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Private consumption demand is obtained through maximisation of household specific
utility function following the Extended Linear Expenditure System (ELES).® Household
utility is a function of consumption of different goods and saving. Income elasticities are
different for each household and product and vary in the range 0.20, for basic products
consumed by the household with highest income, to 1.30 for services.” Once their total
value is determined, government and investment demands'® are disaggregated in sectoral
demands according to fixed coefficient functions.

Figure 1-1: Nested Production Function
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- CES substitution elasticities are differentiated by capital vintage, new capital (higher) elasticities are shown to the right of the
comma.
- No substitution is possible among intermediates. Domestic products can be substituted with the corresponding foreign ones.

International Trade

In the model we assume imperfect substitution among goods originating in different
geographical areas." Imports demand results from a CES aggregation function of
domestic and imported goods. Export supply is symmetrically modelled as a Constant
Elasticity of Transformation (CET) function. Producers decide to allocate their output to

§ A useful reference for the ELES approach is found in Lluch (1973). More detailed explanations of this
modelling choice are given in the following chapter.

? Among the various sources for these elasticities see Blanciforti and Green (1983), Eastwood and Craven
(1981), Lopez (1989) and Maki (1988).

10 Aggregate investment is set equal to aggregate savings, while aggregate government expenditures are
exogenously fixed.

H Armington (1969).




domestic or foreign markets responding to relative prices. The model implements a two-
stage procedure for determining both import demand and export supply. For imports
consider Figure 1-2. At the first stage aggregate demand is decomposed into a domestic
component and an aggregate import component. At the second stage, aggregate import
demand is allocated across the various trading partners.

Figure 1-2: Import demand nesting
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Export supply is treated in a symmetric fashion (see Figure 1-3). Producers allocate
production between domestic sales and aggregate export sales. At the second stage,
aggregate exports are sold to the various trading partners based on the relative price the
exporter can receive in each market. "

Figure 1-3: Export supply nesting
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12 Elasticities between domestic and foreign products are of comparable magnitude for imports demand
and exports supply. Their values are 3.00 for agricultural goods, 2.00 for manufactured goods and 1.50 for
services. Similar values are used for the second nesting.




As Colombia is unable to influence world prices the small country assumption holds,
and its imports and exports prices are treated as exogenous. The balance of payments
equilibrium is determined by the equality of foreign savings (which are exogenous) to the
value for the current account. With fixed world prices and capital inflows, all adjustments
are accommodated by changes in the real exchange rate: increased import demand, due to
trade liberalisation must be financed by increased exports, and these can expand owing to
the improved resource allocation. Price decreases in importables drive resources towards
export sectors and contribute to falling domestic resource costs (or real exchange rate
depreciation).

Model Closure and Dynamics

The equilibrium condition on the balance of payments is combined with other closure
conditions so that the model can be solved for each period. Firstly consider the
government budget. Its deficit'® is fixed and the household income tax schedule shifts in
order to achieve the predetermined net government position. Secondly, investment must
equal savings, which originate from households, corporations, government and rest of the
world.

The dynamic structure of the model results from the equilibrium condition between
savings and investment. A change in the savings volume influences capital accumulation
in the following period. Exogenously determined growth rates are assumed for various
other factors that affect the growth path of the economy, such as: population and labour
supply growth rates, labour and capital productivity growth rates and energy efficiency
factor growth rate. Agents are assumed to be myopic and to base their decisions on static
expectations about prices and quantities. The model dynamics are therefore recursive,
generating a sequence of static equilibria.'

Model Dimensions

The remainder of this section introduces the dimensions of FEDESARROLLO’s
model. There are four main dimensions: sectors, regions, household’s types and labour
skills, and time. Some of these broad dimensions are split into sub-dimensions (or subsets
to use the GAMS terminology).

The base data set is constructed around a 23-sector database, derived from the
Colombian SAM mentioned previously. The sectors are defined in Table 1-1. The usual
indices are shown under each table title. In the case of multiple indices, they are simply
synonyms (or aliases) for each other. Table 1-2 provides the definition of the regions.
Table 1-3 defines the household type and labour skill dimension. Table 1-4 defines the
time dimension.

" ts initial value is determined in the 1994 SAM.
" The model’s long-run properties are discussed in the next section.



Table 1-1: Sectoral Definition

(i)
I. Agricultural food 13. Other mining
% Cereal 14. Processed food
3. Oil seeds 15. Consumption goods
4. Other agricultural products 16. Intemediate goods
3 Pergamino coffee 17. Metal products incl. machinery and equipment
6. Livestock 18. Construction
7. Forestry, fishing 19. Commerce
8. Processed coffee 20. Transport
9. Oil 21. Electricity, gas and water
10. Natural gas 22. Financial sector
11 Coal 23. Other services
12. Oil refinery by products
Table 1-2: Regional Definition
(r.r')
1. North America 3. Rest of the World
2. South America
Table 1-3: Household types and Labour Skills
(h)
1. Propietor
2, Informal Own Account
3. Informal Employer
4. Professional
5. Labourer
6. Goverment Household
7. Agricultural Household
()
1. Unskilled labour
2: Skilled labour
3. Other labour (independent workers, employers)
Table 1-4: Time Definition
(1)
E 1994 7. 2001
2. 1995 8. 2002
3. 1996 9. 2003
4, 1997 10. 2004
S. 1998 11. 2005
6. 1999 12. 2006




3 Model blocks

3.1 Household Consumption

In many CGE models household expenditure behaviour functions are derived from
the maximisation of Cobb-Douglas or Constant Elasticity of Substitution (CES) utility.
The limitation of using these functional forms for consumption is that they imply unitary
income elasticity of demand. This fails to account for the way changes in income affect
the structural adjustment of the economy to exogenous shocks. In order to avoid such
drawbacks, consumption demand in the current model is determined by using the utility
function associated with the extended linear expenditure system (ELES). The ELES is
similar to the LES or Stone-Geary system'”, but incorporates household saving into the
utility function.

Consumers under the ELES are assumed to maximise the following utility function:'®

max U = z,u, In(C, - 6,)+u, ln(%)

subject to the budget constraint:
Y PPC 8 =F*

C is consumer spending, S is saving (in value), Y* is disposable income, PC are
consumer prices, and 4 and @ are the ELES parameters.'’ The Engel aggregation
condition'® requires the following constraints on the parameters p:

Z,ui +u, =1

1

The following demand functions can be derived:

:l‘li «
Q=9f+,7cf[y'-21’ﬂ9,-)
. J

The usual interpretation of this demand function is that consumption is composed of
two parts. The first part has been referred to as the subsistence minima (or floor

% See Stone (1954).

'® Note that the same specification has been used for each household type.

"7 In the utility function, S needs to be deflated by an appropriate price, which would represent the
consumer spot price of future consumption. This price does not need to be specified for the model since
household saving can be derived as a residual from the budget constraint. For welfare calculations, the
consumer price index, cpi, has been chosen as the saving deflator since there is no forward-looking
behaviour in EMMA.

' See Deaton and Muellbauer (1980) page 16.






Table 2-6: Consumer Prices
(2-6.1) Pf =PA

B X,’
(2-6.2) P = Z; lA(
ZI)I" th

3.2 Other Final Demands

Apart from household consumption, final demands include government current and
capital expenditures, and private capital expenditures (private investment). These are
integrated into a single final demand matrix component. All these final demand vectors
are assumed to have fixed expenditure shares.

Equation (2-7.1) determines the composition of final demand components. The
demands for goods are determined as constant shares of the volume of total final demand
D" The index f covers government current and capital expenditures (f=g), and private
investment (f=inv). Equation (2-7.2) determines the value of final demand expenditures,
D' Equation (2-7.3) determines the price of final demand expenditures, which,
without any taxes or subsidies, is equal to the Armington price.

Table 2-7: Final Demand Expenditure Equations
2-7.1) X; " =a°D[™

(2_7-2) DW'I'D 2 PﬁDxAC

(273) PP =PA

Government aggregate expenditures on goode and services (1) ") are fixed in real
terms. Total nominal government expenditures, G , 18 determmed |n Equauon (2-8.1) as
the sum of total value of expenditures on goods and services (D P as in Equation (2-
7.2)) plus two exogenous elements: transfers to the rest of the world, F“', and transfers
to households, 7;°. Equation (2-8.2) defines the government expenditure deflator, P°.









The next level of the CES nesting disaggregates the O*F bundle into the energy
bundle on one side, and capital demand on the other side. The equations in Table 2-11
provide the reduced form first order conditions for demand for E” and Kv.

Table 2-11: Demand for the Energy Bundle and Capital

(2-11.1) E,=c; Q“[P ]

pE?
(2-11.2) kvl =) Qﬁs{;f LS T;

' 2R\ By
(2-11.3) K =Y Kv,

E" is demand for the energy bundle (by vintage), P is the price of the energy
bundle, Kv* represents capital demand by vintage, and R is the vintage SpClelC rental rate
of capital. The share parameters are o £ forthe energy bundle, and o * forcapital. Capital
demand incorporates changes in capital factor efficiency. Equation (2-11.3) determines
aggregate sectoral capital demand.

There remain two more bundles to decompose: aggregate labour and the energy
bundle. Table 2-12 lists the equations for determining labour demand by skill type and
energy demand by fuel type.

There is a single nesting for labour by !pe, which implies that the substitution
between any pair of labour skills is the same. L‘ represents demand for labour of type / in
sector;, the CES share parameters are o™ ,and the CES substitution elasticity for labour
iso L. Labour is assumed to be perfectly mobile across sectors which implies a uniform
economy-wide wage rate. However, we allow for the possibility of differential sectoral
wages (for the same labour skill) to take into account observed data which reflect specific
institutional features. The parameter ® is fixed and determines the relative wage across
sectors, where W represents the equilibrium wage for skill /. Finally, the parameter A k
incorporates labour efficiency improvement.

Table 2-12: Demand for Labour by Skill Type and Energy by Fuel Type

A g
(2-12.1) L=a ,[ J
A

(I)U
EP ( AEpEP Y
(2-12.2) 5= Zaw ﬁ;p( . A’
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Energy demand is vintage specific, and the substitution possibilities across fuels are
generally lower for old capital than for new capital. The current version of the model uses
a single energy nesting, i.e. the decomposition of the energy bundle into the fuel
components requires only one CES function. The index e represents the fuel commodities
in the sectoral disaggregation. Equation (2-12.2) determines the demand for each fuel and
incorporates energy efficiency improvement which is both sector and vintage specific
(but not fuel specific).

This completes the description of the production structure. Starting from output, XPv,
the nested CES tree structure of production unfolds until at the end of each branch a basic
commodity (at the Armington level) or factor of production is specified. The next section
will describe the formulation of prices in the production sector. The description of prices
proceeds in the opposite direction. It starts at the bottom of the tree, using the
fundamental (or the economy’s equilibrium prices), and moves up the tree to define the
price of the different CES aggrecate bundles.

: is given in Figure 1-1 in the

ices are given. The equ1llbr|um

- mi. 11

(2-13.1) P [Za”,U‘;:'J J

Similarly, Equation (2-14.1) defines the aggregate pr
CES dual price of the skill-specific wages.

Table 2-14: Aggregate Price o

(2-14.1) Za”[“’“, J
Ah

o’ 1fi-af)
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Table 2-16: Equilibrium on the Labour Markets

W on
(2-16.1) L= f'r(P.»,,L_. J

(2-16.2) L ZL}',,(

Equation (2-16.2) is the market clearing condition and determines the equilibrium on
the labour markets.

For the capital market it is necessary to distinguish between comparative statics and
recursive dynamics.

Table 2-17: Equilibrium on the Capital Market (comparative static)

M LU
(R" = [Z ot (R™)™ ] if o <o

2-17.1) ) "

KS:ZI(;I if a)kzoo

K=o R"o:d K° if o<e
(2-17.2) J K

R‘_OI(I - RA if a)k e
(2_]7.3) Ki.r.Old e K'(I

In comparative static mode, all the dynamic transition equations are left out of the
model definition. The putty/semi-putty structure of production is also irrelevant, and only
old capital exists (i.e. only the old production elasticities are used). The sectoral supply of
capital is determined using a CET supply function. An elasticity of substitution of zero
implieslgsector-speciﬁc capital, and an elasticity of infinity implies perfectly mobile
capital .

The equations in Table 2-17 determine sectoral capital supply in comparative static
mode. In the case of finite elasticities, Equation (2-17.1) determines the aggregate (or
average) rental rate using the definition of the CET dual price function. Equation (2-17.2)
determines the sector-specific capital supply as a function of the sector specific rental rate

" In the current comparative static version of the model capital is assumed to be perfectly mobile across
sectors.






Table 2-18: Supply of Old Capital in Declining Sectors

o
Kv! i
(2-18.1) R} =min| RF || e ¥
‘ K0,

The single rental rate on all capital, which is not part of a declining sector, remains to
be calculated. In other words, the single rental rate which applies to all new capital, plus
old capital in expanding sectors, plus old capital being disinvested by declining sectors
has not yet been determined. Equation (2-19.1) determines the rental rate of new capital,
R', which is a single cconomy-wide rental rate. Equation (2-19.2) determines the sector
specific rental rate of old capital. This could be determined as well by an equilibrium
condition, but this was alrcady integrated into Equation (2-19.1). Therefore the rental rate
of old capital is simply determined by multiplying the rental rate ratio, by the rental rate
of new capital. Finally, Equation (2-19.3) sets the rental rate of new capital.

Table 2-19: Equilibrium on the Capital Market (recursive dynamics)

(2-19.1) Y K +k!, =K
(2-19.2) R = R* R®
(2-19.3) ™% R

3.6 Determination of Vintage Output

In each period, producers are faced with the decision to optimally allocate production
across vintages. The model implements a simple rule. First, producers will use all the
capital installed at the beginning of the period, i.e. old capital. If demand for output is
greater than what can be produced with the installed capital, producers will demand new
capital to produce the residual amount. If demand is less than what producers desire to
produce with the installed capital, i.c. if a sector is in decline, producers will market the
surplus capital on the second-hand market. The production allocation decision of the
producer can be derived from the optimal capital/output ratio for each type of capital. The
optimal capital/output ratio can be derived from Equations (2-9.3), (2-10.3), and (2-11.2).
Equation (2-20.1) provides the capital/output ratio for each vintage type. The optimal
capital/output ratio will depend on all the prices in the nested CES structure and will only
be constant if the entire production structure is a Leontief technology. Equation (2-20.2)
determines output produced by old capital. It uses the capital/output ratio to dclcrmjne the
optimal production with installed capital. If the latter is less than production, thdn that
quantity is assigned to “old™ production. If the quantity is greater than total demand, than
the quantity produced with old capital will be set equal to total demand, and the residual

18
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Household income derives from two main sources, capital and labour income.
Additionally, households receive transfers from the government and from abroad.
Equation (2-22.1) defines total labour income, Y* as the product of total labour demand
and the wage rate. There are two adjustments. One comes from wages earned abroad, the
other concerns wages remitted to foreign labour. In the former case foreign wage income

is assumed to be constant (in value), while, in the latter case, a fixed share (;{f) of total
domestic labour income is assumed to be distributed to foreign labour.

Labour income is distributed to the households. Equation (2-22.2) defines total
households income, Y. It is the sum of labour income, dl‘;trlbulcd capital income and net
company income, and transfers from the government 7, and from abroad F,". gltal
and company income are distributed usmo fixed shares. Households direct tax, H'**,
given in Equation (2-22.3), where x “ isthe tax rate. The adjustment factor 5””‘)( bccomes
endogenous w1th the fixed government budcet closure. In this case, when government

usehold tax schedule shifts in or
tion (2-22.4) defines household
ytal household income less taxes

Icome

K.CORP)};CORP

3.8 Trade Equations

Import Structure

Demand by all economic agents has now been specified at the Armington level of
aggregation, i.e. a composite demand of goods produced domestically and imports. In the
current model, it is assumed that import demand by all agents is identical, in other words,
we will not differentiate between producer’s and consumer’s propensity to import. This
implies that we can aggregate the Armington demand across all agents before

20



determining the optimal allocation of the Armington demand between domestic goods
and imported goods®'.

Recall that, the Armington assumption simply posits that goods are differentiated
with respect to region of origin. The model has implemented this assumption using a
nested structure. At the top level, each domestic agent optimises some objective function
(e.g. cost minimisation or utility maximisation). This leads to demand for a composite
commodity that has been referred to as the Armington commodity. At the next level,
agents minimise the cost of the Armington bundle, subject to an aggregation function
between goods produced domestically and an aggregate import bundle. In the case of this
model, this is a CES aggregation function. At the next and final level, agents minimise
the cost of the aggregate import bundle, again subject to an aggregation function over
imports originating in each region of the model, namely the EC region the other

* European countries region and the Rest of the World.

The mathematical formulation leads to:

min P” D+ PY M
58
X =[ath‘”-l-amM"C’]”Jp
where X is the demand for the Armington good, D is demand for domestic

production, M is aggregate import demand, P” is the price of domestic sales, and PM s
the domestic price of imports (tariff inclusive).

The first order conditions lead to the following demand functions:

D =a‘,X(%) where a,=aj

M =a,,¥[§g—) where a,=ay

and the substitution elasticity is given by:

PINEE S
1-p o

PA is the (Armington) CES dual price determined using PD and PM:

-l P
+a, PY ]'"

o

PA =[aJP”"

> This is done in according to what shown in chapter on the multipliers. In addition, this formulation is
less data intensive.
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Table 2-23 specifies the equations relative to the first level of the Armington nest.
Equation (2-23.1) determines aggregate Armington demand, XA, ie. the sum of
Armington demand across all ageants. Equations (2-23.2) and (2-23.3) decompose the

aggregate Armington demand into respectively the domestic component, XD, and the
aggregate import component, XM.

Table 2-23: Armington Decomposition

(2-23.1) XA =Y X+ X3C+Y XA
j h f
pa Y
(2-23.2) X2 =0 XA(F;)
m PA: i
(2-23.3) XM= XA,(WJ

Equation (2-24.1) in Table 2-24 determines the Armingtor;jrice, PA, which is the
CES dual price of the Armington component prices, i.e. P” and P".

Table 2-24: Armington Price

(1-of"

L
(2'24 1) PA' = l:aflpl) l +a:"RM“ % ']"".

! !

The next stage in the Armington decomposition is to decompose the aggregate
Armington demand across the regions of the model. Again, the CES functional form is
used to implement the imperfect substitutability of commodity demand across regions.

Equation (2-25.1) in Table 2-25 determines import volume by sector and region of
origin, X,“*. The relevant import price, is the partner-specific import price P in
domestic currency and inclusive of partner-specific import tariff. Equation (2-25.2)
determines the price of the aggregate import bundle, P, which is the CES dual price.
Equation (2-25.3) defines the domestic import price, P¥** which is equal to the import
price of the trading partner converted in local currency, and inclusive of the partner-
specific tariff rate.

22



Table 2-25: Second-Level Armington Equations

ri PMch i

ri

A;
(2‘25.') XI"-RFK - Rep:( PIM ) XAl

1
(2‘252) PiM = |:2 ﬁf:g (Prt‘mt,g )(I—Af)]l—l\';

(2_25.3) ])r{ViIRt'}; - ERATEP::"MI(I(] + ,z.’M,)

Export Structure

Export supply is treated symmetrically to import demand. Producers are assumed to
differentiate between the domestic market and the export market. Producers are modelled
as maximising sales between the domestic and export markets subject to being on a
production possibilities frontier. The model uses the Constant Elasticity of
Transformation (CET) specification to implement the production possibilities frontier.
The resulting equations are similar to the CES first order condition with reversals in signs
to reflect that producers are maximising revenues, as opposed to the CES where agents
are minimising costs. As for the Armington specification, there are two levels in the
export supply structure. Exporters are assumed to differentiate across regions, in response
to changes in relative regional export prices.

Equation (2-26.1) and (2-26.2) provide the first order conditions for determining the
producers supply decisions. Equation (2-26.1) determines the optimal supply of goods for
the domestic market, X”. Notice the change from the CES functional form. A rise in the
domestic price (with respect to the producer price), leads to a rise in domestic supply.
The computer implementation of the model allows for the possibility of infinite CET
elasticities in which case the producer does not differentiate between domestic and
foreign markets. Under this assumption, the domestic and foreign sales price are
identically equal to the producer price. Equation (2-26.2) determines export supply, E,
Equation (2-26.3) is the CET dual price function which replaces the primal CET function
in the case of finite elasticities.”> In the case of infinite elasticities, output is equal to the
simple sum of domestic supply and export supply.

22 The primal function is given by the following formula:
Vi

1 Dp; s
XP =\a,;X;" +ajE

where the following relations hold:

ol +1 1 1 1 \I-Pi I-pi
t t d _ d e _ e
pPi = ;J" =0, = ol —1 and a,; = (ar.i) a,; = (al.i)
! i -

1
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Table 2-28: Export Demand and Market Equilibrium
(2'28. ]) PE:?I"S — ER/1TEf_)r.I:'|V¢)rI(I
(2-28.2) ESes = EORes

3.9 Government Revenues and Saving, and Macro Closure

Table 2-29 presents the government revenues and closure rules. Equations (2-29.1)
and (2-29.2) determine respectively the government’s tax revenues from the production
tax and the import tax. Note that in Equation (2-29.2) the regional indices are explicitly
used. The tariff rates are trading-partner specific, i.e. the tariff rate is allowed to vary
depending on the region of import. Equation (2-29.3) identifies miscellaneous
government revenues, these are all revenues minus household direct taxes. Equation (2-
29.4) provides total nominal government revenues, G™".

Table 2-29: Government Revenues and Saving

(2_29 l) YINI)'I'AX = z T,PPX,XP,
(2_29.2) yTARIF = EI;ATEZE z,:liprf:l,)rldX'{iReg
(2_293 ) YMixcRer = YINDTA’X _*_lyTARIF + CTA.\’ A ERA’I‘EZ F;Gin
(2_294) GRer - YMi.v(Re'v +ZHZ‘A,\’
h
(2-29.5) S, = pepr S‘g
(2-29.6) S, = G* —GgEr

The government closure rule is specified in Equation (2-29.3): government saving is
fixed (in real terms). Government saving is simply the difference between government
revenue and government expenditure and is determined by Equation (2-29.4). With
exogenous government saving the household tax schedule is endogenous. Household
taxes are determined by solving Equation (2-22.3) for & HTAX j.e8 X is teequilibrating
variable to achieve the fixed government balance.”

Table 2-30 includes the equations for the closure of the saving and investment
account, and other macro closures. Domestic investment is equal to domestic saving plus
a fixed level of foreign saving. Under this rule, foreign saving does not react to regional

* In the reference scenario, government saving is held fixed at its base year level which implies that, as a
share of GDP, government saving (or the deficit) declines over time.
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changes in relative rates of return. In this ¢

determined by Equation (2-30.1). Aggregate im
plus depreciation. Saving includes retained corf

S" o government saving, S,, and total foreig

exogenous in each time period.

Table 2-30: Determination of Aggregs

@300 DL =S st 45,4
(2‘30.2) ERA]'E z PI'.'-I-"MM X,IHI’Ryg s
(=22

!
_Z“'YK + FRA?

_Emrﬁz 2*

roh

(2-30.3) X =3 WY oL+
! J d

(2-30.4) X"PP =N WY @, AL
i 1

X GDP

(2'305) th‘r_r -

- )
XRGI P

In the model, Walras law has been defined t
the (negative) of foreign saving. Equation (2-30.
balance sheet are exports, evaluated at world
transfers and factor payments. On the other s
imports evaluated at world prices (excluding tari
redundant, and Equation (2-30.2) is dropped fro1

The final equations of the model, Equations |
domestic price index which is used to inflate rc
calculates the current value GDP, XP°. Equati
the sum of factor demands in efficiency units, e
30.5) defines the GDP deflator, P"*. The GDP
payments, divided by the sum of factor volumes.

Any price in the model can be chosen as the
model, the foreign price index, ERME, has been ¢
is always set to 1.
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3.10 Aggregate Capital Stock and Productivity Growth

This section, and the next, provide the key equations for describing the transition
from one period to the next. The aggregate capital stock is not pre-determined because it
depends on the current level of investment. The one-year gap transition equation is given
by:

K, =(1-8K,_, +I_

where K is the aggregate capital stock, 0 ighe annual rate of depreciation, and I, is
the level of real investment in the previous period. A problem appears when the gap
between solution periods is greater than | year. Since investment in the intervening years
is not calculated assumptions must be made in order to integrate the stream of
investment. The transition equation for a multi-period gap expanded has this form:

K, =(=-8[1-8K, ,+1,]+1,,
K,=(1-8)"K,_, + Y (1-8)""1_
j=1

The model does not calculate investment between periods. A linear growth model is
assumed to explain investment in intermediate years, i.e.:

L =0+y)1,

where

where the annual growth rate of investment is derived from the annualised growth rate of
investment in the current period compared to investment in the previous period. We can
re-write the multi-year transition equation to be:

K,=(1=-8)"K_,+>1=-8"0+yy71I,_,
j=1

The transition equation is then derived and given by Equation (2-31.2) in Table 2-31,
where the growth parameter ¥ ' sdetermined in Equation (2-31.1). The capital stock is
only pre-determined in Equation (2-31.2) if the gap between periods is equal to one year.
Due to base year normalisation rules (the rental rate is set to | in the base year), the
aggregate stock of capital, K, is normalised to yield K* (Equation (2-31.3)), which is the
level of capital used in determining equilibrium on the capital market.**

* The following numerical example may shed some light on the normalisation rule. Assume the value of
capital in a region is 100. Assume, as well, that capital remuneration is 10. Capital remuneration is simply
rK where r is the rental rate and K the demand for capital. In this example, rK is equal to 10, which implies
arental rate of 0.1. EMMA uses a different normalisation rule. It assumes that the base year rental rate is
1, and normalises the capital data to be consistent with this normalisation rule, in other words, the
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Table 2-31: Aggrega

1

(2-31.1) y"=[-ff—]"—1
!I‘—n
(2:31.2) K, =(1=9)" K, +(] +7')
4
K®
(2-313) Kf=2tag
Productivity

The efficiency growth of labour and energy -
efficiency growth of capital is normally exoge:
capital efficiency factor is calibrated in order 1
GDP. Since there is only one target growth rate
be one instrument to achieve this target. In the ct
that capital efficiency is uniform across sectois anu vinages. 1ue capnar enciency
parameter is only endogenous in the reference (or business-as-usual) scenario. In all
shock simulations, the capital efficiency parameter is exogenous.

Equation (2-32.1) determines the real growth rate of GDP, ¥ ”, innwost simulations.
However, in the reference simulation, ¥ ” isxogenous, and Equation (2-32.1) is used to
determine the capital efficiency growth parameter, y *. Equation (2-32.2) determines the
cumulative capital efficiency factor.

(2-32.1)
(3-32.3)

Table 2-32: Productivity Factors for Capital

X:RGDP — (l + }"\. )*r Xi(!;DP
B =(1+70) 2

jwt Je=n
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termined variables, which are updated at
nsition equations do not rely on any
an endogenous result of the model.



Table 2-33: Initial Supply of Old Capital
(2-33.1) KO, =(1-6)"K{

tI=n

In Table 2-33 KO represents the installed old capital at the beginning of each period
by sector.”” It is simply equal to the sector’s previous period's total (depreciated) capital
stock. The end of period stock of old capital (in a given sector) may be less than the
initial stock. If the sector is declining, old capital will be disinvested and the actual stock
of old capital will be less than the initial stock.

Table 2-34: Other Pre-Determined Exogenous Variables

(2-34.1) a,=(1+y))"dl,_,
(2-34.2) Pop, =(1+y!)" Pop,_,
(2-34.3) D"? =(1+y})' D]:2,

In Table 2-34, Pop, is the population at time t. JD\,,,TFD is the level of total real

government expenditures on goods and services is assumed to grow at the same rate as
the economy.z(J Equation (2-34.1) determines the labour ¢
to the previous period’s labour supply shift factor multip
labour supply growth rate.
The energy efficiency factors are also exogenous ar
following set of transition equations:

Table 2-35: Energy and Labour Efi
(2-35.1) A =(+yE)y A

i=n

(2-35.2) A, =+yy A,

The annual autonomous energy efficiency factor is
growth in energy efficiency in production. The energy

» The base year data does not provide capital stock data by sect
Since the price of capital in each sector is set to 1 in the base year, t
seen as an index volume and not a volume, which has been observ
aggregate capital stock is the sum of the sectoral capital stocks, thi:
same across sectors in the base year.

% Note that the real level of transfers from government to househo
as the economy, too.
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are specific to both sector and vintage. The cumulative factor is given by the A variable.
Equation (16.6.2) determines the labour efficiency factor. The growth in labour efficiency
is exogenous and is labour-type specific.

Vintage Re-Calibration

The model has a vintage structure of capital which is based on an assumption of a
putty/semi-putty structure of production. It is further assumed that the substitutability of
capital differs across vintage, with old capital typically less substitutable than new
capital. There are only two vintages, old and new. New capital is generated by investment
in the previous period. Old capital is the installed capital in the previous period. Over
time, the structure of old capital changes as the previously new capital gets merged into
the old capital. Rather than keep track of each vintage over time, we modify the structural
parameters of the old capital to reflect its changing composition. The key rule that has
been adopted is that the share parameters associated with old capital should be able to
produce all of the previous period’s production (with the substitution elasticities of the old
capital). For example, assume we have a CES production function in capital (K), labour
(L), and energy (E). Production then has the form:

— i 2 L 1lp,
X, =la, K +a,, LY +a, EP]'P
where

1

B I 2

and X is output (by vintage), K, is capital by vintage, L, is labour, and E, is energy.
The share parameters are vintage specific as is the substitution elasticity. The first order
conditions for cost minimisation lead to:

P a, .
K. =a, X, (—'—J where @, =a;,
r

v

P ad,
L.=dg;X, [—H‘—) where @, =a;;

v
e

P., a,
E=a, X|— where o, =a

e

I

where r, w, and e are respectively the price of capital, labour, and energy. (Note that
the model uses the modified share parameters, i.e. the share parameters of the CES
function raised to the power of the substitution elasticity. The former share parameters
are never formally employed in the model since only the first order conditions and the
CES price function are used.) P is the CES dual price which is given by the following
equation:

ey

_ : o M0-0,)
B =[a'£__‘.r,' "+, W +a,,el G"]

We assume that the production structure of output associated with new capital is
constant over time, i.e. the share parameters and substitution elasticities are not time

30



dependent (except for the efficiency factors). However, old capital changes over time as
in each time period previously new capital is added to the old capital stock. In order to
account for the change in old capital the share parameters for the production structure
associated with old capital are modified in such a way that the total of the factors in the
previous period could produce all of the previous period’s output assuming the old
substitution elasticities. To continue with the above notation, we re-calibrate the share
parameters according to the following formula:

= K. _ilsrs Y°
Ao =;‘(’_‘.
Xr-l Pr—l

o
- _ L, (“ -1
Ao =—7T-"|—
Xl-l P:-I

o,
a. = El—l €,

e,0 —

Xl—l PI—I

where the re-calibrated share parameters, o , are calibrated at the beginning of each
period, and all the volumes are the sum of the old and new vintages from the previous
period, and the prices are the average prices (N.B. the subscript o is used for old capital,
and n for new capital):

X=X+t X,
K_,=K,_,+K,,,

E ,=E, +E,,.,

P,= [Po.r-lxu.l—l + P X ]/ X
h-1 = ['L.:—l Kot + 11K ]/ K-

€ =[ea.!—lEn.r—l e En.l—l]/ E_,

With the above definitions of the aggregate factors and average factor prices, the
production function associated with the & parameters is consistent with the aggregate
output X.;.

For brevity, the above formulas are not repeated for all the nested CES production
functions. As described in more detail below, the production structure can be represented
by a nested tree structure of CES and Leontief functions. Within this structure, there are
several CES aggregation functions whose old-vintage share parameters are re-calibrated
in the manner described above.

4 An illustrative example of policy evaluation with COGEM

In this section we show a simple application of the model to evaluate the effects of a
reduction in government expenditures. This should be considered an illustrative example
and not necessarily as an exhaustive investigation in Colombian fiscal adjustment policy
nor a policy recommendation of the authors.
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Due to the recent international agencies’ evaluatic
adjustment reforms’’ and internal economic policy debat
intense renewed discussion concerning the structural pi
next 5 to 10 years. Among these, a prominent reform dc
finance.

Given that a major factor affecting the government
increased public expenditure®, we simulate with the
public consumption. Figures

Figure 6-1 shows the exact amount of this reductio:
pesos of public consumption and as a ratio of public con
reduction is equivalent to a 2.5 % yearly real contracti
should not be thought of as disproportionate given th
variable have been three times larger. With this poli
(excluding public enterprises) will reach a balanced budg

The aggregate results of this policy are shown in fij

important pro-growth etfects such as productivity dittere
expenditures and the probable increased external cap
budget policy.

The described policy positive effects on private i
depicted in Figure 6-3, which shows percentage differer
variables measured in the business-as-usual scenario an
scenario. In this latter case, we can see that initially (fc
behind consumption, to reach, by the final year, a value
business-as-usual case.

* See TADB 1997 report, or World Bank 1997 World Developm
(1997) book.
* See Fedesarrollo (1998), page 58-69.
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