» Recipients: Ryy = 7rf,HR, Rer = WERR, Rgy = wng , and
FK = WgWR

26
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The Model: Direct Taxes

» Households’ income:
Yun = REMupy + EBEpy + MIXuy + (Ran — RPH).

» Firm’s income: Yrr = EBErr + (RFR — RFR).
» Government's income: Ygy = EBEgy + (RGV — RGV).

Assuming no tax evasion and perfect fiscal compliance, institutional
agents pay direct taxes as a constant fraction of their income:

TXhh = txhhYyy, TXacrr = txacrr Yrr,

and TXacgy = txacgy Ygv.

Total direct taxes are given by

T = TXhh+ TXacyy + TXacgy .
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The Model: Transfers |

There are four types of transfers: social contributions (SC), social
benefits (SB), current transfers (CT), and product transfers (PT).

» We assume exogenous payments of social contributions SC
by HH, which is distributed FR and GV:

SCHH = 75¢5C™ and scHf = =3¢ 5™

» HH receive exogenously assumed social benefits, SB = SBuny,

from FR and GV:
SBHH = WFRSBHHI and SBHH = Wg\s;sisHH

» FR and RW pay CT exogenously, e et =T,
which is distributed to HH and GV as:

CThy = 75}, CT, and CTgy = 7&!, CT.
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The Model: Transfers Il

» We also assume exogenous product transfers from the
Government to households, PT .

> Net transfers are then represented by the following equations:
=~HH =5 =GV
NTyy = —5C +SBHH+CTHH+PTHH
NTeg = SCHH — sBFR €T
NTey = SCEH — SBSY + CTay — PT o,
NTrw = —CT "
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Demand Block

——» Flow of goods and services
«++-» Remuneration or transfer
=Institutional agents
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The Model: Domestic Demand |

» HH have standard well-behaved preferences (e.g.
Cobb-Douglas with savings in utility), which yield final
consumption demand and savings as:

DYyH

pc

with DYy = Yyy + NTyy — TXhh. HH's marginal
propensity to consume (MPC) satisfies 0 < o < 1.

C=«

, and Sy = DYy — pcC

» HH and FR investment form private investment, /pg, as

I = Blpr
Irr = (1 - B)lpr
Ipr = Iun + Irr

with 0 < 8 < 1.
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The Model: Domestic Demand I

» Accordingly, we have FR savings given by
Srr = Yer + NTrr — TXackr.
» Total demand for investment, |, is
I =lpr + lgv

which along with investment supply yields the price of
investment equation, py

1
TFC

FC — Xt
Orc (Ipr + lgv)

prcFC — px1 X
(FC — X7)

pr = Orcm
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The Model: Domestic Demand IlI

» We assume GV's expenditure, G, and investment, /gy, to be

exogenous: _ _
G = G, and /GV = IG\/

» GV expenditure price is jointly determined by its supply and
demand functions

_ - L
0 prcFC — pxTXT (FC - XT) TFC
= i = =
PG FCTG (FC — Xr) e C

» Accordingly, GV savings are given by
Sev = Yev + NTgy + Tx+ T — TXacgy — pcG

with indirect taxes Tx = TX,s + TX,, + TRy.
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The Model: External Demand |

» RW demand for Xyt is defined according to:
eb}‘w*>”; M*
PXN

where 0y« and wco, are scale and Colombian share parameter
in the aggregation of RW imports, M* which are assumed to
be exogenous, such as their price, py,..

» Total exports quantities must satisfy X = Xy + X7, and their
price is determined by

_ Px; XT + Pxy XN
X

Px
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The Model: External Demand Il

» Price of Xy, px,. is determined by its supply and demand

equilibrium:
1
_ M TFC

— of, M*
(Om=mcoLebiy-)"™ 4,

P = FCopxrXr | FC-X

PFC —PXTAT AT

OFcmxn ™ re=5y) Trc

» RW demands Xt at the international price p}T, which means
that the internal price of Xt is given by

*
PXxr = €Px;
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The Model: Closure Equations |

——RW
We set Yew = F1 + Fx — CT .
Private Investment Closure

» Exogenous exchange rate: e = €.
> Exogenous /PR: /PR = 7PR.

» Endogenous Sgyy:

—CC = Srw = Yrw + puM — px X

» S-1 balance depends on Endogenous p¢ (replacing Syy):

pil = Sun + Ser + Sev + Srw

_ DYuu + Ser + Sev + Srw — pil
pc = C

36
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The Model: Closure Equations Il

RW Savings Closure

» Exogenous consumption price: pc = pc.
» Exogenous External Savings: Spiy = Srwy.

» Endogenous exchange rate, e (derived from the following
equation):

Srw = Yrw + pu(e)M(e) — px(e)X(e)
» Ipr is determined by the S-I balance:

ShH + SFr + Sev + Srw 7
pi oev

Ipr =
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Parameter Calibration: An example (I)

Using information from the Macro-SAM constructed for the model, we
show an example of how share and scale parameters are calibrated. All
parameters can be calibrated following the same steps.

» Share parameters: We have that

1

Pr (K) pz (Z)w
TK =T L— | — Tz =T 11— | — and
pr \ L pr \ L

T+ Tk + 7z =1,

which yields
1
prLLeF

T = T N T
pLLF + pkK7F + pzZ7F

all other parameters can be calibrated analogously.
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Parameter Calibration: An example (II)

» Scale parameters: Using the share parameters and FAC, we
have

°F
op—1

1 1 1
LoF + pxKoF + pzZ°F
p.L+ pxK + pzZ

0 = FAC | Pt
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Model Summary

A grand total of 99 variables:
» 73 endogenous variables.
> 22 exogenous variables.

» 4 closure variables:

» 2 endogenous variables (depending on which closure we
choose).

» 2 exogenous remaining variables: i) A nominal anchor, and ii)
a real quantity.
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Endogenous Variables

FAC
ICp

FC
MIX
EBEgy

SCH
NTeg
Pi

YRW .

PF
Py
PA
PL
RHH

YHH
schy
NTgy
Sev

Endogenous Variables List (73)

AV
ouT
pic
PK
RFR
Yrr
SBf
C

Tx

TXya
M
I

bz
RGV

Yev
SBSY
SHH
PG

pav
po

Xn

REMyy
Run
TXhh
CT
DYy
X

TX}’}’
ACT
PFc

Fr

Rer
TXacrr
Iun

Px

TRy

Pm
REM
EBEyy
Rev
TXaCG\/
CTgy
IFr

Pxy

ICs
EBE
EBErr
Fx

NThH

Srr
Pxr

41/49



Exogenous Variables: A list (1)

» Factors: L, K, Z — DPI-BR
» Total Factor Productivity: 6 — DPI-BR
> Indirect Taxes Rates: tx,a, txy,, trqg — Calibrated (ftc)

» International Price of Imports: py, — BoP / ToT (Imports
Index)

» Traditional Export Quantities: )_(-,- — BOP
» Direct Taxes Rates: txhh, txacer, txacgy — Calibrated (ftc)
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Exogenous Variables: A list (Il)

HH payments to SC: SC"™ . Pension Funds Financial

Statements.

SB payments to HH: SByy

FR payments to CT: T

RW payments to CT: ™ . Bop

GV payments to PT: ﬁﬁ,‘j

v

v

v

v

v
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Exogenous Variables: A list (llI)

GV Investment: /gy — DPI-BR

GV Spending: G — DPI-BR

Price of RW Imports: py,. —> WEO (External Inflation)
RW Imports Quantities: M* — BOP

Traditional Exports Prices: px, — BoP / ToT (Exports
Index)

v

v

v

v

v
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Closure Variables

Investment Closure
» Nominal Exchange Rate: ¢ — BOP
» Private Investment: Ipg —DPI-BR
Savings Closure
» Consumption Good Price: pc — DPI-BR
» External Savings: Sgyy — BOP
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Macro CGEM usage: An example

» Using observed information from BOP, National Accounts and
other relevant variables, we replicate 2012 economy taking as
a starting point 2011 SAM and our model.

Main Results - 2012

Variable Observed CGEM .

Average Investment Savings

GDP 4.0 4.1 4.2 4.1

C 4.4 4.0 4.5 35

G 5.7 5.7 5.7 5.7

I 4.6 4.5 5.0 4.0

Ipr 4.9 4.4 4.9 3.8

lev 53 5.3 5.3 5.3

X 6.1 5.0 4.6 53

M 8.9 5.4 7.2 35

CAD (%GDP) 3.1 36 4.0 31

46
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Consistency of the model

Current Account Deficit vs.
Rest of the World's Savings
(% of GDP) (% of GDP)

2000 2002 2004 2006 2008 2010 2012

——Current Account Deficit —Negative of RWSV
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What's Next?

This model can be further extended along the following lines:
» Demand driven economy.

Assuring BoP matching with the model.

Multi-sector CGE model.

v

v

» Extension of Fiscal Block.

Money in CGEM (anchor to Monetary accounts).

v
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THE END

Thank You.
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