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PREFACE

In responée to a request from the Republic of Indonesia, the Government of Japan
decided to conduct the Development Study of Economic Model for Planning Exercises,
Long-term Programming Model in Indonesia and entrusted the study to the Japan
International Cooperation Agency (JICA).

JICA selected and dispatched a study team headed by Mr. Tomohiro Abe, Senior
Managing Director, Daiwa Institute of Research Ltd. and consisted of Daiwa Institute of
Research Ltd. and Engineering Consulting Firms Association, JAPAN, to Indonesia
seven times between September 1995 and November 1998, Tn addition, JICA set up a
steering committee headed by Prof Dr. Takao Fukuchi, Asahi University, which
examined the study from technical points of view.

The team together with the committee held a series of discussions with the
concerned officials of the Government of the Republic of Indonesia. Upon returning to
Japan, the team conducted further studies and prepared this fina! report.

I hope that this report will contribute to the promotion of the economic and social
development of the Republic of Indonesia as a effective planning tool, and also to the

enhancement of friendly relationship between our two countries.

Finally, I wish to express my sincere appreciation to the officials concerned of the

Government of the Republic of Indonesia for their close cooperation extended to the
study.

November 1998

&M,JZ o

Kimio Fujita

President
Japan International Cooperation Agency



FOREWORD

This document is the final rcpolt of three years study of “Devclopmem Study of Long-
Term Model For Economic Planning” which was asked by and 1mp!emented in collaboration
with National Development Agency (BAPPI:NAS) of Indonesian Government. When
BAPPENAS asked JICA to consider this Development Study, the Government of Indonesia
planned to further increase per-capita income and join to middle-income group after 25 years,
and engaged in the Sixth Repelita and also in the Sccond 25 Years Plan after 1994. The basic
framework of planning model of this study, Input-Qutput Multi-Periods ngrémming Model
(LOPM), was proposed and constructed as a useful tool to consider the interrelationships of
these plans and various important structural constraints, and efliciently prepare these plans in a
consistent manner,

The development study aimed to construct 1OPM for commg 25 years; and calculate out
the optimum figures of basic variables (26 sectors, 5 permds 5 vanables) for coming 25 years
on national as well as regional barsis; and clarify the importance of long-term constraints,
necessary speeds of resources accumulation, and regional tasks, and clarify the feasible and
optimum growth path and future policy issues. These scheduled tasks were implemented by
national as well as regionally decomposed versions.

As the economy of Indonesia has been hit by Asian economic crisis after the summer
1997, the government of Indonesia has tackled many urgent tasks of crisis managemem and
social safety network. Even in such a crisis period, it is still important to keep in mind the
medium problems like debt management and efficient utilization of labor force. After the crisis
period, a new development plan will be needed based on new v1smn and wider scope. The basic
framework of IOPM can be also a useful pohcy tool to prepare a recovery plan for the normal
growth path, and to formulate the future sustainable growth path. The Team hopes that IOPM

can be utilized in various occasions as a useful policy tool for future development of Indonesian
economy,

November 1998
/Z/%QZ/ %,;/,/ { ﬁ% /:~

Takao Fukuchi
Chairman

Steering Committee



November 1998
Mr. Kimio Fujita
President
Japan International Cooperation Agency
Tokyo, Japan

- Dear Mr. Fujita

Letter of Transmitial

4 Submitted with this letter is our final report on Development Study of Economic
Model for Planning Exercises, Long-term Programming Model in the Republic of
Indonesia. This study aimed to build the Input-Output Multi-Period Programming Model
(IOPM) including its mastery technoiogy transfer to National Development Planning
Agency of the Republic of Indonesia (BAPPENAS) and to forecast the development path
of coming twenty-five years under various deveiopmen{ targets and structural constraints.
IOPM is expected to serve to check the feasibility, consistency and optimality of long-run
planning such as the Second Twenty-five Year Plan (PJP 1I).

The report contains main simulated results of both national IOPM and two-region
IOPM and also the research of selected important development issues. The economic
circumstance of the Republic of Indonesia drastically changed by the current economic
crisis erupted in the summer of 1997. Taking these change into consideration, we
modified both [OPM’s and recalculated the future growth paths. The main results are atso
provided in this final repost.

We are indeed grateful for the advice, encouragement and support afforded to us
by the staff of the Agency as well as the Ministry of Foreign Affairs of Japan, and the stafl
of Embassy of Japan in Jakarta. On this occasion we also wish to express our gratitude
for the assistance provided by the personnel of BAPPENAS.

Tomechiro Abe
Leader
JICA Study Team
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Introduction

The scope of work for development study of economic model for long-term planning exercises
was agrced upon between BAPPENAS and JICA on 17 March 1995, aimed to develop the Input-Output
Multi-Period Programming Model (IOPM) and to forccast the development path of coming twenty-five
years under various development targets and structural constraints. The IOPM is expected to serve o
check the feasibility, consistency and optimatity of long-run planning such as the Sccond Twenty-five
Years Plan (PJ Pll). The scope of work also includes the trial construction of multi-regional Input-Output
Model, technolog)’ transfer of TOPM and the rescarch of selc.ctcd important development issues,

‘The development study was scheduled in the time span of three years and a half and the work
componeats arg divided in the fol_lowing four phases: the first nine months (July 1935-March 1996) are
devoted (i) to construct the IOPM on the national basis, and (ii) to make additional study to improve the
IOPM on national basis, and (iii) to prepare for the regional decomposition of IOPM (phase 1), the next
twelve months (Aprit 1996 - March 1997} are devoted (i) to enrich the IOPM excrcises on the national
basis based upon the further iﬁfoﬁnation, and (ii) to construct the [OPM on regional basis (phase 2), the
next twelve months (Aprit 1997 - March 1998) are devoted to improvement and mntegration of the whole
exercises, and to stﬁdy the implications of various simulations for future long term planning. In this
phase technology transfer of IOPM on national basis is executed {phase 3), the last ¢ight months {April
1998 - November 1998) are devoted to improvement of both nattonal IOPM and regional 10PM for

practical use including the impact of current cconomic crisis (phase 4).

In an addition to the construction of IQPM, five subjects i.c. balance of payments and external
debt, industrial development, resource and cnergy, environment and poverty and income distribution
were selected to be rescarched since these sclected issues were dircetly or indirectly relating o the
construction work of this long-term [OPM.

The achicvement of works of these phases was submitted to BAPPENAS in the form of Progress
Report I, Il and 111 respectively and the contents of three Progress Reports summumarized in the subsequent
sections,

The study has been made as a joint work of BAPPENAS and the JICA-TSQ Team commissioned
by JICA. In Japan the Team is composed of 17 membered JICA Steering Committee chaired by Prof. Dr.
Fukuchi and of _12' membered ]ICA Study Team(Daiwa Inslitutc Research and Engincering Consulting
Finms Association, Jépan)
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Short History of Work in Fiscal Year 1995

The main components of Progrbss Report (1) in fiscal year 1995 were consisted of (i) the data
collcction for TOPM on national basis and also the preliminary data collection on regional basis, (i) the
construclion"of IGPM on the national basis, calculation of feasible and optimum solutions, and (iii)

relevant studics to specify the structural constraints and to discuss the implications of solutions.

The availability of 1-0 Table at the.staning year: the construction work of 10PM started in fiscal
year 1995 was mostly devoted to thc necessary data collection work. The planning period of IOPM was
sct for twenty-five years from 1994 to 2018 corresponding to the years of PIPII, However, since the
preparation of IO Tables at 1993 price by Indonesian government was scheduled to be completed by the
cnd of fiscal year 1995, the IOPM construction work in fiscal year 1995 was made based upon the
existing 1-O Tables of 1980,1985 and 1990 and the planning excreises in fiscal year 1995 based upon
the 1990 I-O Table data.

The cstimation of future input cocfficients: the Team repcatedly made thc csnmation of future
input cocfficients until 2018 by applying various cxtrapolatlon methods. Also the Tcam comparcd these
cslimated coefficients with Japancse input coeflicients as a reference. After these trials we reached to a

plausible set of technical cocflicicnts, and utilized them to implement the planning exercises.

The estimation of paramcters of structural constraints: the capital cocfficients were estimated by
the combired use of OGUCHI-¢stimates of sectoral capital coefficients and BPS data. the Team took the
mport coefficients from 1-O Table 1990. The Team studicd scveral labor coefficients from different
sources, and incorporated the total labor requirement in some Versions. However Jthe fabor constraint
was nol incorporated in the latest Version since the total labor availability is rather redundant while the
skilled Tabor is in short supply in seality. Certain proper treatment of labor requirement may be needed in
the future. The cstimation of struciural constraints also lagged behind from the initial schedule. ‘The
Team planned to estimate the future tendency of important coefficient like other capital or import
cocflicients by regressing their past trends with per-capital income or sectoral productivity. However, the
annual serics of sectoral outputs was scheduled to be available at the end of fiscal year 1995. Therefore

improvement of substantial numbers of estimation of structural constraints was made also in fiscal year
1996,

Many Versions of 10PM were built and different optimum solutions were calculated  based
upon the different combinations of target ﬁmction and structural constraints. This report presents some
alternative solutions and accompanying shadow prices. It is observed that the distribution of expenditure
into consumption and investment and the subsectoral pattern of output changes greatly over timc.

Further inprovement of excreises of national [OPM requires naturally updating and improvement of
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basic data on conseculive basc and addition of other structural constrainis to this [OPM,

Shert History of Work in Fiscal Year 19%6

According to the Scope of the Work signed at March 1995, the original working plan for the
second year was the extension of national TOPM and the preliminary construction of mulii-regional

TOPM. However, at a later stage, some revisions become necessary to amend the initial schedule.

In March 1996 BAPPENAS side requested that the rencwal of data-base and accordingly national
IOPM would be improved and such results should be presented by the end of 1396 as a reference to the
planning works of Repelita VIl so that the Team activity was re-scheduled to accommodate this
requirement, meanwhile, the necessary data collection and processing works cncountered many
difficulties and time-span was consumed more than initially expected. For example, the Team was asked
to construct the JOPM based on the 1993 basis, since 1993 is the basic year for Repelita VI and PJPII;
however, the newest 1-0 Table of 1993 became available only after June 1996, Under the above
mentioned circumstances, the Team worked mostly devoted to achieve three studics; (1) the simulation
exercises by the nation-wide IOPM, and the preliminary trials for the region-based modeling works, ()
the related data collection, and (3) the further research of important development issues.

The revised data base of 1993 price attained at June 1996 thus produced the newest 1-O Tabte of
1993 and subsequently new simulation exercises by national {OPM(Version 20) from Version 19 based
on old data-base of 1990 price. The results by old Version 19 was discussed at June Workshop held in
Jakarta in June 1996. Subsequently in September Seminar at Puncak, the preliminary results by Version
20 was discussed. In these cxercises the paramcter values were basically fixed at the current valucs
without taking into consideration of the expected parameter changes in the planning period. So that these
results served mainly to explain the workability of I0PM, and to invite some comments for the future
possible development paths in coming twenty-five ycars. After the September Seminar, the Team
considered the changing trends of parameter valics and improved the specification of IOPM of Version-
20 to sketch the future possible development paths of the Indonesian economy. Seme exercises turned
out mostly similar features with the development path described the currently going-on PIPII Plan. This
suggests that the current Version 20 is a meaningful tool to sketch the future development path of the
Indonesian economy, as well as  to exercisc various simulation to see the relations between the various
development targets and the neccsséry parameter values. Progress Report (I1), therefore, contains the
new results of exercises by Version 20 .

Meanahile the modeling \\'orks‘_of multi-regional TOPM was limited to the trial cstimates of some

cquations, since the major ¢fforts of the Team was devoted to national IOPM excrcises and  data

collection necessary for multi-rcgionzil 10PM which took more time than initially scheduled.
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Short History of Work in Fiscal Year 1997

In fiscal year 1997, our cffort is devoted mainly to improvement of IOPM, construction of multi-

regional TOPM and technology transfer of I0PM and the further rescarch of in{portant developrient
issues,

This Progress Report (1) cantains the rcsulls of works realized between April 1997 to March
1998 in the third year of initially scheduled three years (1996-98). The major work componcnts in fiscal
year 1997 is consisted with two:

(1) The IOPM Modeling Advanced in Three Directions:
{a) Simulation on Export Price Change

The changes in export prices excrt wide influences to the national development path. The simulation on
export price change was tried and reported at September Seminar.

{b) Calculation of Shadow Priccs

The uscfulness of I0PM modeling is greatly enhanced by the caleulation of shadow prices of limited
resources. By properly defining the shadow prices, and by comparing the sociat benefits and accounting
costs of activities with positive activity levels, the social marginal contribution or shadow price of unit
mcrease of imited resource can be assessed.

{c} Preparation of Regionally Decomposed Input-Output (hereafier, [-0) Table

The five-regions 1-O Table for Indonesia was prepared jointly by LPEM and DIR team. The two-regions
[-O Table was also constructed for trial forccasting.

(2) Technology Transfer of [OPM

The necessary software package for national IOPM modeling exercise with oufput, capita! and
forcign currency constraints was made, and delivered to BAPPENAS with adequate hard equipments. A
serics of joint study were held in September and December 1997 with DIR Team to facilitate its mastery
use by BAPPENAS staff and another joint-meuting were held in March 1998 to rencw data-base.

Progress Report (111} including the results of the transfer work mentioned above was presented on

March 1997 to BAPPENAS and in subsequently held meetings, the nced of further inclusion of the
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impact of curcency crisis was noted.
Short ilistory of Work in Fiscal Year 1998

In fiscal ycar 1998, the work is dovoted mainly to further improve FOPM cspecially focusing on
analysis of current economic crisis, improved building of two-region IOPM, final technology transfer of

I0PM and the further research of important development issues.

The achicvement of this study from 1995 is thus reflected on 4 chapters of this Report; chapter |
deals the analytical framework of national 1OPM, chapter 2 deals the analytical framework of multi-
regional 10PM, chapter 3 deals analysis of current cconomic crisis and chapter 4 discuss important

policy issues.
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Chaptér 1

Long Term Perspec_tiife of ‘Indone‘sian Econonig}. by National IOPM



1.1 Description of the Basic Framework of National IOPM

During the docade of 19907, the ceonomy of Indoncsia has been undergoing drastic structural changes,
and expericncing a tuming point for the modemization, “An important feature of the 1991 national accounts is
that for the first time in the nation’s history the output of manufacturing exceeded that of agriculture, This is
an historic tuming point in Indoncsian cconomic development” (Hitl, 1992,p.5). The share of agricultural
cmployment was 504 per cent in 1990 (Manning, 1995, p.60), however, the employment share of non-
agricultural sector would beeome dominant in the near future. The PIP H will be an imporizut driving force in
this important period of structural changes toward further moderization of the Indoncsian economy. The
main purpose of modeling excrciscs of this project is to explote the various feasible development paths and to
compare these paths under different policy targets, and to present some usefil information about the possible

and desirable future structural changes and the corresponding necessary policy actions.

‘The main component wtitized in this report is a multi-period input-output mathematical progranming
model. This model is basically a combination of (1) the moder optimization methodology of mathcmatical

progranuning theories and (2) the wide and dynamic deseription of the whole nationat economy by 1-O Table.

The TOPM s a large scale mathematical planning model, so that both the cost of implementation and
the benefit of wtilization are also expected to be quite large. At the cost side, the construction of IOPM
requircs a great deal of statistical data and of supporting information for the model building. At the benefit
stde, IOPM is an extremely useful tool to et insight into the dynamic structure of the cconomy from a gencral
cquilibrium point-of-vicw, as it secks the optimal growth path of the cbonomy under various important
structural constraints. We will try to present various different scenarios for multi-period development Process.
Accordingly, it is quitc important to recognize the actual structure of the model, and relevant data

requirenicnts on onc hand, and then the scopes and the implications of the different scenarios on the other.

In Indonesia, the preparation and the systematization of various data scts in the form of social
accounting matnix {SAM) was tricd at national basis (soe Kcuning, 1991 and 1994), but the SAM has not
been utilized for the policy making purposcs so far. There are some discussions to extend SAM at regional
basis in the future {sec Tirla, 1991). The construction and application of IOPM for Jong term planning would
further stimulate the better preparation of statistical system and the wider use of SAM for policy purposcs.

LP is a part of mathematical optimization tools that assumes (1) linear technology constraints where
the input cocflicicnts of resources of cach production activity are fixed, {2) tincar optimization target in which
the price of product of each activity is fixed, (3) non-negativity of the variables that the level of activity or the
production level is non-negative. In general, when theee are n activitics (or products) and m resonrces, LP
sccks to find out the 0piimum combination of m activitics (kinds and volumes of products) which maximizes

the total sale (sum of prices and production volumes).
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It is well rocognibcd that for a LP p‘ro‘olém, there exists another lincar programmiﬁg problem, which is
dual to the onginal problom. This dual programﬁﬁné problem minimizes the total resource cost, postwlating
that the price of i-th pr'oduct docs not exceed the accounii;ig cost of i-th activity. Based upon the duality
theorem, the maximum sale coincides with the minimunj resource cost when the optimum solution é.\jists.

"Thus the most simplificd form of a lincar programming problem can be specified as follows: Each vector is
defined as a column vector, '

(maximizing problem)

MAX P’X . ‘ (1-1)

AX = (1-2)

Xz (1-3)

{minimizing problem)

MIN §°V (14)

A’V 20 (1-5)

V 20 (1-6)

where

P = ( pi."'.pn)’s X = ( X] 3Ty Xh )” A = ( Al:"': Aﬂ ).l Al: (ali)"'p an‘j ),! S = ( S‘ 3ty Sm),:
Ve (W, V.Y | ‘

1) The input cocflicicnt of j-th resource (a,) of i-th activity (Ay) is fixed.

2) The price of i-th produbt () and the endovwment of k-th resource (S,) are fixed.

3) The activity level of i-th activity or the output of i-th product (X;) and the shadow 'pn'cc of k-th
resousee (Vi) are non-negative. The optimum sofution gives the optimal combination of m activitics
{X*) and m shadow prices of rcsourécs (V *). When n<m, {m-n) disposal acﬁvitics are  addcd to
socure non-negative solution.  The accounting price of cach activity is defined as the sum of the
product of the input cocfficients and the corresponding résource shadow pricés. When an actiﬁty is
adopted in the optimum solution, its price exactly nlaléhcs toils acoounting cost. When an activity is
not adopled, its accounting cost exceeds its pﬁcé, This Shipllex Criterion idcntiﬁc::s' the selected
activitics of same number with resources. When a stmctural constraint is dull in the optimum
solution, its shadow price becomes zero, implying that an additional input of the resource docs not

contnbute to increase the total sake so that its marginal productivity is zero.

Until now, the method of lincar programming was usually applied to specific issucs to figure out the
optimal program of same activitics; for exarple, Arifin (1993) applicd to the local transmigration problem.

Another main component of IOPM is 1-O Table for lndon'osiaﬁ cconomy. ‘The input-output analysis
starts out from the division of national economy into many sectors (at most 340 scctors as in the USA). By

obtaining the tabled description of the inter-industry transactions of basic year among production scctors and
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final demand scctors, we may caleulate the technical cocflicient matrix A, assuming that the production
function in oa'ch soctor is fixed cocflicient type without joint-output. The Leonticf inverse matrix of (U-A)
desenbes the oyerall maltiplicr repercussion ¢ffects of onc unit increase of final demand (Y), where U stands
for identity matrix.

(U-A)X=C+I+E (1-7)
X = (U-A)' x (C+1+E) (1-8)

When the coefficient row vectors of capital (k), of fabor (1) and of import {m) are given, the various

quasi-inverse matrices (QK, QL, QM) can be calculated by multiplying these cocfficicnt vectors to the
Leonticf inverse matrix.

QK =kx(U-A)* (1-9)
QL =1x(U-A)" (1-10)
OM =mx(U-A)" (1-11)

These quasi-inverse matrices represent the direct and indirect additional needs of resources like capital,
fabor and foreign currency by one unit increase of final demand component. When the capital requirement can
be given in a matrix form, then QK is also a matrix which shows the capital requirement by investment goods
after an adding vector is multiplied from left-hand side. The change in capital utilization rate is important
factor to decide the short-term capital-output ratio (see, Jansen-Kuyvenhoven, 1987), but in this study we
assume that the rate is fixed at the average level since we are dealing with long-term projections. Several

interesting studics can be implemented based upon the inverse and quasi-inverss matrices.

The use of input-output technique for economic analysis is relatively now in Indonesia. In the past,
there were a few studies employing I-O Table to empirically study some policy issues. The scarcity of studics
mainly originated from the technical and economic difficultics of preparing 1-0 Tables. To quote a few:
Kuyverhoven, Ane and Huib Poot (1986) used the 1-O Table in 1980, and grouped 79 manufacturing
subsectors into three groups (highly labor-intensive, labor-intensive, intermedtate labor-intensive), and ranked
cach subsector according to labor cocfficient, import cocfficient, and capitat coefficient. These ordedng is
useful to identify the optimum industrial structure when a specific resource constraint is politically
emyphasizad. Fa.ne—Phillips {1991). and Wymenga (1991) analyzed the degeee of coonomic protection, and
calculated the effective protecﬁon rates. Poot (1991) analyzed the industrial linkages utilizing 1-0 Table.
Fujita-James (1992) calculated the employment multiplier. Sircgar (1993) also caleulated the incomc and

employment multipliers for agricultural sectors,

The current JOPM is a programming modet, and sceks to find out the optimal multi-period growth

path of the Indonesian economy under the various impordant structural constraints and with the various



planning tacgets. The construction of IOPM follows the following three steps:
{1) specification of the important structural constraints
(2) specification of target function
(3) addition of somg side conditions

(1) Specification of the Important Structurat Constraints

There are several important stractural constraints which restrict the expansion of the Indoncsian

economty. Among them we considered are the following most important ones.

1) Capital constraint: the capital requirement cannot exceed the currently existing average capital stock (K(1)).

kX(M) < [K@OHK@ED)/2 (-12)
K(1) = K(O0) + (14 1) + .+ (1-d) | (¢-1) + 1) (1-13)

Here the current capital is defined as the sum of initial stock ptus nvestment of preceding periods with
corresponding rate of depletion, assunving that the invested capital is depleted by a depreciation rate (d) in
cach period.

2) Foreign currency constraint: the use of forcign currency by import cannot exceed the forcign currency

caming by export plus the maximum peruissible value of trade balance deficit in dollar terms {F (t)).

Pm{) [m X + M (O] = Pe()) E@) + F(0) (1-14)

lere Pe(t) or Pm(t) denote the row vector of export price or import price in dollar terms, In this case,
m stands for a diagonal matrix with import cocfhicients as diagonal clements. The M*(¢) stands for the final
demand part of the import.

3} Labor constraint: the use of skilfed 1abor is limited by its supply (EA1)).

When | stands for a row vector with spectral cocfficient of skilled labor requirement, the constraint is
wrilten as follows.

IX < L® (1-15)
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(2) Specification of Target Function

The main conlpdncnt of maximizing target is the sum of the discounted flow of consumption (C(1))
over the planning pcriod ('I) Anoﬂacr component is the capital stock at the end of the period (K()) evaluated
by a coéﬂicicnt (B ). This component is nccessary due partly to avoid the complete concentration to
consumption to the end of plaimiﬁg period, and also to consider the carry-overs of productive capacity for the
further geﬁcrations at the end of the planning period.

i CHY/ (1+ )P + BK(TY/ 1+ p)FY (1-16)

£

(3) Side Conditions

The 1OPM is a multiperiod planning model, the solution of which differs from the continuation of
sucecssive one-period planning solutions, and cﬂljbits the Tumpike property: 1) the investment concentrates
to the former planning periods and the expenditure pattem gradually shifts to consumption, therefore 2) the
subsectoral pattern relatively concentrates to investment goods producing subsectors first and then gradually
shifts to consumption goods subsectors. But when this Tumpike property s too strong, and the levels of
consumption and of other variables change too radically in a short time, then such drastic changes arc not
socially acceptable. Therefore in this occasion, it is nocessary to mitigate this Tumpike property by adding

somg¢ conditions which limit the short-term changes within certain intervals.

A possible condition to secure a reasonable interval is to require the short-term change of variable

REX{1)) within five per cent range compared with the previous period.

(00X (t-1) < X() S (14005 X {t-1) (1-17)

We can combing these constraints and target and specify the IOPM afler rewniting and adding some
conditions including the non-negativity consteaints. The curreat IOPM is designed for five consecutive
quinquennial periods. Output vectors (X), consumption vectors {C), investment (1), export vectors (E) and
final good import vectors (M*) of cach period are endogenous variables.

~ Once the coeflicients and values of structural constraints are given, then IOPM socks to find out the
optimum solution: output, consumption, investment and.export vectors in cach peniod, and the value of sum of
discounted consumption flows. Also we can calculate the shadow prices for structural constraints using the
cocfficient matrix of optimum solution: shadow prices of output, capital, foreign currency and labor of cach

period.



Naturally, the cost and the benefit matches when an activity is included in the optimum solution. But
we can evalate the another activity based upon the shadow prices. For example, when somg products are not
exported in i-th period, we can calenlate it’s accounting price, and figure out the ordering of prioritics based

upon the differences between export price and accounting cost.

Onc-of basic characteristics of the programming modcl like KOPM is the indicative role of shadow
price system to .suggcst the accompanying price system matched with thc opﬁ:hﬁm solution. Thus &csc prices
arc different from matket prices, which change according to the balance betwoen demand and supply
conditions. There are another type of models which describe the market clearing function of market prices;
like Altemcice-Tabor-Dans {1991) model for Indoncsian agricultural sector. Somctimes it will be interesting

to conpare the systent of shadow prices with market prices in cerlain sectors.

(-5) Concept of Shadow Price

The concept of shadow prce attached to the current version of IOPM is conveniently understood
through following four steps:

1) The Dual Stracture of Input-Outpul System

The usefulness of a programuming model is best understood through the dual structure of its optimum

sotution. For example, an 1O model can be written as the optimum solution of the following pair of LP
problems,

(primal probleny)
min W’ X (1-18)
subject tor (U-AX =2 Y (1-19)
X=0 {1-20)
(dual problein)
max Y'P (1-21)
subject to: (U-AYP = W (1-22)
P=0 (1-23)

where U and A stand for identity matrix and technical input cocfticient matrix. X, Y, P and W stand

for output, final demand, price and primary input cocfticicnt column vector, respectively.

At the optimum point, output and price vectors are simultancously detemmined, and follow the next

identitics which guarantee the cqualily between the national sum of production, distribution and expenditure.



(output) {distribution) {cxpenditure)
PU-AX = WX = PY 0-24)

Also two basic I-O relationships at real and price aspects follow at the optimuim solution.

(U-AX=Y (1-25)
(U-AYP=W (1-26)

2) Introduction of Additional Constraints

The primal problem can be extended to a LP modcl with additional constraints.

{extended problem)
max B’C (1-29)
subject to: U-Atm)X = CH+HE-M* (1-28)
kKX £ KH (1-29)
PSE-Pm'(mX+M*) = 0 (1-30)
X,C,CLEM* = 0 (1-31)

m is imported raw material input cocfficients matrix and k is diagonal matrix of scctoral capital
cocfficients. C, 1, K, E, M*, P¢, Pm and B stand for column vectors of consumption, investment, capital stock,
¢xports, imports of final goods, expoﬁ price and import prices, and consumption cvalualion respectively. We
assume that Pe < Pm, because otherwise, the re-expost (E) of impost (M*) creates the not forcign currency
revenug, and a simultancous increascs of E and M* without limit can increase the value of target function, the
optimum value of discounted sum of consumption, to infinity. On the other hand, the net forcign curreicy
caming of 6ne unit of export (Pe’-Pm’m{U-A+m)") can be positive or negative. We assume that B>0, so at
the optimum solution, (1-28) must hold with cquality, while one of capital balance (1-29) and of forcign
currency {value of exports minus value of imports) may be not binding. We write the shadow price {column
vector) of (1-28), (1-29) and (1-30) as -SY, SK and SF. Then at the optunum solution, next identitics follow.

((HU-A+m)X HCHHEM#) (SY) = 0 (1-32)
(KX -(K+)) (SK) = 0 (1-33)
(Pe’E-Pm’(mX-+M*) )(SF) = 0 (1-34)

If K>0, C>0and B=SY | (1-33)

X>0, so  (U-Atm)'SY =kSK+m’PmSF (1-36)

E>0, so SY=Pe (1-37)



Based on the assumption that Pe < Pm, {1-37) implics that SY < Pm, so that M* = 0. Therefore, the

extendod problem can be written as:

(simplificd extended problem)

max B'C : {1-38)
subject to: U-Atm)X = CHI+E (1-39)
kX = KH (140}
PC'E-Pm’'mX = ¢ (1:41)
X,CCLE=0 (1-42)

In this model, C can increase by deercasing I or E. So (1-40) and (3-41) are neecssanly binding. By (1-
36)and (1-37)

. B=8Y =SK=Pe¢ (1-43)
SF is determines by
' PmSE = (U-A+m-k)'Pe (1-44)

When we Jay the upper and lower constraints for endogenous vasiables, in (1-27)-(1-31), the extended
programming mode! is valid, in the sense that the re-cxport is limited independently with Pe > or < Pm. In this
case, the definition of shadow price will bo oxtended to include the shadow prices of (1-45)-(1-48)

accordingly.

Xmn < X < Xmax (1-45)
lmin < | < Imax {1-46)
Emin < E < Emax (147)
M*min < M*< M*max {1-48)

3) Extension to Multi-Period Programming Model

Now we are dealing the simplest multi-period lnput-Output progranmuming model taking the number of
periods as two,

(two period extended problem)

max By C(1}+B2Y C(IHTK(2) (= Target) (1-49)
subject to: (U-A(Dm(INX(1)} = C(])H(l)+E(l}-M*(l) {1-50)
k(X)) = KOHIO)+I(1))2 {1-51)
Pe(IYE(D-Pm(1Y (DX EMH1) = 0 {1-52)
(U-AQ2)im(2)X(2) = C{H)HE2)-M*Q) (1-53)
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K2X(Q) < K(OYHO (D)) (1-54)
Pe(1) E(1)+Po(2V EQ)-Pm{1) (m(1)X(1)+M¥(1))

Pm(ZY ()X} M*(2)) = 0 (1-55)
K{2} = K(0)}+¥0) ﬂ(l)ﬂ(Z) (1-56)
0 <X(1) min < X(1) < X({1} max {1-57)
0 <C(1) min < C(1) < C(1) max (1-58)
0 <E{l) min <E (1) <E(1) max (1-59)
0< M*(l) min <M*(1} <M*(1) max (1-60)
0<X(2)min < X(2)< X.(Z) max (1-61)
0 < C(2) min < C{2) < C(2) max (1-62)
0 < E{2)} min < E(2) < E(2) max (1-63)
0 < M¥(2) min < M*2) < M*(2) max (1-64)

H stands for the cvaluation of end-of-period capital stock as a transversality condition. The number in
parentheses refer to the number of periods. The consumption evaluating vector, B(1} and B(2), arc supposed
to include the adequate time discount clement, so that B(1} > B(2). The lower constraints in (1-57)-{1-64)
automatically replace the non-negativity conditions of endogenous variables, The capital constraints, {1-51)
and (1-34), consider the neccssary gestation period of investment before the start of actual production,

In this two-period IOPM, the shadow price can be defined in a similar fashion with onc-period moddd,
(1-27)-(1-31) and (1-45)-(1-48). Each shadow price shows the marginal increment of the target function (1-
49) by the one unit increasc of cach structural constraint from (1-50) to (1-64). And when an endogenous
vanable, each element of X(1), X(2), C(1), C(2), E(1}, E(2), M*(1) and M*(2) (say, i-th variable), is positive,
the following identity must hold.

(i-th clement of cvaluation vector) =sum of (j-th element in i-th column of cocflicient matnx of [OPM)
multiplicd by (the shadow price of j-th constraint) (1 -65)

Inversely, we can calculate the shadow prices based on these social costs and benefits balances, (1-65).

4} Extension of [OPM to Non-Linear Type Model

The final extension is the introduction of non-linear target function. We assume that the consumption
evaluating vector deCﬂdS on the level of consiumption, This makes the IOPM model as a non-lincar
programmmg t)pc model. About the treatment and solution of non-tinear programming model, we can refer to
standard tcxtbﬂok like Mangasanan (1969) In a similar vein as before, e can calculate the oplinum solution,
calculate the shado“ pnccs and check the balance between social benefits and costs simultancously. Here we

take up a simple ony-penod I0OPM case, and discuss these necessary procedurcs.
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We consider an I0PM which includes two constraints; capital and labor.

Wedefine Y= (0, C,P), H = (0", IV, 0), W’ = (0", 0°, &) (166)
D' = (0", KOy, L{1)), P=(SY’,SK’,SL)) (1-67)
0 0 0 U-A+m U g
v={0 -Q 0| (163 ko —% - (1-69)
0 0 0 " 0 o

where Y and P stand for real and (shadow) pneg vectors, Then we have,

(primal problem)
min 'Y - (12)Y° VY + W’Y) (1-70)
BY £ D (1-71)
Y 20 (1-72)
{dual problcm} _
max {- {I/2)Y’VY -D’P) {173
VYY1B'P = W+H (1-74)
P=z0 (1-73)

wlere consumplion is evalvated by a quadratic function, (h'C - C'QC / 2). The vector e cvaluates the
investment which is a part of end-of-period capital stock. The three constraints in real aspect in (1-71) are
output balance, capital batance and labor balance. L(1), 1, SE stand for three veetors of fabor foree in period 1,

labor cocfticient and shadosw price of labor. The sccond equation in dual problem, (1-74), is writicn as:

0 ¢ 0 04X (U-A+m) k 1j{-8Y it
dhb4]0 -Q ORCY+ U 0 OF SK }=30} (1-76)
0 0 0 O]t g - %U 04| SL ¢
At the optimum solution, :
0= (-}U-A+m)SY + kSK +ISL {1-17)
-h-Q'C=8Y (1-78)
e=-g'SY - (1/2)SK _ (1-79)

The implication is intuitively clear.



9 (Tarpet) / ¢ X = 0 = (accounting cost) {1-80)
d (Target) /8 C = (accounting cost) > 0 (1-31)
3 (Target) / @ E = (accounting cost) > 0 (1-82)

At the later stage, another structural constraints will be considered. The preparation of core
infrastructure like clectricity, water, transportation facilitics is an important precondition for developmient of
local cconontics; for example, Rjéh'eld-Schippér-Vlaandcrcn (1994) described its importance it central Java,
and Crane (1994) dcscribéd: the water supply in Jakarta. Another is the cnvironmental constraint; Nestor
(1995) deseribed a trial environmental input-output fable in U.S.A. and MacAndrews (1994) described the
expected role of BAPEDAL in Indoncsia. We can add thesc constraints after the preparation of adequate data.
Then we can obtain the various uscful information based upen the various runs with differeat specification

and with additional constraints.
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1.2 Data Prepavation for Model
1.2.1 Prediction of Future Technical Coefficients

(1) Aggregation of Scctors of [-0 Table

To handle thc modcl in an appropriate size and also analy z¢ the charactensncs of mduslnes
relovant sector aggn.g"thon is required. In this mspcct we conSIdcr:.d 28 industrial sectors meaningful
and operational. AN cconomic activitics in Indongsia are aggregated into 28 from 161 sectors of -0
Table published by BPS. In our \Iodel 26 sector 1-O classification is utilized. This is obtained by the
following way; we dbldb first 26th scctor out of 28 1-O Table classification because all factors of both
row and column vectors of this scctor are zero in intermediate transaction. Second, we put 27th and 28th
scctors of -0 Table together. The relation between 28 and 26 sector is shown on Table 1-1 and that of

28 and 161 scctors is shown in Appendix 1.

Table 1-1 The Relation between 26 and 28 Scctor [-O Classification

26 Scetor Classification 28 Sector Classification
_Farm food

19 Other manufadiuring
pely T ] 20 Electricity, Gas, Water Supply

TS ""uuncnnnuunnuusuu

+ 26 Public Administration & D ofense
27 Otier Senvives.

5 e specme;jg;e"ctcr

Seurce;  Indoncsian 1-O Table of 1990 volume §, BPS.
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(2) Tested Method for Prediclion

At first we cstimated futurg input cocflicicnt matrices by 5 non-survey methods. Data utilized in
the estimation are input cocfMicicnt matrices of 1985 and 1990 both in real torm. Aller cvatuating the
results of those methods, we determined the one to be applied for [OPM as a first step. After obtaining
ncw data, that is 1-O Tables of 1980,1985,1990 and 1993 at 1993 price, we improved the method for the
estimation and developed new method named REC RAS-QP method which is the mixed use of RECRAS

method and quadratic programming. Finally this method i3 utilized for predicting future input
cocfficients.

1) Tested 5 Non-Survey Methods:

(1} RAS method, (1) RECRAS method, (iii) Lagrangean mulitplier methed, {iv} Two-stage RAS-
Lagrange method (TSRL method) and (v) Error minimum method were tested. Followings are short
description of each non-survey method.

(i) RAS Method;

Variation of input coefficient can be explained by following two faciors;

a) Substitution of raw materials to be input (substitution-change)

b} Changes in capital intensity, productivity, and product- mix (processing-change)

Substitution-change significs the change along the rows of input cocfficient matrices, and
processing-change significs the change along the colwmns; thercfore, input cocflicient matrix of the
predicted year can be descnibed as:

A,=RA,S (1-83)

where A o ¢ input cocflicient matrix of the base year or of the end year, A |1 input cocfficient
matrix of the predicted year, R is diagonal matrix with the effect of substitution-change as its element,

and S is diagonal matrix with that of processing-change as its ¢lement.

R and § are calculated by sequential solution, when the known vectors of both intermediate inputs
and intermediate outputs are given, of which values in the malrix are adjusted onc by one to arrive the
final solution. Input cocfficient matrix for the predicted year is calculated by multiplying with R and S

exponentially from the both sides of cither input coefficient matrix of the base year or of the end year.

i) Data nceded for RAS method; a) 1-0 Table of the base year, b) intermediate demand of the end year



for cach sector, ¢) intermediate input of the end year for cach scctor
i} Featares of RAS method; it predicts input cocflicicnt matrix using R and S only. it does not guarantee

the value-ndded ratio to be positive, since it is presented as residual, when zipplicd to the prcdictéd year.

(i) RECRAS Method;

This is the method to calculate the variation of value-added ratio in the same way as that of input
cocfticient. It docs not have the shortcoming of RAS method which value-added ratio turncd out
negative.

Under the constraint of column total 1, we must take R* and S* closest to tentative R and 8
caleulated &y RAS method.

Minimize e, *(R'-R)’ e, +e, (S -S) » e, (1-84)
subjectto e, * R'AS =¢, (1-85)
where

R diagonal matrix of substitution change by RAS method
S : diagonal matrix of processing change by RAS method
1" :diagonal matrix of substitution change by RECRAS method

8" :diagonal matrix of processing change by RECRAS nwthed
¢, :column vector whose clements are all 1

¢, .row veetor whose elements arc all 1

1) Data needed for RECRAS method ; a) I-O Table of the base year, b) intermediate demand of the end

year for each sector, ¢) intermediate input of the ¢nd ycear for each sector,

1) Featurcs of RECRAS method; a) value added ratio= 0 and column total = 1, which are characteristic
of input coeflicicnt matrices, can be maintained cven for the predicted year. b) no data of the predicted

year is required.

(111} Lagrangean Multiplicr Mecthod;

Under the constraints of row-total and column-total, this method minimizes the differcnce between
input cocflicient mairix of the predicled year and that of the base year. This method produces different

resulls depending on the selected objective function.
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We sclect the following objective function to arrive input cocflicicnt prediction:

- 2
a.
Minimize _5_ E[—i--lJ (1-86)
i 7\

subjectto D, x, =W, (1-87)
A%, =8 (1-38)
i

where 4
@, input coeflicient at the base year
a,: input cocflicient at the predicted year

x,; : output of the predicted year for each sector

W, intermediate demand of the predicted year for cach scctor
¢ ;- intermediate input of the predicted year for cach sector

i) Data nceded for Lagrangean multiplicr method; a) input coefficicnt matrix of the base year, b) output
of the predicted year for cach scctor, ¢) intermediate demand of the predicted year for each sector, d)
intermediate input of the predicted year for ¢ach scctor.

ii) Features of Lagrangean multiplier method; a) in case of RAS mcthod, input coefticient matrices are
predicted by calculating convergence, however it does not, in some cascs, converge depending on its
initial values. Lagrangean multiplier method guarantees solution uniquely determined. b) when some
cclls of input cocfficicnt matrix of the base year arc zero, the corresponding cells of that of the predicted

year boecome zero,

(iv) Two-Stage RAS-Lagrange Method (TSRL Method);

This is the method to adjust the results of RAS method by Lagrangean multiplier method.

i) Data necded for TSRL method; a) I-O Table of the base year, b) output of the predicted year for each
sector, ¢) intermediate demand of the end year for each sector, d) intermediate input of the end year for

cach scctor.

ii) Feature of TSRL method; it produces the prediction of input coefiicient matrix even though

intermediate demand and intermediate input for the predicted year is not given.

{v) Error Minimum Method;

This is a variation of Lagrangcan multiplicr method of which objective function is so modified

that the cells with bigger input coefficicnt values have larger weight.
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mtt m G 2
Minimize ZZ(J-— la,x)| (1-89)
EERT
mrl

subject to 2‘%— =1 (=4,2,.......

izl

,m) {1-90)

Z c'i,} x; =intermediate demand of the predicted year for cach sector (1-91)
i=1

i) Data nceded for error minimum mcthod; a) input cocfiicient matrix of the base year, b) row total of

input cocfiicicnt matrix of the predicted year, ¢} column total of input coefficicnt matrix of the predicted
yeat.

i) Feature of error minimum method; The cells with bigger values of input cocfficient matrix of the base

year are given much important evatuation.

2} Results of 5 Methods Tested:

(i) RAS method; prediction for 1990 turncd out no negative value for the value-added sectors, and there
seems to be no problem in applying this method. However, when it is applicd further into the future, it

turns out negative value for onc valug- added sector (19th other manufacturing) in 2005, for 9 sectors in
2010, and for 14 sectors in 2015,

(i) RECRAS method; prediction for 1990 showed no ncgative value for the valuc-added scctors, and
there seems to be no problem in applying this mcthod.

(iit) Lagrangcan multiplier method; prediction for 1990 showed negative values (-0.00042) for input

coeflicients from 4th forestry to 21st construction sectors.

(iv) TSRL method; prediction for 1990 showed negative values {-0.00042), as in the casc of Lagrangean

multiplicr mcthod, for input cocflicients from 4th forestry to 2 1st construction seclors.

(v) Error minimum method; prediction for 1990 tumed out no negative value for the value-added sectors,

and there scems to be no problem in applying this method.

As a result of the application of 5 non-survey methods to predict input coeflicient of 1990, we
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have found (i) RAS mcthod, (it) RECRAS method and (v) Ersor minimum method arc proven to be

applicable for our purpose. Then we employed those thrce methods to predict input cocflicients of 1995,
2000, 2005, 2010, and 2015.

3) The Evaluations of the Results:

() RAS method; the results are stable for 1995 and 2000, with o negative value for the value added

sectors, but show ncgative value for one véluc added sector (19th other manufacturing) for 2005, for ©
sectors in 2010, and for 14 sectors for 2015,

(ii) RECRAS micthod; the results seem stable for respective predicted years.

(+) Error minimum method; this method cannot be applicd, simply because there is no data available for

the predicted years.

The cvaluations of respective results lead s to the conclusion that RECRAS method is the most
suitable for prediction of input coefficient matrices, because; a) availability of data needed for long-term

prediction, b} stability of input coefficients when tong-term prediction is conducted.

RECRAS method which brought about the best results among 5 tested methods as described
before. However, this method also did not satisfy us so much. Therefore we developed a new method to
forecast input cocfficients, upon obtaining a new 1-O Table at 1993 price in June, 1996. We call it
RECRAS-QP (Quadratic Programming) mcthod. This method is similar to TSRL method which has
been used to forecast input cocfficients so far, with one difference that forecast of input cocflicients is

formulated as quadratic programming problem.

In the first step in RECRAS-QP method, the change in valug-added ratio was calculated from
Japanese 1-0 Table and utilized as refercnce for that in value-added ratio in Indonesia. Then, given this
change in Indoncsian value-added ratio as scenarios, row change vector which shows processing change
and column change vector showing substitution change were calculated by RECRAS method, and finally

row sum and column sum of input cocfiicicnt matrix to be forecasted were calovlated.

"The second step was to employ quadratic programming to forecast input cocfficicnts, with those
row sum and column sum as constraints, so as to minimize the square sum of their change. In cvaluating
the square sum of change in input cocficients, weights were given in proportion to the sizc of change n
each input coefficicnt. In case the change in input coefficient from 1985 to 1990 is great, for example, is
square sum is evaluated less.



By repeating this process for the forccast period, input cocfficients with stable and smooth chénge
can be forecasted. Since this method formulates forccast of input cocflicients as quadratic programming
problem, it is flexible cnough to incorporate the insight of cxperts and information obtained by survey
methods into its constraints. Therefore, it is possible to improve its accuracy by inéorporating such

information as we go oblaining them in the future,

1.2.2 Estimation of Capital Coefficient and Depreciation Rate

In dynamic -0 model liké TOPM, capital cocl'ﬂﬁient matrix is a key factor. However, it is very
difficult to cstimate this matrix because of the limitation of relaiable data in Indonesia. We face Big
difficulty in preparing data for LOPM, especially in estimating capital stock. A considerable length of
time were spent estiating capital stock.

Although BPS publisiied capital stock data af 1993 price from 1980 to 1994, these data did not
confain Ky (benchmark capital stock data of 1980) rellecting accumulated net investment before 1980,
Therefore we first concentrated our attention on estimating capital stock by 9 scctors inchuding Ko. Two
types of methods were tested for the estimation. One is the lincar regression model utilizing depreciation

cstimated by BPS. The other is exponensial regression model utilizing depreciation derived from ADB
data.

Estimated capital stock by 9 sectors was divided into 26 sectors by investnient share of each
scctor. And then time scrics of output by 26 sectors at 1993 price was estimated from revised average

annual growth rate of output by 26 sectors derived from both output by 9 sectoss and 1-O Tables of 1985,
1990 and 1993 by 26 scctors.

After those work, capital cocflicients of 26 scctors for IOPM were calcutated from those data by

two formula of both Incremental Capital Output Ratio (ICOR) and Average Capital Cocfiicients (ACC).

The summary of the flow chart for obtaining capital cocffcients and depreciation rate arc

presented on Figure 1-1 and the estimation results of ICOR, ACC and depreciation rate are presentedd
on Table 1-2 to Table 1-4.
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Table 1-2 ICOR by Two Estimation Mcthods

Seqtar Lincar Repression txponential Regression
1.Farm food $.21125 026664
2.Fstate crops 019129 0.21145
3 Livestack 0.1844% (G.232R6
4 Forestry 0.15262 0.19264
5. Fishery 0.09451 0.11929
6.0i) & Gas 460159 5322314
7.Non O3k, Gas 0.49298 0.55075
& Food 0.09093 0.10742
9. Textile 025883 0.30491
10.\Wood 0.24440 0.28792
§Y.Paper 036398 0.42880
§2.Chemical 035816 0.42194
13.Non Metallic 123311 1.47625
14.Jron & steel 024974 D.29421
15 Non Ferrous melal 0.19470 0.22937
16.Fabricated Metal 0.32972 033843
12 Machinery 021362 025166
18 Transpori Fquip 025731 030336
12.0th manufactuiing 0.23963 0.28229
20, Flec Gas, Water 0.26137 0.3224%
21.Constriction 0.50647 0.593%4
22 Trade 0.41135 045713
23.Restrant, Hotel 0.38398 046405
24.Transportation 0.62006 083580
25 Finance 0.53316 0.633135
22.0nh Service 10.20645 0.28947
Total sector 0.3R598 0.46638

Source:  JICA Study Team

Table 1-3 ACC by Two Estimation Mcthods

Sactor Lincar Regression Exponential Regression
I Farm food 0.38717 0.13162
2 Estale crops 041515 0.414113
3 fivestock 0.40253 0.13585
4 Forestry 0.50825 017172
5 Fihery 04371 0.14881
6.0 & Gas 0.87253 123196
7.Non Oil, Gas (.85551 1.26572
& Food 0.02043 0.1103%
9. Tentile 0.40770 6.49766
10.Wood 0.32530 037708
1EPaper 0.62630 0.76450
12 Chemical 017131 0.20911
13 Non AMetallic 0.89110 1.08773
E4.Iron & stel 034379 0.41965
15 Non Ferrous metal 0.28491 4.34778
16.Fabricated Matal 0.27706 (0.33820
17 Machinery 0.31864 0.38896
18 Transport Equip 026058 031857
19.0th manufadturing 0.24895 0.30388
20.Flec.Gas, Water 026295 061170
21 .Construction 0.46660 029067
22.Frade 0.40646 0.24116
23 Restrard, Hoted 0.41874 0.24845
24 Transportation 0.56976 0.62730
25 Finance 1.05937 0587926
27.0th, Service 0.15047 0.14795
“Fotal secter 0.42101 038481

Sewrce:  JICA Study Team

Table 1-4 Depreciation Rate by Two Estimation Methods

Soctor

Lincar Regression

Exponential Regression

Tolal sector

0.07882

0.04744

Source:  JHCA Stady Team
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1.2.3 Estimation of Skilled Labor Coefficients

Table 1-5 shows numbers of total employment and skilled labors, domestic total output, Tabor
cocflicients for total employment and skilted tabors. According to this table, number of skilled labors is
13 million which accounts for 18.7% of total cmployment of 71 miltion. Skilled labors here are defined
as ecngineers, technicians and skilled laborers. Peroentage of skitled labors in total employment is
extremely low in agricultural scctor, in contrast to high percentage in manufacturing sector. In service

scctor, this percentage is remarkably high in construction.

Table 1-5 Labor Coefficients for 26 Seclors

Number of Skilled Number of Total Domestic Total Labor Cocflicients  Labor Coeflicients
Labor Employment Output at 1993 Pvice  for ; for
Seutor (1920, Person) {1990, Person) (990, Mithons of Rp.)  Skitled  Eabor Total Employment
(1 (2 ) (H/(3) (2)/(3)

1.Famy food 136306 30798662 33145445 000411 04.92920
2.Estate crops 142064 3879616 9357975 001517 D.43414
3 Livestock 10824 1944153 B03ISR2G 0.00135 0.24194
4 Forestry 504279 51815% 4456626 011315 013872
5. Fishery 75558 1039600 6592354 0.00115 0.15770
601 & Gas 55677 87066 23426509 0.00238 060372
7.Non Ol ,Gas 129586 611072 6149385 0.02041 0.09624
8 Food 1832736 2751110 50356019 0.03640 0D.05483
9. Fextile 1693122 1872633 15843126 0.10687 0.11820
10.Wood 1666592 1728152 11522155 0.144¢4 0.14398
13 .Paper 155159 180601 &0E1585 0.02581 0.03004
12.Chemical 367041 4730038 37544693 0.00978 0.01260
13.Non Matallic 501595 537087 3357468 0.14940 0.15997
14.1c0n & steel 288492 31935 4140002 0.00697 G.00771
15.Non Ferrous ractal 67076 74252 2280308 0.02942 0.03256
16 Fabricated Metal 188537 218928 3948345 0.03775 0.05545
17 Machinery 110224 127992} 9055453 0.01217 0.01413
¥8. Transport Fquip 274173 318358 TI22580 0.63350 0.04123
19.0thmanufactuzing 60200 427701 644348 0.02343 0.66377
20, Elcc.Gas,Water 91591 136789 6199796 0.01477 0.02206
2}.Construction 2693187 2872043 47510389 005669 0.06045
22 Trade 220302 9313035 3893317949 000566 0.25459
23.Restaurant, Hotel 24588 468193 168503592 0.00146 0.02772
24. Transportation 233649 2568079 33370686 0.00700 0.07696
25.Finance 130050 36427} 26052161 000499 3.01398
27.01h. Servive 2085694 T493451 26526250 0.07863 028249
Tota) 13410657 71546065 435288635 003115 0.16287

#3kitted Labor=(Enginccrt Technician +Skitled)

Source:  BPS, JICA Study Team

Therefore, labor cocflicient of total employment in agricultural secter becomes quite high while
that of skilled labors becomes exctremcly low. Not much difference is scen in these two cocflicients in
manufacturing sector. In service sector, a very large gap is secn between these two coeflicicnts especially

in 22nd trade, 23rd restavrant/hotel,and 24th transportation scctors.
1.2.4 Estimation of Export (Import) Prices and Import Coefficient

Export and import prices were predicted by lincar regression using the export (import) price
indices of 20 industries excluding service scctor from 1981 to 1993, with their figures in 1983 as 100,

* which were collected in the starting year of this work (1995). The export price data of Ist  farm food
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sector in 1993 and 18th transport equipment scctor in 1993 were judged abnormal as the result of

cxamination and so excluded when the cstimation was conducted.

Predicted results of export (import) prices by 26 sectors for cach pcnod are pn,scntcd on Table
1-6 to Table 1-7. Because of the lack of export (import) price indices for scnncc sector (23rd rcslaurant
& hotel, 24th transportation, 25th finance, 27th other scrvice), export (lmpoﬁ) pnccs of total scctor are
utilized for those scctors.

Import cocflicicnt matrix here is defined as the ratio of import for intermediate goods to total
input in cach sector {sce Table 1-8). This import cocfficient matrix is utilized in national IOPM.

Tablc 1-6 Export Price Prediction

1 .2 3 4 b
(R-VD)  (R-VI)  (R-VIID)  (R-1X) (R-X)
b.Farm food 111357 130284 149212 168140 1.8706%8
2 Estate crops 1.18257 148685 179114 209542 239570
I Lhesteck 125562 168166 210770 253373 295977
4 Forestry 1.23253 162007 200762 239537 27827}
5.Fishery 126312 170164 214017 257870  3.01723
6.0it & Gas LOB31L 124828 140346 1.55864  1.71382
TNon 041, Gas 123588 162902 202215 241529 280842
8. Food 114725 139268  1.63810 188352 212874
9. Teutile 1.23025 161401 199776 238152 276527
10.Wood 121434 157157 192881 228604 264327
11 Faper 1.24202 164538  2.04874 245211 2.85547
}2.Chemical 109642 1.25712  L4F983 157853 17392}
13.Noa Metallic 1.19233 153156 1336378 219601 252823
14.lron & steel 120326 154203  1.SRORD 221957 255334
15.Non Fercous mefal 120534 154758 1.88982 223206 257430
16 Fabricated Metal 1.14631  L39017 163402 187787 212173
12 Machinery L1106 129615 148125 166634 185144
18 Transport Equip 121213 158434 199955 231477 267998
1% Othmanufacturing 120734 157957 194180 230403 266526
20.Ekec Gas,Water 0.00000 000000 000060 000000 0.00000
21 Construction 0.00000 000600 Q00000  0.00000  0.00000
21 Trade 1.24362  1.64966 205569 246173 286776
23 Restaurart, Hotel 124362 1.64966 2.0556% 246173 286775
23 Tracsportation 124362 1.64%66 2.0556% 246173 286776
25 Finanee 1.24362 164366 205569 2461713 286776
27.0th. Service 1.24362 164966 205569 245173 286776

Seurce:  HCA Stody Team
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Table 1-7 Itmport Price Prediction

1 2 3 t 4 . §
(R-V) RV (RVID  (R-EX) (R-X}
1.Farm food 118347 148926 179505 210084 240663
2 Estate crops 121167 156444 191722 227000 262278
3 Livesteck 116862 144964 173067 201170 229272
4. Forestry 124100 164267 204433 2445600 2.84767
5.Fishery 1.260852  1.55604  1.90357 225110 259862
6.0 & Gas 1.09436  1.25163  1.4088% 156616 1.72343
7.Kon Qil, Gas 119808 152821 135834 218843 2.5186!
8 Food 116631 143348 172066 159784 221302
9 Textile 122074 L58863 - 193655 232446 269136
10.Waod 124562 1.6549% 206436 247373 288310
11 Paper 124986 1.66629 208272 245915 291558
}2.Chemical 129255 179348 2728940 278532  1.28125
13.Nen Metajlic L4144 201852 281739 3.51666 421573
14.Iron & steel 120216 . 1.53%0% 187603 2213%6 2.54989
15.Non Ferroys metal 122732 160618 158304 234300 274176
16.Fabricated Metal 118247 149991 1LE1236 212481 243735
17.Machinery 121667 157779 193391 230003 268113
18. Transponl Equip LIT600 146532 1.76265 205597 234930
19.0th manufacturing 120533 154784 188975 223196 257447
20.£4ec.Gas, Water 040000 000C00  0.00000 000000 0.00000
21.Construction 000000 000000 0.00000 000000 000000
2. Trade ¢.00000 0.00000 0.00000 "0.00000 0.00000
23 Redaurant,Hotel 1.14608 138955 163301 187648 211995
24 Transportation 114608 138955 163301 187648 2.11993
235.Finance L4608 138955 163301 1.87648 2.115995
27.nh. Service 114608 138955 163301 187648 2.11995

Source:  JICA Study Team
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Table 1-8 Import Coefticient Matrix

o . ' Continue
] 2 3 4 s 6 7 -8 5 10 n oo 3
1 [p.600221 0.000000 0.000259 0.000000 0.000000 0.00000¢ 0.000000 0.011264 0,000000 0.060000 0.000000 0000900

001322 0.600009 0.000000 ¢

14 i5 18 17 13 LES 16 2 n 23 24 25 27
0.060000 0.000000 0. 000(?0'0 0.000000 0.000000 0.000000 0.00050% 0.000000 0.000000 0000]6]

25 )000000 0 00&874 0 000000 0 0001 10 0 003253 O 000000 0000000 0 00565! 0 01 1 l?l 0 002524 0 004662 0 030357 U 000602
"J 0 16801 0 004521 0 ('!00000 0 000000 0 000000 0 000936 C' 0'00000 0 000000 0 000000 0 090000 0 000000 0000000 0 Ok iSQZ
Source: Indonesian 1-0 Table of 1990 volume 1, BPS.
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1.3 Explanation of Optimum Soluttons of National IOPM
1.3.1 listory of Improving National IO0PM

In programming e¢xercise, many Versions of I0OPM were constructed and different kinds of
optimum solutions were caleulated under the different combination of objective function, structural
constraint, and side condition. The nﬁmbering to Versions was given carcfully in such a manncr as the
numbering of Version increases, {OPM imbrovcs. Regarding respective Versions, according to objective
function, structural constraint and of other side-condition, there are ramifications of cases. After Version
20, the results of simulation were categorized by the date when they were derived.

Optimum solutions of IOPM from Version 1 to Version 11 were calculated before Progress
Report (I) meeting in March 1996 and optimum solutions of Version 8,9,10 were presented on that
Report. Since then optimum solutions of IOPM from Version 12 to 17 were calculated and at Workshop
in Junc 1996, oplimum solutions of Version 15, 17 werc presented. In Scptember Seminar 1996,
optimum solutions of threc scenarios of Version 20 (base scenario, scenario A, scenario B) were
presented. In Version 20, the future input coefficients were cstimated by RECRAS-QP method utilizing
[-0O Tables of 1980,1985,1990 and 1993 by 28 sectors at 1993 price and capital stock by 26 sectors for
national IOPM was estimated by new methods utilizing time serics of investments by 10 sectors at 1993
pricc. At September Seminar 1996 we received valuable comments on IOPM from BAPPENAS side.
Taking thcse comments into account, we made the minor medifications in the framework of {OPM and
changed the estimation method of export {import) prices to derive more reasonable solution. Short
history of IOPM Version is presented on Table 1-9, Chart 1-1.

The following are several modified points on I0PM from Version 20.4-B1 which was presented
in September Seminar 1996:

{1} Evaluation paramgter in objective function;

Evaluation for consumption of sectors (1-5,8) is assumed to decline as the corresponding
consumption level increases. Calculation of cvaluation parameters for those scctors was made by
quadratic programming cquation,

(2) Structural constraint;

Skilled fabor constraint is divided into two parts; one for sectors (6-19) and another for sectors (1-5,
20-27).
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(3) Side condition;

1) Imposts for final demand of scctors 27 is fixed to the initial figure.

2) Tports for final demand of scctors (8-19) are assumed to be in the ra:fgc of 80 to 150 % of the
corresponding import for final demand of the previous period.

3) Exports of sectors (1-7, 12,22) ace assumed to be in the range of 80 to 150 % of the corresponding
export of the previous period,

(4) Estimation method for export {import) prices;

Export {import) prices arc derived from lincar regression model, using 1983-1993 export (impost)
price indices.

{5) Assumption for Export prices;

Export prices of manufacturing sectors are assumed to rise by 10% as the passage of e;ach period.
(6) Assumption for skilled labor coefficient in sector 8,

Skilled labor coclficicnt of sector 8 is assumed to rise by 10 % as ihc. passage of cach period.

As far as calculation by IOPM after September Seminar 1996 is concerned, we have examined
simulations by wsing following 8 viewpoints which reflect BAPPENAS comments: 1) achicvement of the
higher growth rate of GDP as the passage of periods, 2) achicveiment of the reasonable share of GDF in
manufacturing scctor, 3) improvement in the growth rate of GDP, export and import in light industry,4)
restraint on the consumption growth rate in agriculture sector,5) improvement in GDP growth rate of
scctors (4, 9, 13, 19, 27), 6) achicvement of the reasonable growth rate of investment, 7) restraint on the

growth rates of output and GDP in scctor 8, 8) achicvement of the reasonable share of GDP in
agriculture sector.

We examined optimum solutions of many cases carefully from the various points' of view and
sclected 18 cases which satisfics BAPPENAS request mentioned abo{'e and sent them to BAPPENAS at
the end of 1996. At the meeting held in March 1997 with BAPPENAS, we presented optimum solutions
of the 18 cases and their analysis contained in Progress Report (11).
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TFable 1-9 History of IOPM Versions

Version  The number Short deseription of Version Presentation
of main cases :

Data for Model are on 1590 paice basi

1 2 Changs of Foreign Cuirency Constyaint

z 6 Change of Objective Function (Investment & Consumpiion)
Chapge of Foreign Currency Constraint
Change of Labor Constraint

3 10 Sclting of Side Conditions for Exponts
Change of Invastment Price by Industry from {0.1,...., . 1) 1o (1.0, 1.0)
Setting of Depreciation Rate for Capital Stock (annually 7 %)

4 10 Change of Side Copditions for Exporls
Change of Investment Price by Industry from (0.1,...., 0.0 to (1.0,....,1.0)
Sctting of Pepeeciation Rate for Capital Stock {annuvally 7% )

5 5 Revision of Capital Coeflicient
Change of Export Constraint
Change of Depreciation Rate for Capital Stock ( annually 2 %6, 4 %)
Change of Foreign Currency Constraint (4 Patterns)
Selting of Lower Limit on Qutpit

[3 2 Change of Function for Output Constraint
Change of Capital Coefticient
7 3 Change from "Patiern” to "Variable" for Consumption by Sector
Setting of Upper & Lower Liniits on Consumgtion
8 10 Change of Upper & Lower Limits on Consumplion Progress (1) in March 1996

Change of Side Conditions for Fxpori(Import)
Changs of Foreign Currency Constraint _
Changa of Dascount Rate for Objective Funation (annually 2 %2, 3% )

b4 8 Setting of Consumption Price by Industry in Objective Function Frogress (1) in March 1996
Changz of Evaluation for Capital Stock at the end of planning period
Change of Side Conditions for Exports

10 8 Setting of Impost Price & Export Price for Foreign Currency Constraint Progress (1) in March §996
Setting of Consumplion Price by Industry in Objective Function
Setting of Import Price & Expert Price in Foreign Currency Constraint
Change of Side Conditions for Exports

i1 4 Change of Capital Cocflicient
12 4 Imporls are lrealed as variable
13 4 Changz of method for input coefficient projection
The change of value-2ddad ratio is taken into consideration as the passage of each penod
14 4 Change of Structural Constraint
Here we replace Tolal Labor Constraint with Skilled Labor Constraint
15 4 Impaots for intermedizte demand are assumed to have Jinear relation with cutput Workshop in June 1996
16 4 Charge of Capital Constraint
We replace Capital Censtraint using ACC with Capital Constraint using ICOR
17 3 Several types of assumption of value-added ralio are tested Werkshop in dune 1996

Terms of rade is taken inte consideration in foreign currency constraint
Wa replace Skilled Labor Constraint with Total labor constraint

18 2 Import for intermediate demand is assumed to have linear relation with intermediate demand

19 : 2 Evaluation of total employment is taken into consideration in objective function
Data for Modz] are changed to 1993 price basis ‘
20 200 Change of method for input coeflicient projevtion (RECRAS-QP methad is used) Seminar in Sep 1996

Change of method for capital stock estimation
We replace Tetad Labor Constraint with Skilled Labor Constraird

Evaluation of 1otaf employment is taken into consideration in objective function
Evaluaticn for Consumption is assumed o devling as consumption level increases Progress (11) in March 1997
Skilled Labor Constraint is divided into 2 paris
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Chart 1-1 The Flow Chart of Yersion 20
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1.3.2 Stracture of Version 20

Here we explain the framework of Version 20 of IOPM. Objective function consists of two parts.
One is the sum of discounted flow of consumption during planning period. And, the other is the capital
stock at the end of planning period. Depreciation of capital stock is taken into consideration here.
Evaluation parameters for consumiplion of sectors (1-5,8) in objective function are assumed to decline in

several cases as the corresponding consumption levels increase,

Qutput, capital, forcign currency and skilled labor arc incorporated into IOPM as structural
constraints. Note that, here, skilled labor constraint is divided into 2 parts; one for sectors (6-19) and the
other for scctors (1-5, 20-27).

We set side conditions to output, consumption, export and impert. The output of each sector in i-
th sector is required to be more than 95 % of that of corresponding scetor in previous period. The growth
rate of consumption is restricted to change from 2 to 10 % of the previous year. Export of each sector is
rcslrictéd to range from 80 to 200 % of corresponding sector’s export in previous period. The import for
final derand in each sector is restricted to range from 80 to 200 % of the previous period. However, side

conditions for export (import) arc changed depending on cascs.

Note that value added ratio of manufacturing sector is assumed to risc by 1O per cent in each
petiod, while that of agriculture sector is assumed to reach 50 per cent of initial figure at the end of
planning period.

As to parameters, Input cocflicients were projected by utilizing many types of non-survey
methods like RAS, RECRAS, RECRAS-QP, cte. After examining each result, we decided to employ
RECRAS-QP method to project input coefficicnts. As to capital stock estimation, we tested two types of
methods. One was regression of depreciation with accumulated net vestment. Here capital stock was
derived by linear regression model. The other was based on the assumption that net real investment had
exponential relation with time. In this method, capital stock was derived by exponential regression model.
Export (import } prices are derived from linear regression model, using 1983-1993 export (import) price
index. Bxport prices of manufacturing sectors are assumed to risc by 10% as the passage of each period.

Skilled labor coefficient of sector 8 is assumed to rise by 10 % as the passage of each period.
Following is the essence of IOPM Structure:
) Objéctive Function

Cslasl et . 1 )
L Chaf g =Y e, (1-92)

Al A (tp)f? (14 p)
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(2} Structural Constraints

1) output (A -U-m)X 4wl B - MT Yo (1-93)
K., +XK '

2) capital U (1-94)
[ |

3) foreign currency > {pm (m X, + MEPY - pe E 3 <0 (1-95)
=l

4) skifled labor 0 G OO (1-96)

(3) Side Conditions

1) output 095X | S X e, (197)

2) consumption (102)°C, S CH<QUOYCly e (1-98)

3) export 08F | SEIS2E e (1-99)

4) import OBM TP < MIEFPI COMITPY e (1-100)

where

X; :output of i-th sector af $-th periad, K' -capital stock at 1-th period, A‘ s input coeflicient at t-th period, I, limport price at tth period
1, cimport coefficient matrix at tth peried,  J2€, lexport price at t-th period, U - i2entity matrix, Pec : ¢ consumption price of i-th sector at t-
th pariod, C: consumption of i-th sectar at tth period, X 1 - output at the end of t-th peried, i ; - investment at -th peried, i ;_. ‘skilled
Iabor coellicient 2t the end of tth period, E: D export of i4h sector at tth peried, I’i&‘ ‘ekitled labor supply at the end of tth
poriod, A'VI:(F ) + import for final demand of i-th sacteor at t-th peeiod, ﬁ: : evaluation parameter of capital stock of i-th sector al t4h

period, d T depreciation rate
1.3.3 Summary of Optimum Solutions of National IOPM

Here, we hist up first the assumptions of 18 cascs sent to BAPPENAS at the end of December

1996 and then proceed to resource requiremients of sectors and the summary of optimum solutions of
those cases.

1) Assumptions of Each Case

Prescnled cascs are dividod broadly into two parts in accordance with the assumption of skilled
labor cocflicients. One is those cases with an assumption that skilled labor cocfficients of SE:.CIQFS (9-27)
decline by 10 % as the passage of cach period. The other is those cases with an alternative assumption
that skilled labor cocfiicients of sectors {9-27) decline by 15 % as the passage of cach period. In each
assumption of skilled labor coefficient’s change, there are several cases in accordance with differcnt
assumptions of evaluation parameters for consumption, of skilled }abor supply and of side conditions for

exports. The summary of assumptions in cach case is presented on Tablel-10.
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‘Table 1-10 Assumptions of 18 Céscs

Skilled Tabor coefficients of sectors (9-2T)are assumed (o Gechine by 10 % as the passage of each perfod

Case 1
__ Casel-t
| . Casel2
-~ Casel
-~ Cnse 2-%
L Casel2
c-— Cased
— Case 31
—= Case 3-2

(Expocts of sectors (6,8) are assumed 10 be in the range of 8D 1o 110 %%
of the contesponding export of previous period.

(HExports of sectors (22-27) are assumed to be in the range of 3010 150 %%
of the corresponding export of previous perioid,

Apgregate skitled labor supply is assamed to prow at anonual 5.5%
but growth rates for agricubnre and senice sectors are assumed fo b ot annva] 5.0 %

Aggregale skilled labor supply is assuraed fo grow 2t annual 5.5 %
but growth rate for manufachiring sector i3 assumed to be af annuad 5.0 %

Evaluation parameter for consumption is changed higher than that of Case 1
in objective function

Aggrepate skilled labor supply is assumcd to grow 21 annual §.5%
but growth cates for agriculture and sendce sectors are assumed 10 be at annual 5.0 %

Apgregate skilied babor supply is assumed 1o grow 2t annuat 3.5 %%
but growth rate {or manefachuring sector is assumed 10 be at annuat 5.0 %

Evaluation parameter for consumption i changed higher than that of Case 2
in ebjective function

Aggregate skilled 1abor supply is assumed to grow at annual $.5%
but growth rates for agriculture and service sectors are assumed to be at anaual 5.0 %

Aggrepate skilled tabor supply is assumed {0 grow at annual 5.5 %
but growth rate for manufac lufing sector is assumed do be at anneal 5.0 %

Skilled Iabor coefficlents of sectors (9-27) are assumed to decline by §5 % as the passage of each period

Case 4
| — Case 4-1
|- — Case 42
— Case$
1 Case5-1
.. Case$§-2
____ Case$§
—— Case 6-1
L —— Case §-2

{1)Exporis of sectors {6,8) are assurned to be in the range of 8010 110 %
of the comesponding export of previcus period.

{2)Exports of sectors (22-27) are assumed to be in the range of 8010 150 %
of the corresponding export of previous period.

Aggregate skilled $abor supply is assunied to grow at snnwal 5.5%
but growth rates for agriculture and service sectors are assumed 1o be at annual 5.0 %

Agprepate skilled Tabor supply is asswned o grow at annual 5.5 %%
but growth rale for manulacturing sector is assumed to be at annval 5.0 %

Evaluation parameter for consumpiion is changed higher than that of Case 4
in cbjective function

Aggregate skifled labor supply is assumed 1o grow at anpual 5.3%
but growth rates for agriculture and service szolors are assumed 1o be al annual 5.0 %o

Apgregate skilled fabor supply i3 assumed to grow at znnesd 5.5 %
tut growth rate for manufacturing scofor is assumed 10 be at annual 5.0 %

Evatuation paremeter for consusnption is changed higher thaa that of Case$
in objective function

Agpregake skifled babor supply is assumed 1o grow at annual 3.5%
bat growth rates for agriculture and senice sectors are assumad 10 be atannual 5.0 %2

Aggregate skalled labor supply is assumed 10 grow at annual 5.5 %2
but growth rate for manufacturing sector s assumzd to be at annual 5.0 %
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(2) Resource Reguiremcents of Scetors

The direct and mdm.ct additional resource (capllal skllled }abor) ruqmrum,nl by ong unit mcuase
of final demand and net foreign currcncy carning ratio play vitat role in opcrating [OPM, because
calculation in IOPM is conductcd mainly based on those ﬁgurcs The direct and indirect additional needs
of capital and skilled labor by onc unit mcrmsc of final demand are derived by multiplying k (capital
cocflicient), /{skilled tabor cocf‘ﬁctcnt) and Lcontmk inverse malrix n,spccmd} The following is the
short explanation of net foreign currency eaming ratio, Onc unit increase of export will bring about the
gain of Pc (oxport price). On the other hand, the increase in B {B=(U - A + m)™, Leontief inverse
niatrix modified by import coeflicicnt} of output is required for producing onc unit increase of export. In
our Model, import for intermediate demand is assumed to have linear relation with output and the import
cocfficient is m. Therefore, finally Pm ¢ m + B of import is brouglhit about by onc unit increase of export.
In terms of cost and benefit, those sectors that have bigeer p:osiiivc scale on the difference between Pe

and Pm*m* B are considered to have larger profit. Here (Pe- Pm* m B) is named as net forei £0n CUErency
carning ratio.

We derive those figures in Case | and put them in decreasing order of magnitude on Table 1-11.
Those sectors that have high ranking of resource requirement are considered incfficicat. On the other

hand those sectors that have high ranking of net foreign currency eaming ratio are considered efficicnt in
caming of foreign currency:,

Table 1-11 shows that scctors with high ranking of capital and skilled labor reguirements
concentrate at manutacturing scctor, while sectors with low ranking of those requirements concentrate at
agriculture and service scctors. However, as skilled labor cocfficients of sectors (9-27) are assumed to
decline by 10 % as the passage of cach period in Case 1, a decling in rémking of skilled labor requirement
of those scctors is scen as the passage of each period. On the other hand, sectors with high ranking of net
foreign currency earning ratio concentrate at agriculture and service sectors, while sectors with low
ranking concentrate at manufacturing scctor. However, as export prices of manufacturing scclor are

assumed to increase by 10 % as the passage of cach period in Case 1, an increase in ranking of
manufacturing scctor is secn as the passage of each period.
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Table 1-11 Ranking of Scetors in Case 1 (in decreasing order of magnitude)

i 2 3 4 5
&V {R-VID) (R-HD (R-IX} R-X)
i KB I NFER Kn B NFER KB I3 NFER KB IB NFER Kn B NFER
). Famm food 6 15 13 26 25 18 26 24 20 26 20 21 26 20 2
2 Estate crops 25 15 b 25 5 12 24 14 i3 25 14 13 25 13 15
M Livestock 24 21 7 24 113 4 25 17 4 21 15 3 21 14 3
4 Forestry 22 L] 5 21 4 8 20 2 @ n 2 10 22 2 13
5 Fishery 23 24 1 21 24 1 3 25 1 23 22 1 3 21 ]
GOl & Gas 4 26 12 26 16 3 6 i8 1 %6 20 1 26 20
7.Non Ol ,Gas 2 13 i3 [ 2 13 & 4 13 6 4 12 7
8. Food 21 9 1! 22 8 14 22 8 15 19 6 17 19 5 17
9. Textile -1 3 12 9 3 19 9 4 16 15 4 15 15 4 14
10.Wood 12 1 8 12 1 7 1 1 1 9 1 7 9 i 6
11.Paper 3 11 16 4 11 13 4 12 0 8 12 9 7 13 9
12.Chemical 16 18 20 13 12 23 2 19 23 11 i% 23 12 19 23
13.Non Metallic 1 2 14 2 n 3 12 5 k) 12 5 3 12
14 Iron & steel 9 i% 18 8 21 17 g 21 1?7 12 25 16 11 25 16
15.Non Ferrous metal 10 12 n 10 i2 20 10 1 21 6 il 1% 6 11 12
16.Fabricated Metal 13 : 22 I3 9 22 13 9 22 7 9 22 8 o 22
17.Machinery 17 20 24 17 20 24 17 20 24 17 21 24 17 22 24
18 Transport Equip 15 10 23 15 to 21 15 10 19 16 10 18 16 10 18
§9.0th manufacturing 14 5 17 14 s 15 14 5 14 18 5 14 18 6 13
26.Eloc.Gas, Water 5 14 25 5 14 25 3 15 25 2 16 25 2 17 25
21 Construction 1 7 26 11 7 6 12 7 26 10 B 26 10 8 26
22.Trade 19 3 4 23 2 18 3 2 24 23 2 24 23 2
23.Restaurant,fode] 18 17 3 16 16 3 15 16 3 13 17 4 i3 16 4
24. Transportation 7 16 10 7 1? 9 7 18 g 3 18 8 3 13 8
25.Finance [ 2 6 6 22 3 6 22 5 20 24 5 20 24 5
27.0th. Services 20 6 15 20 ] 10 19 6 il 14 7 i1 14 7 10

Note: ko Capital Cocflicient, | Skitled Labor Cocflicient, B: Leonticf tnverse Matrix modified by nport Cocfliciont Matrix,

NFER :Nat Foreign Currency Eaming Ratio (Pe-Pm*m'RB)

Source:

{3) Observation

JICA Study Team

1) Annua? Growth Rate of GDP

Annual GDP growth rate of 18 cascs arg presented on Table 1-12. The lowest growth scenario

aftains average 8.0 % (Case I-1, Casc 2-1), while the highest growth scenario altains average 8.8 %

{Case 6, Case 6-2) during the planning pertod. The increasc in GDP growth rate is scen as skilled labor

constraint cases.

Cofnparing Casc 1 with Case 4, we find the increase in the growth rates of total GDP in Casc 4

because of the dectine in skilled 1abor cocflicients.

The increase in the avéragc annual growth rate of total GDP during the planning period is
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obscrved as the numbering of case increascs, i.¢., 8.1 % in Case 1, 8.3 % in Casc 2 and 8.4 % in Case 3
because of the change in evaluation parameter for consumption in sectors (1-3) which becomies higher as

the numbering of case increases.

Table 1-12 Ann:ual Gm\\'lh Rate of GDP in Fach Case (ﬂnii %)

0-1 1-2 2-3 34 45 0-5
{R-VI) (R-VII) (R-VHID) {R1X) (R-X)  Averzge

Case 1 15 78 83 1 85 Bl
Cazse 141 7.5 19 RO g2 84 RO
Case 1.2 13 18 B4 82 %3 &1
Case 2 78 B.1 8.6 87 23 3
Case 2-1 19 7.2 R0 8.2 2.1 3.0
Case 2-2 7.6 82 £7 8.7 83 83
Cazc 3 78 8.1 36 87 B8 8.4
Case 3-1 19 19 80 83 g5 21
Casz 3-2 19 g2 6 R7 3.7 .4
Case 4 1.6 84 89 %] 9.2 &6
Casz 441 18 33 23 E6 89 RS
Caze 4.2 16 83 87 RE 9.1 B3
Case 5 R0 g6 2.0 9.2 89 87
Case 5-1 8.0 R4 RS 92 87 26
Case 5-2 19 86 2.0 9.4 .%:3 87
Case b 20 26 2.0 93 23 g8
Casz 6-1 RO 24 89 92 92 87
Case 6-2 A 2o 2.0 92 9.2 82

Seurce:  JICA Study Team

2} Scctoral Share of GDP

Scetorat share in total GDP is presented on Table 1-13. As shovwn on that Table, as the passagc of
cach period, agriculture’s share of GDP declines, white manufacturing’s share of GDP increascs.
Agriculture’s share of GDP in the last period is about between 7 and 11 %, while manufacturing’s share
of GDP is about between 32 and 38 %. The GDP share of other scctors in the last period is about
between 48 and 55 %.

Comparing Case 1 with Case 4, agriculture’s share in GDP between initial period and the last
period declines from -11.7 % in Casc 1 to -12.4 % in Casc 4 and also service sector’s share declines
from 2.8 % in Case 1 to 1.0 % in Case 4, while manufacturing scctor’s share increases from 14.6 % in

Case 1 to 15.6 % in Casc 4 and construciion scctor’s share increases from O_S% in Case 1 t0 1.9% in
Casc 4

Agriculture’s share in GDP increases as the number of Case increases, r¢., -11.7 % in Case 1, -
9.9 % in Case 2 and -7.9 % in Case 3, while those of the other sectors declines, 1.¢. manufécturing
scetor’s share is 14.6 % in Casc 1, 123 % in Case 2 and 11.9 % in Case 3 and scrvice sccldr’s share is
2.8 % in Casel, 1.2 % in Casc 2, 0.4 % in Case 3,
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Table 1-13 Scctoral Share of GDP

(Unit:23)
1 2 3 4 . 5
(R-VI) (R-VID) {R-YIH) [R-1X3 (R-X3

Casel § Agriculture(-5) 151 118 155 127 9t 14
2 Mining (6-7) 109 82 LX] 50 4] 36

3 Manufactunina(8-19) 220 61 239 316 342 356

4.Onhers (20-27) 480 43.0 124 0.7 520 325

Casz 1.1 t Agriculture(1-5) 121 Vs 155 121 @5 75
Mining (6-T) 108 82 62 49 40 33

3 Manufacturing(8-19) Ro 6.4 298 338 158 382

4 O0thers (20-27) 48.0 419 456 439 508 510

Casz |-2 1 Agnculture{§-5) 121 1710 15.0 126 94 12
2Mining (8- . 08 13 63 49 41 35

3 M anufscturing{3-19) 220 255 Y 01 324 33

4.(xhers (20-27) 430 43.2 509 523 541 550

Cuse ? L Agriculture(l-5) 191 14 150 131 19 92
2 Mining (6-7) 109 83 1.7 70 65 63

3 Manufacturing(8-19) 20 60 i34 337 323 313

4.Orhers (20-27) 43.0 478 437 437 433 502

Case 2-§ 1 Agriculture(1-5) %1 173 155 137 120 2.1
2 Mining {6-7) 139 88 15 37 45 43

3 Manufacturng(8-19) 220 266 294 321 343 366

4 Ochers (20-27) 430 a7l 416 a5 492 ste

Case 2-2 1 Agriculture(l-5) LA 171 148 131 ns 20
2Mining (5-7) 109 88 73 n 65 64

3 Manufacturing(8-19} 20 256 116 %3 307 322

4, Others (2.0-27) 480 435 433 506 51 524

Case 3 1 Agriculture(1-5) 121 17.4 i52 134 122 nz
2 Mining {6-T) 108 BE 77 70 6% 60

3 Manufacturing(8-19) 220 261 FCR: 30.7 123 319

4.Others (20:27) 430 478 435 489 43.0 438

Case 3-1 1. Agriculiure(2-5} 193 (330 157 139 126 1.7
2Mining (6-7) 198 56 7.5 ) a5 34

3 Manufacharing(8-19) 120 %5 2.4 321 33 36.4

4.0hers (20-27) 410 A69 413 48 3 3.7 435

Case 3-2 I Agriculture]1-5) 151 171 14.8 11 120 1o
2 Mining (6-7) 109 L33 78 7 56 6.1

3 Manufactaring(3-19) 220 2356 216 291 305 37

4.0thers {(20-27) 430 485 438 506 510 512

Case d 1 Agriculture{2-5) 191 159 146 121 ) 67
Mining (6-1) 109 32 62 49 42 38

3 Manufacturing(8-19) 210 261 231 320 343 116

4.0thers (20-27) 280 183 501 s10 511 519

Casz 4-1 1 Agriculture{1-5) 121 175 150 125 94 70
2Wlining (6-T) 109 g2 61 49 42 36

3 Manufactoring(3-19) no %5 239 331 361 389

4 Cuhers (20-27) 430 478 438 9.5 504 504

Case 42 1 Agricultere(l-5) 191 168 145 118} 88 &7
3 Maning (&-7) 109 32 62 49 4.1 36

3 Marnufctring(§-19) 220 257 280 3035 128 iz

4 Others (20-27) 43.0 493 513 531 545 349

Case & 1 Agriculture(1-5) 191 172 Hs 126 1.4 83
2 Mining {6-7) W09 83 18 70 33 64

3 Manufachuring{8-19) 220 260 s 08 330 353

4. Oxhers (20-1) 450 431 330 4348 203 50.1

Case 5-1 LAgricutiore(l-5) 191 173 148 128 13 86
2 Mining (6-7) 109 37 16 65 6.4 6.1

3 Manufacturing(8-15) 220 6.6 296 322 343 367

4.Onhers (20-27) 430 415 430 430 419 485

Case 5-2 1 Agriculure(1-5) 1921 167 153 125 11.0 83
2M iz (5-F) 109 LR 7.7 10 6.4 62

3 Manufacturing(8-19) 220 256 6 %3 9 327

4 Others (20-27) 430 438 503 s5E2 516 529

Case & 1 Agricubture(l-5) 191 172 t446 126 113 0o
2 Mining (6-73 109 83 18 70 65 5.1

3 Manufacturing(8-19) 20 W60 P23 309 3y M9

4. Oxheis (20-27) 430 430 420 436 9.4 420

Casg 61 1AgriouThu(-5) 191 [ 149 130 1.7 103
2 Mining (67} 10.9 37 16 59 63 59

3 Manufactureg8-19) 2.0 W66 296 322 34z 363

4.Onhers (20-27) 43.0 474 478 4719 478 473

Casz 6.2 1 Agricutur{d-5) 21 167 143 125 113 102
2 Mining (6T 109 39 1.7 710 &4 59

3 Maradfacturing{8-19} 220 36 .1 33 308 a3

4.Gihers (20-27) 43.0 438 503 512 53 51.4

Source:  JICA Study Team
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3) Shadow Prices of Important Resourecs

Tablc 1-14 and Table 1-15 show the shadow prices of outpul (vector), capital, forcign currency
and skilled labor constraints in the simulation Case 4. Some interesting points are:

1) The facts that the shadow prices of capital, forcign currency and output constraint equals to zero in
certain periods do not imiply that these resources are not uscful, because of the facts that in some

occasions other constraints such as the upper or lower bound consteaints for output and export are

binding.

(i1} Another interesting observation is the over-time tendency of output shadow prices by sectors. In
many scctors, the shadow prices attain the highest value in second period, while others do in second or

fourth period. These facts suggest the different time patterns of sectoral priorities in PIPI period.

(it} The relative sizes of output shadow prices by sectors are the results of the whole optimization
process of IOPM under specific targets and constraints (for example, in Case 4). The clarification of
complex rclations between these shadow prices by scctors, by periods and basic external paramecter

values is an important task for further simulation works, and will greatly enrich the uscfulness of whole
10PM modeling cxerciscs.
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Table 1-14  Shadow Price of Quiput Constraint in Case 4

(Lnik Rp million)

-1 12 2-3 34 43
(R-VT) (R-Vib) (R-VIIT) R (R-X)

1 Farm focd 0.117070 0182430 0243810  ©0.154310  0.150610
2 Fstate crops 0282500 0302210 0366280 0267620 03326270
3 Livestock 0208480  03069%¢ 0275190 07222260 D.361080
4 Forestey 1300200 10840806 1203860 1116710 1403720
s Fishery 0120450 0167280 0226270 0101900  6.124650
6.0l & Gas 0000000  0.000000 0000060  0G43140  0.056510
7.Non Oil, Gas 0259420 0407600 0759060 0249330 0359%2)
8 Food 0427260 0762310 0419150 0512220 0901380
9 Textile 1441190 1926500 0881990 0557360 1.057030
10.Wood 1550660 1865020 0921320  LO97IS0 1260530
11.Paper 0586620 0770660 0782430  03S6710  0:379520
12 Chemicat DANIEG  0.577960 0418300 0231110 0295040
13 Non Matalic 1229980 1322220 0000040 1016520 0875040
14.lron & stee! 0451240 0574110 0572260 0257240 0265670
15 Non Ferrous metal 0734100 1003520  0.636180 0510960  ©.567630
16 Fabricated Metal 0774650  1.010070  0.592350 0506760 0567450
17.Machinery 0.784460 0594380 0603110 0453700  0.480040
18 Transport Equip 0.868500 1095020  0.611200  0.513610  D.553680
19.0th manufacturing 1OTISE0 1443520 0662090  G.749030  0.843360
20 Elec. Gas, Waler 0.433650 0478770 0742070  O2B6050 0314920
21 Construction 1011270 0975800  0.848310 0608100  0.630210
22 Trade 0164730  0.164880 0282490  0.1D0250  0.107610
23 Restavrant,Hotel 07205210 0290750 0337880 0132430 0269160
24 Transportation 0326200 0334346 0.589350 0183540 0.192010
25 Finance 0207670 0214030 0.536370  0.119380 0127720
27.0th. Service 1000000 0862610 0744000 0.590720 04600000

Source:  JICA Study Team

Table 1-15  Shadow Prices of Capital, Foreign Currency and Skilled Labor in Case 4

0-1 12 23 3.4 15
(R-VE) (R-VII} (R-VIIT) (R0 RN
Capital 0000000 0006230 0441950 0.000000  0.000000
Foreign Currency 0000060 0729380 0040530 0020620 0.339330
Skilled labor { Sector 1-5,20-27) 15024380 4231950 1480720 0563670 0.129160
Skilled faber (Sector 6-19) 14399560 4662870 0932410 0614030 0.138860

Source:  JICA Study Team
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Chapter 2

- Long Term Perspective of Indonesian RegiOnal_Econo_m_ies
| - by Multi-Regional IOPM - o



2.1 Basic Framework of Multi-Regional TOPM
2.1.1 Introduction

The 1OPM is one of the amalytical tools to analyz¢ the whole cconomy from the gencral
cquilibrium point-of-view, and aims to describe the interrelationships among various social sectors of
nationa! cconomy. The main feature of IOPM is to describe the percussion process of effective demand
originated from the final demand components to various industrics, and to show the total multiplicr
effects through the interindustrial repercussions. Thus the national IOPM is conveniently described as

follows:

U-AX=Y @)

where U and A stand for identity and technical input cocfficicnt matrix respectively, and X and Y show
the cutput and final demand vector. Once the final demand is given, the sectoral output can be calculated
as follows:

X={U-A)"Y 2-2)

The inverse matrix of (U-A) is referred as Leontief inverse {matrix). Defining and calculating
various semi-Leontief-inverse matrices of tabor, capital and foreign currency demands, and also shadow
prices and accounting costs of activities further strengthens the usefulness. 10PM is a programming
model, combining the target function of cconomic development, the basic output balance (2-1), and other

structural constraints of limited resources.

(National [GPM)
max B'C (2-3)
subject to :
(U-A+m)X2C+I+E (2-4)
kKX s K+1 (2-5)
Pe'E-Pm'mX 20 (2-6)
X,C,LE=20

2-7)

wheie C, I, E, Pe, Pm and B stand for consumption, investment, export,export price, import price and
consumption cvaluation column vector respectively, and m is the imported input cocflicients matrix. This

mode! can be extended further by introducing additional variables like imports of final goods, and by



adding another constraints, and by increasing the number of planning periods. The full version of IOPM
can be specified and manipulated after taking all these amendments,

The dcoompos'ilion of national 1-O Table into multiple number of regions is another useful way of
cxtending the basic Input-Output system, and strengthening its aﬁalyﬁcal capacity and widening the
policy making reicvancy. The national TOPM handles the national aggrcgatcs of final demands,
intermediate demand and primary inpﬁts. In the actual world, the decomposition of ﬁ_nal demand,
technical structure represented by technical input cocflicients and by p'rimary inputs may differ greatly
by regions. If such structural differences are large enough, the actual multiplier repercussion effects can
be reasonably assessed only through a regionally decomposed 10PM, and must differ from the result of

the national IOPM which handles the relation between national averages, and suppresses the regional
structural differences.

The simplest form of 10PM for two regions can be described as follows:

{Two-region I0PM)

max  W,C, + W;C, (2-8)
subject to
(Ul“An)xl‘Alzxz 2C +Y, +Y, (2-9)
~ALX (U, AL X2 CL Y, 1 Yy, (2-10)

G.CnXiX; 20 @-11)

where Ci, Xi and Wifi = 1, 2) stand for consumpticn, oul‘put and consumption evaqui_tion columin vectors
of i-th region(i = 1, 2). Ajj stands for the input cocfficicnt matrix from i-th region to j-th region. Yij
shows the final demand originated in j-th region and directed to i-th region. The export and import of
final goods are inchuded in the final demand component (Yii), while the interregional transaction of

inteinediate inputs appear to the kefi-hand sides of (2-9) and (2-10). The interregional efosion of final
demand is explicitly described by Yij (i#]).

The model specification above is very simple, but still it points ‘out fwo important merits
compared with the national version, (a) The cvaluation vector can differ among regions. So when the
governmental emphasizes the regional cquity target, it can be explicitly considered in the target function.
{b) ‘the developed (underdeveloped) region has differcat decomposition of final demand and differcnt
input structures. These differences would result in the different comparative advantage structures
originated from demand and sﬁpp!y sides. So two-region 10PM, even if simple, can take into

consideration the regionally different development emphasis and the different technical features
originated from the different development stages.



Indonesia is a big country in her population size as well as the geographical extension. Thus there
exist great regional differences in demand compositions and industrial complexitics as well as technical
levels. To adequately reflect these differences, the subdivision of national cconomy and the
decomposition of IOPM into five regions is highly desirable. However, as the number of region increascs,
the limited availability of statistical data greatly diminishes the accuracy of empirical works. In every
country cohccmcd, especially the statistical estimation of interregional transaction of goods, services and
demands requires quite different sources of data, and poses an extreme difficulty for data preparation.
The geographical feature of Indenesia with many islands and scattered in a wide area makes such data

compilation work more difficult.

JICA TSQ Team tried to prepare the full-version of five-region interregional [-O Table in
cooperation with the LPEM stuffs, and we alse tricd to construct a more compact two-region IOPM. The
final objective of regional I0PM modeling work is to break down the planncd national figures into
regions, so that the regional implication of national development plan can be assessed explicitly. This
report includes the results of preparation of five-region interregional I-O Table and two-region 10PM,

and some related preliminary calculations as the necessary and important steps to the final target,

2.1.2 Consistency Issues with the National 10PM

Though our data preparation task faces many difficultics to extend the YOPM into cegional
dimensions, another methodological consistency problem arises from the design of modeling works. We
have already constructed a national [OPM, which enables to find various optimal paths across the PJP )
period. The multi-regional 10PM to be constructed may or may not be consistent with the national model.
First, the 1-O Tables bct\;veen the two may not be consistent cach other even at the basc year observations.
If the construction work of interregional I-O Table is done from the locally collecied survey materials,
the aggregation of the regionat data will not usually match the national table, even if it is conceptually
expected to be consistent. To assure the slatistical consistency, we needed to implement some
assumptions and conditions onto the compilation process of the interregional I-O Tables. The
coefficients of national 1-O Table must be weighted averages of intra-regional coefficients with the
weights being the regional shares of the scctoral outputs. This means that the base regional tables must
have as detailed subdivision of sectors as possible to minimize aggregation crrors. Depending on the base
year sélccted, these detailed tables may not be available nor be possible to construct. We necded to

aﬁgment this with some heuristic assumptions during the table compilation processes of interregionat [-
O Table.

Second, even if the base year intecregional 1-O Table is constructed as being consistent with the

national 1-O Table, therc remains a task of forecasting the interrepional input coeflicient matrix for the
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future plmming periods to cnable our multi-regional IOPM operational. Most thnipikc models in the past,
cven for national aggregate level, have assumed the production tcchnolog:cs (ic, mput cocflicients A),
to remain fixed in the fulure pcrlods Our national I0PM, however, assumes future transmoml changcs
in technological cocflicients as well as value added ratios ete. These future changes in technical
cocflicients are critical in the dculopmcnt processes such as in Indonesia. Dev clopmcnt process in an
open cconomy generally requires introduction of foreign capitals and technoiogics, cépc_cially for the
industrialization. This means that technical production cocfficients would gencrally shift ioward modem
global standard technology during the development process. The popular method to update input
cocflicients is well known RAS method. The RAS method requires at feast o tébles at different time
periods to extrapolate. For our national 10PM, we have explored several RAS variant mcethods and
developed RECRAS-QP method, which we adopted as the best consistent and operational predictor for
our mtodel. For multi-regionat IOIPM we also need to develop a certain mclhodology to forccast future
mterregional input coefficient matix. Unlike national 1-O Tables, we have been able to compile only one
interregional 1-Q Table at the basc year, 1993, We have alleviated this difficulty by extending
REQRAS-QP method with side condmons of being consistent with the future national input cocﬁ'lcxents,
which we have alrcady predicted and utilized. The RECRAS-QP method which we have developed is
cssentially equivalent to the RECRAS method which requires side information on yéluc-addcd ratios, but

our RECRAS-QP method is flexible cnough to incorporate various exogenous side information as

constraints.

Third, even if alt the cocflicients and parameters of the multi-regional IOPM are consistent with
the corresponding ones of the national IOPM, we may not have a consistent optimal sotution when the
regional solution values are aggregated to nationat level. In one view, :muIti-regional I0PM is a fegional
break down of the national economy so that there may be quite a few interregional immo:bility and
irreversibility of factors and commodities. While the national IOPM assumes free m'oBiliiy of these
among the implicit regions, the multi-regional IOPM imposes more realistic and specific constraints to
the allocation of resources. This means that the optimal vatue of the tacget function for multi-regional
10PM would be less than that of the national [OPM, ‘Fhis is theoretically backed up by the well-known
Le Chatelier Principle in mathematics. On the other hand, another view states that since the regions are
characterized by differcnt technologies in the multi-regional I0PM, there wall be géins frqm trade amorig
regions, which stem from the principle of comparative advantageé. This suggests that the optimal value
of the multi-regional IOPM may excced that of the national IOPM. The both aréuments scem to be
correct and we may not preclude either of the possibilities. The realty will be a mix of the both theoretic
outcomes. We can only expect that our optimal solution path of multi-regional I0PM will not be the
same as that of nationat IOPM, but not far diffcrent.



2.1.3 Regional Dimension Issues of [OPM

Though we have intended to incorporate regional dimensions into our [OPM analysis, the number
of regions to dccdmposé the whole Indonesian economy was a matter of discussion at great deal. With
anticipated difficultics in data preparations, we have perceived possible two set of regional
decompositions, five- region and twao-region. The fl\'c-rcgion dccomposition of Indoncsia consists of
SUMATRA, JAVA (including BALY), KALIMANTAN, SLAWESI, and OTHERS.The two-region
decompositien conéists of JAVA (including BALI) and OUTSIDE JAVA. The five-region
decomposition is mainly from geographical reasons and it may involve large variations among the
regional socio-coonomic characteristics. The five-region decomposition is preferable from a standpoint
of regionél policy making. The more detailed description of the geographically widespread economy is
better suitable in finding any local economic problems and to make counter policies to them. However,
the five-region decomposition of islands, in view of 1-O Table compilation and the utilization, has many
statistical and analyticat difficultics since the rural regions are quantitatively and qualitatively (or socio-
cconomically} quite different from the main JAVA island. Industrial compositions, populations, natural
resource endowments and the development stages to name a few. In some regions, some industrics are
virtually null or totally dependent to the other regions. Even if the accurate interregional [-O Table of the
five-region decomposition is available, to build a five-region interregional dynamic model for policy
making purposes requires a great amount of supporling side information other than 1-O Table. These
regional supplemental data availability are worse than province levels since most of the regional
statistics are the aggregates or the averages of the provinee level statistics. I any of provinces in a region

lacks the statistics, s0 docs the region. We face analytically serious difficulties.

The preparation and compilation of the actoal five-region interregional I-O Table bas been a
consecutive array of difficultics and delays. Not only the delay of data collection duc to various local
rcasons, but also due to the conceptual troubles in compilation process to deal with the insufficicnt and
inconsistent data. As a result, our desired task to build a five-region 1OPM was forced to alter the
scheme. First, to grasp some five-region economic prospects consistent with the national 0PM optimal
projection, we have considered a conventional method to disaggregate the national sectoral GDP into the
regional sectoral GDPs. The task was done by extrapolating regional shares of sectoral GDPs from the
past time series. The experiment produced fairly reasonable figures for the beginning of the next cenlury,
the year 2001, and presented at the September seminar in 1997, The forccast, however, can not be
extended to the more distant future due to the statistical reliability.

- The second best altemative for the construction of the multi-regional IOPM is to adopt a two-
region dccq:n'positioxl. Two-region interregional I-O Table has the advantages of analytical simplicity
and well-balanced magnitude in terms of statistical properties. The JAVA region outstands among five

regions in many respects, but in two-region decomposition, most of the observations become refatively
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comparable !cvc!.s after regions outside of JAVA are consolidétcd to ong rcgioni. The conceptual framing
and compilation of the two-region interregional I-O Table has been started in 1997 by the members of
JICA Study Team, independent of and in parallel to the five-region interregional 1-O Table ccmpilalion
tasks by the local consultants. The current two-region interecgional I-O Table we utilized is based on a
preliminary five-region interregional table prepared by the Team. Utilizing the five-region trade
cocfticicnt matrix surveyed by the LPEM and by the apgregation, the i\\'o-rcgion intcrrcgioni_ﬂ IO Table
was estimated and compiled by a quadratic programming methodology which incorporates the
consistency condition with the corresponding national 1-O Table. The extension of the two-region
interrcgtonal 1-Q Table to the future periods are also c:éiimatcd by a quadratic programming model

keeping the aggregation consistency with the one of national 10PM.
2.1.4 The Structure of Two-Region IOPM

Standard framework of the two-region IOPM is as follows:

max  f(C], Cf, Ki,K7)

N
=N L (!

7 I\2 G 042 A (o '
(Cir —q;(C) +C - q,(Cy) )"" P Z(Kﬂ" +XK, ) (2-12)
P i} (:"'P) izl

sabject to;

M ANl (AN AT AT LA TN -2 .
ar ap e [ lreee e flee [ lgeae )} ke g )= (e

\IJ S A e J 5 A FD

(. P gm AY 0 Mx]) (M @-14)
\M] 0 mPM Lo APJ(x?) (M2

k! 0 )(x/ < MK KT

0 k7JINZ)T 21K8 +k? 2-15)
(K7 (G-, + 1}

(K7 Q-)K2, +1? (2-16)
. Ix,J‘ 0 ‘ xJ ]Ski.'!,J'

t i < “i }

0 n:-"‘](x?}— (1] @17
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2/ M/
s = (pe! Pc;)[:;;]—(pm; Pm;)[ .1'} @2-19)

t

GoP! Y (v 0 )(X]
Gor? 0 v2)IXY? (2-20)

Side condittons:

(‘*Yf)s x¥ < x¥ < Q) xl P=1,N, j=J.0 (2-21)
GropY cz, < ¢ < (+0ff €y isnen, j-v0 (2:22)
(rgif 17, < 17 < (+@lf 1, j=d,0 (2-23)
(1+of) B, < E < (+oi) B, PLeN, joJ0 (2-24)
(l+,u;'{')S MW < MPPY < {1+y;'f,')5M,{?ff i=1,N, j=J,0 (2-25)
( 1)@3) (g A, 1)[%)] (-26)

where
Endogenous variables:
X!= Qutput vector of region 7=J,0 in period t (at 1993 constant prices)
C; = Consumption vector of region = ¢ in period t (at 1993 constant prices)
Il =Investment of region . 7,0 in period t (at 1993 constant prices)
E!= Export vector of region 4 - 7,0 in period t (at 1993 constant prices)
M =Import vector of region i=J,0 in period t (at 1993 constant prices)
M4 = Import vector of final goods by region ;= 7 ¢ in period t (at 1993 constant prices)

K] = Capital stock of region #=J,0 in period t (at 1993 constant priccs)

GDP) = GDP of region i =J,0 in period t (at 1993 constant prices)

F, = National trade balance in period ¢ in terms of Rupiah
Exogcnbus variables: |

S = Skilled labor endowments of region #=J,0 in period t

Pe, = Expori price vector in period t in terms of Rupiah.
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Pt , =Import price vector in period t in terms of Rupiah.
ext, = Foreign exchange rate ($/Rupiah)

R, == National forcign reserve requirement at the end of peried t in terms of current US$

Parameters:
ry Fie}
A7 A . - . . - _ .
AW 700 = Two-region interregional input cocflicient matrix in period t.
‘ gy

SR JOFI»
['r, T;

JOD oo } = Two-rcgion interregional trade coefficient matrix at period t.
[ i

SN

m; . . . . . .

[ ‘ o ) = Regional import cocflicient diagonal matrix at period t.
m; .

0

.

(kJ
© | = Capital cocfficicnt vectors

L0k
(A

! ) o] = Skilled 1abor cocllicicnt vectors
LU b
{ nt

3‘01"—* Industrial share veclor (in final demand) of investment
WM

A

N .
0 . . .
[v, o] = Diagonal matrix of valuc added retics.
0

/2 = Discount factor for future values
A= Relative weight of terminal capital stocks in objective evaluation.

d = Capital depreciation rate

q;= The rate of decling in nxarginmal utility of consumption of j-ih good.

£, = Estimated growth rate of national GDP in period 1.

y1,07, 89 67 17~ Lower and Upper (k = L,U ) bound annual growth rates for cach

corresponding endogenous variable X7, CY 1/ XV M™Y.
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2.2 Regional Decomposition of Sectoral GDP in RepelitaVII Period.

Harmonized regional dcve!opmcnt is an important development target. The mechanism of regional
development is mﬁltifacctcd. Basced on the changing bomparativc advantage structure and the changing
factor endowment and regional market size of cach region, cach industry shows a different pattem of
growth, So in general, the development of i-th sector and of j-th region depends on the i-th sector specific
facior, j-th region specific factor and on their intcraction cffects. Here we concentrated to the sector
specific factor, and caleulated the regional decomposition of sectoral GDP for case 1 and casc 4 based
on the regional sharc of each sector. We extrapolated the j-th region’s sha:rc of i-th sector (S;) based on
the next formuia (i=1,...,N(=26), j=1,...,5).

S; (2001) = S;{average in 91-93) +(9/8) * (S;(average in 91-93) - §j(average in 83-85))
So, S, (2001)=(17/8) * S;(average in 91-93) - (9/8) * Sifaverage in 83-85) 2-27)

Table 2-7 shows the shares in 1933/85, 1991/93 and the extrapolated valucs at 2001, Based on
the extrapolation of past trend, the sign of change in share (5,) is as follows. The number in the last

column shows the refative growth rate of each sector to the national average.

Table 2-1  Summary(1}: Chénges in Reg'ional‘ Shares by Sector

Sector Sumoaltra Java Kalimantan Sulawesi Others

__?_:Ezlalc crops -

SEhery e
6.0l & Gas*

12Chemical® -
13 Moa Metabic .

ted Metal®

27.04h. Service + -
TOTAL L o . . 2 )

Source; JICA Study Team



As the sign of share change of relalive grbmh rate in Table 2-1 coincides with the sign of relative
growth rate for a particolar region | such the region shows the same scctoral sharé, too, is cither
increasing or decreasing. Therefore, the number of same signs shows how cach region 1s successfully
reforming the sectoral structure and shifting the cbmpardtivc advantage structure to match the social

nceds. The nomber of cases (same signs, counter signs, zero) are as follows:

Table 2-2  Summary(2) : Changes in Regional Shares by Sector - Number of Cascs -

ECases Sumatra Java Kalimant, Sutawest
Pardllel 10 16 ! 5

é_!_p:\'erse 18 10 13 Yo
%Zem 0 o 6 6

Seugce: JICA Srudy Team

Java and Qihers are successfully behaving in 16 industrics by either increasing their shares in
technically-ericnted industry or deercasing their shargs in low-tech industry, In cases of Sumatra,
Kalimantan and Sulawesi, the number of counter signs exceeds the number of paraliel signs. Therefore,

these regions will loose their shares in national economy, when we limit oursclves to consider the scetor-
specific factors.

We calculated out the regional GDP by sectors and their shares for case 1 and case 4 either by
the decomposition based on the formula (simple extrapolation case), and by the decomposition based on
the same current share in the future {fixed current share case). When the extrapolated value is negative,
we assunwed the share as average between 1991 and 1993,

Table 2-4, 2-5, 2-6 show the results, The GDP sharcs of five regions are as follows:

Table 2-3 Summar}_‘(.!) : GDP Share of Fi\'.e Regions {Unii: 25)

| Region L saioy Ex Total Cas(}) Case(4)
; Sumatra i 240 189 200 197
Java 59.5 648 64.2 5 64.5
| kalimantan 92 £9 i KX 88
Slawesi 19 37 32 31
: Othr 34 17 35 i 36 :
Total 1000 P 100.0 100.0 , 1000

Saurce: HCA Study Team

Nete: The third colunin is the extrapolated share of total. The fourth and fifth columns are cakulated by (1) caloulating the regional GDP of each
sevtor (secloral GDP multiplied by 1egional share extrapolatad), {2) aggregating the sectoral regional GDF by sectors, (3} aggrégating the

regional GDP te national total, (4) then caloulating the regional shares accordingly.

2-10



The gencral tendency is as follows. Compared with the share at 1993,

1) The §harc of Java will increase by 4.7 % (casc 1) or by 5.0 % {casc ).

2') The sharc of Other will increésc by 0.1 % (casc 1) or by 0.2 % (casc 4).

3} The share of Kalimantan will decrease by 0.1 % (casc 1) or by 0.4 % (casc 4).
4) The share of Sulawesi will decrease by. 0.7 % (case 1) or by 0.8 % (case 4).

5) The sharc of Sumatra will decrease by 4.0 % (case 1) or by 4.3 % (casc 4).

As a whole, the exercisc above indicates that the concentration of cconomic activity to the island
of Java will continu¢ into the future. When the proper regionat policies (like the change of resource
endowment with transmigration schemes of population and of factorics, and special investment
promotion, and others) taken into consideration, another p:iltcm of regional development would emerge.

Natuorally this result solely considers the sector-specific factor, so it is very tentative in nature.
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Tabte 2-§ Regional Yalue-Added - Fixed Current Share Case -

(1) Case | ' ¥ : ‘ g
SECTOR SUMATRA TAVA  KALTMANTAN SULAWEST OTHERS

Tase[(5577003)

TFam food 7ATEZIS 133,850,103 5,612,123 15,454,885 126346107 213,426,343

?939 'IG‘! e e
1857 S063.887
T.084,895

TR

- 70 KR i i

Te3T9041 85 880 854"

563,364
FELLOEC
6,880,274
1,7y
AP, 579'""“" AR AAY 0,978 478

313315, '§61"
38 ﬁ'f,’i"!'G"
LIS
IR ALEREY S

TiZ44g085
Eh ARG

ARS8

LAEIRETH
TITATNSET
EINIEREN
30, RO
G008
TR

AT AL

L §92 36
...9 -

6
T
_"}2;31339“

"'75915 53 ;15

9691633‘ 162 164,312
53,633 3% i‘m SEONT
ARG ""2‘13;3%’3;5'23"'
O Bervice”TTTTTTTT T S IS RRE T UG RRYOERY

USEART L
'.257 638 ;.

33543y
'T.!I}'KH'S'S"
~osiryy
AR RSN
RSN
'!’31.‘! VIR

TR B0
TR AL REY”
TUY00,564,88Y°
TEEIBIET
“10,645,188"
BEER Ly erd
TYE6,589,1927
TTIN0,554785”
AR SN
TUETO YR YEL
A AR
YIRS

TOTAL 671,06%,020 T,662061.814 256, 923 291 103 510,649 95 389,305 ¢ 2,754,353,569

{2) Case 4

SECTOR SUMATERA KALTMANTAN  SULAWESI OTIERS

Cased(99/20600)

TFarm food 41,234,730 -2 360 LT

13974497 11,683,288 209,137,784

S ATE
ENEEELEY
'10 327, 661“'"

4, '}59 596:""

2, PIEREC)
TTTTRED 457
£3,018,041

B EEN L 1, 6’44 it
PR IFE Agite
"'2 477 33‘1: N

104, 0%, REv N

"75.106 288
] 3‘§,’7§'3“,‘i‘6i§"
68 880,113
BECKEEN Y
BRI
33, 522 kLI
U014 828

SRR
SEEIE

31ESI 408
"""'1&666 Ty
28 301,551

SILIDENI0

+ » ’ ¥

T T R L LT B T L e £ S R LT Ry TPy S
TOTAL ¥ 163,256,427 T72,018,137 53

73,1
YA AN
140,324 305"

TI1,530 2ET,095.164

Source’ LFEM, *Value Addad at Current Price by Sector and Province, 1983-1993°,
Tica Stedy Team
Wote Calewdated by using “Regiona} Share of Value Added 2t 19537
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Table 2-5 Regional Valuc-Added - Simple Eslrapolation Case-

{DCase 1
SECTOR SUNMATRA TAVA " RKENKNIKN SUT. XWFS! OTITERS ase

T Farm food 45,493,549 133997615 15,550,55% 10 4279}8 215438 543
QPn!atccmps I3, 61’? $E9TTAY, 759 k1 ’ ’
Flivesiock TII91008 '36’,’&'51‘,'6‘i§'
.................. ! NG 393. % TLiTE
: 3, XL ALY
60xl&Gas‘ AR Kty BEKLES W Xa
TR G Gas D T X2 2 A U A Ly AT
§¥o0d ™ 23,588,951 148, il? )
AP TUIYETA ’2§ 099 809" -
b i3 ,”0 <5y X

o, il’} T80 1,

"’59160! - 155‘1?0 ’
1010 4584387 '23!3 184} 606
ey NS
e g gl
L TR 08004
TSSO A4 84
R EA TR VL T 13-
K1l 44,350 §2348.187
g TR I e T S g rte
3 1,357,037 888,573 kiR L ] I
'10'374;’21'5"“""136 333 49‘:'"""""‘1'1,'633’,‘('6'{'"'""""'330’2’,’0‘9‘3‘""""“'"5'19" SO TTTTTUIRE 589,397
e X3 R AR £ 31508005 TT0,8003%5 350,554, ‘735 -
'1'6'?'-33"5'{}'?"'"“'l'612'5‘2'1',”2"5‘5""""""'1;57'[;337‘ 1,636,511 - "
WM UTI S0 A THE408 VETI T FRICE R
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) Case d
SECTOR SUMATRA JAVA KALIMANTAN SULAWES] CTHERS Cascd(3%/2003)
YFarmfood -~ 45138137 130,085.629 372,714 15,417,323 10,123,481 @ 209,137,294
: 9 527,416 I ERTENITN

58,286,671
104,084,332

E) Tcxl:lc ____
lo “‘.Dcd. - Camasns 9 643 990 PRI My iy
1, Papct 3 156 623 6

L AT5,807 7 50,935,0
LA3032,728 3634259

51,682,922 4
ECETEIELT s 4 1] lsg-------.......4...... e
313602

454,781 475 837
TH6s,835 1,804,736
914,528 481,761

101,792,084 74,881,983
181,059,455 19,283,353 2,926,850 12,080,803 F 233 £42347
10 237,111,625 13,532,532 4,213,588 4,939,484 : 299,337,430
16,108,883 114,432,320 4,701,359 2,449,657 2,631,679 ¢ 140,324,359
544 450,305 1.862,830.863 254,654,178 106,933,244 105,200,573 2,874,099,164

Source: LPEM, "Valye Added st Curient Price by Sector 2nd Frovince, 1983-19937,
lica Stady Team
Nate: * Sector 4,6,7,10,12,16,23 are calzulated by using "Average share 1951-1993"
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Table 2-6  Regional Share of Value Added by Scctor
(131993

SFCTOR SUMATRA TAVE XATTIANTAN — SULAWEST OTIFRS
M O
shte o iy
i
Eetle
NI
T

o (Unit éi,)
Sum
100°¢
rab
e

6,011 & Gas
i Ren Git G
EAYE
B Textile”

TRea NG
T o & e

VORI Sénice
TOTAL

(2) 2001 : (Unit: 46)
SECTOGR SUMATRA JAVA KATIMANTAN SUCAWES] OTHERS Xom

EX 100.0
g
4 CLE

-—ioo

oooiaasscivia st

IRLD

1 o ok oy e

BTOW Sewice
TOTAL . 64.%

JURE g o

Scurce. LPEM, *Value Added st Current Price by Sector and Province, 1983-19937,
Jiza Study Team

Note: * Sector 4,6,7,10,12,16,23 are caleulated by using "Average share 1991-1933°
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Table 2-7  Development of “Reglonal Share of Value Added” {nit: 45
Sector SUMATRA JAVA KALIMANTAN  SULAWESH OTHERS | Sum
1.Facm food

2 Estate crops

Il vestock

{.Forestsy

5 Fishery

01 & Gas A}:;{agc £3/38
Averape #1703

7.Non O1),Gas

i Food

9. Fextile

10.Wood

11.Paper

12.Chemical

13.Hon Metalic

14.Tron & Steel  Average 83/85
Average 21/33
2001 :

15.Non Ferrous mefAverape 83783
ANerage 91!9]

16 Fabricated MelafAyveqage 8

17 Machinzey

18.Transport Equip: A

I9.0!h.manufacturi F
A

20.Elec.Gaz Waler
A

21 Constuciion

12 Trade

23 Restrant Hoted

24.Transportation

25.Finance

27.0th. Service

TOTAL

Source: LEEM, *Value Added ot Current Price by Sectoe az\d Previnee, |933 1923
Tica Study Team
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2.3 Data Preparation for Model
23.0 Detailed Description and Compitation Procedure of Parameters .
(1) Objestive Function

The capital stock of cach region at the end of planning periods is defined as;

$ -
k! =Q-dy’Kk] +2(1-dy" ¥}

‘1‘ (2-28)
KO =(-ay K + 2 (1-d)Y 17

=}

Accordingly, the cvaluation of final capital stocks in the objective function is cquivalent to
cvaluate the sum of investmicnts of cach period remaining after the dopreciation at the finad period. Note
that the first tenn is constant and thus need not be included in the objective function.

The evahation of consumption companent in the objective function for two-region IOPM is
preliminary defined as the same as the national TOPM.  The relative dispersion'of regional welfire is not
yét considered here. ‘

The consumption level of i-th good at ime tin Jawa, (,;' . and in Others,C}, arc each cvaluated

Ll X )
by the weights, o' (1,607 ¢,£) . The weights ' (i,1), @ (i, £) are the tincar declining function of

the relative growth rates Cj, /C,-J.O,Cf, /C,-?o from the initial consumption lévcl, Ci’_'o,CfO. Let

a] ,a bethe lincar cocflicients, then the weights are expressed as;

o J C, s
i 1) = -a; oYl e >0

i,0

(2-29)
Q) f; o Ciot o .
@ (:,I):mi Cé' -1+l e >0

Therefore, the detailed objoctive function is fonnulated as;
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s = z[[(l A s :o)]+ >[ e +w<°)(f,:>c:1)]}

S+ ) A
:>n1inz:—:§[[%i%));:*(lf+ff’)] [(“ )H( o, ,)C,'W(O)(I.J)Cg)ﬂ
H{lD ) .
st gelry

M+py? ™ Chtep)”

I N —(&'? +l) o a’ o2
C i C

+ 3):;5[(] + p)p[ et Cfo(l + p);-] ( i,l)

which is quadratic objective specification.

i Jo
@) (AA;" A :';o) :Two-region interregiona! input coeflicient matrix

The two-region interregional Input coefficient matrix is compiled by aggregating the five-
region interregional Input coefficient matrix {the latest version 1998/7/15), independently prepared by a
member of the Team. It is then adjusted by mathematical programming method 0 as the intermediate
dernands of both regions to be consistent with the one of national I-O table of the same basc year, 1993.
The extension of the two-region interregional -0 Table toward the future periods during the planning
span is done by quadratic programuming modet with side information, such as rates of changes of value
added ratics and of inpit cocfficicnts from the national 10PM. For defailed procedures, refer to
chapter2.3.2.

M 0
3 :Intermediate demand import coeflicicnt matrix
0 mo ™

t

Intormediate dernand import cocfficient matrix for each of the two-region is
m;"* : Diagonal matrix of intermediate demand coefficicnt of Java,

m b1, : Diagonal matrix of infermediate demand cocfficient of Quitside Java.

’Ihemtermodmie defna.n_d import coeflicients are caleulated from the two-region interregional I-

O Table. Since the table assumes that the ir;terrcgional trades do not include any imported goods, the
formulas for the import coeflicients are as follows;
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J0M 5
I M5 __ M 11991

Miiss 7 "% (2-31)
’ M g i s
993 Z;IM s+ Ciiass 1000
i=
O MO
ont _ iy 51693 .
Mg = e TN " " {2-32)
11993 AZIIMU‘,!QQJ +C o3 + 41093
}:

Since we have no sufficient information on the dynamic changes of these intermediate demand

import cocflicicnts, we assume the matrix to be constant over the planning periods.

TYED plorD
4) 'l“ o FD Troo.m :Final demand trade coctlicicnt matrix
t

i

Final demand trade cocflicicnt matnix is caleulated from the two-region interregional 1-0 Table
of 1993, which is based on the five-region interregional 1O Table developed by a member of the Team.

This matnx is also assumad to be constant over the future planning penod dac to the lack of information to

exirapolate.

(8)] (ﬁf B?) : hwvestment pattern matrix

The calculation of investinent pattern vector for each region is also based on the preliminary
two-region interregional 1-QO Table, except for the Java's 4,Forestry which is replace by the national
IOPM's investment share to avoid negative share.
6) k; k7 : Capital cocflicient vector

Capital cocflicicnt vectors for both regions are assumed to be the same as that of natonnl
IOPM. They arc also sct to be constant over the whole planning periods.
{7) K;" ,K..O : Capital stock

The initial Capital stock at 1993 for the national IOPM is divided into the two regions with the
regiorad output shares of 1993,
(8) 17 197 - kilted labor cocflicient voctor

The regional cocfficicnt vectors of skilled Jabor for Java and Outside Java arc assumed to
changg over time depending on the groups of sectors as in the national IOPM.
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scctors 1.7 Nochanges overung.
sector 8 1 10% increase in every period (5 years)
soctors 927 ¢ 15% decline inevery period (3 years)

©) L 1o+ Skitlod labor force
The regionatly available skitled labor forees for Java and Outside Java are both divided into 2
BIOUPS;

Groupl : scctors 1-5 & 20-27
Group2 : sectors 6-19

The growth rate of total Tabor force in cach region is assumed to be comumon 5.5%. However,
the growth rate of labor force in the sectors of group 1 is assumed to be lower 5% so that the remaining
group 2 takes the higher growth rate.

The initial (1993) endowments of regional skilled labor foree for each sector were calenlated from the
1993 output and the labor coeflicient vectors.

(10) R, : Foreign burrency reserves at the end of periods.
The foreign cusrency reserves at the end of periods are set to 0( S ) for cunrent versions.
{11} g, : The GDP growth rate of the First Period (Repelita VI

The GDP growth rate for the first period is sct to adjust the solution to the recent past
performance and the ongoing last year {1998) situation of the cconony. The rate was figured out based on
the BPS statistics and the IMF forecasts at the spring of 1998. For deseription, sce chapter 3.2.1.

(12) d : Depreciation rate

The depreciation mte of the capital stocks are st to 4. 74% per period as in the national
IOPM.
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2.3.2 Estimation of Two-Region Interregional Input Coclficients

Two-region interrggional inpu'l cocflicients to the future periods are ¢stimated based on two-
region interregional O Table 1993 by quadratic programming model. And two-region interregionat 1-0
Table 1993, which is consistent in teams of ﬁgurcs with national I-O Table 1993, is constructed by using
intermediate demand data in two-region intra-regional 1-O Table derived from interregional [-O Table

1993 by 3 regions constructed by the Team. Figure2-1 shows procedures of estintation.

__ Figure2-1  Procedures to estimate two-region interregional input coefficients

( Interreginal 1-O Table 1993 by 3 regions )

¥ o
( Interreginal 1-O Table 1993 by 2 regions ) P‘ Trade cocfMeicnts |
( Intra-reginal 1-O Table 1993 by 2 rcgions )

C National I-Q Table 1993 )

Table 1993 using a quadratic programming model

' Two-region intra-regionat 1-0 Table consi:‘;lcnl with nationa'l-;-a
Table 1993

i

[(l JCalculation of inenmediate demands consistent with national 1O

Change of I-O cocflicients and value added
ratios of national [OPM predicled by
RECRAS-QP method

v

{2)Estimation of two-rcgion intra-regional input coctlicients for §
periods using quadratic prograrming modet

R L

C Two-region intra-regional input cocflicients for 5 periods )

Calculation of two-region interregional input coeflicients for 5 periods
utilizing two-region intra-regional input coefficients and trade
cocflicients

( Two-region interregional tnput cocflicient matrix for 5 periods )

2-20



{1)Calculation of two-rcgion intra-regional 1-O Table 1993 consist with national 1-O Table 1993

Intermediate demand of f\\‘o-regi011 intra-regional 1-Q Table underlying interregional Table by
2 regions constructed by JICA study team arc not consistent with those of national 1-O Table
1993 Therefore we have caleulated intermediate demands of two-region intra-regional 1-O Table using
quadratic programming model as shown in Figure2-2.

Figure2-2. QP model to calculate two-region infermediate demands

i E E (IM(Jm) Iﬁé}m) )? +_§ %’:(]Mépu.mum) ~ [A}§On:dddm‘;l))z

i=b j=1 i=1j7-=1

-,

subjec! to:

N -~
Z M Yaa) - 52 IM ,f,.‘"""') Jor each i
i=1

E IM; () 'E M ,.5.’ ) SJor each j
= j=t 4

Z

> IM et Em{ig"“‘f""”‘”) for each i

i=1

¥ IM (IR leﬁo‘t‘"’”‘”) for each j
):

M 4 M 5-0"“""”““’) =IM{“" for each i and |
and subject to:

MG =

0.75- WEY™ < IME™ <15 IME™ (1= j)

2

0.1t- ]ﬂg_-faw) < M:‘E'Jwa) <3.0- ]ﬂj(jimu) G # j)

=J)
0.1- Irﬁ'qé&;.’.ﬁd‘dmu) < LMéOutvideJmu) <50 Iﬂéﬂm‘siddwg) (i %))

05- Iﬂf(jomriddmv) SI‘M';Oum‘dda\u) <15 ']H;Oniricfdaw) (I‘

Where
I - Intermediate demands of Java calculated by a member of the Team,

JAF (PR3 - Intermediate demands of Outside Java calculated by a member of the Feam.

(2)Estimation of two-region intra-regional input coeflicicnts for 5 periods

ARer 'preparation for two-region intra-regional 1-O Table consistent with national I-O Table
1993 we have estimated two-region intra-regional input cocfficicnts in the future with reference to the
change of input coefticients and value added ratios of national IOPM using quadratic programming

model Figure2-3 shows the model to estimate two-region intra-regional input cocflicients at the t-th
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period. By repeating this process for the forecast periods, input cocfficients with stable and smooth

change can be forccasted.

Figure2-3.QP model to forecast twe-reglon infra-regional input coefficients at each pc'riod

(i)Java
. NN A\
min Y X(a,.f,ff‘“) ~Yir -agf:',‘i‘{’})
i=1y=}
subject to:

l\'
{(Joa} __ Java)y
_E]“f:',tm) =1-vi,

iz

and subject to:

(&)

(Jaw) 1 (Jiva)
MY Ay Say SR TR

-1
*m=09m =11 fori=j and m =08, =1.2 fori+j

{1)Outside Java

NN . idade 2

. (Chutridelava) (Outadefino}

mun Zl Z,(“r}'.s ~Via i )
izlj=

subject to:

N (Outsidatora) __ (CutsidaTawa}y
Z L =1-v it
i=¥ s ’

and subject fo:

(Outsidelina}

, . (fava) oo (Ouisidafavay
B Ve Qi Snij <n Vig @

#.t-1

*n=075h=15 fori=j and n=04,7 =25 forizj

Where
y., - The Change of input cocfticients of national [OPM

R
{National)
s
Bg p{Netinad)
i1

vf,’“"’) - Value added ratio of Java at the t-th period.

vig T - Value added ratio of Outside Java at the t-th period.

(Notienal) |

a,, - Input cocfiicient of national IOPM predicted by RECRAS-QP method.

Trade cocfficicnts for intermediate demand are used to distribute two-region intra-regional

input coeflicicats resulied from the above quadratic programming model between Java and Outside Java.
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2.4 Explanation of Optimum Solutions of Two-Region IOPM
2.4.1 Optimum sofutions of T\t*oQRegioll 10PM
(1) Assumptions of Each Case

Two-region 10PM enable us to calculate various optimum solution under the different
combination of objccfive function, structural constraint, and other side-condition. Here we take up 2
cases, cased and case0-1, and explain essence of respective cases. The difference in case is assumption
of skilled tabor constraint. Assumption of skilted labor Skilled labor constraint of cach cascs is as in
the following; _

Case0 : Skilled labor constraint is divided into two parts, one for scctors(1-5,20-27) and
another for scctors(6-19).
Case0-1 : Skilled labor cons.trainl is set by 2 repional group, Java and Outside Java, and is

divided into two parts, onc for sectors{1-5,20-27) and another for sectors{6-19),
The equation of skilled labor constraint of cach cases as follows;

Labor constraints of Case0:
l.:.GIX{,GI_i_ l?,Glx?,Gl 5__: L:".G! + L?.Gl
lf'GZXf’GI‘F ]?.GZX-’O,(H é L.:,GZ n Li)_GZ
Labor constraints of Case0-1:

J Gl 4,GL J Gl
19X <

(4] J4.G2
]‘:,sz;r, 2 <Lt
.G 0,061
176X 2° < 17

0,62+ O0,G2 a.G2
I," }“. < .G

= r
where

r
.61 I 4S5 g0 7F
1; ={:‘ IRTRN I LTI & }

L
781 fr5 113 EREINFAL
Ii‘ - {'& !": ""'ir A }

l?,cz - {1,0'6,1,0’7,---,!?‘!3,-’f"g}'
X7 - {Xf",---,X;"'S,X;"zo,---,X:’"’}'
xf-‘” = {X,”“,X,“,...,x;’-”,X;’""’}'

'
0,61 ol 05 O 0.27
x: ={Xj' ;"':X,f )X; )'"’Xp }

I3
[2 X7 0.6 o7 Q.18 o519
X: -—{X' ,X[ ,-",X‘ lXt }
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l,"i:l.abor cocfficiemt of i~ th sectoratt - thperiod in Java

1%4:Labor cocfficicut of i~ th scetorat - th pesiod in Qutside Java

,\’,J'i:01zlp1:l of i-1h sectoratt - thperiod in Java

.Xf)"':()ulpm of i- th sectorat1 - thperiod in Ouiside Java

FRO))
F

:Skilled labor force of scctors(l - 5,20 - 27} in Java at t - th period

‘,’{,az :Skillcd labor force of sectors{6 - £9) in Java at t - th petiod

125" Skilled labor force of sectors(1 - 5,20 - 27) in Outside Java at t - th period

L?'Gz :Skilled labor force of sectors{6 - 19 in Outside Java at t - th pertod

As to more detailed information for another constraints and paramcters, refer to chapter 2.3,

(2) Optinium Solutions of Each Casc

Table 2-7 Annual Growth Rate of GDP Unit:®s)
Case Sedtor 01 -2 2-3 a4 4-5 0-5
{(R-VI)  (RVID (R-VI) (RIX)  (R-X) |Average
Casel Java 9.2 9.2 28 7.1 40 16
Outside Java 29 103 5.2 10.6 12.0 102
Java + Outside Java 9.1 2.6 2.0 25 80 8.9
Cazed-1  Java 93 28 0.4 24 2.0 9.2
Outside Java R3 2.0 9.2 26 73 8.5
Java + Oulside Java 3.9 o5 9.3 8.5 8.4 20
Scurce:  JICA Stody Team

Figure 2-4 Annual Growth Rate of GDP

(%)

14.0

120

6.0

40

20

(R-VI)

{R-VH)

(R-VII[}

—b— Java {Casel}
—o— Java {Casc-1)

—e— Outside Jéva(Casd])

(RIX) (RX)

—e— Qutside Java(Casd-1)

—a— Java + Outside Java(Casd)
—tr— Java+ Outside Java(Case0-1}
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Table 2-8 Annual Growth Ratc of GDF Composition in Each Case

{Unit:%4)
Sector Region 01 12 2.3 34 4-3 0-3
(R-VI} (R-VI) {R-VI[} (R-IX) (R-X) jAverage
Consumption  Case0 Java 7.0 9.1 g5 7.5 78 80 _
Outside Java 2.4 39 7.7 66 73 18
Java + Outside Java 7.5 90 212 7.2 7.6 7.9
Cate0-1 Java 70 4.3 22 19 7.9 Rl
Quiside Java 2.1 2.4 82 6.5 74 719
Java + Outside Java 1.7 B2 22 74 7.9 RO -
Tnvestment Cased Java 72 71 29 40  -100,0 ; -100.0
Cutride Java 12.8 14.8 2.8 156 222 15.0
Java + Qutsidz Java 93 10.4 9.9 10.3 11.0 10.2
Case0-1  Java g 1.5 10.2 11.6 10.1 9.7 938
Quiside Java 2.5 9.6 90 5.4 28 9.5
. Jaya + Onutside Java £.2 10.0 10.7 2.9 9.7 9.7
Export Cased Java ' 19 (A &) 3.6 0.5 5.5
Outside Java 8.1 9.3 10.6 11.7 50 3.9
Java + Outside Java 3.0 85 91 2.3 3.2 7.6
Casz(t-1  Java 7.3 22 83 46 101 | 1.7
Outside Java 1.9 2.1 166 10.9 6.6 2.0
Java + Ouiside Java 7.6 26 9.6 8.4 7.9 2.4
Impor Casel Java 58 73 g4 7.0 2.5 6.2
QOuiside Java 5.1 89 3.6 11.0 14.7 96
Java + Outside Java 5.7 7.6 3.4 7.8 58 7.1
CaseQ-1 " Java 5.5 7.8 87 g0 33 7.7
Outside Java 4.7 77 RE 84 7.4 74
Java + Outside Java 53 78 8.8 S1 8.3 1.6
Scurce:  MCA Study Team
Table 2-9 Sectoral Share of GDP at the End of Planning Period (Unit.26)
Sector (0 Code) Initral Casc0 Cascl)-1
Java o 11} Total Java Out Total Java  Outlava  Total
Java Java
Agriculture(1-3) 16.7 239 196 59 86 7.4 4.6 10.8 69
Mining(6-7) 24 219 103 09 129 73 1.0 14.6 6.0
Manufacturing(8-19) 271 186 237 45.6 116 39.5 418 368 40.6
Light Industry(8-10,19) 158 7.6 125 13.9 6.5 9.8 109 13 9.5
Resource-based Industry(11-15} 6.7 10.% 32 159 191 176 154 226 184
Machinery(16-18) 46 05 29 16.9 20 120 164 59 126
Electricily, Gas & Waler(20) 15 05 11§ 24 07 L4 | 20 0.8 16
Construction(21) ‘ 69 20 74 04 17.4 9.7 100 1.7 9.1
Services(22-27} 45.5 270 380D 413 269 345 9.3 292 358
Total 1000 1000 1000 | 1060.0 1000 1000 § 1600 1000 (00.0

Source:  JICA Study Team

2-23



Figure 2-5 Manufacturing Share of GDP and its Components at the End of Planning Peried

100§

5.0

0.0 5 . . N ;- |

Java Dutside Total Java Outside Total Java Outside Total
Java Java Java

[ BLight Indistn(8-10,19)  EAResourcebased Industy(11-15) T3 Machinen{16-18) |

(3) Observation

The differences between casel and casc0-1 show the influences of the move of skilted labor
force from Java to Outside Java or from Outside Java to Java. The average annual growth rate of GDP
in PJPIL period was 7.6% (Java), 10.2% (Outside Java) and 8.9% (Indoncsia) when the skilled labor is
mobile between regions. This is roughly comparable with the average annuat growth rate of GDP in
nattonal [OPM. However with the limitation of the interregional labor movement, the growth rate of
GDP in Java increased to 9.2%, but that of Outside Java decreased to 8.5% while the growth rate of
GDP in Indonesia remained same. The fact that the growth rate of GDP is bigger (smaller) than the
national average when the labor is (not) freely mobile implics: {i) the increase of interregional resource
movement contributes to accelerate the development of the national economy; and (ii) Qutside Java
has a beiter potential capacity of development when capital, labor and foreign currency are freely

mobile. In a word, the resource allocation is over-concentrated in Java region,
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