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Documentation of the Thammasat University International

(TUI) Model

The TUI Model is en abbreviation of the Thammasat Univoecsily
International Model. The model was orignally developed by Dr.Apiuhai
Puntasen under the supervision of Dr. Peter Brain of the Insticuwe
of Applied Econuﬁic and Social Research, University of Melbouriie,
Augtralia. The medel has its origin in 1978, The Australien versicn
is known as the International Module which is part of the IMP Model
(Institute Muliipurpose Project). The IMP Model is basically
an intermediate and long-term forecasting dynamic model of the
Australian cconcmy. It consists of seven modules:

1. Industrial Activity
2. Energy
3. State
4. Finance
5. Agriculture
6. Demography

7. International

The first six modules c¢nly deal with internal Australian
seence. The last one deals with the development of world ecouom:iesi
Since this last module will be installed at Thammasat University and
will be further developed to be more relevant to the Thai economy
and ‘the ones i{u the Asian-Pacific region, the new name' df Thammzgal
University Internatioral Model (TUI MODEL) is given 'to the new ver'sios

of the International Module.



Utilities of A World - Wide Model

In the process of constructing a natiov-wide model, no
mather whether it is a large or a small one, if ihe economy in
question is an open economy (in most casés they arc), modellers are
confronted with a set of exogeneous variablas yesulting from changes
in world ecconomic enviromerts. Smatl open wconomi=s will be affected
more from such changes than the larger wnes. Their wconomic per-
formances are tied to world sconomic flﬁétuat;uuso They vertually
have no or only little influence on ithe perfurmance: of the world
economies.

Under such circomstance, those who construct a nation-wide
model mugt try to find the way to gain ﬁnfurmatiau for some of their
exogeneous variables, among them are the growth rate of the GDP of
developed countries, the change in exchange rutes, the change in
interest rates, the change in energy price wspicially oil and etc.

These variables will help detarmine ¢he demand for exports,
the values of imports, the amount of capital flows into and out of
the economy in question. The combined influences of the above varia-
bles will set the limit to growth, investmant, empleyment, and consump-
:ion in the country in question. Without such e¢xogeneous constraints,
the calculation of growth of a nation-widc model could have been
increased without bound during the simulation proeeass,

Bn appropriate question to be raised at this point is how
A_to éstimate these exogeneous variables as close to the values as they
should be. -Since the said exogeneous variables are actually endogenous

variables in the world-wide system, vhexefore a logical answer to this
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question is the construction of the wwrldeide‘ygdelo

' Another gquestion remains to be raised is why each individual
country needs a world-wide model for its own forecasting purpose?
whether,'the a set of results produced by oni: model can be used by the
others? The answer to the latter quegtion is "yes™, Nevertheléésy
there are several drawbacks for a nation-wide modeller for not having
a world-wide model of his own. First of all, the banefits of having a
thorough insight into how the model is op.rated and the understanding
of its uderlined assumptions are lost. In this case, those who
construct a nation-wide model must take the rogulis from others world-
wide model more or less on fate. Seuondly, ths available world-wide
model may not be tailored to specific noud of a specific nation-wide
model. Some variables which are essenicial 1o a specific nation-wide
model may not be available in the known world-wide model. Without
direct accessibility, there is no way thai the spzcific need of the
nation-wide model will be satisfied. Thirdly; and most important of
all, without having dirct access to the world-wide model, there is
no way that different set of resulte from different scenarios will
be produced on request.

' Hence, it is a general practice that a research institute
or organization that can afford to build quite detailed nation-wide
model will also build their own world-wide model. Although, model
building is a capital intensive excereaise, onee the model is built
the updating cost and maintainance cost are relatively light given a
good computer facilities., Also, a the world-wide model by itsely, is
normally quite useful in helping rescachers to be able to gain insight
into the interdepence of world economic aciiviivies. This will help

them to think in a more systematic manner.
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For Thammasat University, the installation of the TUI model
will help stimulate the skills in model building for its students and
faculty members. Those who are interested in the area can participote
finhthe project .o help enlarge the boundary of knowledge within‘the

University in the¢ area of large scale model buidling.

Structure of the TUI Model

The present version of the TUI model devides the world into
four major regions, Organization of Economic Community Development:
(OECD) or Developed Market Economies, 0il Production Export Countries
(OPEC), Non-OPEC Developing Economies (NODE) or Residual Developing
Market Economiws, and Centrally Planned Economies (CPE). The purpose
of this regional classification is to ensure the adding up of the
world economies. This procedure is a standard practice for assuring
a closed system of a world-wide model.

Within the OECD countrics there are detailed country models
of the six leading OECD countries and two regions. They are Japais,
France, Germany, Italy, the United Kingdom and the United Statas.
Main aggregate c¢quations arc estimated for the two sub-regions within
the OECD, namely, Residual Western Europe, and Residual OECD. The

latter includes, Canada, Australia and New Zealand.

A Model of for Each of the Six OECD Countries

For ezch of the six OECD countries, there are set of equations

for GDP determination by expenditure approach. Details of 5 sectoral

. value~added, namely, agriculture, manufacture, construction, services,
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and residual arec also classified., There are also a set of equations

for GDP determination by income approach. The purpose of this axercise
is to keep checking the GDP's for both approaches. Since, the production
approach calculates the GDP in real term while that of the consumption
approach is in current values , The additional gain from doing so is

that the GDP defiator can be calculated from the results of the two
approacheé. This GDP deflator is quite crucial because, it will, be

fed back into the system in terms of the calculation of cther deflators.
The most important one among them is consumption deflator which is

used to calculat« inflation rates. This consumption deflator will

in turn help detoermine most variables in the process of the calculation
of current value of the GDP, Therefore the two GDP's must move an

line with each other.

After the determination of the GDP, the model for cach CECD
country also provides five sectoral disaggregation in factor mérkeﬁse
Again, five cquations are estimated for both the supplies, of znd dumand
for labour. - This classification is designed to conform with the five
sectoral details of outputs which is partially constrainted by the
GDP determination. The equilibrium solution in the labour market
influenced by wages and inflation rate also determine employment and
unemployment. Population is given exogencously to the system.

Capital market is not yet fully integrated into the system.
Nevertheless, capital utilization helps determine change in stocks and
non-energy imports. Cepital stocks and capital investment arce determined
by the desired luvel of GDP but there is no feed back effect from capital
stock to the GDP.

There are quite detailed equations of energy flows for each

majcr OECD country. Energy arc classified into oil, gas, coal; nucear,



and hydro power. Each of them has an equation for production. Encrgy
use are classified into three éectors, namely, industry, transpcortaion,
and domestic uscs. Electricity is treated as a secondary source of
energy. Since electricitry is the main form of power for
domestic uses, this item of energy is only clasgsified into single usa
accordingly. The differences between demand and supply determined by
prices of variouz forms of energy used also determine energy impoiis
and exports;

Thefn are only a set of seven equations for the GDP detarmi-
nation (main aggrcgats, expenditure approach) for the two OECD weglions.
Nevertheless, ezch of them has a set of equations for energy dotails

as each of the major OECD country.
OPEC

There are no country detailed equations for OPEC. The main
form of energy flown out of OPEC is liquid fuel. Therefore, for
OPEC countries there is only a set of equations of demand for ehergy

from OPEC and supply of «nergy of OPEC and the GDP equaions.
NODE

There are a set of two equations for a country ﬁodel for some
countries and region in the NODE. They are equations for the GDP and
work forces. Countries and regions included are Singapore, Hoag
Kong, Taiwan, Kor=a, Thailand, Philippines, Malaysia, Indonesia, and

the regional groups of Latin America, Africa and the residual of NODE,
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The NODE aggregate contains a set of import and export
equations and GDP determination. It also contains the set of disaggre-
gate energy praduction, consumption and imports; also, a set of capicel

flows.
CPE

Elso, the CPE does not has a country detail. It only has an
equation for the GDP determination and the set of equations for crergy

sector.

Worid

Grouped under the ‘world' contains only equations for GDP
determination, world export price of agricultural products, world
export price of non-fuel mineral products and world export price of

energy.

Linkags: Mechanism of Each Regional Group

The four main regicnal groups are linked together by commodity
energy, capital, and service flows. Within the OECD, each individual
country and region is linked together by bilateral trade flows. Each of
them is linked {w OPEC by the set of import equations from OPEC.

As for capital flows, the focus is only on bilateral flows
between other rcgional groups and NODE only. The flows betwecnn OPEC and

CECD and within the OECD themselves are not yet captured in the model.



Adding Up Property

Idding up property is quite crucial to this model in order o
ensure that the system is properly closed. A closed system is a key
to a successful cperation of this model. Without this property oie
country or reg:on may grow out of proportion during the process of
iteration.

It has been shown earlier that regional adding up is done at
all levels of aggregation in the model. However, there.are other two
crucial adding up properties to be explained below. These are the adding
up of trade balances and current balances of payment. Theoretically,
balances of paymunt should be most crucial in this model becausc it
would influence exhcnage rate in cach country. Uhfortunatgly,
capital flows in this model are not adequated treated. Thercfor:, balance
of trade,is used as a factor to determine exchange rate. Alsc, thooreti-
cally, world balonces of trade and of payment each should be added up o
zero. Actual published figures from any sources do not have thiuy
property. Many <rrors involved in the process of data collection. Among
them are different timing in statistical collection, the imprecision in
the rates of comversion (exchange rates), definitional defferences and
simple error in the process of data collection.

To solve this problem two measures are introduced. First,
only import data are used for all countriés to maintain consistenecy in
the data set. In addition, it is assumed that imports of country A from
B is equivalent t¢ exports of country B to A. The flow can be repiegent
unambiguously by arrow direction 2A<-B.

To ensur¢ the adding up property of the balance of tirade of
each individual OECD country, balance of trade of Residual Europe isg

treated as a residual of the system and the summation of trade balanceos
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of each OECD couniry and region must be equal to total OECD trade balance.
Given that figure in the bracket 01,02,.....08, represents o

country @nd a region of Japan, France, Germany, Italy, United Kingdom,

The United States, Residual Western Burope, Residual CECD respecﬁively

and that 50 is for OECD, and S$BT stands for current value in U.S. doller

of balance of trade.

[01]SBT+[02]$BT4[03]SBT+[04]SBT+[05]SBT+[06]$BT+[O7]SBT+[08]$BT = [50]1S$BT

or [07]S$BT = [50]1$BT-[011$BT-[021$BT-[031SBT-[041$BT-[05]$BT-[06]$SBT-[081$BT.

For the global balance of trade, the balance of trada of

the CPE is treated as a residual.

{531$BT = 0.0~ [501SBT-[511$BT-[52]1$BT

where: [51] = OPEC
[52] = NODE
[53] = CPE

The adding up property of the balance of payment is caleulated
from the fact that balancc of payment islequal to fhe summation of the
balance of trade, net service and private transferred payment and
government transferted payment. Since the summation of $BT is zero, if
the summation of net service and private transferred payment and goverh-
ment transferrcd paymént are all equal to zero. Thé summatiun’uf the world
balance of pa}ment is élso zero., In actual calcultion of thevworld balance
of payment, it‘is assumed in adaition that for the CPE balancéﬁuf trads is
equal to balance ¢f payment and the two items of transferrea paymeni are

equal to zero.
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If SBP is the current value in U.S., dollar of balance of

payment,

[50]1sBP+[5115BP+[5213BP = 0

’

For each OECD counury or region, the balances c¢f payment of cach couniyy
and the Residual OECD are estimated. Again, the balance of paymeni®t of
Residual EBEurope is treated as the residual of the system.

{0715BP = [50]15BP-{0115BP-{021$BP~[031SBP-{04]5BP-[05]$BP-[06 ]$BP-{08]$BP

Determination of the System Solution

The model is basically a medium and long-term dynamic of a
Keynesian type. Namely, aggregate demand is a growth stimulating factor,.
The model contains the property of 3 general equilibrium within cach
country ard the global equilibrium through balance of trade and
balance of payment conétraints.

There ave vertually no supply constrai;ts within tho sygtem,
Actually, ther« are two factor inputs that can gencrate growih wnd asw
exogeneous to thae system. The first factor is population growin. This
factor will help determine labour input which could, in theory, influcnce
growth. Howevsi, in this model, labour input does not enter into
production dircccly, It merely hélpe determine_the supply of ;abouro On
the other hand, the demand for labour is estihated from the produciion
function. The difference between the supply of and the demand for labour

will in turn determine employment and unemployment,
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_The second factor is oil supply. 2Again, o0il supply is not
totally independent to the oil demand. In this model, it can be Gane
as a matter of =n exce:cigg,to simulate different amcunt of wil supply
independently from the demand for oil. One will soon find cut that
such scenario will not conform to actual economic situation in the
real world. For cxample during the period of the world recession
the demand for oil would be reduced. It is not practical for the OPEC to
increase its supply of oil during that time because it will contribute
more to a down-ward pressure in oil price. However, if the OPEC iries
to squeeze their oil supply during such period, the world will plunge
into deeper recession and the OPEC will find themselves in great difficulty
as well. On th: other hand, if the OPEC decide to decrease its 0il supply
during the up-tuin of the indgstrialized economies. They can do g0 buw
the world growth will be sluggish and»the OPEC may not neccegsary maximize
their long-term net gain from the given amount of their oil supply. Duxing
the slugglish periced, the price of o0il may fall again or can ingroase only
slowly. Although OPEC can control their oil supply in theory, they
cannot do much «xcept regulate their supply of o0il in line with the world
demand. A change in oil supply can actually influence world output growth,
but a case for .independently increase or decrease in the supply of ozl
from that of the world demand is quite limited. Therefore the gruwth
generation in thig model must be initiated from the demand side. This is
why the model is of a Keynesian type. Thefefore, the two exogencous
variables namely, oil supply and population growth play less significant

role in growth stimulation.
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Minimum Amount of Exogenecus Variables.

Since the model is designed for a medium and & long-term purposs,
it is logical to cut down number of exogencous variables tc the minimum.
Expecially, with the world model where the simulation results of this
model will be fod into exogeneocus variable of a nation-wide one,; a
situation of & sou called "hand off' run or the "free run" of the model
should be encouraged. It has always been a problem for medium-teym or
long term model builders to supply future values for their EXCPLINIUE
variables. Hence the approach in constructing the TUI model is to design
as many variables to be determined within the system as much as possible,
In order to achicwvs such objective price mechanism is used in mosi. cases
as a driving furce for cach market to reach each local equilibiium solution,
Fortunately, all price equations in this model provide very good fit,
and price variables in most equations are significant. Also, all poliey
variable must be designed as built-in mechanism and must be consistent
with growth objectives. These two properties add a neco-classic flavour
to the model.

Because of the nature of the demand led growth and the build
in policy and price mechanism, without any proper constraints, the
model can grow without limit during the process of simulation. The
logical constrainis in this case are balances of trade and balances of
payment. Howcver, as already mentioned earlier, because of the incom-
plete structure of the capital flow, balance of trade are both,
necessary and sufficient constraints.

The mair driving force for growth on the demand side of any
country is expori. However, in order to achieve long term globual
balance a country cannot afford to have chreonic deficit balance of txade
for a long perivd of time especially those of the OECD. Balanoos of

trade: in these countries carry significant weight in their balaices of
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payment. Chronic deficits in balances of trade would mean chironic
deficits in balance of payment for mcst of them. A built-in

mechanism in this respect, is the change in exchange rates. Thuose

who have surplus balances of trade after a certain limit musvy approeiade
their currencics. Those who have deficit balances of trade afi.x a
certain limit must depreciate their currencies. The change in wxchange
rates will cause the change in export deflators of the related coun-
tries, and the rulative export prices in the model. This will cause a
change in the direction of trade and the balances of trade will be
readjusted in thi sub-sequent periods. This mechanism will prevent

any individual CUuﬁfry to grow without limit.

Actual Control Mocchanism

In order to control the simulation results to be within a
reasonable bound; the technique known as gquadratic optimization by

Tinbergen and Theil is adopted (Sece B, Friedman Economic Stabilization

Policy : Methcd in Optimization ). The logic behind the whale uparacion

is that the cobjective target should be specified within a reasonable
bound. Then,; significant variables should be used as instrumeitys which
will change theix values for each simulaion according to a spec:ifiad
shock parameters. In the process of chasing after the set of targats,
values of all vasisbles effected by intrumental variables will also
change accordingly. In most cases, the final solutions are raeachad

at the point where computed target values are still different fzom

the set térget values. The results are mainly due different values

of shock parametors supplied. It is not likely that one could supply

a shock parametcy that finally bring computed target value tu convergs
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tc the set valus. In most cases, the shock parameter could be e;tber
too high or too luw. In tha case that the value of shock aramutag

is too high, thu: conputed value may fluctuate around the set targst

and will never converge. On the other hand, if the shock valuc ie touo
low, the system may require too many iterations before, the final sclu-
tion can be reached. In such case, the program will stop in the middle
of the calculatiunm process beccuse it runs out of time. Therefore the
shock parameter must be carefully selected mostly by a process of
trials and errors.

A set of target variables and instrumental variables can be
changed from ons run to the others. However, the intrumental Yariable
that are crucial to the proper performance of this model are axchange
rates and oil price. The former set of variables are the main driving
forces determining the direction of trade flows. The last variabie “
reflects the 0il demand and supply situation and the whole rangs of
energy prices. These prices will influence import prices of vhe OECD
countries and will in turn influence the inflation rates, unemployment
within those ccuntries and finally - their exports prices. The changs ia
0il price will have important impact on the econcmic performanes: of the
globél economy .

Target variable must be set in a reasonable manner. Presently,
target variables are competitive parity prices.

[I]TARG = {TI%XSL1*{06 1%X3/[06 1%XSL1

where: %£X$

export deflator in U,S. dollar.

%XSL1

[}

one year. lag of export deflator in U.S. doliar.

L]

[I] O‘! ,02903-:’.o.-‘._..:c:..'..)os



The tairgat variable of'é‘cbuntry in questicn is equal woe the
lagged value of export price of that country multiplied by the rate of
change of export price of the United States. This relationship means
that, in order maintain export parity, export price of other couniry

should change in proportion to the change in export price of the Uuit:d
States. The iugtrumental variables for achieving the above sui of
targets are exchauge rates.

The target variable for the oil price instrument is logsesl
enough to be a markét:clearing condition.

OID-0IS = O

0il demsand minus oil supply must be zero.

The adding up property which implies the balance of trade
and balance of payment constraints together with the above controlling
technique will %cup control the perfomance of the model to be within a
reasonable bound while it requires only a minimum set of exogeneuus

variables. Thig sums up how the TUI model is designed to oparate.

within a minimum set of exogeneous variables.



MODEL STRUCTURE

Before listing the whole model structure, variables must be
specified. Since the model contains 1,084 variables (not including
distributed lags) if cach variable is listed one after the other,; the
list will be cumbersome and long. The technigue adopted herw is to
list only distinctive variables. Bppropriate prefix, subfix; to
1dentify a variable country. or region, by current value in dqmast;c
currency or in U.S. deollar, or by real value in domestic currency ox
in U.S. dollar, will be supplied by the set of rules after the varicble

list.

Variable List

AHW Average working ﬁéur per week
aM amortization

AW Average wage

BP Balahce of payment

BT Balance of trade

CB Cash benefit

Cco Coal

COE Conpensation of employees
CON Private consumption expenditure
DCO Domestic coal

DCOP Domestic coal production

DEN Dumestic energy



e s ———

s

DGAP

DIN

DOI

DOICON

DOIP

DNP

DSER

DT

DTL

DTR

EL

ELFD

ELID

ELII

EM

EN

ENFD

ENCONT

-1 -

Domastic gas

Domestic gas production
Disposibly income

Domestic oil

Domestic o0il consumption
Domestic oil production
Domestic nuclear production
Debt services

Stock of debts

Direct tax

Disputed time lost

Direct tax'rate

Electkicit;

Final Demand of electricity
Elecctricity input into domestic sector
Elcctricity input into industry
Fmployment

Energy

Final demand for energy

Total energy consumption



ENID Frnergy input into domestic sector
ENII Fnergy input into industry

ENIT Energy input into tianportation
ENPT Total energy production

ENFU Energy to final users

ENRM Energy requirement

EXR Exchange ratec

FAHW Five years moving average of average hour per wesk
GA Gas

GACON Gas consumption

GAP Gas production

GCE Goverment consumption expenditures
GDP Grogs domestic product

GDPT - Trend of gross domestic product
GIN Guvernment income

GINV Goverment investment

GKD Guverment capital depreciation

GRB Gross borrowing

GRFINV Gross fixed investment

GROS Gross operating surplus



GT Gasoling tax

HASER o Housing and accommodative service
HID Household dispossible income
HIN Household income

HP Hydro production

HNENP Hydro/NUcléar Fnergy production
iEN Industrial energy

IIR International interest rate
IITR Indirect income tax revernue
INV Investment

INVSK Investment stock

KSK Capital stock

KU Capifal utization

LF Liquid fuel

LFCON Liquid fuel consumption

LFP Liquid fuel production

M Import

McoT Total imports of coal

MEN Import of énergy

MG Import of goods



MGAT Total import of gas

MGSER Imports of goods and services
MOI Imports of oil

MONE Money supply (M1)

MNEN Imports of non-energy

MT Total import

NB Net borrowing

NEN E Non energy

NGA . Nzt goverment accummulation
NIR Norminal interest rate
NOIENS Non-0il energy supply

NPL Net public lending

NWHI Non-wage household income
OGE Other goverment expenditure
OGIN Other goverment income

oI oil

OID Cil demand

O1P Qil product

OIRM 0il requirement

018 0il supply



- 21 -

ONTR Other non-tasx revernue

OSER Other services b
POP Population

POPFO Pepulation of age 15 and over
@RE Change in reserve

RESINV Residential investment

RESK Reserve stock

SEAEN Supply elasticities of alternative energy
SDR Spicial drawing right sllocation
SF Solid fuel

SFCON S:1id fuel consumption

SFP Solid fuel production

@sk Change in stocks

SR Saving ratio

T Time

TF Transport fuel

UL Unemployment level

UR Unemployment rate

WF Werkforees

WHEW Woerk-hour par week

wWI'B wage per h ur

WS vages and salaries

X Exports

XT T~t2l ~xports



WHPW

WPH

WS

XT

- 22 -

Work~hour per week
Ange per hpu;
Woges and salaries
Exports

Tutal exports
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Prefix and Subfix Rules

1. Variables in Monetary Units

Variabl«s expressed in monetary values are either in domestie
currency or in the U.S. dollar. Both are expressed in real price and
current price. The base year of the real price is 1970. For those
expressed in the U.S. dollar, 1970 price and 1970 exchange ratsz is used
fer the conversion.

The following notations are adopted for such variable expressed
in monctary units. Those in real domestic price is represented by the
variable names listed above, and those in current value start with tha
prefix "C". Thosw in real U.S. dollar start with the prefix "R" qand
those in curreni: value start with the prgfix ngn,

All deflators computed from domestic value start with ﬁhu
prefix "s* and thogse from the U.S. dollar start with "$" afd ead wich
"S*, For the pric. that is expressed in "real price” (the:priée deflated
by some deflators), thélﬁrefix "RP” will be used. If it is caiéuiétga
from the value in U.S. dollar then the prefix "RP" with tﬁe'éﬁbfix ngu
will be used. For the current price expressed in domestic cﬁrrehcy the
prefix “CP" will bz used. 2Again the prefix of "CP" with the subfix

"$" will be used for the current value expressed in the U.S.

dollar. ;
Example 1

CON stands for private consumption expenditures.
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CON = Real piivate consumption expenditures in domestic CUILeNays-

CCON = Current value of private consumption expenditures in domestic
cury ency.

RCON = Real private consumption expenditure in the U.S. dollar (at

1976 price and 1970 exchange rate)

SCON = Currcnt valuc of private consumption expenditures in the
U. So ﬁ(;vllal‘ .

%CON = Congsumption deflator'computed from domestic currency.

%$CONS =  Consumpiion deflator computed from the U,S. dollar.

2. Sectoral Disaggregation

Some variables are classified into five sectoral diaggrega-~
tions. The follouwing number éf subfix will be used to distinguish one
from the other:

1. Agriculture

2. ‘Mdnufacturing

3. Construction

4, Community and personal services

5. Residual sector

&. Residential sector

7. Government sector (not specified explicitly clscwhars)
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8. Military services

Example 2 ‘
GDP stands for gross domestic product.

GDP = Real gross domestic product in domestic currency.

GDP1 = Real cutput or real value added of an agricultural scctor
in domestic currency.

GDP2 = Real cutput or real value added of a manufacturing sector
in dumestic currency.

GDP3 = Real cutput or real value added of a construction sector
in domestic currency.

GDP4 = Real sutput or real value added of a community and personal
service sector in domestic currency. ’

GDP5 = Real sutput or real value added of a residual sector in

domestic currency.

Couniry and Regional Distinction

In order to dintinguish one country or a group of countries

from the others. The following two digit number are used in a square

bracket as a prefix of the relevant variable.



OECD's Country and Region

{01] Japan
(02] France

[03] Giormany

{041 Italy

Non-opec Developing Economies

{301 Hong Kong
[31] Singépore
{321 Korea
[33] Taiwan
[34] Indonesia

[35] Malaysia

Group of Countrics

[20] Burope OECD
[501 CECD

(51] OPEC
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(051
(061

[07]

(o8]

(%]
(37}
[38]
[39]

{401}

{521 Non-opec Developing Economics

[531] Centrally Planned Economies

[601 World

United Kingdum.
The United States
Residual

Western Euroupe
Residual

OECD

Philippines
Thailand

Latin America
Residual Afiica
Residual Non=-Opac

Developing Economics



Examgle 3

GDP stends for gross domestic product,
[01IRGDP =  Real GDP of Jepan in the U.S,. dollar.

{60 1 RGDP Real world GDP in the U.S. dellar.

[03]lGDP2 = Resl value added in a manufacturing sector of Germany
in domestic currency.
{061GDP3 = Real value added in a construction section of the

united States in domestic currency.

4, Varizable Transformed intc Natural Log

A varisble transformed into natural log value will be
expressed in a parenthesis with the prefix LN before the open

parenthesis (i.c.LN(....))

Examgle 4

LN([01]}CON2/1011POP)

]

Natural log of the real valus in
domestic currency of consumption of
manufactured goods of Japan devided
by its population.

LN([03]%RESINV/[03]%CON)

Natural log of residential investment
deflator calculated from domestié
currency of Germany devided by its
consumption deflator also calculated

from domestic currency.



5. Distributed Lags

2 lagg:d variable is identifed by the subfix (L1, L2,
L3, L4, L5) at the very end of the variable. Numerical values

1, 2, 3, 4, 5, stond for 1, 2 ..v.eey 5 lagged periods accordingly.

Example S

f0231sXsL1 = Export deilator of Frence calculated from U.S., dollar
with one period lag.

{03 1% CONLS = Consumption deflator of Germany calculated from domestic

value with five period lag.

LN({01]1GDP1L2)

#

* Natural log of value added in agriculture of Japan

expressed in real domestic currency with two period lag.

Other Notations

Z21.J Yﬂggables

A variable expressed as a combination of several variabics
such that many lines are occupied by one complex variable, ZI.J will

be used for such variable.

Example 6

%€+2 = (GDPL1-@SKL1)*(0,5*%(GDPL1~@SKL1)/(GPPL2-@SKL2 )+0 ,5*( GDPL2~

@SKL2)/(GDPL3~€SKL3) ) (GDP-@SK)



- 29 -

Z112.2 = (AHW2+CWPH2+EM2%*48,0)/1,000,000.0/GDP2

Predefined Coefficients

Predefin.d coefficients are represents by lower case letiers

prespecificd in cach =quation.

Example 7
al = industry weight (coal)
am = industry weight (oil)
an = industry weight (gas)
{1} &2 = 0.20, 0.16, 0.20, 0.10, 0.17, 0,20, 0.18, 0.12,

{1} am = 0.59, 0.50, 0,50, 0.40, 0.44, 0.27, 0.46, 0.27,

(1] ar 0.02, 0.15, 0,30, 0.22, 0.25, 0.35, 0,20, 0.37,

[I] :01,02,.-......0...'......I..,OB

Directions of Flows

Since the model is basically designed to handle bilateral
flows of encrgy and nonenergy and well as capital, directions of
flowe must be adquately represented. The symbol of "->" will be
used to represent export flows from one country to the other, and
"<-" for the import flows. Either of the two symbols will be used

in the prefix squarc bracket that represent country distinction.
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GROUPING OF EQUATIONS

GDP DETERMINATION OF OECD COUNTRIES AND REGIONS . {Expenditure Approach)

Total Consumption of 8 major OECD

- Total Consumption of 6 Major CECD
- Total Consumption of 2 OECD Regions

Other Disaggregation of Consumption of 6 Major OECD

- Total Consumption of Manufacturing Products
of 6 Major OECD

- Consumption of Housing and Accommodation
of 6 Major CECD

- Consumption of Other Services of 6 Major OECD

Government Expenditure of 6 Major OECD
Change in Stocks of 8 Major OECD
Gross Fixed Capital Formation of 6 Major OECD
Disaggration of Gross Fixed Capatal Formation of 6 Major OECD
- Investment in Agriculture of 6 Major OECD
- Investment in Manufacture of 6 Major OECD
- Investment in Construction of 6 Major OECD
- Investment in Services of 6 Major OECD
- Investment in Residual Sector of 6 Major OECD
- Investment in Residential Sector of 6 Major OECD
- CGovernment Investment of 6 Major OECD
Exports of 8 Major CECD
Total Imports of 8 Major OECD

- Imports of Non-Energy of 8 Major OECD
-~ Imports of Non-Enerqgy of 6 major CECD

Gross Damestic Product COf 8 Major OECD

- @oss Domestic Product of 6 Major OECD
~ Gross Domestic Product of 2 Residual OECD

Disaggregation of GDP of 6 Major OECD

- Value Added in Agriculture of 6 Major OECD

- Value Added in Manufacture of 6 Major OECD

- Value Added in Construction of 6 Major OECD
Value Added in Services of 6 Major OECD

- Value Added in Residual Sector of 6 Major OECD
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GDP DETERMINATION OF OECD COUNTRIES AND REGICNS (Income Approach)

Total Wage and Salaries of 6 Major COECD
Non-wage Household Income of 6 Major OECD
Cash-Benefit of 6 Major OECD

Hoﬁéehold Income of 6 Major OECD

Household Disposable Income of 6 Major OECD
Indirect Tax Revenue of 6 Major OECD

Rate of Direct Tax of 6 Major OECD

Direct Tax cf 6 Major OECD

Qurrent Price Private Consumption of 6 Major OECD
Real Household Saving of 6 Major OECD
Saving Ratio of 6 Major OECD

CQurrent Price GDP of 6 Major OECD

FACTOR MARKETS OF OECD COUNTRIES AND REGIONS

MANPOWER

Labour Supply
Disaggregation of Labour Supply of 6 Major OECD

- Employment in Agriculture of 6 Major OECD
Employment in Manufacture of 6 Major OECD

- BEmployment in Construction of 6 Major OECD
Employment in Service of 6 Major OECD
Employment in Residual Sector of 6 Major OECD
Total Civilian BEmployment of 6 Major OECD

Employment in Military Services of 6 Major OECD
Uﬁémployment Rate

Unemployment Level

Total Work Forces of 6 Major OECD

Population of 6 Major OECD

Population of Age 15 and Over of 6 Major OECD

Disaggregation of Average Hours of Work per Week of 6 Major OECD
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Average Hours per Week in Agriculture of 6 Major OECD
Average Hours per Week in Manufacture of 6 Major CECD
-~ Average Hours per Week in Construction of 6 Major OECD
Average Hours per Week in Service Sector of 6 Major CECD
Average Hours per Week in Residual Sector of 6 Major OECD

i

¢

Disaggregation of Five Year Moving Average of Work-hours per Week
of 6 Major OECD

~ Five Year Moving Average of Work-hours per Week in
Agriculture of 6 Major OECD

- Five Year Moving Average of Work-hours per Week in
Manufacture of & Major OECD

- Five Year Moving Average of Work-hours per Week in
Construction of 6 Major OECD

~ Five Year Moving Average of Work-hours per Week in
Service of 6 Major OECD

~ Five Year Moving Average of Work-hours per Week in
Residual Sector of 6 Major OECD

Demand for Labour

DPisaggregation of Demand for Labour of 6 Major OECD

Total Work-hours per Week in Agriculture of 6 Major OECD
Total Work-hours ver Week in Manufacture of 6 Major OECD
Total Work-hours per Week in Constraction of 6 Major OECD
Total Work-hours per Week in Service of 6 Major OECD.

Total Work-hours per Week in Residual sector of 6 Major OECD

!

'

Wages

Qurrent Price Conpensation of Employee of 6 Major OECD

Total Wage and Salaries of 6 Major CECD

Disaggregation of Wage by Sector of 6 Major OECD
- Qurrent Wage per Hour in Agriculture of 6 Major OECD
~ CQurrent Wage per Hour in Manufacture of 6 Major OECD
- CQurrent Wage per Hour in Construction of 6 Major OECD

Current Wage per Hour in Service of 6 Major OECD
Current Wage per Hour in Residual Sector of 6 Major OECD

1

CAPITAL
Real Capital Stocks of 6 Major OECD
Real Capital Investment of 6 Major OECD
Capital Utilization of 6 Major OECD

Return to Capital
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Norminal Interest Rate of 6 Major OECD
PROPRIETORS
Gross Operating Surplus of 6 Major CECD
ENERGY
Energy Production
Domestic 0il Production of 8 Major OECD
Domestic Coal Production of 8 Major OECD
Domestic Gas Production of 8 Major OECD
Domestic Nuecléar Productions of 8 Major OECD
Domestic Hydro Procduction of 8 Major OECD
Non-Oil Import Energy Supply of 8 Major OECD
Energy Consumption
Energy Recuirement of 8 Major OECD
Cil Requirement of 8 Major OECD
Energy Exports
Oil Exports of 8 Major OECD s
Energy Imports
0il Imports of 8 Major OECD
Imports of Coal of 8 Major OECD
Internal Flows of Energy
Final Demand for Energy of 8 Major OECD
Energy Input Into Industry of 8 Méjor OECD
Energy Input Into Transportation of 8 Major OECD
Total Energy Input Into Domestic Uses of 8 Major OECD.
Electricity Energy Demand
Total Electricity Into Industry of 8 Major OECD

Total Ectricity Into Transport of 8 Major



- 34 -

Total Electricity Into Domestic Uses of 8 Major OECD
Internal Energy Prices

Price of Energy for Industry of 8 Major OECD

Price of Energy for Transportation of 8 Major OECD

Price of Energy for Domestic Uses of 8 Major OECD

Price of Electricity of 8 major OECD :
Policy Variables of Emerqgy

Gasoline Tax of 8 Major OECD

Energy Indirect Taxes of 8 Major OECD

PUBLIC SECTOR AND POLICY VARIABLES OF OECD COUNTRIES AND REGIONS
ey

Other Government Income of 6 Major OECD
Other Non-tax Revenue of 6 Major OECD

Other Government Expenditure of 6 Major OECD
Net Public Lending of 6 Major OECD

Money Supply of 8 Major OECD

PRICE VARIABLES OF CECD COUNTRIES AN REGIONS
Personal Consumption Deflator of 8 Major OECD
Government Expenditure Deflator of 6 Major OECD
Gross Fixed Investment Deflator of 6 Major OECD
Residential Investment Deflator of 6 Major OECD
Export Deflator of 8 Major OECD
Import Deflators of 8 Major OECD
GDP Deflator of 6 Major OECD
GDP Deflator of 2 Residual OECD

Manufacturing Deflator of 6 Major OECD
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CONVERSION OF VARIABLES INTO U.S, DOLLARS OF OECD COUNTRIES AND REGIONS

Real Exports (in U.S. Dollar) of 8 Major OECD

Real Total Imports (in U.S. Dollar) of 8 Major OECD
Real GDP (in J.S3. Dollar) of 8 major OECD

Export Deflator (in U.S. Dollar) of 8 Major OECD
Import Deflator (in U.S. Dollar) of 8 Major OECD

REGIONAL GROUPS IN THE WORLD ECONOMY
EUROPE OECD

Real Exports of Furope OECD
Real Imports of Europe OECD
Export Deflator of Europe OECD
Import Deflator of Europe OECD
OECD
GDP Determination
Real Exports of OECD
Qurrent Valve of Exports of OECD
Real Imports of CECD
CQurrent Value of Bmports of OECD
Real GDP of OECD
Export Deflator of OECD
Inport Deflator of CECD
Consumption Deflator of OECD
Energy
Net 0il Imports of OECD
Net Oil Sumply of OECD
OPEC
0Oil Supply from OPEC to OECD

0il Demand of OPEC to OECD



- 36 -

'-OPEC~Export?towNon-OPEC Dé;elopinqchonomies .
OPEC Export to CPE
OPEC 0Oil Exports.
OPEC Gas Export (TOE) ‘
Qurrent Value of OPEC Expofts
Current Valve of OPEC Imports
GDP of OPEC

NODE

Exports and Imports
Real Exports of NODE Among Themselves
Real Exports of NODE Among Themselves
Real Exports of NODE to OECD
Real Exports of NODE to OPEC
Real Exports of NODE to CPE
Real Total Exports of NODE
Current Value of Total Exports of NODE
Non-Oil Import NODE
0Oil Imports NODE
Total Imports of NODE
GbP
Real GDP of NODE
Enerqgy
Energy Production
Solid Fuel Production of NODE
Ligquil Fuel Production of NODE
Gas Production of NODE

Hydro/Nuclear Production of NODE '
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Total Energy Production of NODE

Energy Consumption

Soild Fuel Ceonsumption of NCDE

Liguid Fuel Consumption of NODE

Gas Consumption of NODE

Total Energy Consumption of NODE
Imports

Solid Fuel Imports of NODE

L}quid Fuel Imports of NODE

Gas Imports of NODE

Capital Flows

Amortization Position of NODE
Gross Borrowing of NODE

Debt Services of NODE

Net Borrowirng of NODE

Change in Annual Reserve of NODE
Reserve Stocks of NODE

GDP DETERMINATION OF SINGAPORE HONG KONG TAIWAN SOUTH KOREA INDONESIA
MALAYSIA PHILIPPINES THAILAND LATIN AMERICA AFRICA AND RESIDUAL NODE

Work-Forces of Developing Countries

GDP of Sub-Groups of NODE

CPE
GDP
- @GP of CPE
- NODE and CPE Export Deflator
Energy

Energy Production

Solid Fuel Production of CPE
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Liquid Fuel Production cf CPE
Gas Production of CPE

Hydro Production of CPE

Total Energy Production of CPE
Energy Consumption

Total Energy Consumption of CPE
Energy Exports and Imports
Solid Fuel Imports CPE

Liquid Fuel Imports of CPE

GAS imports of CPE

WORLD

World GDP

World Export Price of Agriculture Product
World Export Price of Non-Fuel Product
Norminal OIL Price

Price of Coal

Import Parity Price

Time

COMMODITY FLOWS {TRADE MATRIX) OF INDIVIDUAL OECD COUNTRY OR RIGION
REGIONAL FLOWS

Import Share of All Countries from Japan

Import Share of All Countries from France

Import Share of All Countries from Germany

Import Share of All Countries from Italy

Import Share of All Countries from United Kingdom
Import Share of All Countries from United States
Import Share of All Countries from Residual Furope

Import Share of All Countries from Residual OECD
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Real Non-Energy Exports from Japan to the Rest of the World,

Real Non-Energy Exports from France to the Rest of the World.

Real Non-Enerqy Exports from Germany to the Rest of the World.

Real Non-Energy Exports from Italy to the Rest of the World.

Real Non-Energy Exports from United Kingdom to the Rest of
the World.

Real Non-Enerqgy Exports from the United States to the Rest of
the World.

Real Non-Energy Exports from the Residual BEurope to the Rest of
the World.

Real Non-Enercy Exports from Residual OECD to the Rest of
the World,

Imports from

CPEC of 8 Major CECD

WORLD REGIONAL FLCWS

OECD Exports

to CPE

Real OECD Exports to Non~OECD

OECD Exports
OECD Imports

OECD Imports

to Non-OECD (IN U.S. Dollar)
from OPEC

from CPE

Export Deflator of OECD to Non-OECD

OPEC Exports
OPEC Exports
OPEC Exports
OPEC Imports
OPEC Imports
NCDE Exports
NODE Exports
NODE Exports

NODE Imports

to OECD

to NODE

to CPE

from OECD

from CPE

to OECD

to OPEC

to CPE

from CPE



CAPITAL FLOWS OF OECD, OPEC TO AND FROM NODE

Government Transferred Payment of OECD

Government Transferred Payment of OPEC

Government Transferred Payment of NODE

SDR Allocation for NODE

Investment into NODE from OECD

Stocks of Investment into NODE from OECD

Investment Repayment from NODE to OECD

Investment Flows from NODE to OPEC

Investment Stocks from NODE to OPEC

Investment Repayment from OPEC to NODE

Net Services and Private Transferred Payment of 6 Major OECD
Net Service and Private Transferred Payment of Residual OECD
Net Services and Private Transferred Payment of Residual Europe
Net Services and Private Transferred Payment of OECD

Net Service and Private Transferred Payment of OPEC

Net Services and Private Transferred Payment of NODE

OECD TRADE BALANCE

CQurrent Value of Trade Balance of 8 Major OECD

OECD BALANCE OF PAYMENT

Qurrent Value of Balance of Payment of 6 Major OECD
Current Value of Balance of Paymment of Residual OECD
Qurrent Value of Balance of Payment of Residual Europe

WORLD REGINAL TRADE BALANCE

Qurrent Value of Net Exports of OECD
Current Value of Net Imports of OECD

Qurrent Value of Trade Balance of OECD
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Qurrent Value of Net Exports of OPEC
Qurrent Value of Net Imports of OPEC
CQurrent Value of Trade Balance of OPEC
thrrent Value of Net Exports NODE
Current Vaiue of Net Imports of NODE
Qurrent Value of Trade Balance of NODRE
Current Value of Net Exvorts CPE
Qurrent Value of Net Imports CPE

Qurrent Value of Trade Balance of CPE

Target and Instrumental Variables.

Target Variables

[I]JTARG = [J1%XSL1*[06 13%X3/006 1% xsLt

i

I = l, 2,oo-oa-oo-ota-o.5

J Ol' 02,'0.....'....005
(6]1TARZ = {5110ID-{5110IS = O

Where 3 OID = 0il Demand
OIS = 0il Supply

Instrumental Variables

[TIRXR
(1) =1, 2, 3, 4,5
[6IRPOIS = [60]%015-[501%XS

Where : RPOI = Real Price of oil

Main_pbntrol_Mechanism

The flow chart below demonstrates how quadratic optimization
technique introduced by Tinbergen and Theil operating in actual simulation.
The whole mechanism can be explained by the process, A,B and C in Figure 1.
Process A starts by specifying all neccessary inputs and instrumental
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Main Contrcl Mechsiiism

The flow chart below demonstrates how quadratic optimization
technique introduced by Tinbergen and Theil operating in actual simulation.
The whole mechanism can be explained by the process, A,B and C in Figure 1.
Process A starts by specifying all neccessary inputs and instrumenial
variables. Six shock parameters were specified. The first five insivru-
ments are specificd as exchange rates of Japan, France, Germany,'Italy
and United Kingdom, respectively. The last is real price of <il which
is the difference boetween oil deflator and export deflator of OECD.

The upper limit of these instruments are defined as their lagged values
plus the specified marginal changes. The lower limits are the lagged
instruments minus maginal changes.

Proci:ss B only tests all the values of instruments whathew
they are within tolerant limits. If they are within the limits, +he
values of instrumciits will be se¢t accordingly. If they are higher than
the upper limits, they are set to the upper limits. If the values are
lower than the lower limits, they are set to the lower limits.

Process B will finally supply the values of relevant oxchangs
rates and real price of oil. Given these values, the whole model will
be simulated and the corresponding values of export deflators of Japan,
France, Germany, Italy and the United Kingdom and the differencs between
the demand for and supply of oil from OPEC will be calculated toguther
with the values of all variables in the model.

Process C will test the target values against the compurad
targets. In this particular case 0.03 is specified as the tolerable

limit. If the zatic of the targets and the calculated variable is within



the tolerant limsus (0.97-1.03), the the calculated instrumental vacriables
will répresent the value of relevant exchange rates and real price of oil
and the values of all other variables in the model will be determined.

The calculation process will be terminated. If not the instruments will

be recalculated =mnd the Process B will be repeated (See Figure 1).
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