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"Abstract
As san archlpelaglc nation, Indone31a consist of thousands of
island ecosystems. The development of the nation is supposed to
'conSider_ such a spe01flc existing ecologlcal condition - of ‘the
country. Therefore, as an alternative effort to promulgate a
strategy for sustainable development of the natlon,f “study of
Java as a complex island ecosystem has been conducted  using
dynamic modelling approach the obaectlve of the study “is to
delineate and ~ assess the’ ‘prospects of - various = dominant
development variables of the island based ~on complex but
measurable interasctions among the components ‘of the ecosystem to
““"determine the most effective development strategy for the area.
A dynamlc model for Java Island Ecosystem has been set up

based on 14 level ‘variables in the model that represent five
components of the island ecosystem, 1i.e. population variable for
“population component, food, " houses, and fuel ‘variables ‘for
population basic need component ; industry-capital; agriculture-
capital, and business-capital varlables for economic component ' ;
schools and criminals variables for social component; 'forest,
arable-land, agricultural-lsnd, city, and pollutants “variables
for ecological component. Each level has either two or four rate
variables that sum up to 30 rate variables. In addition, these
varisble 1is then interrelated by 72 multiplier variables. A
computer program has been developed using s compiled basic
language to exercise simulation process. The result of study
indicated that the best strategy for development of Java Island
Ecosystem should be focused to the intensive program on modern
agriculture rather than industrial establishement of the ares.
( The computer simulation program will slso be demonstrated to
the conference).
Note : This study is conducted by an inter-disciplinary team
- that consist of ecologist, economist, engineer,

statistician, computer programer, etc., and funded by

Ministry of Population and Environment, from 1886-1889.

The list of the team is on the annex

Address : Airlangga University, School of Medicine,
J1. Darmshusada 47, SURABAYA, Indonesia
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I. INTRODUCTION

"'Archipelagic  nations  are ecologically different- from
continental  rations. It consists mainly of two sorts of
ecosystems, namely aquatic ecosystem and terrestrial ecosystems.
The open aquatic ecosystems usually dominate the area of the
archipelagic nations, while the terrestrial ecosystems consist of
several separated islands and therefore each island is
practically independent and become a "close" .terrestrial
ecosystem. The ecological characteristics of an island in an
archipelagic nation may be different from the others in terms of
various aspects, 1i.e. the island’'s physical, bioclogical, and
social conditions. As a practical habitat for the population, an
island should be well preserved and managed in order to prevent
it from damages that subsequently cause inconveniences and even
hazards to ‘the inhabitants. The strategy in preserving and
managing the ‘islands in an srchipelagic nation should therefore
be con51dered as an 1mportant part of ‘the National - Development
Plan. . Co R :
Indonesia is the largest: archlpelaglc nation in ~the world.
The area of Indonesia is almost-equal of those of US. However,
about 70% of the area consists of water system and is attached to
Indian and Pacific ocean. The terrestrial parts of Indonesis
consists of about 6000 inhabited islands, although 70% of 1860
million population of Indonesia live in Java island. Various
ecological problems have also been arising, including population
density, inter-island communication, distribution of natural
resources, and environmental pollution.

The National Development :of Indonesia is so far domlnated by
sectoral . approach and putting the priority to economic sectors.
Such ' and approach should be combined with sufficient efforts on
regional planning in terms of environmental management _and
setting in order to neutralize/minimize its ecological impacts. A
comprehensive review of regional plannlng in Indonesia has been
encouraged and developed. .

This paper presents a result.of an operatlonal study that
elaborate a technique of ‘how to develop a long:  term reglonal
planning in Indonesisa .(as an archipelagic nation) based on a
comprehensive .evaluation of “island ecosystems. The project has
been initiated and organized by the Ministry of Population -and
Environment by establishing an interdisciplinary team composed of
experts from three Government Universities in East Java. The team
consists of various disciplines such as ecologist, engineer,
physician, epidemiologist, demographer, statistician, computer
specialist, biologist, and behavioral scientist, under direct
supervision of the First Assistant Minister of Population and
Environment. The team has been working since 1988 up to 1988.

I1. OBJECTIVE OF THE STUDY

The objective of the study is to prepare a8 technique for
comprehensive evaluation and prediction of an island ecosystem in
Indonesia in order to be able to find effective and efficient
ways ~ for island <development. This technique would be an
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alternative strategy of National Development through &  sound
environmental 1long term planning. The study should therefore
include situational snalysis of the island ecosystem, techniques
for prediction if an intervention is going to be applied to .the
island, and spatial planning of the ecosystem in terms of lay out
plan for various development projects.

II1. MATERIALS AND METHODS
III 1. Seleétion‘of thé study ares

Javs 1sland of Indonesis has been selected as the study area
by two main reasons, namely.: 1). it is: relatively moderate size
island that makes Java not too complex to - begin with
(particularly in relation to a spatial planning) and not . too
small either so that -Java 1is -considered having various
development sctivities that usually availasble in a larger = island
of Indonesia, and 2). Java is the most developed island in
Indonesia. so that it may provide secondary data on activities
within Java ecosystem with adequate reliability. =

I1I1.2. Methods of approach

"The -study has been done through six stages, namely . :- 1).
preparation phase that deals with discussion on basic philosophy
of environmental long term planning, its.operational objectives,
and process ; 2). development of basic structures and functions
of - 8 dynamic model of an island ecosystem ; 3). development of
dynamic model of Java ecosystem ; 4). establishment of - various
slternative intervention to the island as scensrios to the model
; 5). constructing a computer simulation soft-ware . and. running
the program to select the optimum development strategy for Java;
and B). setting up a spatial planning for the island based on the
output of the simulation program (using a  different computer
soft-ware and seperated from this report). s

Java island was then reviewed and comprehensively evaluated,
including the prospective impacts of various = alternative
interventions 'to find to most effective and efficient ways  of
island development in terms of social- economlcal env1ronmenta1
improvement of the 1sland and 1ts populatlon

IV. DYNAMIC MODEL OF ISLAND ECOSYSTEM

The development of & dynamic model of island. ecosystem. is
essential to comprehend the complex and interrelated activities
within an island ecosystem, to estimsate the trend in the future,
and to know its respond to an intervention. Therefore most of
team activities was spent for establishing Java Island Ecosystem
Model, a simplification of the ecosystem using system analysis
approach. There are five assumptions that have been taken into
account when the team constructed the dynamic model, namely
1. the island ecosystem, in relation :to eco-development,
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consists of five major. components, i.e.  population,:: population
basic needs, economic-sctivities, sociological behavior, and
ecological components. Esch component may be evaluated as a sub-
system ; 2). the interrelation within each component and between
components is measured through three groups of variables, 1i.e.
level variables, rate variables, and multiplier varisbles. (Jay
Forrester, 1973) ; 3). The pattern of interrelation between
variables and the development of model structure was constructed
by group dynamics technique ; 4). Information of Java island - was
gathered from secondary datsa available at Provincial and Regency:
Administration Office ; 5). Functional relstionship. . among
variables was estimated by linier and non linier mathematical
equation, using mathematical snslysis such as Brandon methods,
Exponential, Logistic S~curve. ’ : - ¥ o

IV.1. Model Structure

The basic structure of an island ecosystem-modél can be described
as follows

e e it > 1 LEVEL -1 | ===={-=}{--=>
iralte fmmmm e i lraite
b==1 b==1

multiplier
R et L |

e e > LEVEL - 2 I ===l ==l=--=>

lralte - t iraite

b= f==1

There are 14 level variables in the model that represent five"
components of the island ecosystem, i.e. population variable for-
population component, food, houses, @and fuel variables . for
population basic need component ; industry-capital, agriculture-:
capital, and business-capital variables for economic component ;
schools and criminals variables for social component; forest,
arable-land, sagricultural-land, city, and pollutants variables
for ecological component. Each level has either two or four rate
variables that sum up to 30 variables. Each rate variable will be
interconnected to - the others through sauxiliaries variables
(multipliers) that sum up to 72 multipliers. Therefore the total
variables involved in the island ecosystem model are 116
variables. These variables may still be expanded into some other
derived variables required by the planner or model users. The
selection ‘of varisbles in the model has been done in such a way
so that model may be applicable to measure important development
indiees within the: island ecosystem, e.g. the measurement of
economic indices,. ~social indices, and ecological indices. In
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addition, the wvariables included in the model may be also  enable
the planners ‘to assess various aspects of development -‘activities
in the reglonal plan , Lo

Iv.2. Parameter:Estimétibn

i The dynamic of . the ‘island:-. ecosystem . was. ~ messured by
mathematical functions: that relate functionally the interrelation
among»variablesfinvthevmodelﬁmThe 14 level variables as indicated
in the model structure will influence one to each other. : through
rate varlables and multlpllers 1n ‘the f0110w1ng formulas SRR

Ry(E) = ky Yy () Lo 1, 14
kl = f(Yl,Yz, ..... > Y14) |
where R; is the net value changes of Level varlable Y

(i is the sector in the model)

As an example, the dynamic of populastion level variable can be
described as follows

RA (t) = RA]. ‘(’t-)-+ RAd (t) - RAm (ty - RAP )
ka = kpay * kpg - Kap - Kppoo
dYA (t)
RA (t) T e —————— .= (kAl + kAd - kAm - kAp) YA (t)
vdt _ .
where
A = population sector
Ral ‘ =. birth-rate- s
RAd‘(t) = inmigration-rate -
RAm:(t) = death-rate ;
RApx(t) = outmigration-rate
YA‘(t) = populatlon at time t A
kA" =.net-coefficient of populatlon changes
kAl = f (educatlonal state, income per caplta flife~.
: expectancy, populatlon control program)
kAm ~v"=Vf (popﬁlation den31ty, pollutlon level, ﬂfopd
o o e per—capita, health care system) i e
kAd =‘f (economic activities, income'per-capita)~
kAp = f- (economic activities, -income per-capits,

population-arable land ratio)
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There - are 103 mathematical functions involved in the model
and represent functional relationship among variables. The type
of the functions, whether it is a linier, exponential, logistic,
or S-curve, was ‘determined by deductive method, while the
formulas were constructed by fitting the data from Java island
(15 years information, 'from 1871 to 1885), using Brandon or
Newton techniques.

A computer simulation program was then developed using Basic
Language for IBM PC. The program consists of three main parts,
namely : 1). data input instructions that include input of all
variables involved ‘in the model and the.mathematical functions,
2). instructions for computation of mathematical formulas within
a for-next loop related to time dimension, 3). output
instructions, including plotting diagrams, that present results
of interaction among variables in the model in terms of values of
various: important variables in a particular yesar to be read by
the planners. g SREPEERE S

IV.3. Model Validation

Validation of the model was done by double checks. First,
data of 1971 was entered to computer and run. The values of level
variables in 1980 from computer results were compared to the dats
from Java island. Five percent deviation was considered as
maximum acceptable difference. Second checking was done by
comparing computer results of 1984 for .variables related to
socio-economic-environmental indices to data for the same
variables. Another five percent deviation .was considered as
maximum scceptable difference.

V. RESULTS AND DISCUSSION

V.l.>Sitdationa1’Ana1ysis of JavafIslﬁﬁd Ecosystem

1.1. Geography of Java Island Ecosystem -

1.1.1. Position . : B° - 40° K-S : {

105° 20° - 114° 20° E-W
1.1.2. Ares . 132,187 sq. km or 13,218,700 Ha
1.1.3. Topography : In general Java Island Ecosystem

is flat and only mountaineous in
several parts in the middle
area. The distant from East to
West 1is about 800 km while the
averasge distant from north to
south is about 170 km.
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1.2. Population.

1971 1985

1.2.1. Population Size (thousand) 76,086 99,522
1.2.2. Population by Province (thousaﬁd) |

Jakarta | 4,579 7,824

West Java 21,624 30,733 .-

Central Java 21,877 . 26,9834

- Yogysakartas . . Lo 2;489 . . - 2,967 . ..

‘Fast Java . ; 25,517 ... 31,039,
1.2;3. Populatioﬁ Increése , |

CBR e " 0.038 - 0.031

Natural Increase 0.020 0.020 -
1.2.4. Long-1life Migration (thousand)

Qutmigration 1,935 3,650

’ Inmlgratlon o E e e - 583 1,385
1. 2 5 Pop Denslty (per '8q . km) tn5781v "753
1 3 Populatlon ‘Basic Need

1.3.1. Food (mllllon ton) ‘

Rice Production | 11.77 13.32

Corn Production 1.37 3.39

Cassava Production ‘8.43": 9.68.

Animal Protein 0.044 0.384

Non-Animal Protein 1.244 ~1.698

Fat Production ‘ 0.2866 - - 0.255

Vegatable Production ‘ 1.46 1.58

Fruit Produc¢tion S 2.43 '5.08
1.3.2. Fuel Consumption’(mill.barel) 8.759 47.148
~1.3.4. New Housing Construction

(By Private Developers) - 218,252

1.4. Economic Activities.
~1.4.1. Economic Welfare

Income per capita (Rp. on constant price of 1973)
e 55,087 155,614
Unemployment (person) 3,742,896 5.231,452
Gini Coeffisien 0.3366 0.3699
Economic Growth 10.94 % 1.96 %
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1.4.2. Sectoral Activities

Industries | 20 % ‘ ’34 r4

Services 28 % 41 %

Agriculture 52 % 25 %

1.5. Social Welfare.

1.5.1. Public Health

Life Expectancy at Birth 46 th - 56 th
C.D.R . T 0.0126 .. 0.0109

I1.M.R. 0.130  0.095
1.5.2. Education (Ratio of Student to Related Population)

Elemantary School ‘: 82,5 % 100 A

Junior 'High School : 28 - :959,5°%.
Senior High School 18 % - 58,1 %
1.5.3. Social Pathology (criminal) 135.238 270.588

1.5.4. Obidience to Religion'(% prayer) 54 % ’; 33. %4

1.6. Bio-Physical Environment..
1.6.1. Land Use

Area of Forest (thousand Hsa) 2,986 3,039

Agriculture 4,258 4,756

. City and Industries . . 537 1,005
1.6.2. Rainfall  ( mm /year) 2,559 2,197
1.6.3. Maximum Ambient Tempersture 34.9°C 36.4°C

1.6.4. Pollution Level o » .
(rate to TLV) 0.986 3.132

V.2. Alternative Development Strategies

The development strategy for Java Island Ecosystem was
based on policies of 5 important development sectors, namely .:
population, economiec, social (education .and social-pathology),
and environmental policies. Policies on esach sector was
set up into three alternatives. Therefore development strategies
for Java Island System in this study may be set up into 243
(3°5) alternatives. .

The alternative policies for each development sectors are
as follows. :

\ge

&2

1b
34
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2.1

i ALTERNATIVE | Target for year 2000 | Tranémigration |
| POPULATION et kel I per year ]
P POLICIES = i C.B.R C.D.R 1. » = |
f m o i
{ 1. Pessimistic i 0,025 0,01 i 100.000 persons|
t 2. Moderate I 0,025 0,007 | 500.000 personsi
i 3. Optimistic i 0,020 0,007 | 400.000  personsl
2.2

! ALTERNATIVE ' ] Capltal 1nvestment (bllllon Rp./ve) R
1 - ECONOMIC '+ e |
| POLICIES {  Industry Bu51ness/Serv1ce Agriculturel
S OIS R S SO 5 Mg OO 4 SR S SO i
t 1. Industries , I 2.483 _ 870 447 |
| 2. Business/Service | 1.398 1,427 | 975 i
}+3. Agriculture i 342 370 3.088 |
2.3.

i ALTERNATIVE Rehabllltatlon Program For i

|
{-  POLICIES ON 172 Criminals per Year S i
i SOCIAL PATHOLOGY i

! 1. Responsive Rehasbilitation of: 100 criminal per year !
i 2. Moderate Rehabilitation of 1000 c¢riminal per year |
i 3. Intensive Rehabilitation 20.000 criminal per year |
2:4.
i «'ALTERNATIVE ] Development of School Fa0111t1es |
} EDUCATIONAL e |
) POLICIES = i Addition:of Student’'s Seat in School |
1. Maintainence : Up: to 400000 seat/yr for 15 years |
2. Improvement to
High School : Up to 800.000 sesat/yr for 15 years |

{
i
{
| 3. Improvement to
] Higher Education/ i
i

Universities : Up to 1.000. 000 seat/yr for 15 years
2.5.
bl ALTERNATIVE i Lay Out Plan for Java Island for Yr. 2000%
jo7  SPATTAL PLANNING | -t mi e e e e e e e -1
i

“'OF JAVA ISLARD t Forest { Agrlculturet Clty/Industrles«

i 1. Island City (Vl 20 % i 40 % i i
j 2. Island Agricult'i 25 % ! 60 % oo 15 % |
i 3. Buffer Island { 40 % { 50 % i i
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V.3: Recommended Strategy for Development of: Java Island Ecosystem

Those 243 alternatlve development strategles (code numberf
802 - 1043) were then tested simultaneously in . the computer
simulation: program {the software- can - be demonstrated in &
seperate occasion). The result of the simulation can be
summarized as follows:

ALTERNATIVE DEVELOPMENT STRATEGIES FOR JAVA ISLAND ECOSYSTEM -

POPULATION ~ECONDHIC - |~ EDUCA- SDEIAL- - SPMIALV PLAR - |

| CODE i TIDN PRTHBL ~--=—mm~mwmmmmm | ROTE |
{ S‘CBR CDR TRANS | IND. HSN/SY AGRI FRST AGRI CITY | |
I+ - S : = mmmsct L i
19802 1 2.5 1 100 ths | 1398 1427 975 400 - 100 20 A0 A oo i:
[836 | 205 L 100 ths | 2483 B70: 0347 400 . 100 0 20 o 40 T AD ) o i
| 994 | 2 L7 800 the | 342 370 3088 400 20000 25 800 - 19 |- |
} 1608 | 2 7 B00 ths | 342 3703088 1 slm GR0D. 25 80 - 154 }
| 1614 | 2 .7 460 ths | 342 370 3088 1 &lnm 20000 25 &0 13 ibest plant
{10ls 2 7 A0 ths | 342 370 30BB 1 mln 20000 0 X 16§ |
Note
X cd 802 : the on going development plan
* cd 856 i advance ‘industrialization of Java
* cd 998 : best alternative based on: economic cons1derat10n
% cd 1008 : best alternative based on environmental consid.
"% ¢d 1016 : best alternative based on social consideration
¥ ed 1014 : best alternative based: on simultanious economic,

environmental, and social consideration

The impact of the development strategies into various
condition of: Java - Island Ecosystem can be described as = the
followings: (see annex 2 for the trend resulted from the: computer
simulation model)

VI. CONCLUSIONS
1." The ecological characteristics of Archipelagic Nations should

strongly ~be considered - in National = Development  Strategy,
particularly in relation to long term environmental: planning-.

2. Sectoral sapproach in National Development prone to put
emphasis into each individual sector and to neglect both the
integrative nsature of development and interrelation between the
sector and its environment. Therefore sectoral approach should be
combined with sound regionsal planning in terms of setting,
preserving, and managing the environment for long term
perspective.
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3. Dynamic Model of Island Ecosystem (ISLEC DYNAMO) 1is a
technique that quslify as soft ware technology for .long term
regional planning in Archipelagic Nations for it is able to
evaluate the island ecosystem comprehensively,-to estimate the
prospective impscts of any intervention/development policies to
the ecosystem, and to provide basis for a reasonable lay out plan
for the:island in an integrative way. : :

4. The development of Java Island Ecosystem should be directed
into modernization of agricultural development rather then
advance industrialization. In addition, population and health
program, education facilities, and control to criminals were
found very 1mportant to the result of development process of the
aresa. S ; .

5. The Spatial Planning of Java Island Ecosystem  should be
directed into an agricultural ecosystem in which -major area
allocation for agriculture  should be maximum, where as the
industry and cities limited to 15 % of total 1and area and - the
forest should be preserved for 257 of the area
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