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MEGABARE

Foreword

Many of the maor policy problems facing Australia are increasingly of a
global nature. Policies to deal with the enhanced greenhouse effect, trade
liberalisation under the Uruguay Round and APEC initiatives are among the
most prominent current examples. Policy action in many countries will affect
the Australian economy especially through their effects on international flows
of commodities and capital. To adequately analyse these issues, a model of
the global economy is clearly needed.

The MEGABARE model has been developed at ABARE to provide such a
global perspective on major Australian policy issues. It currently divides the
world into 30 regions, including Australia, identifying 37 industries within
each region. A model such as MEGABARE is under continual development
but it hasalready been applied to avariety of issues such asgreenhouse policy,
tradeliberalisation and the economic repercussionsof changing demographics
in the Asian region.

In this ‘interim’ documentation, the central features of what has come to be
regarded as the ‘basic’ version of MEGABARE are outlined. It is intended
that more detailed and more technical documentation will be produced in the
future.

Brian S. Fisher
Executive Director

February 1996
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1. Introduction

1.1 Scope of documentation

MEGABARE isadynamic model of theworld economy currently identifying
30 regions and 37 commodities. Details of the regional and commodity
coverage are given in appendix A. While a model such as MEGABARE is
under continuous development, what may be regarded as the ‘basic’ version
of themodel wasused for alarge set of simulationsreportedin ABARE-DFAT
(1995). The present report extends the documentation of that model contained
in appendix A of the ABARE-DFAT study. It is described as ‘interim’
documentation in the sense that it does not contain a complete listing of all
equations in the model and parameter values. However, such alisting will be
published.

MEGABARE draws in part on the structure and the database of the static
GTAP (Global Trade Analysis Project) model of world trade. Extensive
documentation and discussion of the GTAP model is to be produced shortly
(Hertel 1996). While the ‘final’ documentation for the basic version of
MEGABARE will be complete in itself, it is intended to provide extensive
cross-referencing to the GTAP study. Apart from detailed documentation, the
GTAP study contains an extended discussion of anumber of featuresof GTAP
that have been absorbed into MEGABARE.

Although the present documentation does not contain acompletelisting of al
equations in the model, all of what are thought to be the main behavioural
equations are described. While computable general equilibrium (CGE)
models contain a very large number of equations, only a small subset of the
equationsin different models embody different behavioural hypotheses. The
bulk of equations either embody the same hypothesis (implementing the neo-
classical conditions for a competitive equilibrium) or do not embody any
behavioural hypothesis (such as ‘accounting’ equations defining aggregates
in terms of their elements).

An advantage in not attempting an exhaustive documentation is that thereis
more scope to discuss the motivation for key behavioural equations. In an
exhaustive treatment, the scope for such discussion is limited by the need to
describeeverything. Itishoped that thisstudy will serveasauseful companion
to the full documentation when it is completed.
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Itistrue, of course, that differencesin behavioural hypothesesare not theonly
reason why different CGE models produce different results when applied to
the same problem. Different CGE models are usually calibrated to different
databases. Parameters that perform identical functions in different models
may assume different values. For this reason, a knowledge of data sourcesis
important in interpreting model results. The bulk of data used by
MEGABARE comes from the GTAP database, supplemented with datafrom
severa other sources, as will be evident from the chapters that follow. Data
sources will be described completely in the full documentation.

An attempt has been made to write this ‘interim’ documentation in as non-
technical away aspossible. No knowledgeisassumed of termsand procedures
that arefamiliar only to specialist CGE modellers. For readers simply wishing
to obtain aquick overview of the structure of the model, it is possible to start
at chapter 3 after completing this chapter. In chapter 2 a number of technical
issuesinvolved in creating adynamic model from static origins are discussed.

1.2 Origins of MEGABARE

The initial major focus for the development of MEGABARE was the desire
to create adynamic general equilibrium model of the global economy suitable
for international greenhouse policy analysis. However, a model capable of
performing this function has many other possible applications especialy in
the area of international trade policy.

The GTAP database and model provided an attractive starting point for
MEGABARE. In developing a model such as MEGABARE, the costs of
establishing a suitable database greatly exceeds the costs of creating the
equations of the model. A major stimulus for the GTAP project was the
recognition that major cost savingswere possibleif the need to develop anew
database for each new modelling project could be avoided. If data definitions
were standardised, researchers could combinetheir datagathering efforts. The
resulting database would be far superior to that which could be created by any
individual working aone.

Researchers in many countries have contributed to the development of the
GTAP database which is updated annually. Since 1993 the disaggregation of
theworld economy inthe GTAP database has extended from 16 regionsto the
current 30 regionsand further disaggregationisplanned. ABARE isamember
of the consortium that oversees the future direction of the GTAP project.
(Further information can be obtained about GTAP on the Internet from http://
www.agecon.purdue.edu/gtap).




MEGABARE

Both the GTAP database and model provided a convenient starting point for
MEGABARE as well as a number of other modelling projects. The GTAP
model was designed with the intention that it would be used in this fashion.
As mentioned above, only a very small subset of equations in CGE models
implement distinctive behavioural hypotheses. Rather than having to recode
avast number of equations that would perform the same function in different
models, there are economiesin starting with acommon and well tested core.
It may be necessary to add many more equations to implement particular
applications. However, only a relatively small number of the core GTAP
equations are likely to need modification.

The computer code that implements the special features of MEGABARE is
roughly double the volume of the original GTAP code. However, only a
relatively small proportion of the original GTAP equations have been changed
to introduce new hypotheses. Some equations have been recoded to improve
their accuracy under a dynamic simulation but the implied algebraic form of
the eguation (in nonlinearised form) remains unchanged.

1.3 An overview of creating MEGABARE from GTAP

The actual GTAP model follows in the tradition of the different versions of
the SALTER model that were developed by the Industry Commission under
contract to the Department of Foreign Affairs and Trade. It is a static CGE
model of global trade. Production and consumption in each region are
determined as the result of maximising (cost minimising) behaviour. Imports
are assumed to be imperfect substitutes with equivalent domestic
commodities. Perfectly competitive conditions are assumed and goods and
factor markets clear through movements in relative prices. Bilateral trade
flowsin all commodities across all regions are determined.

In creating adynamic model from the static GTAP foundations, it is clear that
modification to the GTAP equations would be needed in at least two areas. In
the most elementary models of economic growth, there are two equationsthat
link the economy at different time periods. One equation describesthe growth
in the capital stock as the result of investment and depreciation. The other
equation describes the growth in the labour force (and population) which is
set to grow at an exogenously given rate in elementary models. In more
complex models, the rates of growth of the labour force and population are
sometimes determined by the model.

In creating MEGABARE, modifications have been made to the GTAP
equations governing investment and savings which finance investment. A
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great deal of additional code has been added to determine the growth in the
labour force and population. Drawing on relationships that have been
discussed in the economics literature since the time of Malthus, in
MEGABARE the rates of growth of the labour force and population are
determined by the model.

Given the greenhouse focus of MEGABARE, it was also necessary to
incorporate emissions of greenhouse gases as a byproduct of different
economic activities. Emission accounting equations were needed to sum
emissionsinto regional and global totals. Additional equationswere required
to impose various policies intended to curb the growth in emissions.

A further significant modification to the GTAP core was made as aresult of
the greenhouse focus of MEGABARE. The designers of GTAP readily
acknowledge that the equations determining industry demandsfor inputs may
have limitations in simulating the impact of policiesthat affect energy prices
(Hertel and Tsigas 1993). In particular, the GTAP input demand equations do
not support substitution options between capital and energy.

In reviewing what alternative to the GTAP equations to adopt, a deliberate
decision was made not to adopt the nested CES (constant elasticity of
substitution) production function approach. Such an approach has been
standard in econometric modelling of the energy sector and isadopted in many
other CGE models.

It was believed that it was possible to improve on the nested CES approach
in terms of both accuracy and transparency by introducing what has been
termed the ‘technology bundle’ approach. Using this approach, a level of
detail about different technologies is introduced into MEGABARE that is
normally found only in so-called ‘ bottom up’ models. An attempt is made to
introduce the realism in modelling substitution options that is a feature of
‘bottom up’ model swhile retaining extensive interacti ons between the energy
and other sectors of the economy that is afeature of ‘top down’ models.

Thetechnology bundle approach isrelatively demanding of data. Inthe‘ basic’
version of MEGABARE, the technology bundle approach was applied only
to the electricity and iron and steel industries. However, correctly modelling
substitution optionsin these sectors, especially the electricity sector, iscrucial
in assessing the impacts of greenhouse policies.

While the technology bundle approach is one of the most distinctive features
of MEGABARE at the sectoral |evel, themost novel featureintermsof overall
model structure is the endogenous determination of population and labour
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force growth. In other dynamic CGE models, these variables are either taken
as exogenous and forecasts from other sources used or they are set to grow at
some exogenously given rate.

In MEGABARE a detailed demographic module has been developed and
population growth rates and the age (in one year age groups from 0 to 100)
and sex composition of the population in each region are determined by the
model. Birth rates and mortality rates are assumed to respond to economic
variables according to parameters based on an econometric analysis
undertaken during the development of the module.

There are severa reasons for suggesting that the demographic module is a
very worthwhile extension. First, a basic test for any model to be used for
longer term analysis of agrowing world economy isthat it should be capable
of reproducing the so-called ‘stylised facts' of economic growth. Thereis a
presumption that the better a model is able to reproduce the * stylised facts
the more realistic the scenarios it can produce for future world growth. It is
difficult to see how a model could reproduce some of the *stylised facts' of
economic growth without allowing for interaction between demographic and
economic variables.

An example involving two ‘stylised facts' illustrates the type of economic—
demographic interaction possible in MEGABARE. These ‘stylised facts
relate to widely observed outcomes (as evident from the Penn World Tables
and discussed in the development economics literature) as developing
economies undergo the transition from a sustained period of low, zero or even
negative growthto asustained period of higher growth. Thefirst* stylised fact’
is that the workforce as a proportion of the population increases, giving a
temporary boost to the growth in GDP per person. The second ‘ stylised fact’
isthat theratio of savingsto GDPincreases. MEGABARE can reproduce both
of these ‘stylised facts and embodies a mechanism on how they may be
related.

Asmentioned above, both fertility and mortality rates are related to economic
welfare through econometrically estimated parameters. Both these rates
decline aswelfareimproves but the overall impact isagradual increasein the
proportion of the population of working age. While reduced mortality does
increase the number of individuals beyond working age, they represent only
asmall proportion of the population in devel oping countries due to the high
mortality rates. In the younger age groups, the impact of reduced fertility
dominates that of reduced mortality. An increase in the proportion of the
population of working ages results.
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The accompanying increase in the ratio of savingsto GDP in MEGABARE
also stems from the changing demographics. In MEGABARE the choice
between consumption and savings is modelled at the level of individual age
groups according to a life cycle hypothesis. Individuals below and above
working age are net dissavers (consume more than their income) while those
of working age are net savers. As the proportion of the population in the
workforceincreases, theratio of net saversto net dissaversincreases, resulting
inanincrease in theratio of savingsto GDP. It is unnecessary to hypothesise
any increase in thriftiness by individuals as has sometimes been done in the
development literature.

The second reason for believing that the demographic extensionisworthwhile
is that there seem inherent dangers in drawing on forecasts of GDP and
population growth rates from different sources as is often done in running
dynamic CGE models. It is clearly possible that these independent forecasts
will be inconsistent with the relationship between these variables that is well
supported by econometric evidence. An example of this problem may be the
IPCC emission scenarios (Leggett, Pepper and Swart 1992) that are widely
used in the scientific and economic literature on greenhouse i SSUes.

Simulationswith an early version of MEGABARE implied that thetime paths
for global emissions under the alternative scenarios would lie within a
narrower band when allowance is made for the economic—demographic
interaction (Hanslow, Hinchy and Fisher 1994).

Thefinal reason for supporting the demographic module isthat it permitsthe
analysis of many issuesthat would not otherwise be possible. There are many
important issues relating to the environmental and economic impact of a
growing world popul ation and the changing age composition of populationin
the developed and rapidly growing Asian economies.

In chapter 3 a broad overview of the structure of MEGABARE is given. An
attempt ismadeto identify all areaswhere MEGABARE introduces different
hypotheses from those in the original GTAP model. In chapter 4 more details
are given about some of the specialised features of MEGABARE such asthe
technology bundle and the demographic module. However, before turning to
the structure of themodel, afuller discussion of theissuesinvolvedin creating
dynamic MEGABARE from static foundations is needed.
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2. Issues in creating a dynamic model from
static origins

2.1 Adding dynamics

The creation of the dynamic MEGABARE model from the basis of the static
GTAP mode parallelsthe creation of the dynamic MONASH model from the
static ORANI model of the Australian economy. There are many common
conceptual and computational problems especially since all models are coded
inthe GEMPACK (Harrison and Pearson 1994) software. A number of fruitful
discussions have taken place between members of ABARE and the Centre of
Policy Studies at Monash University on matters of common interest.

It isuseful to begin by devel oping the distinction between static and dynamic
models more precisely. In a static model, it is assumed that the equations
specify relationships that hold between all variables at the same instant of
time. There is no need to include time as an explicit variable in the equation
system.

Suppose a static model of an economic system contains n endogenous and s
exogenous variables. The n structural equations of the model may be written
inimplicit form

(2.1) F1(Xyyeees Xy Oyeeey @) =0 (i =1,...,10)

where the x; represent endogenous variables and the a; represent exogenous
variables.

A reduced form solution to the model will exist if certain well known
conditions hold that allow the endogenous variablesto be written asfunctions
of the exogenous variables

(2.2) X = @(ay,...a) (i =1,..,n)

If some exogenous variable, a,, changes within a given neighbourhood of its
original value, a;, the solution for the resulting changes in the endogenous
variablesis given by
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Such an equation system emphasi sestheinterdependence of all variables. The
changein aparticular endogenous variablewill be influenced by the structure
of many different equations of the system.

Given the initial values of the exogenous variables, the initia equilibrium
values of all endogenous variables can be computed. New equilibrium values
can also be computed for achange in any given exogenous variable. While it
might be imagined that time would el apse while an economic system changed
from one equilibrium position to another, no explicit time path of adjustment
for the endogenous variables can be computed with a comparative static
model. Only theinitial and final equilibrium values can be computed.

A typical application of static CGE models, such as GTAP and ORANI,
conceptually, involves the solution of equation system (2.3). The database for
themodel isaninitial equilibriumfor the economy. Some exogenousvariable,
such as atariff level, is changed and the resulting changes in al endogenous
variablesin the model are computed.

An analysis could be undertaken with atime ordered sequence of changes to
the exogenous variables in a comparative static model to generate a time
ordered sequence of values for all endogenous variables. Such an approach
could represent useful dynamic analysis if it were thought that some
exogenous variable would follow a particular time path. However, since the
time it takes for acomparative static model to adjust from one equilibrium to
another is unspecified, the appropriate time spacing of new values for the
exogenous variable would be unclear.

Inadynamic asopposed to acomparative static model, the structural equations
will include relationships between endogenous variables at different points of
time. There are two basic types of dynamic equationsin MEGABARE. First,
there are equations for stock variables that describe the relationship between
the opening value of the stock at time t+1 and timet. For example, the capital
stock in each region evolves according to an equation of the familiar form
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(2.4) K =(@-d)K +1,

where K; represents the opening capital stock in period t, d is the rate of
depreciation and |, isthe flow of investment during a given time period. Other
dynamic stock equations determine the growth in population in each country
(given birthsand deathsin each time period and net migration) and the growth
in the labour force (given new entrants and retirements in each period).

There are also dynamic partial adjustment equations of the general form
(2.5) X1 =% +B¢ —%) 0<p<1

where X isthe desired or equilibrium value of somevariable, x, is the actual
value and B isthe partia adjustment coefficient. Thus, it is assumed that the
value of avariable in period t+1 depends on some fraction of the difference
from its desired or equilibrium value in the preceding period. Such partia
adjustment equations influence savings behaviour by different age groupsin
each region and the international flow of capital. The actual equations are
rather more complex than the simple general form given above and detailsare
given below.

The addition of only one dynamic equation to an otherwise static model
fundamentally alters the properties of the model. Suppose that the values of
the exogenous variablesin the model were held constant for all time. Once an
initial value for the lagged endogenous variable was specified, the model
would produce different solutions for all endogenous variables in each time
period until it attained a steady state (if one existed) unless the initial value
specified corresponded to a steady state value. In the case of a purely static
model, different valuesfor the exogenous variablesin each time period would
be needed to produce a sequence of different solutions.

MEGABARE has quite complex dynamic properties stemming mainly from
the demographic module. As mentioned above, population is modelled for
each region in oneyear age groups from 0 to 100 and birth and mortality rates
are assumed to beresponsiveto economic variables. Popul ation growth inturn
has an impact on economic variables, especially through consumption—
savings decisions and labour force growth. It may take an extremely large
number of time periods for population growth in all regions to attain a steady
State.

In using the static GTAP and ORANI models as a basis for the dynamic
MEGABARE and MONASH models, respectively, there is the problem
alluded to above of the time period it would take the static models to achieve
equilibrium. Both dynamic model s are specified asannual modelsand, hence,
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it is assumed that goods and factor markets achieve equilibrium within one
year unless otherwise specified. At the moment, in MEGABARE lagged
adjustment processes are specified only for savings and international capital
flows. There would be no technical difficulty in introducing further lagged
adjustment processes where they seemed appropriate.

Invirtualy al dynamic CGE models, the mgjority of equations will be static
(involving relationships between variables at the same period of time) and
there will be only afew explicitly dynamic equations. It is usually assumed
that most goods and factor markets clear within one year. Some dynamic CGE
models incorporate the rational expectations hypothesis for savings and
investment decisions whereby expectations are based on the entire futuretime
path of some variable.

The solution procedures that must be used as a result of the size of the
MEGABARE model create computational difficulties in introducing the
rational expectations hypothesis. However, a prototype version of
MEGABARE withrational expectationshasbeen developed and it isexpected
that a fully operational version will be created. Nevertheless, much debate
continues about the merits of the rational expectations hypothesis as opposed
to alternative hypotheses about forming expectations. For many types of
policy issues, it makes little difference whether expectations are rational or
myopic as is evident in comparing simulation results from the GREEN and
12RT models (Manne and OliveiraMartin 1994).

2.2 Solution procedure

GTAPwas coded in aversion of the GEMPACK software where all variables
had to be entered in percentage change form. MEGABARE was coded in a
later version of GEMPACK that allows variables to be entered in both
percentage change and levels (actual value) form. Equationsin MEGABARE
contain both percentage change and levels variables.

The later version of the GEMPACK software aso contains a facility for
solving explicitly dynamic models as opposed to comparative static models.
Solving dynamic models in GEMPACK essentially involves stacking the
equations that would hold at different periods of time into a single equation
system (Codsi, Pearson and Wilcoxen 1992; Harrison, Pearson and Powell
1994). The stacked equation system isthen solved as asingle equation system
for the values of variables at all periods of time. Equation systems for static
and dynamic models can be represented in a mathematically identical form

10
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and the same sol ution procedure applied (for detail s of the solution procedure,
see Pearson 1991).

However, solving a dynamic model the size of MEGABARE over a large
number of time periods as a single equation system would create intractable
computer memory requirements. Thus, the ‘comparative static’ solution
procedure in GEMPACK was adapted to solve dynamic MEGABARE.

The equations in GTAP express relationships as linear equations in changes
or percentage changes in the levels of economic variables. These are termed
‘linearised’ equations. In atypical GTAP application, a shock is applied to
some set of exogenous variables and the model solved for the resulting
percentage changes in endogenous variables. In MEGABARE, linearised
equations are interpreted as referring to annual percentage growth rates or
annual changes. Model solutionsfor endogenousvariablesin each time period
are interpreted as annual percentage growth rates or annual changes in the
level of economic variables.

Since the model isdefined in terms of discrete time, formally, the formulafor
the percentage growth rate,

(2.6) r= X%

is the finite difference approximation to the percentage growth rate if the
model were defined in terms of continuous time, where x; is some variable
defined in the model. The change in a variable is the finite difference
approximation to the first derivative of avariable if the model were defined
in terms of continuous time.

Theideathat it ispossible to adapt a comparative static solution procedure to
solving a dynamic model may be somewhat counterintuitive. However, all
that isinvolved isthat a sequential rather than asingle step solution procedure
is applied to the (stacked) dynamic equation system. The solution from the
sequential procedure is mathematically identical to that which would be
obtained from the single step procedure.

An overview of the mechanics of the sequential solution procedure will now
be given. Suppose that the interest isin how some variable, x, defined in the
model will evolve over some sequence of time periods according to the (static
and dynamic) equationsin the model. Thus, theinterest isin obtaining atime
ordered sequence of valuesfor X,

2.7) X ={x,....x;}

11
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The process of generating this set of valueswill bereferred to asasimulation
and the set, X, will be referred to as the simulation results for the variable x.

Thefirst step in preparing a simulation will be to decide on a partition of all
of the variables defined in the model into endogenous and exogenous. Such
apartition isreferred to asamode closure. If theinterest isin the variable x,
thisvariable naturally will be among those declared endogenous. A sufficient
number of variables must be declared exogenous to ensure that there are as
many equations as endogenous variables. Such a condition is necessary for a
solution to the equation system to exist.

A time ordered sequence of values for all variables declared exogenous will
have to be obtained from sources outside the model (apart from for a special
type of variable that must be declared exogenous in the sequential solution
procedure as described below). The equations in the model will be solved as
many times as there are time periods in the simulation. Exogenous variables
will be shocked to the appropriate values at each time period during the
simulation.

GEMPACK isdesigned to solve problemswhen shocks are applied to amodel
solution (a set of values of variables consistent with the equations of the
model). For the first period, the initial solution to the model is the model
database which is constructed in such a way as to be consistent with the
equations of the model. The model database contains initial values for all
variables defined in the model and input—output tables for all regions.

Thespecified shocksareappliedinthefirst time period and themodel issolved
in terms of annual growth rates. These annual growth rates are applied to the
original values in the database to calculate new database values. If tech-
nological change is occurring, input—output coefficients will change. The
updated database represents a solution to the model and is used as the initial
databasein the second period. Such aprocedureisrepeated until thefinal time
period.

Endogenous variablesin the simulation will evolve over time according to an
equation of the form

28 X; = %. |‘! 1+r)

12
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where X7 is the value of the variable in period T, X, is its value in the base
period and r;isthe annual percentage growth ratein the variable in each time
period determined by solving the model equations in each time period.
Stock variables such as the capital stock in each region evolve over time
according to alevels equation of the form of (2.4). However, the evolution of
the opening capital stock over time can also berepresented intheform of (2.8)
where the variabler, has the interpretation of the annual rate of growth in the
capital stock. Rearranging equation (2.4) and dividing by K, yields

(2.9 Kia — K =—d+ L
K, K,

where the left hand side represents the annual rate of growth in the capita
stock from period t to t+1.

Stock variables such as the capital stock are declared as exogenous variables.
Givenvaluesfor investment and the capital stock in periodt (determined from
the initial database and subsequently through solving the model), the
appropriate shock can be derived to determine the annual growth rate in the
capital stock from period t to t+1. Thus, applying the sequential solution
procedure to dynamic stock equations has the unusual property that some
variablesthat are declared to be exogenous havetheir val ues determined partly
by variables that are declared endogenous (assuming investment is so
declared). Forwardlooking variablesare defined in termsof the current values
of variables, as explained in chapter 4.

In some applications, only one simulation may be of interest. For example,
such may be the case if the concern was with the implications of some set of
GDP growth rate assumptions for the growth in world population, changing
regional demographics and sectoral patterns of economic growth.

For the typical analysis of a policy issue, it will be necessary to run two
simulations under different sets of assumptions. One set of assumptions
containing particular settings for exogenous policy variables will be used to
generate what is sometimes called abase case or baseline or business as usual
case simulation. The second set of assumptions will contain some changein
the setting of exogenous policy variables and be used to generate a policy
simulation. The major point of interest will be how the values of given
variables differ in each period between the two sets of simulation results.
Differences (or percentage differences) in the values of variables between the
two sets of resultswill have to be computed after both simulations have been
completed. Thus, with adynamic model, policy analysisis usually not aone
step procedure, in contrast to policy analysis with acomparative static model.

13
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For apolicy ssmulation, adifferent model closurewill often be used from that
used in generating the base case. Per worker GDP may have been taken as an
exogenous variable in the base case. However, the impact of a policy change
on per worker GDP will often be of major interest. Thus, per worker GDP will
be declared as an endogenous variable in the policy simulation. To ensure
equality between the number of equations and endogenous variables, a
variable that was endogenous in the base case must be declared exogenousin
the policy ssimulation. The usua new variable taken to be exogenous in the
policy simulation is the rate of implied technological change in each region.
Thisis set at the values derived in the base case.

To conclude, the special way in which MEGABARE is coded and solved in
GEMPACK should not obscure the inherently dynamic character of
MEGABARE. If MEGABARE could be solved in some form of software for
all time periods simultaneously, its dynamic structure would be quite
transparent. However, GEMPACK is the only software available capable of
solving a dynamic CGE model the size of MEGABARE. The special
‘condensation’ features allow a computationally tractable problem to be
created from the almost one million equationsin MEGABARE.

14
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3. Overview of model structure

Anoverview of thestructureof MEGABARE isgivenindiagrams 1-11, while
an explanation of the conventions used in the diagramsis given in box 1. In
this chapter, the broad structure of MEGABARE will be described referring
tothediagrams. Themgjor pointswherethetreatment in MEGABARE differs
from that in GTAP will be noted. In the next chapter, a more detailed
discussionwill begiven of themajor new featuresintroducedin MEGABARE
again referring to the diagrams.

3.1 Macroeconomic aggregates

MEGABARE does not contain a separate macroeconomic module that
specifies behavioural relationships between macroeconomic aggregates such
as the money supply, budget deficit, aggregate level of investment, interest
rates, aggregate prices, the level of unemployment and the balance of
payments on current account. Movements in the macroeconomic aggregates
defined in MEGABARE are entirely the result of behavioural relationships
modelled at the microeconomic level. To the extent that independent
relationships exist among macroeconomic aggregates, these relationships
would usually be introduced as affecting the short term dynamics of the
transition to the time path resulting from the underlying microeconomic
relationships. Since MEGABARE is intended for use in longer term policy
analysis, there does not appear to be agreat |ossin ignoring any independent
relationships that may exist among macroeconomic aggregates.

In diagram 1 are shown the sources and uses of regional income. The top half
of the diagram represents national income from the factor cost side while the
bottom half represents national income from the expenditure side. An equality
is enforced between these two definitions of national income. Given these
income flows, national accounting identities are defined using standard
definitions. Appropriate pricedeflatorsare al so defined to distingui sh between
real and nominal movements.

At the centre of the diagram lies a ‘conceptua activity’ which in GTAP is
caled a ‘representative household’ or a ‘super household’. However, it is a
not a representative household in the conventional sense of the term since it
pays no taxes and receives al tax revenue. A more descriptive term might
simply be an ‘income pool’. The reason for the term ‘representative
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Box 1: Diagram conventions

The diagrammatic representation of MEGABARE presented here complements the verbal and
algebraic description. These diagrams are composed of various shapes and different types of
arrows to perform the many functions required of such diagrams.

Ovals

Oval shapes have been used to represent activities in the world economy. These activities may
be an economic agent, such as aregion or industry (diagrams 1, 8) or a conceptual activity not
identifiable as any physical agent. An example of the latter isthe global savings pool of diagram
8. While it is helpful to think of each region’s savings being gathered together in a central
repository and then invested in the various regions, there is no implication that such a central
agency exists.

Rectangles

Rectangles have been used to represent the stocks and flows (hereafter in this box called
transactions) that occur and are built dueto activities. For example, in diagram 8 imports between
regions are represented by rectangles.

Diamonds
Diamonds are used to identify the factors influencing the magnitudes of transactions. They are
used in two ways.

First, if atransaction isacomplex function of variousfactors, the diamond contains adescription
of those factors, an incoming dashed arrow indicating the activity to which those factors pertain,
and an outgoing dashed arrow pointing to the transaction. For example, in diagram 8, imports by
region r from region s are determined by the income of region r and the relative prices of
commodities from regions r and s. Two diamonds with associated arrows are used to illustrate
this.

Second, if a transaction bears a simple relationship to other transactions, this is indicated by
describing the relationship in the diamond, and placing the diamond on the undashed arrows
connecting the transactions. For example, total consumption is allocated between government
and private consumption in fixed proportions. This is indicated in diagram 1 by a diamond
containing the words fixed proportions located on the arrows connecting the consumption
rectangle to the private consumption and government consumption rectangles.

The text of the diagrams often refers to items such as ‘region r’ and ‘industry i’. These should
be interpreted as, in the case of region r for example, ‘the diagram applies for any region, that is,
any value of r'. Where thereisan exclusion, thisisindicated, asin diagram 2 where the top right
hand oval indicates ‘i # electricity, iron and steel’.
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household’ isthat thedesignersof GTAPintended that regional welfareshould
be measured at this point. It is argued that regional welfare is some share
weighted sum of private consumption, government consumption and savings
divided by the total population (Hertel and Tsigas 1993).

The representative household is seen as reflecting the preferences of society
and deciding on the division of national income between expenditure on
private consumption, government consumption and savings. In GTAP the
representative household determines this allocation by maximising a Cobb-
Douglas utility function. The sharesare set equal to the actual observed shares
in the database. If this formulation were retained in a dynamic model such as
MEGABARE, these shares would remain constant for all time.

In MEGABARE adifferent formulation is adopted and the shares of savings
and total consumption in national income are allowed to vary. The allocation
is determined basically by alife cycle hypothesis model that determines age
specific savings rates (see section 4.3). However, the assumption of a fixed
share division of total consumption between private and government was
retained in the ‘basic’ version of MEGABARE.

The definition of national income on the factor cost side in MEGABARE
differsfromthat in GTAP. In addition to paymentsto domestic primary factors
of production (capital, land and labour), net payments to foreign owners of
capital occur in MEGABARE. In GTAP, dueto lack of data, it isassumed that
the regional capital stock is owned entirely by residents of the region.
MEGABARE starts from the same assumption for the same reason but since
foreign investment occurs period by period in a dynamic simulation, it is
necessary to account for the resulting returns to capital.

The treatment of government financia flows in GTAP which is retained in
MEGABARE requires some explanation (see Hertel and Tsigas 1993).
Government revenue consists entirely of taxes. Government expenditure
consists of government consumption and transfer payments to households
which is represented as an addition to income for private consumption in
diagram 1. The difference between expenditure and revenue indicates the
government borrowing requirement. A surplus implies retiring public debt
whichisan addition to regional savings, whilethe reverse appliesto adeficit.
Neither government transfer payments nor the government borrowing
requirement are defined explicitly as variables in GTAP, presumably due to
lack of data. However, these variables are implied by the equality enforced
between national income on the factor cost and expenditure side. As aresult,
the change in the public sector borrowing requirement can be identified if
special assumptions are made.
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To further clarify the treatment of the government sector (which includes all
levels of government), government consumption in diagram 1 is a ‘final
demand’ category ininput—output terminology. The major item of government
final consumption is services (in particular ‘government services if the
input—output ‘services' commodity were disaggregated). Since the
government mainly pays for the (non cost recovery) ‘public’ service, it is
treated asthe main consumer of the output of the‘ public’ service under input—
output conventions. The actual output of the ‘public’ service using primary
factors and intermediate inputs is classified as output from the services
sector.

Much of the output of the ‘public’ service has the characteristics of a‘public
good’ (itisavailablefor consumption by all members of society regardless of
whether or not they pay directly for it). It is this property that underlies the
argument that it is appropriate to include government consumption in a
measure of regional welfare.

3.2 Consumer demand

In MEGABARE as in GTAP, consumer demand in each region is modelled
asthe result of the decisions of a representative consumer maximising utility
at given prices subject to the constraint of the amount of national income
allocated to private consumption. Given the demographic module in
MEGABARE, it would be possible to model consumer decisions at age
specificlevelsand then derive aggregate consumption decisionsasaweighted
sum of the age specific decisions. The major difficulty would be in obtaining
suitable parameter estimates at age specific levelsathough it may be possible
to overcome this problem with suitable calibration procedures.

Even with the current form of the model, changes in the age structure of the
popul ation within each region affect consumption decisionsto the extent that
it affects the proportion of national income allocated to private consumption.

In GTAP and MEGABARE private consumption of different commoditiesin
each region is determined by a Constant Difference Elasticity (CDE)
expenditure function (diagram 3). The term CDE is used since the functional
form impliesthat the difference in the Allen partial elasticities of substitution
between pairs of commoditiesisinvariant to the choice of pairs.

A magjor tradeoff in choosing afunctional form for consumer demand in CGE
models is to achieve sufficient flexibility to accommodate relevant patterns
of consumption without making excessive demands on the number of
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parametersfor which estimates must be obtained. Themost flexiblefunctional
forms can accommodate virtualy any type of consumer behaviour but are
highly demanding on the number of parameters.

The CDE functional formismore general than the Linear Expenditure System
(LES) usedinthedifferent versions of the Salter model. In particular, the LES
model impliesconstant marginal budget shares (the changein the budget share
as income changes) which is inconsistent with the empirical evidence for
countrieswherethere arewidedifferencesinincome per person. Themarginal
budget shares of non-durables (such asfood, clothing, beverages and tobacco)
decreases as income rises, while those of more durable goods increases. It is
important to be able to accommodate such behaviour since simulations with
MEGABARE can involve large differences in income per person across
regions and for given regions over time. A CDE demand system can
accommodate such behaviour and is readily calibrated to existing estimates
of income and own-price elasticities of demand.

A reasonably detailed derivation is needed to interpret the CDE functiona
form. However, it does bear some family relationship to the CRESH
functional form discussed below. The interested reader is referred to Hanoch
(1975) while Hertel, Peterson, Preckel, Surry and Tsigas (1991) give an
exhaustive discussion of the use of CDE demand functions in CGE models.
The application of the CDE demand function in GTAP is described in Hertel
and Tsigas (1993), Chyc (1993) and Hertel (1996).

Once the choice is made on the quantity of each commodity to consume, the
choice between the use of domestic and imported commodities is made
according to the Armington assumption discussed below.

3.3 Government consumption

Aggregate government consumption is allocated across commodities
according to a Cobb-Douglas function. Thus, the shares of different com-
moditiesin aggregate government consumption are fixed over time. Sincethe
major item consumed by the government is ‘government services', as
discussed above, this does not appear to be a particularly restrictive
assumption.

Once the choice of quantities of different commodities is made, the choice
between domestic and imported commoditiesis made, again according to the
Armington assumption.
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3.4 Industry demand for inputs

Inall industries, firms are assumed to choose input combinations to minimise
costs (maximise profits) subject to given input (output) prices.

In MEGABARE in al but the electricity and iron and steel industries, the
choice among primary factor inputs (capital, land and labour) is made
according to a constant returns to scale CES (constant elasticity of
substitution) production function (diagram 5). The selected input mix for this
‘primary factor bundle’ together with all other inputs (termed ‘intermediate’
inputs since they are the outputs of other industries) must be used in fixed
proportions to output (implying a so-called Leontief production function).

The general form of a CES production function is given by

~1/¢

(3.1) Y= A@i a x;f%

where Y is output, the X (i = 1,...,n) are inputs and the conditions A>0

n

z a =1 and—1<e <o, #0imply standard propertieswith constant returns
1=1

to scale. The elasticity of substitution, o, isgivenby o = 1% .

€
Choosing inputs to minimise costs with a CES production function, using the
fact that in a competitive economy factors are paid the value of their marginal
product, and converting to percentage change form yields

32 pi) = 3 66 1). PG )

where p(i) is the growth rate in the price of industry i, 6(i, ) isthe share of
input j in the total costs of industry i with ze(i,j) =1 and p(i,]) isthe
=1

growth rate in the price of input j used in industry i (see Hertel and Tsigas
1993). Thus, the growth ratein the price of an industry is simply acost-share
weighted sum of the growth rates in the prices of the inputs that it uses.
Furthermore,
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(33) X(i,]) = ol p(i) = p(i, I + y(i)

where x(i,j) isthe growth rate in the demand for input j used in industry i and
y(i) is the growth rate in the output of industry i. Hence, under a CES
production function, the input demand equations decompose into a
substitution effect (the deviation in the growth rate of the price of an input
from the cost-share weighted price of all inputs multiplied by the elasticity of
substitution) and an expansion effect (the growth rate in industry output).

A CES production function implies that the elasticity of substitution must be
the same between al pairs of inputs. It is possible to alow for different
elasticities of substitution with more general production functions such asthe
CRESH function discussed below. However, the assumption of the same
elasticity of substitution is not particularly restrictive given the way the CES
function is applied to input demand in MEGABARE. All industries in
MEGABARE, apart from agriculture, use only two primary inputs, capital
and labour.

The most restrictive assumption embodied in the overall form of the input
demand equationisthat there are no substitution possibilities between primary
and intermediate inputs. An example often cited to contradict thisassumption
is the possibility of using more energy efficient (and capital intensive)
equipment to substitutefor energy. However, asdiscussed in appendix B, there
has been much debate about the econometric evidence on thisissue. Another
example would be the possibility of using various chemical inputs to raise
agricultural output from a given area of land.

Whilethereisno disputethat it would be desirable to relax the no substitution
assumption, the problem is to come up with an operational alternative.
Imposing a CES production function over all 3 primary inputs and 37
intermediate inputs for each industry in MEGABARE would imply the same
pai rwise substitution possibilities. Such an assumption is probably even less
realistic than the no substitution assumption.

In MEGABARE, the technology bundle approach has been used to replace
the GTAP input demand equations in the areas where it is most critica to
model substitution options correctly for greenhouse policy analysis. Under
this approach, substitution can occur between primary factors and
intermediate inputs. Input choices are constrained to be consistent with the
characteristics of specified technologies. Conceptually, the preferred option
would be to extend the technology bundle to all sectors. However, the
technology bundle requires data on the input characteristics of each
technology used in an industry. As aresult, the need for datais least when an
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industry as defined in MEGABARE produces only afew outputs using afew
technologies. The electricity and iron and steel industries satisfy these
characteristics.

In sectors where the technology bundle approach is not applied, there is less
reason for confidence that substitution options are modelled correctly.
However, in some cases it may be possible to draw on external information
that could conceptually compensate for any deficiencies in the modelling of
substitution options in these sectors. One way of doing this that has been
applied already is through the introduction of biased technological change.

Although the primary input factor bundle and intermediateinputsmust be used
in fixed proportions to output according to the basic input demand
specification, the introduction of biased technological changein asimulation
in effect relaxes this assumption. Since introducing biased technological
changeisreally an application of the model rather than a basic property and
some rather technical issuesareinvolved, the details are given in appendix B.
However, the later parts of the appendix do touch on some issuesrelevant in
using MEGABARE to model greenhouse policy problems.

3.5 Sourcing of imports

Private final consumption, government final consumption and the demands
of firmsfor intermediate i nputs can be met either from domestically produced
goods or imports. In MEGABARE in each region, demand for a commodity
by any user of the commodity (private consumer, government or industry) is
allocated between domestic production and acomposite imported commodity
according to a CES function (diagram 4). The demand by a region for each
composite imported commodity isthen allocated between sources of imports
according to afurther CES function. Thus, the relative growths in the use of
domestic and imported commodities will depend on movements in relative
prices and the specified elasticity of substitution (see equation 3.3).

In the 1993 version of GTAP, the choice between sources of the imported
composite was modelled at each point of use within aregion — that is, for
private consumers, government and each industry. Such a treatment was not
adopted in MEGABARE or in later versions of GTAP. It adds considerably
to the solution time for the model and input—output data with the required
detail are not readily available. Experiments were undertaken with
MEGABARE and it was found that there was remarkably little difference in
the model results between the two different treatments of the sourcing of
imports.
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The selected method of choosing between imports and domestic production
involvesthe so-called Armington assumption. It embodies the notion that the
same commodity from different sources can trade at different prices in the
same market, contrary to basic economic theory. The Armington assumption
is imposed as a matter of practical necessity. At the level of commodity
disaggregation used in CGE models (and even at the highest level of
commodity disaggregation used by statistical agencies), the same
commodities from different regions usually do not contain the same mix of
more fundamental commodities. As a result, it is appropriate to regard the
higher level commaodities as imperfect substitutes.

Theuse of aCESfunction in selecting importsfrom different regions can a'so
becriticised. It impliesthe same pairwise el asticity of substitution for imports
from all regions. Unfortunately, econometric estimates are not available to
introduce a more general assumption.

3.6 Equilibrium conditions

In MEGABARE a large number of equilibrium conditions are imposed,
reflecting various market clearing conditions. With some exceptions,
maximising decisions by agentsthroughout the global economy determinethe
demand and supply for commodities and primary factors by region at given
prices. Prices at different levels throughout the global economy adjust to
ensure equality of demand and supply. As a result, equilibrium quantities
including bilateral trade flows are determined. The period of adjustment is
usually taken to be one year. Firms earn zero pure profits in equilibrium.

Inthefactor markets, labour isahomogeneouscommodity within each region.
Although net migration occursin MEGABARE unlike GTAP, theseflows are
not responsive to regional differences in wage rates. Thus, wages across
regions may differ. The labour supply as a proportion of the population can
also vary in MEGABARE unlike GTAP due to changes in the age structure
of the population determined by the demographic module. Labour is mobile
across sectorswithin aregion and each sector paysthe samewage. Wage rates
adjust to equate the supply and demand for labour subject to maintaining a
constant rate of unemployment. A constant proportion of the potential
workforce in each region in MEGABARE is unemployed and the
unemployment rate is notionally set equal to that observed in the base period.

Capital is mobile across regions in MEGABARE. The treatment of
international capital flowsdiffersfrom GTAP and is discussed in more detail
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in section 4.4. Depending on the hypothesis chosen, there may or may not be
atendency for long run equalisation of ratesof return on capital acrossregions.

Additionsto the capital stock are made through investment. Investment draws
on the output of each industry in fixed proportions according to the
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coefficients contained in each regional input output table. Global investment

is equal to global savings. Once a regional allocation of investment is made

according to the hypotheses in section 4.4, investment is usualy allocated
across sectorsto equaliserates of return on capital. However, coding has been
included in MEGABARE to allow various hypotheses about the sector
specific nature of capital to be imposed.

Land is in fixed supply in each region. It is also sector specific so that
notionally the rental price of land across sectors may differ. In the ‘basic’

version of MEGABARE and GTAR, agriculture isthe only industry that uses

land as an input.

In commodity markets, pricesfor agiven commodity from agiven region are
defined at various levels throughout the global economy. The margins
between these different prices reflect the costs incurred in moving a

commodity from the point of production to the point of end use (see diagram
7).
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For tradable commodities (the output of all industries), prices throughout the
global economy adjust to ensure the equality of the sum of regional demands
with the sum of regiona supplies for each commodity. Bilateral trade flows
in each commodity are determined simultaneously to satisfy regional excess
demand—supply positions at equilibrium global prices. As explained above,
regional demands in each time period arise from government consumption,
private consumption, industry and investment and are allocated between
imports and domestic production according to the Armington CES
specification. Regiona supply potential in each time period arises from the
primary factor endowment of each region (land, labour and capital) and the
production possibilities as reflected in the factor demand equations described
above.

A balanceof tradevariableisdefined for each region asthe difference between
the total value of exports and imports. In MEGABARE, unlike GTAP, as a
result of the need to keep track of international capital flows, a net foreign
earningsvariableisdefined asthe difference betweenincomefrom investment
abroad and investment income accruing to overseas residents. In
MEGABARE, a current account position to GDP ratio is also defined.
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4. Details of major model features

In this chapter a more detailed treatment is given of the areas where
MEGABARE contains distinctive behavioural hypotheses.

4.1 The technology bundle approach

Motivation

The distinction between a‘top down’ and ‘ bottom up’ approach to modelling
the energy sector has received a great deal of attention in recent discussions
of greenhouse policy. The ‘top down’ models are usually highly aggregative
models of complete economic systems and the energy sector is only one of
many sectorsidentified. Production technol ogy intheenergy and other sectors
is modelled (often using nested production functions) with output related to
inputs that can be continuously substituted for one another in response to
movementsin relative input prices.

‘Bottom up’ models are highly detailed models of the energy sector
identifying alternative technologies that can be used in the production of a
given output. These models are usually solved by linear programming or
nonlinear programming techniques and involve inequality constraints.

The pattern of input use and output response generated by the two types of
models as relative input prices vary can differ. It isusually conceded that the
‘bottom up’ models achieve much greater realism in modelling the
substitution options in energy production technology but the ‘top down’
models are superior in capturing interactions with the other sectors of the
economy. Asaresult, thereis much scope for debate as to what type of model
produces the more realistic results.

In MEGABARE, an effort has been made to move toward the realism of the
‘bottom up’ approach in modelling energy production technology while
retaining the extensiveinteraction with other sectors of the economy obtained
in ‘top down’ models. The approach can be applied to any sector but at the
moment is used only for the electricity and iron and steel sectors dueto their
key importance in the impact of greenhouse policy.
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The basic idea in the technology bundle approach is that output from these
sectors is a function of the output from a share weighted combination of
different technologies (see diagrams 9 and 10). Each technology uses inputs
in fixed proportion to output. The different technologies can be smoothly
substituted for one another. Thus, the approach does not capture possible lack
of smoothness in substitution between technol ogies which can be handled by
‘bottom up’ models. In other words, it does not capture the possibility that
some discrete difference in the relative costs of using the alternative
technologies may be needed before substitution will occur. However, the
approach does ensure that the pattern of input use is consistent with known
technologies, which is not necessarily the case with ‘top down’ models.

Input combinations

The way in which the technology bundle approach ensures that the pattern of
input useis consistent with known technologiesisillustrated in figures 1 and
2. Suppose that output for a given industry can be produced with only two
technol ogiesthat both use two inputs, capital and labour. Infigure 1, theinput
combination used by the more capital intensive technology to produceagiven
level of output is shown by the point T1. The input combination used by the
less capital intensive technology to produce the same level of industry output
is shown by the point T2.

There are two extreme possibilities. Either 100 per cent of the given level of
industry output is produced by technology T1 or 100 per cent of the same
output is produced by technology T2. Intermediate combinations lie on the
straight line joining T1 and T2. Such a straight line can be traced out by
AT1+ (1-A).T2 astheweight A isvaried between O and 1. Thus, A = 1 means
100 per cent of output is produced by technology, T1, A = 0 means 100 per
cent of industry output is produced by technology, T2, and 0 < A < 1 means
an intermediate combination.

Thepoints T1 and T2 establish two critical regions shown by the shaded areas
inthediagrams. Clearly, itisimpossibleto use more than 100 per cent of either
technology to produce a given level of industry output. Thus, points in the
hatched area to the left of T1 imply input combinations inconsistent with
known technologies (they could be generated with known technologies only
by more than 100 per cent use of technology, T1, and, hence, a hegative use
of technology, T2). Similarly, points in the shaded area below T2 represent
technological infeasibleinput combinations (implying morethan 100 per cent
use of T2 and negative use of T1).
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Composition of technology bundle in the electricity industry
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In figure 2 is shown the typical form of isoquant (the input combinations
needed to produce agiven level of industry output) implied by the continuous
substitution options modelled in standard ‘top down” models. Since it is
asymptotic to both axes, it crosses into regions of technologically infeasible
input combinations. Thus, it can be said, unambiguously, that such models
imply the possibility of choosing input combinationsinconsi stent with known
technologies.

In the upper part of figure 1 is shown the technology bundle isoquant. It is
evident that it has been drawn above the straight line joining T1 and T2. Itis
easy to seethat the straight linejoining T1 and T2 represents the isoquant that
would be derived if the alternative technologies were perfect substitutes. The
expression A.T1 + (1-A).T2 used to create points on the line joining T1 and
T2 implies that the technologies can be substituted on a one-to-one basis to
produce agiven level of industry output.

If the alternative technologies were imperfect substitutes, the technology
bundle isoquant would be convex with respect to the origin and lie above the
perfect substitution isoquant. It is assumed that the alternative technologies
are imperfect substitutes. However, before considering the impact of this
assumption on the shape and positioning of the isoquant, it is necessary to
explain the reasons for the assumption.

The justification for the assumption of imperfect substitutes is somewhat
analogous to the justification for the Armington assumption of imperfect
substitution between domestic production and imports of the ‘same’
commodity. Just ascommoditiesfrom different regionsdefined to be the same
have different underlying characteristics, different technol ogies producing the
‘same’ output have different underlying characteristics. For example, in the
case of electricity, available water storage capacity, location and size of coal
and natural gas reserves and environmental impacts of alternative
technologies place constraints on the substitution options between the
alternative technol ogies.

If the Armington assumption were dropped in favour of perfect substitution,
infinitesimally small changesin price relativities would result in shifts of the
entire global production of commaodities from one country to another.
Similarly, the assumption of perfect substitutability among alternative
technologies would result in *bing-bang’ switches of 100 per cent of industry
production from one technology to another. An assumption of imperfect
substitutability isimperative if plausible changes in the pattern of the use of
aternative technologies are to be derived.
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Sincethetotal input use by onetechnology cannot berel eased instantaneously
to another technology inresponseto aninfinitesimally small changeinrelative
costs, total input requirements to produce agiven level of industry output are
higher under the assumption of imperfect substitution. Perfect substitutability
would result in amore ‘efficient’ use of inputs. For this reason, the imperfect
substitution isoquant lies above the perfect substitution isoquant.
Furthermore, imperfect substitution means that 100 per cent of industry
production from one technology can be approached but never attained, apart
from exceptional cases.

Asmentioned above, the standard ‘ top down’ isoquant unambiguously enters
a range of technologically infeasible input combinations. Noting the
differences in the range and asymptotic properties compared to those of the
technology bundle isoquant, it is almost certain that the two isoquants will
imply different input combinations within the region of input combinations
that cannot beruled out astechnologically infeasible. If thetechnology bundle
isoquant is taken as representing the ‘true’ isoquant, then it can be said that
evenwithinthisregion, theisoquantinfigure2islikely toimply at |east some
‘incorrect’ input combinations.

Other features

As discussed above, the technology bundle approach has the potential to
achieve a more realistic change in the pattern of input use in response to a
change in input prices. Since input use is constrained to be consistent with
known technologies, the output response will also differ from that obtained
from standard ‘top down’ models and is also potentially more realistic.

A further advantage is that the technology bundle approach is highly
transparent, which makes it far easier to assess the plausibility of results
obtained compared with those derived under the assumption of continuous
substitution. Given some policy change, the relative changes in the use of
different technologies can be derived. Under the assumption of continuous
substitution, al that can derived are changes in the use of different inputs. It
is difficult to determine precisely what such changes might imply about the
relative use of different technologies.

The elasticity of substitution parameters in the technology bundle approach
can be derived either by reference to the results from ‘ bottom up’ models or
from econometric estimates. Avoiding the need to rely on econometric
estimates appearsto be adistinct advantage. Reference has already been made
to the long running controversy in the econometrics literature about
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capital—energy substitution. Therearemgjor technical difficultiesin obtaining
reliable econometric estimates of the elasticity of substitution, and these are
discussed in appendix B. Any estimates of elasticities of substitution may be
highly dependent on the choice of functional form and type of nesting used.
It may be difficult to introduce the assumptions used in estimation into aCGE
model which means that the estimated parameter values may not be strictly
validasappliedinaCGE model. Of course, such aproblem appliesthroughout
CGE models.

A further point isthat a simulation may involve data val ues outside the range
of those used in making econometric estimates. By calibrating the parameters
of the technology bundle to the results from experiments with a* bottom up’

model, it is possible to cover awider range of data values that might occur in
asimulation.

If adecision is made to use econometric estimates in the technology bundle
approach, an attempt at independent validation can be made by reference to
the results from * bottom up’ models. Independent validation is more difficult
for econometric estimates used under the assumption of continuous
substitution.

To determine elasticities of substitution through calibration, input prices can
bevaried in a*‘bottom up’ model and the pattern of technology use observed.
Theappropriate parametersin theenergy production modulein MEGABARE,
holding al other variables constant, can then be selected to produce asimilar
pattern of response. Some work in calibrating the MEGABARE technology
bundle for the Australian electricity industry against the MENSA model has
been undertaken and further work is planned both for Australia and other
countries.

While the technology bundle approach has many attractive features, data
intensivenessis the main practical limitation as discussed above. Data on the
pattern of input use associated with each technology for the same year asthe
MEGABARE database was obtained from various publications (1EA 1993a,b;
International Iron and Steel Institute 1992). Thus, the pattern of input use
represents an average for a given technology within aregion rather than the
pattern associated with any particular plant.

Equations

Thetechnology bundle approach isintroduced using a CRESH (constant ratio
of elasticities of substitution, homothetic) production function. The general
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explicit form of a CRESH production function (Hanoch 1971; Dixon,
Parmenter, Sutton and Vincent 1982) is given by

n Dxiﬂji Di —
4.1) ziﬂDVD a

where Y represents output and the x; (i = 1,...,n) represent inputs or in the case
of the technology bundle approach, the outputs from different technologies.
D;, d; and k are parameterswith all d;< 1 and # 0, al D; > 0 and the D;s and
Kk are normalised so that Z" D. =1. One of the properties of a CRESH

i=1 !

production function is that while the implied elasticities of substitution vary
(slowly) with the pattern of input use, they maintain a constant ratio.

Themajor attraction of the CRESH production function over themorefamiliar
CES function is that the elasticities of substitution between given pairs of
inputs may differ. Under the CES specification, al pairs of inputs must have
the same elasticity of substitution. If d;, = d for all i, the CRESH production
function reduces to a CES function.

The electricity and iron and steel industries are regarded as choosing
technol ogiesto minimise production costsfor given input prices. The solution
of acost minimisation problem subject to a CRESH production function and
derivation of the consequent input demand equations in percentage change
formis described in Dixon, Parmenter, Sutton and Vincent (1982, pp. 83-6).
Using these results, the demand for technology i to produce the output of
industry j in region r isgiven by

(4.2) qtech(i,j,r) =qtb(j,r) - ESUBTBC(, j).[ ptech(i, j,r) — ptb(j,r)]

where

gtech(i,j,r) = growthrateinthe output from technology i usedinindustry
jinregionr

ptech(i,j,r) = growthratein the price of output produced by technology i
used inindustry j inregionr

qgtb(j,r) = growth rate in the output from the technology bundle of
industry j inregionr

ptb(j,r) = growthrateinthe price of thetechnology bundle of industry

jinregionr
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ESUBTB(i,)) = CRESH parameter for technology i used in industry j.

Equation (4.2) can be decomposed into a substitution effect (represented by
the rightmost term) and an expansion effect as in the case of the CES
production function discussed in section 3.4 (see equation 3.3). However, now
the substitution is between different technologies rather than inputs, the
elasticities of substitution between the different technologies can differ rather
than be constant and the expansion effect is represented by a share weighted
sum of the outputs from the different technol ogiesrather than a single output.

The expansion effect is given by the growth rate in industry output, qtb(j,r),
made up of the share weighted growth rates in outputs from the different
technologies

(4.3) qtb(j,r) = Ztechshr(i,j,r).qtech(i,j,r)

where techshr (i j,r) is the share of output from technology i in the output of
industry j.

The substitution effect depends on the underlying growth rates in the costs of
the alternative technologies and the relevant elasticities of substitution. The
growth ratein the price of atechnology, ptech(i,j,r), isthe cost weighted share
of the growth rates of the prices of al inputs used by that technology

(4.9 ptech(i, j,r) = Z stech(i, k, j,r). pft(i,k, j,r)
where
stech(i k,j,r) = share of commodity k in total costs of inputs used in

technology i inindustry j inregionr
growth rate of price of commodity k used in technology i in
industry j inregionr

pft(i.kj.r)

The growth rate of the industry price, ptb(j,r) is defined by
(4.5) ptb(j,r) = ZKSTB*(k,j,r). ptech(k, j,r)

where STB(l,,r) is the share of technology | in the total cost of inputs to all
technologies used by industry j in country r and

(4.6) STB'(k,j,r) = ESUBTB(k, ).STB(k,j.r)/ > ESUBTB(, ).STB(, ] r)
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isthe CRESH parameter weighted value share.

It reflects share wei ghted movementsin the pricesof thedifferent technologies
used by the industry. These prices reflect movementsin input costs as shown
by equation (4.4).

The growth rate in output for a given technology will be more responsive to
movements in input prices the larger the value of the CRESH parameters,
ESUBTB(i,j). The Allen elasticity of substitution between technologiesi and
kinindustry j inregionr isgiven by

@7 ESUBTB(, j). ESUBTB(K, j)
Z STB(l, j,r).ESUBTB(, j)

4.2 Demographic module

A novel feature of MEGABARE is that population growth is treated as
endogenous and is linked to economic variables. Population growth so
determined will in turn affect economic variables, especially through its
impact on savings behaviour and the growth in the labour force.

Thereis a clear historical relationship across countries between the level of
per person income and rates of population growth. In OECD economies, both
birth rates and mortality rates have declined with rising levels of per person
incomes. The overall impact has been to reduce the rate of population growth
(after allowing for immigration). A similar pattern hasbeen evident in rapidly
growing Asian economies.

An overview of the demographic moduleis given in diagram 11. Population,
by gender, in one year age groups (one year cohorts) from 0 to 100 are
determined by the model for each region. Since the growth in population
betweentimeperiodsistheresult of births, deathsand net migration, equations
are needed to determine these variables on an age and gender basis. Equations
are also needed to determine the transition between different age groupsin
each time period.

The equations determining birth rates and mortality are based on an
econometric analysis. In the case of mortality, the actual econometric analysis
was carried out on life expectancy because of alack of dataon mortality rates.
Mortality rates are linked to the results of the life expectancy econometric
analysis by equations described below.
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Demographic structure of MEGABARE

Net
migration rate,
current composition
of population

‘ Immigration/emmigration ‘\
A

Females of age a+1
at time t+1

Initial
Females of age a mortality
at time # and fertility rates,
Income

Males of age 0
at time #+1

diagram 2

. Vv

Labour supply Pawgiisﬁtt;on

Initial
mortality rates,
Income

Immigration
/emmigration

Females of age 0
at time t+1

A

Males of age b
at time f

!

Males of age b+1
at time f+1




MEGABARE

For the econometric analysis, cross-sectional datafor 1991 were drawn from
United Nations sources supplemented by Britannica world data (United
Nations 1992; Encyclopaedia Britannica 1994). While it would have been
desirable to undertake atime series analysis, times series of sufficient length
were not available for enough countriesto create asuitable data set. Using the
cross-sectional data, the world was divided into low, middle and high income
countries according to GNP per personin 1991 USdollars (low income, GNP
per person < $540, middle income, GNP per person $541-7000 and high
income, GNP per person >$7000). Therewere 37 observationsfor low income
countries, 40 for middle income countries and 18 for high income countries.

Birth rates

Birth rates for women, by age group, were regressed on GNP per person and
dummy variabl esrepresenting the dominant religionin each country. A double
logarithmic form of the equation was found to satisfy various tests for the
appropriate functional form. For low and middle income countries, the
estimated elasticity of birth rates with respect to GNP per person was
significant at the 95 per cent level for all age groups. For high income
countries, the estimated el asticities were not statistically significant across all
age groups and in the model the corresponding coefficients are set equal to
zero. The estimated elasticities for low and middle income countries which
underlie the coefficients used in the model are shown in table 4.1.

A similar smooth pattern of response is evident for both low and middle
income countries. If the absolute value of the el asticities were plotted against
age group, the relationship would be ‘U’ shaped. Thus, the greatest reduction
in birth rates as GNP per person rises occursin very young and older women.
There is an increasing tendency to confine births to the 20 to 34 age group.
Since MEGABARE tracks population in one year age groups, a parabolic

4 Edtimated dadticities of birth ratesfor women in
. agiven age group with respect to GNP per

person
Age group L ow income Middleincome
15-19 -0.5127 -0.2162
20-24 —0.2749 —-0.2060
25-29 -0.1730 —-0.1545
30-34 -0.1703 -0.2271
35-39 —0.2506 —0.3534
40-44 -0.4912 —0.5652
45-50 —-0.8190 —-0.6820
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interpolation procedure was applied to the above ‘U’ shaped relationship to
derive elasticities for one year age groups.

During the course of asimulation, aregion that beginsasalow incomeregion
may passthrough being amiddleincomeregion and eventually becomeahigh
income region. To select the appropriate econometric estimates as a region
passes between income classes, birth ratesfor agiven region are expressed as
aweighted average of the econometric estimatesfor the three income classes.
The weighting scheme varies smoothly as GNP per person in aregion varies
and is implemented by what is known as a kernel smoothing approach. The
weighting scheme is designed to give the most appropriate weights to the
econometric estimates for the three income classes depending on the level of
GNP per person in aregion in relation to median GNP per person in each
income class. For example, when GNP per person in a region is near the
median for a particular income class, nearly all the weight is given to the
econometric estimates for that income class. At the boundary point between
two income classes, equal weight isgiven to the econometric estimatesfor the
adjacent classes.

Dataon fertility ratesin the base period are read into the model. Fertility rates
then evolve according to the equation

(4.7) frate(a,r,) = 3 | o v [W(r, 1.,t).felas(1, a). pcgnp(r, t)]
+ fdrift(a,r,t)

where the summation is over the three income classes low (L), middle (M)
and high (H) and

frate(a,r,t)

growth rate of fertility rate for women of agea inregionr
fromtimet to t+1,

aweight based on the difference between the per person
GNP of region r and the median per person GNP of income
group |,

interpolated econometrically estimated elasticity of the
fertility ratefor women of age ain aregion of income group
| with respect to per person GNP,

growth rate of per person GNP for regionr from timet to
t+1,

thisterm is non-zero only for high income regions — for
highincomeregionsit representsthedriftinthefertility rate
toward that of highest income region for women of ageain
regionr fromtimet to t+1.

W(r,1,t)

felas(l,a)

pcgnp(r,t)
fdrift(a,r,t)
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The weighting systemin (4.8) is derived from the kernel smoothing equation
4.8) W(r,1,t)= exp(—,B.[In(PCGNP(r,t)/PCGNP(I ))]2) /W* (r.1)
where

PCGNP(r,t) = per person GNP for regionr at timet,
PCGNP(I) the median per person GNP for income group I,

and W+ (r,t) is defined so that ) W(r,I,t) =1.

1T L,M,H}

Thefertility drift term which is non-zero for regionsin the high income class
only is defined by

(4.9) fdrift(a,r,t) = A.a.[FRATE(a, R t)/FRATE(a,r,t) — ]
where
FRATE(a,Rt) = fertility rate for women of ageainregion R, where

region Risthe region with the highest GNP per person
at timet,

FRATE(a,r,t) = fertility rate for women of ageainregionr at timet,

A = binary variable equal to 1 for high incomeregionsand zero
otherwise,

a = gpeed of adjustment parameter.

The hypothesis underlying the inclusion of the fertility drift term isthat there
may be alagged adjustment in fertility rates, especially for rapidly growing
economies once they enter the high income class. Fertility rates for such
economies often exceed those of economies where similar levels of GNP per
person have been maintained for longer periods of time. It ishypothesi sed that
there will be an eventual decline in the fertility rates for the rapidly growing
economies and, indeed, ultimately fertility rates for all high income regions
will converge to those of the highest income region. Further study of this
hypothesis using time series data would be possible.

The gender composition of births is determined from the ratio of male to
female births for each region in the base period that is read into the model as
data. It is assumed that this ratio applies across all age groups and remains
constant through time.
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Life expectancy

There were insufficient data on mortality rates at different age groups across
enough countries to undertake an econometric analysis of the responsiveness
of mortality rates to economic variables. Instead it was necessary to adopt an
indirect approach in relating mortality rates to economic variables. Adequate
data were available to permit an econometric analysis of the relationship
between life expectancy and economic variables. The results of thisanalysis
were then used to derive equations for age specific and gender specific
mortality rates.

For the econometric analysis of life expectancy, again cross-sectional datafor
1991 was used for the same grouping of countries as in the analysis of birth
rates. Life expectancy was regressed on GNP per person and again a double
logarithmic equation was found to be an acceptable functional form. All but
one of the coefficients were significant at the 95 per cent level and the
estimated elasticities are shown in table 4.2.

4 Egtimated dadticities of life expectancy with
» £ respect to GNP per person for malesand females

Gender Lowincome Middleincome Highincome
Male 0.1400 0.0754 0.0120
Female 0.1418 0.0848 0.0233

The response of life expectancies to changesin GNP per person decreasesin
moving from low to high incomeregions. It isalso always dightly greater for
females than males.

Initial dataon life expectanciesareread into MEGABARE. Life expectancies
then evolve according to an equation using a similar weighting procedure to
that applied to birth rates. Thus, as aregion moves from the low income class
through to the high income class, the weights on the econometric estimates
for the three income classes vary appropriately. The equation for the growth
rate in life expectancy is

(4.10)  eO(g,r,t) = ZID{L,H,M} [W(r,1,t).e0elas(l, g). pcgnp(r, t)]

where

e0(g,n.t) = growth rate of the life expectancy for gender g inregionr
fromtimet to t+1,
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eOelas(l,g) = elasticity, with respect to per person GNP, of the life
expectancy for gender g in aregion of income group I,

andW(r,1,t) isasprevioudly defined. Lifeexpectancy isrestricted not to exceed
85.

Mortality rates

Given changes in life expectancies determined by equation (4.10), the
problem is to develop an equation to determine changes in mortality rates
across age and gender groups that will be consistent with the change in life
expectancies. The equation adopted reflects the hypothesis that the changein
mortality ratesacrossage groupsisunlikely to beuniform. Instead the greatest
change is likely to occur where mortality rates are the highest as in the case
of the very young and elderly. Improved health services that accompany
increased income can reduce infant mortality significantly and extend thelife
of the elderly by overcoming health problems that previously would have
proved fatal.

The equation that performsthe required adjustment in mortality ratesisgiven
by

(4.11) AlIn(1/MRATE(g,a,r,t) —1) = m_shift(g,r,t)

where MRATE(g,a,r,t) isthe mortality rate for gender g of ageainregionr at
time t, A means ‘the change from the current to the next period’ and
m_shift(g,r,t) is chosen so that the mortality rates at time t+1 imply changes
in life expectancies consistent with equation (4.10).

Equation (4.11) can be interpreted as applying a uniform change consi stent
with therequired changeinlife expectancy tothe (inverse) logit of mortalities.
The use of the logit transform ensures that the adjusted mortalities will lie
strictly in the range of 0 to 1. It aso attenuates the uniform change at some
values and damps it for other values. In particular, the maximum change in
mortality rates will occur when the rate is 0.5 while the minimum change
occurs when therateis near O or 1. Mortality rates seldom exceed 0.5. Thus,
according to equation (4.11), the greatest changesin mortality rateswill occur
when they are the highest which typicaly will be those rates applying to
infants and the elderly.

For some regions in MEGABARE, data are not available on gender specific
mortality rates for one year age groups from 0 to 100. Such data are required
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asinitial (base period) data by the model. To generate the required data, a set
of mortality rates for another region is taken and then calibrated to the data
available for the region in question. Details of the procedure applied are
described in appendix C.

Net migration

Net migration rates are held as close to constant at initial levels as possible,
subject to global net migration flows being zero for each age and gender. The
age and gender composition of net migration to a region is chosen to be as
close as possible to the existing age and gender composition of the population
of the region.

Net migration to each region is determined by the following equations
(4.12) NM(g,a,r,t) = NMRATE(r).POP(g,a,t).adj1(g,at) if NM(g,a,r,t)>0 and

NM(g,a,r,t) = NMRATE(r).POP(g,a,r,t)/adj1(g,a,t) if NM(g,a,r,t)<0,

where

NMRATE(r) = theinitial period net migration rate for regionr,

NM(g,a,rt) = net migration of persons of gender g and age ato region
r atimet,

POP(g,a,rt) = population of gender g and ageainregionr at timet,

and adj1(g,a,t) isapositive adjustment factor determined so that the constrai nt
> NM(g,art)= Oissatisfied.

Labour supply

Labour supply and demand are modelled as growing at the same rate as the
working age population. The working age population is defined as those
persons between 15 and 65 years of age, with areduced weighting applied to
those between 15 and 20 and between 60 and 65. The weighting scheme is
applied to adjust for individual s gradually entering and leaving the workforce
(seeimmediately below equation (d.14) in appendix D for details).
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4.3 Consumption—savings decision

As mentioned above, the treatment of the consumption—savings decision in
MEGABARE overridesthe GTAP equations. Given the detailed demographic
accounting in MEGABARE, it seemed highly desirable to model
consumption—savings decisions at the level of individual age groups. Such an
approach would allow the modelling of changes in aggregate consumption
and savingsin response to changesin the age structure of the population. The
major difficulty in introducing such an approach isthat the only savings data
contained inthe MEGABARE database rel ates to aggregate regional savings.
Furthermore, dataon age specific savingsratesarenot availablefor theregions
covered by MEGABARE.

Theapproach takenisto usethedatain the MEGABA RE databaseto calibrate
a model from which estimates of regional age specific savings rates are
derived. Equations are then developed that describe the evolution of these
savings rates over time.

In each region, the pattern of consumption and savings for individuals of a
given age is assumed to be consistent with a life cycle model. According to
thismodel, consumption by an individual of agiven ageisproportional to the
wealth of that individual. The ratio of current consumption to current wealth
will vary over the life of the individual. At a given period of time, observed
consumption—savings patterns will represent the decisions of individuals at
different stagesinthelifecycle. Itisthisobservation that isused in calibrating
thelife cycle model to the datafor aspecific time period in the MEGABARE
database.

Wealth is defined to consist of both financial and human wealth. Financia
wealth is represented by the assets an individual has accumulated by past
savings. Human wealth isequivalent to current and discounted future earnings
wherethereal interest rateis used asthe discount factor. According to thelife
cycle model, the ratio of current consumption to current wealth for an
individual of a given age will depend on the rate of time preference of the
individual (the preference to consume now rather than save for future
consumption), the real rate of interest (if this differs from the rate of time
preference) and the life expectancy of the individual.

Thelife cycle model is calibrated to the MEGABARE database to determine
the share of different age groups in aggregate savings in each region. In this
calibration procedure, regional data on the replacement value of the capital
stock are used as a proxy for financial wealth while labour earnings are used
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in estimating human wealth. Details of thelife cycle model and the calibration
procedure are given in appendix D.

The estimated shares of national savings for different age groups show the
expected pattern. Shares are negative indicating dissaving for young people
of pre-working age and retirees. Positive shares are obtained for age groups
within the workforce.

The calibration procedure is carried out prior to a simulation run. Shares of
national savings by age group are then read into the model and taken as the
actual base period shares during a simulation run.

Given initial savings by age groups, savings then evolve according to the
equation

(4.13) save(a,r,t) — pop(ar.t) = y(r,t) — pop(r.t) + adj(r,t)

where

save(a,nt) = growth rate of nomina net savings of age group ain region
r fromtimetto t+1,

pop(a,r,t) = growth rate of population of ageainregionr fromtimet to
t+1,

y(r,t) = growth rate of nominal income of region r from timet to
t+1,

pop(r,t) = growth rate of population of regionr fromtimet to t+1,

adj(r.t) = adjustment term.

If the adjustment term, adj(r,t), in equation (4.13) were zero always, savings
per personinagiven agegroup would simply grow at the samerate as national
income per person. Nevertheless, even if age specific savings rates remained
constant, the ratio of aggregate savings to national income could change
markedly due to the changing age composition of the population. An example
of thistype of result was given in chapter 1.

The assumption of constant age specific savings rates may not aways lead to
plausible results. Simulations of changesin savingsimplied by the life cycle
model have shown that large changes in the net asset (foreign debt) positions
of countries can result if their populations are aging at different rates (Masson
1992). In developed countries, the increasing aging of the population would
imply significant declines in aggregate savings ratios. A growing proportion
of savings of the working population would be absorbed in transfer payments
to those that dissave, especialy the elderly. Recognition of such emerging
problemsin devel oped countrieshasalready prompted policy actionto modify
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life cycle savings patterns through measures such as compulsory super-
annuation.

Given adj(t)selts of simulation experiments, it was decided that it was
appropri::fn tn Mmndifyv tha acaimntinn nf rnnatant ana ecnacifie cavinne ratoc

under (SON(SAVE(a,r,t)){ .. [OSHR(r t)/SSHR(r,t) - 1] - y,. A[CA(r,t)/GDP(r )]}
reaction function’ that takes the form

(4.14)

where

OSHR(r,t) = shareof world financial assets owned by regionr at timet,

SSHR(rt) = shareof world net nominal savings undertaken by region r
at timet,

CA(r,b) = current account surplus of regionr at timet,

GDP(r,t) = GDPof regionr attimet,

A means ‘the change from the current to the next period’, and sign(X) is—1
(2) if X is negative (non-negative).

The equation involves both a delayed and an immediate adjustment
component. The delayed component is represented by the first square
bracketed term. As demographic changes result in the share of aregion in
global savings deviating from its share of world financial assets, a partially
offsetting uniform proportional change in the savings of each age group
occurs. Theresponseisdelayed sinceit will taketimefor achangein net assets
(foreign debt position) to occur.

An immediate response is represented by the second sguare bracketed term
and occursif the current account deficit to GDP ratio changes. Changesin the
current account to GDPratio aretaken asa‘leading indicator’ of likely future
changesin the net asset position of a country as measured by the first square
bracketed term. The purpose of the sign(SAVE(a,r,t)) term is simply to pick
the sign for the required adjustment depending on whether an age group isa
net saver or dissaver.

One interpretation of the ‘savings reaction function’ is that it represents a
proxy for the impacts of various policy actions that might occur if the events
triggering the function took place. For example, governments faced with the
prospect of a deteriorating net asset (foreign debt) position are likely to take
action to raise regional savings. In this sense, the reaction function could be
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viewed as away of incorporating forward looking behaviour into the savings
equation.

4.4 International capital mobility
Behavioural equations

As mentioned above, the equations for international capital mobility in
MEGABARE replace those in GTAP. However, as in GTAP, a choice is
offered between two equations to determine the allocation of international
investment acrossregions. Thechoicewill begoverned partly by the particular
model application.

Global investment is defined to equal global savings. However, it is assumed
that savings will always finance investment in the region of origin before
financing investment abroad. Such an assumption is intended to reflect the
idea that there will be greater risks in investing abroad than at home.

The net rate of return on capital inregionr, RR(r.t) at period t, playsakey role
in the allocation of investment across regions. RR(r,t) is defined as the ratio
of therental for capital services, RENTAL(r,t), to the purchase price of capital
goods, PCGDS(r,t), less the (constant) rate of depreciation, DEPR(r)

(4.15) RR(r,t) = RENTAL(r,t) / PCGDS(r,t) - DEPR(r)

[Notethat RR(r) isidentical to the GTAP variable RORC(r) that isincorrectly
defined as equal to PCGDS(r) / RENTAL(r) — DEPR(r) in some versions of
the GTAP documentation but defined correctly in the computer code.]

Theaternative equationsfor allocation of global investment involve different
assumptions about the speed of decay of imperfections in world capital
markets. The first equation is given by

(4.16) rinv(r,t) = gdp(r,t) + p.[ RR_w(t). RR(r,t +1)/RR(r,0) - RRG(t)]
where

rinv(r,t) = growthrateof real investmentinregionr fromtimettot+1,
Jo; = flexibility parameter, p>0,

gdp(r,t) = growth rate of real GDP for regionr from timet to t+1,
RR(r,t) = therate of return to capital inregionr at timet,

RR_w(t) = therate of return to capital for the world at timet,
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and RRG(t), can be interpreted as a global rate of return (or world rate of
interest). ThevariableRR_w(t) isaweighted sum of theregional ratesof return
on capital whereas the variable RRG(t) adjusts to ensure equality between
global savings and investment.

In equation (4.16) it is assumed that the growth rate of real investment in
regionr will increase with the growth rate in GDP, the expected rate of return
inregionr (represented by RR(r,t+1)) and theworld rate of return. The growth
rate of real investment will decrease with the base period rate of return in
region r and the global rate of return, RRG(t). The extent of change in the
growth of investment in response to changes in rates of return will be larger
the greater the value of p.

A basic condition for a steady state in the standard version and many
extensions of the neo-classical growth model isthat thereisaconstant capital
to output ratio. Such a condition implies a constant investment to GDP ratio
if there is a constant rate of depreciation. In equation (4.16), a constant
investment to GDP ratio isimplied if the expected rate of returninregionr is
equal to the base period rate of return and the world rate of return, RR_w(t),
isequal totheglobal rate of return, RRG(t). Base period regional ratesof return
can be interpreted as representing a state of long run equilibrium in world
capital markets under equation (4.17). Differences in base periods rates of
return would reflect fundamental differencesin risk premiumsamong regions.
No mechanism for long term rates of return to equalise across regions is
embodied in (4.16). Thus, re-establishing the base period pattern of rates of
return would represent a condition for long run equilibrium in world capital
markets.

A natural alternative hypothesis is that rates of return across regions should
beequalised for long run equilibriuminworld capital markets. Itiswell known
from experience with several models that short term equalisation across
regions tends to result in excessive flows of capital from developed to
developing countries. Thus, it is necessary to assume some degree of
imperfection in world capital markets to achieve a plausible pattern of
international capital flows. However, in some applications of MEGABARE,
it may be appropriate to assume a tendency to long run equalisation of rates
of return. Such may be the case if it is assumed that there is long run
convergence in welfare levels across economies. In this case differences
across economies that support differences in risk premiums may tend to
diminish. Results reported in ABARE-DFAT (1995) were generated under
such assumptions.

The equation reflecting the hypothesis of long run equalisation of rates of
returnsis given by

51



MEGABARE

(4.17) rinv(r,t) = gdp(r,t) + p.[ RR(r,t +1) - RRG(t)]

The speed at which equalisation of rates of return occurs can be governed by
the way in which the expected rate of returnin period t+1 isrelated to therate
of return in period t and through suitable choice of a value for p. Long run
equilibrium in world capital markets will occur when the expected rate of
return in each region, RR(r,t+1), isequal to theworld rate of return (world rate
of interest), RRG(t). If such a state is reached, investment in each region will
grow at the same rate as GDP.

The GEMPACK coding of these equations is of some interest. It illustrates
some techniques for coding dynamics, such as the RR(r,t+1) variable, using
the sequential solution method. It also may be of interest for readers familiar
with GTAP since some variables that have the same name in the international
capital mobility modules of MEGABARE and GTAP are defined differently.

GEMPACK coding

RENTAL(r)
RORC(r).PCGDY(r)

rorc(r) = Jrental (r) — pcgds(r)]

The GEMPACK coding retains the GTAP notation for RR(r) of RORC(r).
Expressing equation (4.15) in growth rate (linearised) form

(4.18)

where variables in lower case represent the percentage change in the corres-
ponding levels variables in upper case.

To express this equation in terms of variables that can be derived from the
database, from the definition of RORC(r)

RENTAL(r) _ RORC(r) + DEPR(r)
RORC(r).PCGDS(r) RORC(r)

(4.19)

The right hand side of this equation can be interpreted as the ratio of grossto
net returns
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RORC(r) + DEPR(r)
RORC(r)

(4.20) GRNETRATIO(r) =

Substitirinv(r) = gdp(r) +
RORFLEX(r).L _rorc_w.[(lI _rorc(r)+rorc(r)/100) —rorg]

(4_21) [ ] \J\l } _ 1 \I\II_II\I_\II\J\I }.I_'uJ\JBU\J\I l 1ol ILu.I\I }J

which is the equation that appears for rorc(r) in MEGABARE (and GTAP).
The GEMPACK form for equation (4.16) is

(4.22)

whereL_rorc_wisdefinedin GEMPACK to operatelikealevelsvariable and
isidentical to RR_w(t) in (4.16). 1_rorc(r) isdefined to operatein GEMPACK
as an index variable such that

(4.23) | _rorc(r, T+1)= |lj(1+ rorc(r,T)/100)

Since rorc(r,t) /100 = (RR(r,t +1) / RR(r,t)) -1,

(4.24) | _rorc(r,t+1) = RR(r,t +1) / RR(r,0)
=1_rorc(r,t).(1+rorc(r,t) / 100)

which shows that (I_rorc(r)+rorc(r)/100) in (4.22) is identical to
RR(r,t+1)/RR(r,t) in (4.16).

In GTAR, rorg, isdefined asthe percentage changein the global rate of return.
InMEGABARE, rorg, can beinterpreted asalevelsvariable equivaent to the
global rate of return. It adjusts to ensure that regiona investment sums to
global savings. In MEGABARE, theworld rate of return variable, L_rorc_w,
is calculated from the database for the model for each time period whereas
rorg is determined by the model. Equality between the values of these
variablesis one of the conditions for equilibrium in the world capital market
in (4.16).
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Thevariable RORFLEX(r) playstherole of an exogenously set parameter that
influences the degree of international capital mobility in both GTAP and
MEGABARE. The specific equation where RORFLEX is defined in GTAP
does not apply in MEGABARE. In MEGABARE, RORFLEX(r) determines

the responsiveness of regional investment to differences in rates of return as
defined in (4.15) and (4.16).

The GEMPACK form of equation (4.16) is
(4.25) rinv(r) = gdp(r) + RORFLEX(r).[(L_rorc(r) +rorc(r) /100) —rorg]

where L_rorc(r) is defined to operate like alevels variable equal to RR(rt).
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Appendix A: Regional and commodity
coverage of MEGABARE

In table Al is shown the country aggregation of the world into 30 regionsin
MEGABARE. In table A2, the 37 industries or sectors covered by
MEGABARE are shown.

Al Thirty region country aggregation

1AUS
2NZL
3 JPN

4 KOR
5I1DN
6 MYS
7 PHL
8 SGP
9THA
10 CHN
11 HKG
12 TWN
131Dl
14 RAS

15 CAN
16 USA
17 MEX
18 CAM

19 ARG
20 BRA
21 CHL
22 RSM

23E_U
24 EU3

Australia

New Zedand

Japan

South Korea

Indonesia

Malaysia

Philippines

Singapore

Thailand

China

Hong Kong

Taiwan

India

Rest of South Asia (includes: Bangladesh, Bhutan, Nepal, Sri Lanka,
Pakistan)

Canada

United States

Mexico

Central America and the Caribbean (includes: Antigua & Barbuda,
Bahamas, Barbados, Belize, Cuba, Costa Rica, Dominica, Dominican
Republic, El Salvador, Grenada, Guatemala, Haiti, Honduras, Jamaica,
Nicaragua, Panama, St Kitts & Nevis, St Lucia, St Vincent, Suriname,
Trinidad & Tobago)

Argentina

Brazil

Chile

Rest of South America (includes: Bolivia, Colombia, Ecuador, Fr. Guiana,
Guyana, Paraguay, Peru, Venezuela, Uruguay)

European Union 12

Austrig, Finland, Sweden

25 EFT EFTA  (includes Iceland, Norway, Switzerland)

Continued on next page
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Al Continued

26 CEA

27FSU

28 MEA

29 SSA

30 ROW

Central European Associates (includes: Bulgaria, Czech Republic,
Hungary, Poland, Romania, Slovakia, Slovenia)

Former Soviet Union (USSR table from Tom Wahl), (includes: Armenia,
Azerbaijan, Belarus, Estonia, Georgia, Kazakhstan, Kyrgyz Republic,
Latvia, Lithuania, Moldova, Russia, Tajikistan, Turkmenistan, Ukraine,
Uzbekistan)

Middle East and North Africa (includes: Algeria, Bahrain, Egypt, Iran,
Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, Morocco, Tunisia, Oman,
Qatar, Saudi Arabia, Syrian Arab Republic, United Arab Republic, Yemen
Arab Republic)

Sub Saharan Africa (includes: Angola, Benin, Botswana, Burkina Faso,
Burundi, Cape Verde, Central African Republic, Chad, Comoros, Congo,
Cameroon, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana,
Guinea-Bissau, Ivory Coast, Kenya, Liberia, Lesotho, Madagascar,
Malawi, Mali, Mauritania, Mauritius, Mozambique, Namibia, Niger,
Nigeria, ,Rwanda, Sao Tome & Principe, Senegal, Seychelles Idlands,
SierraLeone, Somalia, South Africa, Sudan, Swaziland, Tanzania, Togo,
Uganda, Zaire, Zambia, Zimbabwe)

Other Economies (includes: Albania, Afganistan, Bosnia-Herzegovinia,
Burma, Cambodia, Croatia, Cyprus, Fiji, Laos, Macedonia, Maldives,
Malta, Monolia, Nauru, North Korea, Solomon Islands, Papau New
Guinea, Tonga, Turkey, Tuvalu, Vanuatu, Viet Nam, Western Samoa,
Yugoslavia Fed. Republic)
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A2 Thirty-seven industriesin MEGABARE

CoNooA~WDNE

paddy rice

wheat

grains (other than rice and wheat)
non-grain crops

wool

other livestock (other than wool)
forestry

fishing

coal

oil

gas

other minerals

processed rice

mesat product

milk products

other food products
beverages and tobacco
textiles

wearing apparel

leather and fur

[umber and wood

pulp, paper and printing
petroleum and coal products
chemicals, rubber and plastics
non-metallic mineral products
primary ferrous metals
non-ferrous metals

fabricated metal products nec
transport industries
machinery and equipment
other manufacturing
electricity, gas and water
construction

trade and transport

other services (private)

other services (government)
ownership of dwellings
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Appendix B: Modelling biased technological
change

Technological change has been a dominating feature of economic growth
sincethelndustrial Revolution andislikely to continueto besoinany realistic
scenario for future growth. In MEGABARE simulations, the overall rate of
technological change for given regions is sometimes determined
endogenously and sometimes set exogenously as discussed in chapter 2. The
model can be run with the bias in technological change determined either
endogenously or set exogenoudly in either of the above cases. The ability to
model biased technol ogical changein some applicationscreatesthe possibility
to use external information about relationships that are not explicitly
modelled, as will be explained below.

The standard definitions of the biases in technological change used in
economics apply to a static situation where input prices are fixed. Coding for
technological change in GTAP that was inherited by MEGABARE reflects
these definitions. However, general equilibrium models are highly
interdependent equation systems as emphasised by (2.3). If technological
changeisintroduced inany form, inevitably, relative priceswill change. Thus,
technological change that may be unbiased at the industry level in a partia
equilibrium closure may turn out to be ‘biased’ in terms of its impactsin a
general equilibrium closure.

The basic way that technological change is incorporated into MEGABARE
equations will be described first. Several applications relevant to greenhouse
policy will then be discussed.

Equations

To illustrate how the standard technological change definitions are
incorporated into MEGABARE, an industry will be taken where the
technology bundle approach does not apply. Thus, inputs (including a
composite primary factor input) must be used in fixed proportion to output.
However, substitution is permitted between the primary factors according to
the CES specification. Theconcernwill bewith aspecificindustry inaspecific
region (j andr areset at specificinteger values) andit will bereferredto simply
asthe ‘industry’.
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The equations in the model for industry demand for intermediate inputs and
the primary factor bundle take the basic form

(b.1) qf (i, j,r) +af(i,j,r) = qo(j,r) - ao(j,r)

where the variables for the industry are defined as

gf(i,j,r) = growth ratein demand for input i

af(i,j,r) = growth ratein the efficiency of the use of input i
go(j,r) = growth ratein the output of the industry

ao(j,r) = growth ratein the efficiency of the industry.

The interpretation of the technological change variables is brought out most
clearly by writing the growth rate in industry output as a cost-share weighted
function of the growth rates in industry inputs. Such a relationship can be
derived from equation (b.1) using the zero pure profits condition

(b.2) po(j.r) +qo(j.r) =y @.(pf(i.j.r) +af (i,j.r)
where
pf(i,j,r) = growth rateinthe priceof input i
po(j,r) = growth ratein the price of output of the industry
and z @ =1and @; isthe cost share of input i.

i) Or

Substituting equation (b.1) into equation (b.2) yields

(b3)  po(j.r)+qo(j.r) =3 @.(pf(i.j.r) +qo(j.r) —ao(j,r) ~af (i,.r))
Since the input cost shares sum to unity, qo(j,r) can be eliminated from
equation (b.3) and ao(j,r) brought outside the summation and to the left hand
sidetoyield

(b.4) po(j.r)+ao(j.r) =y ¢.(pf(i.j.r) - af (i.j.r)

(The zero pure profits condition is coded in this way in some CGE models.)
Subtracting equation (b.4) from equation (b.2) yields
(b.5) qo(j.r) —ao(j.r) =y @.(af (i.j,r) +af (i,j.r))

= cswhi(j,r)
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(The name given to the summation term is an acronym for ‘cost-share
weighted bundle of inputs'.)

Tofocuspurely ontechnological change, thefollowing assumptionsare made.
It is assumed that the growth rate in industry output, go(j,r), and the growth
ratein the efficiency of theindustry, ao(j,r), are set exogenously and constant.
As aresult, the growth rate in cswbi(j,r) is aso determined. Finally, it is
assumed that all input prices are growing at the same exogenous and constant
rate.

The term ao(j,r) represents the overall rate of technological change for the
industry (the difference between the growth rate in output and the growth rate
in an index of inputs, cswhbi(j,r)). The af(i,j,r) variables determine whether
thereisany biasin technological change and, if so, how it is allocated across
inputs.

Suppose that gf*(i,j,r) represents the rate of growth in al inputsi if tech-
nological change were unbiased (af(i,j,r) = O for al i). Then equation (b.1)
implies

(b.1) qf " (i,j.r) = go(j.r) - ao(j,r)

If technological change were biased, then equation (b.5) implies that the
af(i,j,r) variables have to be chosen is such a way that

(b.6) qo(j,r) —ao(j,r) = Y @;.(af G, 1,r) +af (i,],0)

Eliminating gf*(i,j,r) using equation (b.1") and the fact that the input cost
shares sum to unity yields

(b.7) S @.af(i,j,r)=0

Thus, it isevident that the af(i,j,r) variables are not independent. They can be
chosen only in such away that is consistent with the growth in output, go(j,r),
and overall rate of technological change, ao(j,r). In particular, if for someinput
i, with anon-zero input cost share, af(i,j,r) # 0, then for at least one other input
[, af(l,j,r) # 0 and sign[af(l,j,r)] # sign[af(i,j,r)].

If technological changeisbiased in the sense defined above, then the different
intermediate inputs and the primary input composite can grow at different
rates to that of output. Without biased technological change, such aresult is
impossible given the basic specification of the intermediate input demand
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eguation for non-technology bundle industries. No price induced substitution
is allowed between intermediate inputs and the primary input composite.

Some ways in which the modelling of biased technological change can be
combined with external information to reproduce the effects of behavioural
relationships not necessarily modelled directly will now be discussed.

Partial equilibrium applications

A relevant example of how external information can be combined with the
technological change coding in MEGABARE is the modelling of so-called
‘noregrets options. For designated industries, using external information, the
ao(j,r) variable could be given a surge over some time period to capture the
‘something for nothing’ element in ‘no regrets’. Again using external
information, the appropriate af(i,j,r) variables would be set to have an energy
saving bias over the same time period. In a partial equilibrium closure, the
increase in the value of ao(j,r) means that a given growth rate in output is
achieved for alower growth rate in the cost-share weighted bundle of inputs,
cswhi(j,r). The energy saving bias would result in a decreased growth ratein
energy inputs.

Once values for the appropriate af(i,j,r) are set to achieve the desired energy
saving bias, the choice of the other af(i,j,r) isconstrained in the way described
above. It is usually thought that more energy efficient techniques would be
introduced using more capital intensive production processes. Thus, using
external informationif available, the appropriateaf(i,j,r) terms(in the primary
input demand function) would be set to create a capital using bias. Given the
way the choice of the af(i,j,r) are constrained, there may be no option other
than to create a capital using bias if capital costs are a reasonably high share
of input costs.

Modelling ‘no regrets’ optionsin thismanner clearly resultsin awelfaregain
at the sector level in a partial equilibrium closure. However, when account is
taken of the general equilibrium repercussions, the overall welfare impact on
the sector and the economy is less certain. In a recent application where ‘ no
regrets options were modelled somewhat analogously with a static CGE
model of the US economy (Rose and Lin 1995), the overall result wasadlight
welfarelossfor the economy, mainly stemming from theimpact on industries
producing energy and their reduced demand for inputs. Such aresultillustrates
one reason why ‘top down’ (general equilibrium models) can produce
different results from ‘bottom up’ (partia equilibrium models).
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General equilibrium implications

An example will now be given of how external information can be used in
modelling technological change that could compensate conceptually for any
deficienciesin the modelling of capital—energy substitution options outside of
industries where the technology bundle approach applies.

Inatypical dynamic MEGABARE simulation where technological changeis
modelled, a general equilibrium closure will be used. Thus, the growth rates
ininput priceswill not be fixed but determined endogenously. For industries
where the technology bundle approach is used, relative input prices will
changeandtherelative proportionsinwhichintermediateinputsand aprimary
input composite are used will change. The same may be true for industries
where the technology bundle does not apply if biased technological changeis
modelled. Although price induced substitution is not permitted in these
industries, biased technological change can alter the relative proportions
between intermediate inputs and the primary input composite.

From the simulation results, it will not be apparent for any industry whether
thereis price induced substitution only, biased technological change only or
some combination of the two. Only someone familiar with the equation
structure of the model would know that any change in relative proportions
between intermediate inputs and the primary factor composite in non-
technology bundle industries would be due entirely to biased technological
change (since price induced substitution is not permitted).

In real world data, relative input priceswill change aswill relative input use.
Econometricians wishing to estimate elasticities of substitution will have to
somehow distinguish between priceinduced substitution and biased technical
change. Inthe usual approachesadopted, thereisessentially an‘ identification’
problem (too few equations to determine uniquely the number of parameters
to be estimated). Estimates can be derived if a particular functional form is
chosen but if it is the incorrect form, the estimates may be ‘biased’ (in the
statistical sense) (see Diamond, McFadden and Rodriguez 1978).

Inview of these difficultiesin obtaining reliable estimates of the elasticity of
substitution (and the bias in technological change), it is not surprising that
there has been along standing controversy in the energy economics literature
about whether capital and energy are substitutes or complements. Capital and
energy have been variously estimated to be both substitutes and complements
in different econometric studies (for a concise review of the literature see
Chang 1994). A further problem is that most econometric studies deal with
the relationship between economy-wide energy and capital aggregates. It is
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clearly possiblethat capital and energy are substitutes or complementsinsome
sectors and neither substitutes nor complements in others as implied by the
overall form of the input demand specification in MEGABARE.

Asaresult of the many difficult issuesin correctly modelling substitution and
biased technical change, it is aways desirable to draw on as much external
information asisavailablein deciding on a plausible rangefor MEGABARE
simulation results. For example, in preparing the simulations reported in
ABARE-DFAT (1995), discussions were held with experts in energy
efficiency and a literature review was undertaken to decide what were
appropriate rates of decline in the ratio of carbon dioxide emissions to GDP
for different regions and the world.

The model was run under the usual assumption that there would be positive
overall technological changeinall regions. Thus, thereis some element of ‘no
regrets’ gainsin the results. The model was first run under the assumption of
unbiased technical change (as defined in the partial equilibrium sense) which
isusually the maintained hypothesis. It turned out that the desired declinesin
the ratios of emissions to GDP would not be achieved. The model was then
re-run under the assumption that technol ogical change would have asufficient
energy (fossil fuel) saving bias in different regions to allow these rates of
decline to be attained. Results reported in the study were derived under this
assumption.

There are two extreme interpretations of the outcome of this experiment if it
Is assumed that the exogenously set rates of decline in the ratio of emissions
to GDP are the ‘true’ rates. If the substitution options (and strictly all of the
equations and settings for exogenous variables) in the model are specified
correctly, therewill beareal energy saving biasinfuturetechnological change.
Such a bias would not be implausible given concern about global warming
and the possible policy responses. The aternative extreme interpretation is
that in the future technological change will be unbiased and the need to
introduce an energy saving bias is due entirely to the incorrect specification
of substitution optionsin the model. Clearly thereis a continuum of possibil-
ities between these extremes.
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Appendix C: Generation of age and gender
specific mortality rates for MEGABARE

The demographic module of MEGABARE requires gender specific mortality
rates for one year age groups from 0 to 100. This appendix describes how a
preliminary set of mortality rates can be adjusted to conform to summary
statistics of mortality while still preserving a realistic pattern of mortality
across age groups. Such a procedure is necessary since life tables will not be
available for al regions represented in the MEGABARE database.

Define

MORT1(g,a,r)= preliminary mortality rate for cohort of gender g and age a
inregionr

MORT(g,a,r) = fina mortality rate for cohort of gender g and age ain region

r

The preliminary mortality rates will typically be the mortality rates for some
other region, perhaps scaled to have the same crude death rate as the region
for which they are to be used. The final mortality rates are generated by
transforming the logits of the components of MORT1 to produce values of
MORT that imply the infant mortality rate, gender specific life expectancies
and crude death rate in the UN population statistics.

Formally, the logit u(g,a,r) of MORT1(g,a,r) is defined by
(c.1) MORT1(g,a,r) = :I/{l+ exp(u(9.a, r))}

Then changes Au(g,a,r) in p(g,a,r) are chosen so that MORT(g,a,r) defined
by

(c2) MORT(g,a,r) = :I/{1+ exp(u(g.a,r) + Au(g.a, r))}
satisfies

(c3)  imr(r)= ZQPOP(g,O,r).MORT(g,O,r) / ZgPOP(g,O,r)

(c.4) life_exp(g,r) = Z:zln(g,a,r)
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(c5) CDR(r)=% . POP(g.ar).MORT(ga, r)/z(a’g) POP(g,a,r)
where

A = assumed maximum possible age

imr(r) = infant mortality rate for region r

life_exp(g,r) = life expectancy for individuals of gender g inregionr
CDR(r) = crude death rate for region r

m(g,a,r) = probability of anindividual of gender ginregionr surviving

until at least age a

The survival probabilities are related to the mortality rates by

(c.6) n(g,ar) =1 a=0
=[1,..(t-MORT(g,b,r)) a>0

and thedefinition of life expectancy hasused thefact that for any non-negative
integer valued random variable X

(c.7) E(X) = z; prob(X = x)

Thevaluesof Au(g,a,r) must beconsistent with equations(c.3), (c.4) and (c.5).
Plainly there may be many possible sets of Au(g,a,r) values, asthere are more
components in Au(g,a,r) than there are equations to determine them. So
Au(g,a,r) isassumed to be the particular function of age

(c8) Au(gar)=(A- a)/A.[ f1(r)+a. f2(g, r)] +exp(-a/A). f3(r)

Thus the values of Au(g,a,r) are functions of f1, f2 and {3, the number of
components of these latter three variables being equal to the number of
equations specified by (c.3), (c.4) and (c.5).
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Appendix D: Generation of age specific
savings rates by calibrating MEGABARE data
to a life cycle consumption—savings model
Description of the life cycle consumption—savings model

The life cycle consumption-savings optimisation problemisto

choose

(d.1) {C(a)0<a<A

to maximise

(d.2) S 7 In(C()).(1+y) . n(a)
subject to

(d.3) F(a+1) =(1+r).F(a)+ L(a)-C(a)

initial condition, F(0) = F,

and terminal condition

(d.4) F(A+1) =F(A)/2

where

C(a) = consumption by agent of age a

F(a) = financial wealth of agent of age a

L(a) = income other than interest on financial wealth of agent of age a
(predominantly labour income, hence the use of the notation ‘L")

ma) = probability of living until at least age a

r = interest rate (assumed constant through time)

y = purerate of time preference of agents

A = assumed maximum possible age of an agent (that is, {A+1) = 0))

It is not assumed that agents plan to completely exhaust their financial assets
by the maximum age A, only that they will be rapidly depleting these assets
by that age. This captures the uncertainty associated with the maximum
duration of life.
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This problem can be simplified by defining

(d.5) X(a) =C(a) - L(a)
=(1+r).F(a)- F(a+1)

and observing that the terminal condition is equivaent to
(d.6) F(A+)=F,

for avalue of F, chosen to ensure (d.4) holds. The lagrangean for the
respecified equation is

@ NLCORIOIRIET

c
T 2B ey x(a) :

since

d8  F(A+1)=(1+ r)A.{(1+ N.F0)- 37 1+ r)-a.x(a)}

The first order condition from equation (d.7) is

(d.9) 00/aX(a) = (1+y) “.n(a)/(X(a) + L(a)) + A.(1+r)™®
=0

This equation together with equation (d.4) determines X(a) and A. The values
of F(a) can be determined from the values of X(a) and the initial condition,
F(0) =Fo

Calibrating the parameters of the life cycle consumption—
savings model using MEGABARE base period data

For each region the MEGABARE database contains, for the initial period of
the simulation:

* thevalue of net savings (header SAVE)

the replacement value of the capital stock (header VKB)

the value of depreciation (header VDEP)

private consumption (coefficient PRIVEXP)

government consumption (coefficient GOVEXP)

returnsto capital (component of coefficient VOA corresponding to capital
— designated as ‘' VCAP’ in the following)
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e  participation weights, used to define the number of individuals in the
working age population (header PWGT)

*  population by age and gender (header POP)

e mortality rates by age and gender (header MORT).

Population (mortality rates) by age can be determined from the last two items.
The population (mortality rate) of age group awill be designated as‘ POP(a)’
(‘MORT(a)’) in what follows.

Intheinitial period database, all returnsto capital in aregion— VCAP — are
assumed to accrue to residents of the region. This feature is inherited from
GTAP.

Calibration entails equating expressions derived from these data with
equivalent expressions derived from the model of the previous section, and
determining the values of F, and ¥ required to satisfy these equations.

Net savingsis
(d.10) SAVE = " POP(a).(F(a+1) - F(a))

The replacement value of the capital stock is used as a proxy for financial
wealth, hence

(d.11) VKB =S "' POP(a).F(a)

The (constant) interest rate r from the life cycle model is set equal to the net
rate of return on capital, thus

(d.12) r = (VCAP - VDEP)/VKB

Gross income is the sum of government consumption, private consumption,
net savings and depreciation. Thisisequal to the sum across all age groups of
income from all sources. It is necessary to make an assumption about how
non-interest income is apportioned to individuals in each age group. The
alocation assumed is that al individuals of working age receive the same
amount of non-interest income. The allocation of non-interest income is
confined to working age groups since the majority of thisincome is labour
income. A measure of the working age population is defined by

(d.13) WAP =S " POP(a).PWGT(a)

and the non-interest earnings of anindividual in age group a isassumed to be
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[PRIVEXP + GOVEXP [
= %. E PWGT(a)
SAVE + VDEP - VCAP

The participation weights are one for age groups between 20-21 and 59-60,
and increase (decrease) linearly from O to 1 (1 to O) for age groups 15-16 to
1920 (60-61 to 64-65). This pattern is designed to capture the gradual
entrance (exit) of the young (old) from the workforce.

(d.14) L(a) JWAP

Finally, survival probabilities are related to mortality rates by

(d.15) nfa) =1 a=0
=[1,..l~ MORT(b)) a>0

Having derived some of the equations used in the calibration procedure, it is
helpful to identify which equations are part of the procedure rather than
intermediate steps in the derivations. The equations of the calibration
procedure are:
F(O) = FO

(d.4)

(d.9)

(d.20)

(d.12)

(d.12)

(d.13)

(d.14)

(d.15)

Itisof further help in understanding the calibration procedure to describe how
these equations determine the outputs of the procedure. Equation (d.13) is
merely a definition. Equations (d.12), (d.14), (d.15) determine the values of
variablesthat are fixed for the life cycle optimisation problem, that is, r, L(a)
and r(a). As noted in the first section, equations F(0) = F, (d.4) and (d.9)
determineF(a) for given Fpand y. Equating two aggregate val uesderived from
the life cycle with data from the MEGABARE database in equations (d.10)
and (d.11) determines what the values of Fy and ymust be.

The share of each age group in national net savings is the output of the
calibration procedure which is used in MEGABARE during model
simulations. This shareis coefficient shr_ SAVE in the TABLO code, and this
isasoitsnamein appendix A of ABARE-DFAT (1995).

Plainly the above procedure could easily accommodate more detailed dataon
income distribution — for example, variability of wages across time and age.
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