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Documentation of the Thammasat University International

(TUI) Model

. The TUI Model is an abbreviafion of the Thammasat University
Intgrnational Model. The model was orignally developed by Dr.Apichai
Puntasen under the supervision of Dr. Peter Brain of the Instituie
of Applied Econoﬁic and Social Research, Univefsity of Melbourne,
Augtralia. The mudel has its origin in 19?8. The Augtralian versiocn
is8 known as the International Mgdule which is part of the IMP Mudel
(Institute Muliipurpose Project). The IMP Model ié basically

an intermediate and long-term fdrecastiné‘dynamic model of the
Australian econcmy. It consists ofvseven médulgs:

1. Industrial Activity

;.‘ Encrgy

3, State

4. Finance

5. Agriculture

g« . Demography .

. 7. International

The first six modules only deal with internal Australian
scence, The last one dealé with the deve}opmeht of world economies.
Since this last module will be installed at Thammasat University and
‘ will be further developed to be more relevant to the Thai ecunomy
‘and,;he onés in the Asian-Pacific region, the new ﬁame'offThammasat
~University International Model (TUI MODEL) is given to the new wvaision

-

" of the Inturnational Module.



Utilities of A World - Wide Model

In the process of constructing a natiov-wide model, no
mather wheﬁﬁér it is a large or a small one, if the economy in
question is an‘open economy (in most &ases they are), mbdellersrare/'
confronted with a set of exogeneous vairiablos resulting from changes
in world economic enviroments. Small open economies will be affected
more from such changes than the larger ones. Their economic per-
formances are tied to world ecoﬁcmic flﬁétuafiuns. They vertually
have no or only little,influenqe on the performance of the world
economics.

Under such circomstance, those who construet a nation-wide
model must try to find the way to gain information for some of their
exogeneous variébles, among them are the growih rate of’z;e GDP of
\develaped countries, the change in exchange rates, the change in
interest rates, the change‘in energy price espicially oil and ete.

:These variables will help éeterm&nu the demand for exports,
the values of imports, fhe amount of capital flows into and out of.
fthe economy in question. The cambined influences of the above varia-
bles will set the iimit to growth, investment, employment, and consump-
Fionﬂin the country in question. Without such exogeneous constfainta,
the calculation of growth of a nation-widc model could have been
increased without bound during the simulation process.

An appropriate qugstion to be raised at this .point ie how
‘_to éatimate 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, therefore a logical answer to this
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question is the construction of the world-wide model.

Anothér guestion remains to be raised is why each'individual
country needs a world-wide model for its own foréecasting purpose?
whether, the a set of results produced by one model can be used by the
others? The answer to the latter question is "yes”, Nevertheless,
there are several drawbacks for a nation-wide modeller for not having
a world-wide model 6f his own., First of all, ﬁhe benefits of having a
thorough insight into how theimodel is opurated and the understanding
of its uderlined assumptions are lost. in this case, those who
constriict a nation-wide model must take the resulis from others world-
wide model more or less on fate. Secondly, the available world-wide
model may not be tailored to specific need of a specific nation-wide
model. Some variables which are esseni:ial t; a gpecific nation-wide
model may not be available in the known world-wide model. Without
direct accessibility, there is no way that the spacifié need of the
natipn-wide model will bebsatiafied. 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 a2 research institute
or organization that can afford to build quite detailed nation-wide
model will also build their own world-wide model. Althcugh,'modél
vbuilding is a capital intensive excercise, once the model is built
the updating .cost and maintainance cost are relatively light given a
good computer facilities. BAlso, a the world-wide model by itsely, is
normally quite useful in helping rescachers to be able to gain insight
into the inteidepence of world economic activities. This will help

them to think in a more systematic manner.



For Thammasat University, the installation of the TUI model
will help stimulate the skills in model building for iﬁs,students and
faculty members. Those who are interested in the area can participate
in the project f.0 help enlarde 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, Oil Production Export Countries
(OPEC), Non-OPEC Developing Economies (NODE) or-Residual Developing
Market Economies, and Centrally_Plénned Economies (CPE). The purpose
of this regional classification is to ensure the adding up of the
wor;d economies. This procedure is a standard pragtice for assuring
a closed system of a world-wide model.

.within the OECD countries there are detailed country models
of the‘six leadihg OECD countries and two regiong. They are Japan,
France, Germany, Italy, the United Kingdom and the United States.
Main aggregate cquations are estimated for the two sub-regions within
the OECD, namely, Rgsidual Western Europe, and Residual OECD. The
latter includes, Canada, Australia and New Zealand.

~

A Model of for Each of the Six OECD Countries

. For each of the six OECD countries, there are set of equations
for GDP determination by expenditure approach. Details of 5 sectoral

value-added, namcly, agriculture, manufacture, construction, services,
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and residual arc also classified. There are also a set of qu@tions

for GDP determination by income approach. The purposéwof thig exercise
is to keep checking the GDP's for both approaches. Since, the prqdpction
approach calculates the GDP in real term while that of the consumption
approach is in current values The additional gain from do;ng so:ié

that the GDP deflator can be éalculated from the results of the two
approaches. This GDP deflator is quite crucial because, it will, bg_
fed back into the system in terms of the calculation of otherVQQflators.
The most important one among them is consumption deflator which is

used to calculate inflation rates. This consumption deflator will

in turn help determine most variables in the process of the calculation
of current value of the GDP. Therefore the two GDP's must move in

line with each cther.

After the determination of the GDP, the model for each OECD
country also pravidesrfive sectoral disaggregation in factor markeis.
Again,_five'equations are estimated for both the supplies, of and demand
for labour. This classification is designéd to conform with the five
sectofal details of outputs which is partially constrainted bY.thaﬁ'

GDP determination. The equilibrium solution in the labour market
influenced by wages and inflation rate also determine employment and
unemployment. Population is given exogeneously 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. Capital stocks and capital investment are determined
by the desired level of GDP but there is no feed back effect from capital
stock to the GDP.

There are quite detailed equations of energy flows for ecach

major OECD country. Energy are classified into oil, gas, coal, nucear,
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and hydro power. Each of them has an eqﬁatidn for production. Encrgy
use are classified into three éectors, namely, industry, transportaion,
'and'domestic uses. 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 classified into single usc
accordingly. The differences between demand and supply determined by
prices of various forms of energy used also determine energy imporis
and exports.

Ther:: are only a set of seven equations for the GDP determi-
nation (main aggtagats,'expenditure approach) for the two -OECD regicns.
Nevertheless, cach of them has a set of equations for energy details

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 cnergy

v

from OPEC and supply of energy of OPEC and the GDP equaions.
NODE

There are a set of two equations for a country model for some
countries and region in the NODE. They are equations for the GDP and
work fdrces.A Countries and regions included are Singapore, Hong
Kong, Taiwan, Korza, 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 determinatigh. It also contains the set of disaggre-

gate energy production, consumption and imports; also, a set of capital

flows.

2ls0, the CPE does not has a country detail. It only has an
‘equation for the GDP determination and the set of equations for cnergy

sector.,
World

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

energy.

Linkage Mechanism of Each Regional Group

The four main regional groups are linkéd 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 to OPEC by the sét of import equations from OPEC.

As for capital flows, the focus is only on bilateral flows
between other regional groups and NODﬁ only. The fiows between OPEC and

OECD and within the OECD themselves are not yet captured in the modal.



Adding Up Property

zdding up property is quite crueidl to this model in ordexr o
ensure that the system is properly closed. A closed system iz a key
to a successful operation of this model. Without this property one
country or regicn may grow out of proportion during the process of
iteration.

It has been shown earlier fhat regional adding up is done at
all levels of aggregatién in the model. However, there‘are other two
crucial adding up properties to be ‘éxplained below. These are the adding
up of trade balances and current balances of payment. Theorctically;
balagées of payment should be most crucial in this model because it
would influence exhcnage rate in each country. Unfortunately,
capital flows in this model are not adequated treated. Therefore, balance
of trade,is used as a fac%or to determine exchange rate. Algo, theoreti-
cally, world balances of trade and of payment each should be added-up to
zero. Actual published figures from any sources do not have thisg
property. Many crrors involved in the process of data collection. Among
them are differenﬁ timing in statistical collection, the imprecision in
the rates of conversion (exchange rates), definitional defferences and
siﬁple error in the process of.data collection,

To splve this prpblem two measures are introduced. First,
only import data are used for all countries to maintain consistency in
the data set. in addition, it is assumed that imports of country A from
B is equivalent to eéxports of country B to A, The flow can be represent
unambiguously by arrow direction 2<-B,

To ensure’ the adding up property of the balance of trade of
each individual OECD country, balance of trade of Residual Europe is

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

country and a region of Japan, France, Germany, Italy, United K;ngdcm,

The United States, Residual(Western Europe, Residual OECD respect;vely

;nd that 50 is for OECD, and $BT stands for current value in U.So_épl}er

of balance of trade.

[01]SBT+[02]€BT+[O3]$BT+[04]$BT+[OS]§BT4[05]SBT+[07]$BT+[08]$BT = [50]$BT

or [071$BT = [SOJsBT-[01]sBT-[ozlsaT-[o3]SBT—[04]SBT-[OS]SBT-[OG]SBT-[08]$BT.

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

the CPE is treated as a résidual.

[531$BT = 0.0~ [50)$BT-[511$BT-[521$BT
where: [51]

. i .

(52] = = NODE

OPEC

-

(53] : CPE

The adding up property of the balancelof payment is calculated
from the fact that balance of payment is equal tr the summation of the
balanre of trade, net service and private transferred payment and _
government transferred‘payment. Since the summation of $BT is zero, if
’ the summation of net service and private transferred paymenfland govern-
v ment tranaferred payment are all equal to zero. The summation of the WUrld
balance of payment is also zero. In actual calcultion of the WUrld balance
of payment, 1t is assumed in addxtlon that for the CPE balance uf txadb is

equal to balanca of payment and the two items of transferred puymunﬁ are

equal to zero.
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If $BP is the current value irn U.S. dollar of balance of
payment,
[501$BP+[51]1$BP+(52]$BP = 0

For each OECD country or region, the balances ¢f payment of cach country
and the Residual OECD are estimated. BAgain, the balance of payment of

D

Residual Furope is treated as the residual of the system.

{0715BP = [50]$BP-[01]SBP-[OZ]SBP~[03]SBP-[O4]$BP—[05]$BP-[06]$BP-[08]$BP

Determination of the System Solution

The model is baéically a medium and long-term dynamic éf a
Keynesian type. Namely, aggregate demand is a growth stimulating factor.
The model contains the property oﬁ#a general equilibrium within cach
country and the global equilibrium through balanbé of trade and
balance of payment constraints. ; 'L*

There are vertually no supply constraints within the system.
Actually, there are ﬁwo fac;or inputs thét can generate growih and agce
exogeneous to the syééem. ‘The first factor is population growth. 7This
factof will help determihe labour inpﬁt which could, in theory, influcnce
bgrowth However, in thlS model, labour input does not enter into
production dxreculy.l It merely helpe determine the supply of labour. On
the other hand, the demand for labour is est1mated from the producticn
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. Again, o0il supply dis not
totally independent to the oil demand. 1In thié model, it can be done
as a matter of an ¢xcercise to simulate different amcunt of_oii:supply
independently from the demand for oil. One will soon find out that
guch scenario will not conform to actual economic situation in the
real world. For example during the pefiod of the world recession
the demand for il would be reduced. It is not practical for the OPEC to
increase its supply of oil during that time_becaus;(it will contribute
more to a down-ward pressure in oil price. However, if the OPEC tries
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 the other hand, if the OPEC decide ‘to decrease its 0il supply
during the up~turn of the industriélize@ economies. They can do so buu
the world growth will be sluggish and the OPEC may not neccessary maximize
their long-term net gain from the given amount of their oii supply./ During
the slugglish period, the price of 0il may fall again or can increase only
slowly. Although OPEC can control their oil supply in theory, they
cannot do niuch exéept regulate their supply of oil in line with the world
demand. A changébin_bil supply can actually influence world ocutput growth,
but a case for indepgndentIQ:increase'or decrease in the supply of o0il
from that of the world demand is quite limited. Therefore the growth
generation in this model muet be initiated from the demand side. This is
why the model is of a Keynesian type. The¥ef§re, the two exogencous
variables namely, oil supply and popﬁlation growth play less significant

role in growth stimulation.
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Minimum Amount of Exogenecug Variables.

Since the model is designed for a medium and a long;term purposge, -
it is logical to cut down number of exogeneous variables to the minimum.
Expecially, with the world moéei where the simulation results of this
model will be fed into exogeneoué variable of a nation-wide one, a
situation of a so called "hand off' run or.the "free run" of the model
shoﬁld be encouraged. It has always been a problem for medium-ierm or
long term model builders to supply future values for their excguicous
‘variables. Hence the approach in construcfing the TUI model ig o design
as many variables to be determined within the system as much as possible.

In order to achicve such objective price mechanism is used in mosi cases

as a driving force for cach market to reach each local equilibrium solution.
Fortunately, all price equations in this model provide very good fit,

and price variables in most equations aré significant. Also, all policy
variable must be designed as built-in mechanism and must be consistent

with growth objectives. These two properties add a neo-classic‘flavod}“f

to the model. : ;

Because of the naturegqf;the demand led growth and the built
in policy and price mechanism, without any proper-constraints, the
model can grow without limit during the process of simulation. The
logical constraints in this case are balances of trade and balances of
payment. However, as already mentioned eariier, because of the incom-
plete structurc of the capital flow; balance of trade are both,
necessary and sufficient constraints.

_'The'main driving force for growth on the demand side of any ~
country is export. However, in order to achicve long term glubai
balance a country cannot afford to have chronic deficit balance of irade

for a long period of time especially those of the OECD. Balancus of

trade in these countries carry significant weight in their balasces of
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payment. Chronic deficits in balances of trade would mean chronic
deficits in balance 6f payment for most of them. A built-in

mechanism in this respect, is the change in eéxchange rates. Those

who have surplus balances of trade after a certain limit must appreciais
their currencies. Those who have deficit balances of trade after a
certain limit must depreciate their currencies. The change in <xchange
rates will causc the change in export defla&ors(of the related coun-
tries, and the relative export prices in the model. This will cause a
change in the direction of trade and the balances of trade will be
readjusted in the sub-sequent periods. This mechanism will provent

any individﬁal country to grow without limit,

Actual Control Mcchanism : S -

In ordér to control the simulation results to be within a
reasonable bound, the technique known as quadratic optimization by

Tinbergen and Theil ie adopted (See B, Friedman ~Economic Stabilization

Policy : Method in Optimization ). The logic behind the whole upwration

ig that the objective target should be specified withiﬁ a reasunable
bound. Then, significant variables should be used as instrumcnts which
will change their values for cach simulaion according to a specifiazd |
shock parameters. In the process of‘chasipg after the set of targets,
values of all variabies effected by intrumental variables will also
change accofdingly. In most cases, the final solutions are rcached

at the point where computed target values are still different from

the set target values. Thé results are mainly due different values

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

a shock parametcr that finélly bring computed target value to converge
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to the set valuc. In most .cases, the shock pérameter could be w@ither
too high or too low. In the case that the value of shock paramcter

is too high, the computed value @ay fluctuate around the set target

and will never converge. On the other hand, if the shock value is too
low; the system may require too many iterations before, the final scolu-
tion can be reached. In such case, the program will stop in the middle
of the calculation process because it tuns out of time. Thercfore the
shock parameter must be carefully selected mostly by a process of
trials and errors.

A set of target vafiables and instrumental variables can be
changed from one run to the others. However, the intrumental variable
‘that are crucial to the proper performance of this model are exéhange
ra:es and oil price. The former-set of variables are. the ma}&idrivipg
forces determining the direction of tréde flows. The last variable
reflects the oil demand ané supply situation and the whole range of
energy prices. These prices:will influence import prices of the OECD
countries and will in tprh influence the inflation rates, unemployment
within those countries and finally their exports priges. The chaqge in
o0il price will have important impact on the economic performance of the
global economy.

Target variable must be set in a reasonable manner.;nPresently.

target variables are competitive parity prices.

[IITARG = [I1%XSL1*[061%XS$/[06 1%XSL1
where: %X$ ‘= export deflator in U.S, dollar.
%XSL1 . = one year lag of export deflator in U.S. dollar.

it

[I] 01 ’02',030:00oo.--..-ooo'o’os



The target variable of a country in question is equal to the
lagged value of export price of that country multiplied by tﬁé rate of
change of eiport price of éhe United States. Thié'relatiénéﬁibdmeans
that, in 5?&#? maintain export parity, export price of other couniry:
should change in.proportidn to the'chénge in export price of the nited
States. The instrumental variables for achieving the above set of
targets are exchange rates.,

The'ﬁarget variable for the o0il price instrument is logical
enocugh to bela market clearing condition.

OID-OIS = 0

0il demand minus oil supply must be.zero.

The adding up property which implies the balance of txrade
and balance of payment constraints together with the above éontrolling
technique will keuwp control the perfomance of the model to be within a
reasonable bound while it requires only a minimum set of exogencuus
variables. This sumé up how the TUI model is designed to operate,

within a minimum set of exogenecous variables.



MODEL STRUCTURE

Before listing theAwhole model structure, variables muét be
specified. Since the model contains 1,084 variables (not inéluding
distributed lags) if cach variable is listed one after the other, the
list will be cumbersome and long. The technique adgpted h;re is to‘
list only distinctive variables. DBAppropriate prefix, subfix, to |
identify a variable country or region, by'cufggpp.yé}ﬁé“in dqﬁ;stic
currgncy or in U.S., dollar, or by réal value iangm?étic curfeﬁqy or

in U.S. dollar, will be supplied by the set of rules after the variable

list.

variable List

AHW Average working hour per week
AM 1 amortization

aw Average wage

BP . Balance of payment

BT : Balance of trade

CB Cash benefit

co Coal -
COE Conpensation of employces

CON Private consumption expenditure
DCO Domestic coal

DCOP Domestic coal production

DEN Dumestic energy



DOICON

DOIP

DNP

DSER

DSK

DT

DTL

DTR

ELFD

ELID

ELII

EM

EN

ENFD

ENCONT

w 17 =

Domestic gas

Domestic gas'production
Disposible income

Domestic oil

Domestic oil consumption.
Domestic oil ﬁroduction
Domestic nuclear production
Debt services

Stock of debts

Direct tax

Disputed time lost

Direct/tgx rate )

Electficity

Final Demand of electr@city
Electricity input into domestic sector
Electficity input\into industry
Employment

Energy

Final demand fér energy

Total energy consumption:



ENID
ENII
ENIT
ENPT
ENFU

ENRM

FAHW
GA
GACON

GAP

GDP
GDPT
GIN

GINV

GRB
GRFINV

GROS

- 18 -

Energy input - into domestic sector
Fnergy input into industry

Energy input ihto tranportation
Total energy production'

Energy to final users

Energy requirement

Exchange réte

Five years moving average of average hour per week
Gas

Gas consumption

Gas production

Goverment consumption expenditures
Gross domestic product

Trend of gross domestic product
Guvernment income

Gerrment investment

Goverment capital depreciation
Gross borrowing

Gross fixed investment

Gross operating surplus

s U s e L
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GT Gasoling tax
HASER | Housing and accommodative service
HID Household dispossible income
HIN Household income
HP Hydro production
HNENP , Hydro/NMuclear Energy production
1EN Industrial ehergy‘l
IIR International interest rate
IITR "' Indirect incomé tax revernue
INV Investment
INVSK ' Investment stock
KSK ‘ Capital stock
KU Capital utization ’
LF Liquid fuel
LFCON Liquid fuel consumption
LFP . Liquid fuel production
M Import ,
MCoT Total imports of coal
MEN Import of enerqy

MG Import of goods



MGAT

MGSER

MNEN
MT
NB

NEN

NIR

NOIENS

OGIN
0) 4

OID
OIP
OIRM

OIs
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Total import‘qf_gas

Imports of goods and services
. Imports of oil

Money supply (Mt)

Imports of non-energy

. Total import

Net borrowing

Non energy

Net goverment accummulation
NOrminal interest rate
Non~-0il energy ;upply ‘

Net public leﬁding ;

" Non-wage household. income
Other goverment expenditure
Other goverment income
0il
0il demand
0il product
0il requirement

0il supply



ONTR
' OSER
POP
POPFO
@RE
RESINV
RESK
SEAEN
SDR

SF
SFCON
SFP

@sk

-3

5 g & 4

WHFW
WIH

LE]

XT
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Other non-tax revernue

oOther services

Population

Population of age 15 and over
Change in reserve

Residential investment
Reserve stock

Supply elasticities of alternative energy

Spwcial drawing right allocation

Solid fuel )
S51id fuel consumption
Solid fuel production
Change in stocks
Saving ratio

Time

Transport fuel
Unemployment level
Unemployment rate
Werkforeces

Werk-hour per week
Wage per hrur

wages and salaries

Exports

Total ~xports



WHPW

WS

XT
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wourk-hour per week
Wige per hour
Wages and salaries
Exports

Total exports



Prefix and Subfix Rules

1. Variables in Monetary Units

Variabl«s expressed in monetary values are gither in domestic
currency or in the U.S, do%{;g, Both are expressed in real price an@
current price. The base year of the rcal price is 1970, For thosa
expressed in the U.S. dollar, 1970 price and 1970 exchange rate is used
for the cbnversion..

The following notations are adopted for such variable expreésed
in monetary unitsg. Those in real domestic price is represented by the
variable names_listed above, aﬁd those in current value start with the
prefix "C*, Those in real U.S. dollar start with the prefix "R" and
thdse in current Yalue start with the prgfix nge,

All deflators computed from domestic value start with the
prefix "s" and those from the U.S. dollar start w1th ngg aﬂd end with
*S*, For the pricc that is expressed in "real price“ (the price deflated
by some deflators), the prefix "RP" will be used. If it is calculated
from the value in U,S.‘dqllar then the prefix "RP" with the su?fix "$",
will be used. For the current price expressed in domestic cq;fé§cy the
prefix "éP" will be used. BAgain the prefix of "CP" with the suﬁkix

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

dollar.
Examgle 1

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

CCON = Current value of private consumption expenditures in domestic
currency.

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

1970 brice and 1970 exchange rate)

i

SCON = current value of private consumption expenditures iz the

U;S. dollar.

%CON = Consumption deflétor’computed from domestic'currency°

%CONS Consumption deflator computed frém the U.S. dollar.

2.‘ Séctoral Disaégfégation

C oy

Some variables are classified into five sectoral diaggrega-~
tions. The following number of subfix will'be used to distiﬁéuish oﬁé;$
from the other:

41. 'Aééiéulture.

2. Manufactﬁring

3. Construction

4. Community and personal services

5. Residual sector ‘
6. Residential sector

~

7. Government sector (not specified explicitly elsswhere)
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8. Military services
Example 2
GDvatands for gross domestic product.
GDP = Real gross domestic product in domestic currency.

GDP1 = Real cutput or real value added of an agricultural sector

in domestic currency.

GDP2 = Real output or real value added of a manufactufing sector

in domestic currency.

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

GDP4 = Real output or real value added of a community and personal
gervice sector in domestic currency.

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

domestic currency.

3. Country and Regional Distinction

In order to dintinguish one country or a group of countrics
from the others. The following two digit number are used in a square

bracket as a prefix of the relevant variable.




OECD's Cbuntry and Region

101}

{02]

(031,

1041

Japan
France
Germany

i

Italy

Non-opec Developing Economies

[30]
[31]

[32}

[33]

341

[351]

Hong Kong
Singapore |
Korea |
Taiwan
Indonesié

Malaysia

Group of Countries

(20}
(501
[51]
(521
(53]

(60}

Europe OECD
OECD

OPEC
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[05]

(061

{07)

(o081

[¥]

(371

[38]

[39]

{40}

A.Non—opec Developing Economics

Centrally Planned Economics

world

United Kingdim’
The United States

Regidual

Western EBurope

Regidual

OECD

Philippines
Thailéné

Latin América
Regidual Afxrica

Residual Non-Opec

Developing Eccnomics



Examgle 3

'GDP stands for gross domestic product.
[01]RGDP = Real GDP of Japan in the U.S, dollar.
[60]JRGDP = Rcal world GDP in the U.S. dollar.
fo3jGpP2 = | Real value added in a manufacturing sector of Germany
in domestic currency.
{06]GDP3 = Real value added in a construction section of the

united States in domestic currency.

4, Variable Transformed intoc Natural Log

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

parenthesis (i.¢.LN(....))

Examgle 4

LN([01]CON2/[01]1POP) = Natural log of the real value in
domestic currency of consumption of
manufactured goods of Japan devided
by its population.

LN([03]%REs1ﬁv/[o3]%c0N) = Natural log of residential investment
deflator calculated from domestic
currency of Germany devided by its
consumption deflator also caleulated

from domestic currency.
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5. Distributed Lags

A lagged'variable is identifed by the subfix (L1, L2,
L3, L4, L5) at the ver& end of the variable. Numerical values

1, 2, 3, 4, 5, stand for 1, 2 «.eee.y 5 lagged periods accordingly.

Example 5 a 4 | \

L
[02]%XSL1 = Export deflator of Frence calculated from U.S. dollaxr
with one period lag.
fO3]%CONL5 = Consumption deflator of Germany calculated from domestic

value with five period lag.

LN({01]GDP1L2) Natural log of value added in agriculture of‘Japan

expressed in real domestic currency with two period lag.

Other Notations

ZI.J Variables

A variable expressed as a combination of several variables
such that many lines are occupied by one complex variable, 2I.J will

be used for such variable.

Example 6

26,2 = (GDPL1-@SKL1)*(0.5*(GDPL1-@SKL1)/(GDPL2-@SKL2)+0,.5* (GDPL2~

@SKL2)/(GDPL3~-@SKL3) )~ (GDP-@SK)
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2112.2 = (AHW2+CWPH2+EM2%48,0)/1,000,000.0/GDP2

Predefined Coefficients

Predefined coefficients are represents by lower case letters

prespecified in e¢ach equation.

Example 7
al = industry weight (coal)
am = industry weight (o0il)
an = industry weight (gas)
[I] al = 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] an

0.02, 0.16, 0,30, 0.22, 0.25, 0,35, 0.20, 0.37,
[I] = 01)02,...0.....-.’.0..0.....’08

Directions of Flows

Since the model is basically designed to handle bilateral
flows of energy and nonenergy and well as capital, directions of
flowe must be adquately repfesented. The/symbol of "->" will be
used to represent export flows from one'country to the other, ahd
.“<-" for the %mport flows. Either of the two s&mbols will be used

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

GDP DETERMINATION OF OECD COUNTRIES AND REGIONS . (Expenditire 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 OECD

- 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
Dlsaqgratlon of Gross leed 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 <
- Government Investment of 6 Major OECD

Exports of 8 Major OECD

Total Imports of ‘8 Major OECD ,
- Imports of Non-Energy of 8 Major OECD
-~ Imports of Non-Energy of 6 major OECD

Gross Domestic Product Of 8 Major OECD:
i ~ Gross Domestié:Product of 6 Major OECD
- Gross Domestlc Product of 2 Residual OCECD

Dlsaggregatlon of Gp qf 6 Major OECD L B P

- Value Added in Agrlculture of 6 Mé]or OECD
Value -Added ih Manufactufe of 6 Major OECD
Value Added in Construction of 6 Major OECD L
Value - Added ‘in Services of 6 Major OECD A
Value Added in Residual Sector of 6 Major OECD
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GDP DETERMINATION OF OECD COUNTRIES AND REGIONS (Income Approach)

Total Wage and Salaries of 6 Major OECD
Non-wage Household Incame of 6 Major ‘OE‘CVZI‘)
Cash-Benefit of 6 Major OECD

Houéehold 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 of 6 Major OECD

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

Qurrent Price GDP of 6 Major OECD

FACTOR MARKETS OF OECD COUNTRIES AND REGIONS

MANPOWER

Labour Supply
Disaggregation of Labour Supply of 6 Major OECD

- Fmployment in Agriculture of 6 Major OECD

- Employment in Manufacture of 6 Major OECD
Employment in Construction of 6 Major OECD
Employment in Service of 6 Major OECD

- Bmployment in Residual Sector of 6 Major OECD
~ Total Civilian BEmployment of 6 Major OECD

Bmployment in Military Services of -6 Major OECD
Unemployment Rate 7
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 Aquculture of 6 Major OECD
Average Hours per Week in Manufacture of 6 Major OECD
Average Hours per Week in Construction of 6 Major OECD
Average Hours per Week in Service Sector of 6 Major OECD
Average Hours per Week in Residual Sector of 6 Major OECD

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 6 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
Disaggregation of Demand for Labour of 6 Major OECD

- Total Work-hours per Week jin Agriculture of 6 Major OECD
Total Work-hours per 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 Cbnpensationfof Employee of 6 Major OECD
Total Wage and Salaries of 6 Majér'OECD
Disaggregatioﬁ'of‘Wage by Sector of 6 Major OECD

- Qurrent Wage per Hour in Agriculture of 6 Major OECD
Qurrent Wage per Bour in Manufacture of 6 Major OECD
Qurrent Wage per Hour in Construction of 6 Major OECD

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

CAPITAL
Real Capital Stocks of;6’Major CECD

. Real Capital Investmentqu_G Major LOECD
CapitalbUtilization of 6 Major . OECD

Return to Capital
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Norminal Interest Rate of 6 Major OECD
PROPRIETORS
Gross Operating !a:r'plus‘ }of 6 Major CECD
Energy Production
Domestic 0Oil Production of 8 Major OECD
Domestic Coal Production of 8 Major 'CECD
Domestic Gas Production of 8 Major OECD
Domestic Nueclear Productions of 8 Major OECD
i Domestic Hydro Production of 8 Major OECD
Non-0il Import Energy Supply of 8 Major CECD
Energy Consumption
Energy Requirement of 8:Major OECD
0il Requirement of 8 Major OECD
Enérgy Exports
0il Exports of 8 Major OECD
Energy Imports .-
Oil Imports of 8 Major OECD
Imports of Coal of 8 Major OECD .
Internal Flows of Enerqgy
Final Demand for Energy of 8 Major: OECD
Energy Input Into Industry of 8 Major OECD-.. -
Fnergy 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
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Total Electricity Ipto Domcstic Uses of 8 Majot OECD
Internal Energy 'Price.s’ | “

Price of Energy for Industry of 8 Major OECD

Price of Energy for 'Itansportation of 8 Ma)or OECD

Price of Energy for Domestic Uses of 8 Major OECD

Price cf Electricity of 8 major OECD |
Policy Variables of Energy -

Gasoline Tax of 8 Major OECD -

Energy Indirect Taxes of 8 Major OECD

PUBLIC SECTOR AND POLICY VARIABLES OF OECD COUNTRIES AND REGIONS

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

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

Money Supply of 8 Major OECD

PRICE VARIABLES OF OECD COUNTRIES AN REGIONS

Personal Consumption Deflator of 8 ‘Major OCECD
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 Ma}or 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 CECD COUNTRIES AND REGIONS

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

Real Total Imports (in U.S. Dollar) of 8 Major OECD
Real GDP (in U.S. 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 Europe OECD
Real Imports of Europe CECD
Export Deflator of Europe OECD
Import Deflator of Burope OECD
OECD
GDP Determination
Real Exports of OECD
Qurrent Value of Exports of OECD
Real Imports of CECD
Current Value of BEmports of OECD
Real GDP of OECD |
Exﬁ&rt Deflator of OECD
Import Deflator of OECD
Consumption Deflator of OECD
Energy
Net Oil Imports of OECD
'Net Oil Sumply of OECD
opEC ‘
- 0il Supply from OPEC to OECD

0il Demand of OPEC to OECD
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OPEC Export tO""&anEC De.‘\"reloping ‘Economies
OPEC Export to CPE
OPEC 0il Exports..
OPEC Gas Export (TOE)
Qurrent Value of OPEC Exports.
Current Value 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
Qurrent Value of Total Exports of NODE
Non-0il Import NODE
Oil Imports NODE
Total Imports of NODE
GDP
Real GDP of NODE
Energy
Energy Production
Solid Fuel Production of NODE -
Liquil 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 Consumption of NODE
Liquid Fuel Consumption of NODE
Gas Consumption of NODE
Total Energy Consumption of NODE
Imports
Solid Fuel Imports of NODE
Liquid Fuel Imports of NODE
Gas Imports of NODE ” /

Capital Flows

Amortization Position of NODE
Gross Borrowing of NODE

Debt Services of NODE

Net Borrowing of NODE

Change in Annual Reserve of NODE
Reserve Stocks of NODE

GDP_DETERMINATION OF SINGAPORE HONG KONG TATWAN 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
~ GDP of CPE
- NODE and CPE Export Deflator
Energy

Energy Production

Solid Fuel Production of CPE .
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Liquid Fuel Production of 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
Import
Import
Import
Import
Import
Import

Import

Share
Share
Share
Share
Share
Share
Share

Share

of

of

of
of
of
of
of

of

All
All
All
All
All
All
All

All

Countries from
Countries from
Countries from
Countries from

Countries from

‘Countries from

Countries from

Countries from

Japan

F‘r’ance

Germany

Italy

United Kingdom
United States
Residual Europe

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-Energy 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-Energy Exports from the United States to the Rest of .
the World. |

Real Non-~Energy Exports from: the Residual Europe to the Rest of
the World. ’

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

Imports from OPEC of 8 Majof OECD

WORLD REGIONAL PLCWS

QOECD Exports to CPE

Real OECD Exports to Non-OECD

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

CECD Imports from CPE

Export Deflator of OECD to Non-OECD
OPEC Exports to OECD

OPEC Exports to NODE

OPEC Exports to CPE

OPEC Imports from OECQ

OPEC Imports from CPE

NODE Exports to OECD

NODE Exports to OPEC

NODE Exports to CPE

NODE Imports from CPE
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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 NCDE to OEC:D

Investment Flows from NODE to OPEC

Investment Stocks from NODE to OPEC

Investment Repayment from OPEC to 'NODE

Net Setrvices and Private Transferred Payment of 6 Major OECD
Net Service and Private Transferred Payment of Residual OECD
Net Services and Pri\}ate 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

Qurrent Value of Trade Balance of 8 Major OECD

OECD BALANCE OF PAYMENT

Qurrent Value of Balance of Payment of 6 Major OECD
Qurrent Value of Balance of Paymment of Residual OECD
Qurrent Value of Balance of Payment of Residual Europe o~

WORLD REGINAL TRADE BALANCE

Current Value of Net Exports of OECb
Current Value of Net Imports of OECD

Current Value of Trade Balance of OECD
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Current Value of Net Exports of OPEC
Current Value of Net Imports of OPEC
dxrren't Value of Trade Balance of OPEC
Qurrent Value of Net Exports NODE
Current Vaiue of ITIet Imports of NODE
Qurrent Value of Trade Balance of NOPE
Qurrent Value of Net‘ Exportsb CPE ..
Qirrent Value of Net Imports CPE

CQurrent Value of Trade Balance of CPE -

Target and Instrumental Variables.

‘Target Variables

[1ITARG = [J1%X$L1*[06 1%X$/[06 1% xsLY
I o= 1, 2,;-......00.“60005

J

01, 02, .0e0cceceeessl

v

[6 1TARG

[51]0ID-{51]0IS = O

Where : OID = Oil Demand .
OIS = 0il Supply SR

Instrumental Variables

[TIEXR
(13=1,2,3,4,5
[6]RPOIS = [601%OT$~[501%X$

Where : RPOI = Real Price of oil

Main Control 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 Control Mcchanism

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 Figﬁre 1.
Process A starts by specifying alllneccéssary inputs and instrumental
variables. Six shock parameters were specified. The first five insiru-
ments are specified as exchange rates of Japan, France, Germany,.Italy
and United Kingdom, respectively. Ihe last is real price of il which
is the difference betwéen o0il 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. |

Procees B only. tests all the values of instruments whether
they are within tolerant limits. - If they ére‘within the limits, vhe
‘ values of instrumcnts wili be set 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.

Proceus B will finally supply the values éf relevant é#change
‘rates and real price of oil. Given these yalues, the whole model will
be simulated and the corresponding values Qf 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 together
with the values of all variables in the model.

Process C will test the target values against the computed
ta?gets.' In this particular case 0.03 is specified as the tolerable

limit. If the ratic of the targets and the calculated variable is within
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the tolerant limits (0.97-1.03), the the calculated instrumental variablas
will répfesent 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 tetminated. If not the instruments will

be recalculated and the Process B will be repeated (See Figure 1.
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