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Abstract In this research, the author has déveloped a database on land use/cover change of
Indonesia and introduced a simple model simulating dynamic interrelationship between the
change of land uses and socioeconomic ‘system of human life. The model named “Constant
Elasticity Dynamic Equilibrium Model of Land Use (CEDEq-LU Model)” is derived from the
very basic relationship among land area, land productivity, production, and equilibrium condi-
tion of supply and demand for products. By using the last three decades of time-series data of
Indonesia, the model significantly explains the interrelationship system dynamics with averaged
coefficient of determination of about 99.6%.

Key words: constant elasticity dynamic equilibrium model, land use change, land policy simu-
lation, sustainable development. -

1 Introduction

Modeling land use changes is increasingly becoming a global concern. It is commonly un-
derstood that land use and human life are strongly inter-correlated. The dynamics of human life
implies on land use dynamics. The dynamic of land uses may develop or threaten human welfare
(Saefulhakim, 1994). Furthermore, subject to a relatively fixed total available land area, popula-
tion growth, and economic development, land resource scarcity increase overtime. Hannon and
Ruth (1994) conclude that model building is central to our understanding of real-world phenom-
ena. Accordingly, modeling land use change means understanding how the future of our life in
this earth, and in somehow also means preparing what should be done for the most possible bet-
ter condition in the future. :

Any society has own relative potential possibility for a sustainable development, depending
upon how they manage resources they have (Saefulhakim, 1997b). The resources may be in
terms of (see Pearce and Turner, 1990; Saefulhakim, 1997b):

(1) Natural Capital such as land resources which some are renewable (such as biological and
related resources) and some are exhaustible (such as minerals and other non-biological re-
sources),

(2) Man-made Capital such as infrastructure, tools, and facilities;

(3) Human Capital such as intellectual, managerial, and technical skills; and

(4) Social Capital such as social and public institutions, value, ethos, etc.
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A community with highly dependent on exhaustible resources and without an appropriate
care of a sound management of their renewable natural resources, man-made capitals, human
capitals, and social capitals, their growth will rapidly reach the saturation value and collapSe.
Contrarily, when they have a good dynamic response on their resources limitation and a good
dynamic preparation for their most possible sustainability, as assumed in the induced innovation
model of Hayami and Ruttan (1987), they will grow at their most sustainable growth path.

2 Derivation of the CEDEq-LU Model
In a very elementary concept, in a closed system land use production function can be for-
mulated by the following two equations in derivative forms:

dq.(i, 1 _ dx'(i, t) . dy.(i, f) )
q(i,t)dt x(i,r)dr y(i,t)de
3 % -0 | S 2)

Where: .
q(i,t) : Quantity of output produced of i-th land use at time ¢

x(i,t) : Area of i-th land use at time ¢ . ‘

y(i,t) : Productivity of i-th land use at time ¢ (such as in terms of yield or land rent)

L : A fixed total available land area.

Assuming that the dynamic of supply of goods and services can be explained by the dy-
namic of output quantity produced by land uses, and a constant elasticity model (Gujarati, 1995)
holds for their relationship, we can then write an equation of supply function as follow in de-
rivative form:

dQ;(t) =a_( dx(i’t) + dy(i’t))+2a<( dx(j’t) + dy(j:t)) (3)

Q.(r)de x(i,0)dr  y(G,e)de) & \x(j,r)de  y(j,r)de
Where: :
QO (f) :Quantity of goods and services supplied.by a society at time ¢
a, : Constant of supply
a; : Elasticity of supply with respect to quantity of output produced of i-th land use

(¢ denote a referenced land use)
a. : Elasticity of supply with respect to quantity of output produced of j-th land use
(j denote land uses other than i).

Assuming that a constant elasticity model can also explain the dynamic of demand for goods
and services, then we can write the following equation of demand function in derivative form:

SQD(I) =Zbk( dC,(k,t) N dF(k,t) )
o (¢)de C(k,t)dt  F(k,r)dr
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Where:
Q,(t) :Quantity of society demand for goods and services at time ¢

b, : Constant of demand

b, . Elasticity of demand with respect to k-th factor of demand
D(k,t) ' : Measurement of k-th demand factor at time . ‘
F(k,t) - : Magnitude of k-th demand factor at time ¢

C; (k, ) : Correction factor for k-th demand factor at time £.

Assuming equilibrium condition' for supply and demand, a condition for a simultaneous in-
terdependence among supply and demand factors (Gujarati, 1995), we can write as follows in a

derivative forms:

a( dr(i,1) dy.(i,-z))Jrza_( a(jot) dy.(j,t))_
x(i,t)dr  y(i,t)de \x(j,0)dt  y(j,t)de

J#i

b HED L gy, AEED ©)
J(k,t)  ® " F(k,t)dt
Here, let use the following notations for the elasticity:
B(ik) = by [a,, (i j) = ~(a,/a,) (©)
Equatlon (5) can then be written as the followmg two equations:
dx(i,f) dF(k t) dx(j,t) dH(l,t)‘
X 0ydr - LA, )F(k fydr Z DG yae B dr 0
do(i,t dC, (k,t) ¢ dy(i,t
e~ SR AT R (CORCCD: ®
0@, t)de Cy(k, t)dt “ T y(),nde y(ir)de

Where:

6(i,t) : Aggregate level of society control on land use system dynamics (or aggregate effort of
the society for their life sustainability, dynamically balancing their most possible supply
and demand function) |

B(i, k) Elasticity of i-th land use with respect to k-th society demand factor

a(i, j): Elasticity of i-th land use with respect to the other j-th land use.

Equation (2), Equation (7), and Equation (8) are the Basic Equation Set for the CEDEq-

LU Model.

3 Parameter Estimation and Simulation of the Model

For the purpose of parameter estimation and simulation of the CEDEq-LU Model, we inte-
grate the basic equation set onto ¢, and the following land use system equation set and boundari-
es are resulted: |
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In x(i, £) = 2 B k)N F(k,t)+ ¥ a(i, j)Inx(j,£) +In 6(i,£) + x (i) ©)

Jui.

In 6(i,t) = 2 B(i,k)InC, (k, 1)+ (z a(i, HIny(j,t)-1In y(i, ) (10)
> x(i,t)=L (11)
0 < min(x(i)) s x(i,£) s max(x(i)) <L : 12)
- 0 < min(F (k)) < F(k,t) s max(F (k)) | (13)
0 < min(6(2)) = 6(i, £) s max(6(i)) (14)
0 < min(y(i)) = y(i, ) s max(y(i)) (5)
- 0<min(C, (k)= C, (k,t) = max(C, (k)) (16)

Where:
x (i) = : Constant of i-th land use, j is alias of i -

min(.) : Lower boundary for the corresponding variable

max(.) : Upper boundary for the corresponding variable.

A constrained least square parameter estimation procedure was applied using GAMS -
General Algebraic Modeling System. Due to data availability, in this first parameter estimation
we used only time serial data of land use with 5 categories (FAOSTAT-PC: FAO, 1991), real
gross domestic products (BPS, 1997), and population (BPS, 1997). The land use categories are
(1) ARBL: Arable Land, (2) PCRP: Permanent Crops, (3) PPST: Permanent Pasture, (4) FORW:
Forest and Woodland, and (5) URBL: Urban, Non-Agricultural, and Other Land. Actually, data
for gross domestic products and population serially ranged from year 1960 to 1995. However,
they are constrained by availability of land use data ranged only from year 1961 to 1989. There-
fore, for only this purpose we use a same serial data for both i.e. from 1961 to 1989 (i.e.: 29 seri-
al samples). Actually, in micro-economic theory (such as in Dahl and Hammond, 1977; Judge et.
al, 1988), common factors of demand for goods and services are income level and price structure.
In public spending (Pindyck and Rubinfeld, 1991), population size is also considered a signifi-
cant factor. However, here for simplicity, we assume that real gross domestic products and
population are the most significant aggregate proxy variable for the demand factors.

For simulation purpose, we set baseline for the dynamics of magnitude of demand factors
F(k,t), to follow the saturating growth model (Crammer, 1991) as follow:
- dF (k,1) t) _

o~ RFk, t)w(k) - F(k,t)) While lim F(k, ) = a)(k) (17)
Where:
t . :tTime
k : k-th category of demand factors

F(k,t): Size of k-th demand factor at time ¢
w(k) : Saturation value (ceiling parameter, resource limits) of k—th demand factor

n(k) : Growth parameter of k-th demand factor
a(k). : Logistic growth constant of the k-th demand factor
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b(k) : Logistic growth rate of the k-th demand factor.

Quasi-Newtonian nonlinear parameter estimation procedure was applied for parameter es-
timation of the saturating growth model using data of real gross domestic products and popula-
tion serially ranged from year 1960 to 1995. For the simulation we set two scenarios as follows:

Until when the dynamics of land uses will be able to support economic development of
Indonesia if there were no further significant improvement of social efficiency and land use pro-
ductivity? (i.e. set 8(i,t) = 1, find optimal solution for F(k,t) )

How much land use productivity improvement (under land suitability constrains) will be needed
to ensure a sustainable socioeconomic development? (i.e. set C,(k,¢) = 1, find optimal solution
for y(i,t) )
4  Results and Discussion

4.1  Parameters Estimates: Characteristics of Land Use and Socioeconomic Dynamics in the Past

Three Decades of Indonesia -

Results of parameter estimation for the CEDEq-LU Model are summarized in Table 1 and

for the Saturating Growth Model in Table 2.

Table 1 Parameter Estimates of the CEDEq -LU Model

Elasticity with Respect to:'
Land - . Land Use ! Demand Factor Constant  {RSq.

Use ARBL PCRP PPST FORW.  |URBL |GDP POP

ARBL . [1.000 9.009 1.162 -3.324 -0.316 -0.065 -1.248 -21.191 99.99981

PCRP 0.071 1000 {0174 [0133 [0032 0008 (0142  [6.557 99.62387

PPST 1.049 8576 |1.000 3729 |o460  j0.061 1.179 10.095 99.9868

FORW  |-0239 1420 {0.054 {1000 ~ [|-0184 * {0009 [-0.189 |[5.149 99.99917

URBL  |-2.014 15674 {1725 17376 ~ |1.0000 |-0.110 [-2.146 |-8.482 100
Notes:

ARBL Arable Land (unit: thousand ha) '

PCRP Permanent Crops (unit: thousand ha) .

PPST Permanent Pasture (unit: thousand ha)

FORW Forest and Wood Land (unit: thousand ha) - :

URBL Urban, Non-Agricultural, and Other Land (unit: thousand ha)
GDP 'Real Gross Domestic Products (unit: billions Rp)

POP Population size (unit: thousand persons)

RSq. Coefficient of Determination (umt percent)

The models are 51gn1ﬁcantly fit to data of the past three decades land use and socioeconomic
dynamics in Indonesia. The models fit to the data with coefficient of determination (R %) of more
‘than 99%. This means that unexplamable data variability is less than 1%. Therefore, parameter
estimates of the models are good enough to explain main characteristics of land use and socioe-
conomic dynamics of Indonesia particularly for the past three decades.

From Table 1 (elasticity matrix) we can see how many percent area of a certain land use
(row variable) will change when area of another land use (column variable), real GDP, or popu-
lation changes one percent. As an example, from ARBL row and POP column we can see that a-
percent of population growth in the past three decade implied in conversion of arable land by
about 1.25 percent. Moreover, from URBL row and ARBL column we can see that a percent
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conversion of arable land was followed by about 2% area expansion of urban and non-
agricultural land. Another example, from URBL row and POP column we see that a percent of
population growth implied in conversion of urban, non-agricultural and other land by about 2.15
percent. This later phenomenon is likely not reasonable. However, this is because of too broad
categorization. Actually, the conversion is neither for urban and nor for non-agricultural land,
but for other land such as uncultivated swampy land. Current example for this phenomenon is
development of one million hectares swampy peat land to agricultural land in Central Kaliman-
tan (1997). From Bogor case, GDP and population growth are linearly correlated with expansion
of land for housing and industrial establishment with correlation coefficient of 0.99 and 0.86 re-
spectively. As a general figure of land use change phenomena got from Table 1 are as follows:
(1) Economic and population growth directly and indirectly induced (or be induced by) change
of land uses particularly arable land, permanent crop, urban and non-agricultural land;
(2) Main source of arable land expansion (food crop development, etc.) is from conversion of
forest land and other land especially uncultivated swampy (peat) land;
(3) Main source of permanent crop land expansion (plantation development, etc.) is from con-
version of permanent pasture land including alang-alang (Imperata cylindrica);
4) Main source of urban & non-agricultural land (development of urban housing, transmigra-
tion settlement, industry, mining, etc.) is from conversion of arable land and forest/wood land.

Table 2: Parameter Estimates of the Saturating Growth Model
‘ Notes:

Parameters GDP POP GDP  Real Gross Domestic Products

(unit: billions Rp)

POP  Population size (unit: thousand
‘ . persons) o
1 Satu'ratllon Value 294567 498393 RSq. Coefficient of Determination
2|Logistic Growth Constant -6.80480| -1.46463 (unit: percent) ‘
3|Logistic Growth Rate 0.06106} 0.02917
4RSq. . 99.8455] 99.9240

4.2  Simulation under the Scenario 1: Indonesia Socioeconomic Crisis in the Beginning of the 21*
Century ‘

Results of model simulation under the scenario 1 are summarized in Figure 1 and Figure 2.
Figure 1 shows population projection up to the 21* century in Indonesia with different models,
scenarios, i.e.: | ‘
(1) the Saturating Growth Model,

(2) the CEDEq - LU Model without significant improvement of land use productivity and social
efficiency,

(3) Average of (1) and (2),

(4) Projection by the Government of Indonesia, and

(5) Projection by the World Bank.

It is shown that up to year 2003 both models/scenarios estimate the same population size.
However, since then the Saturating Growth Model shows the highest estimate while the CEDEg-
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LU Model shows the lowest estimate. Results of projections by the Government of Indonesia
and by the World Bank are approximately same as average value of projections by the Saturating
Growth Model and the CEDEq-LU Model. These phenomena tell us that if there is no further
improvement of land use pro- - | ' ‘

~ 5.E+05
o s . . )
ductivity and social efficiency, B SEN0S | - - - o mm o m e
. : . . 0
population carrying capacity @ AEH0S Fmmm e T
o
of Indonesia’s resources will | g &0 ---r-------om- oo oo oo - oo noas —3
. Sass - o W
only grow until year 2003. %
. - PR v Wi haiataieiaet ittt eteetr
Since then, the population N f ‘ ,
n 2.E+05 SunU: Saturating Growth Model
carrying capacity will not sig- S 2ev0s [ - - - — SunA: Awerage befween Sunl and SunU
niﬁcantly grOW and popula_ . "g 1.E+08 - == == == - SunL: CEDEg-LU without land use productivity improvement
=3 .
. . . . Q 5604 F-—-- ' O  BPS (1993) & BKKBN (1995): Government of Indonesia
tion of Indonesia WIll hever no_ 0.E+00 L1 M , World Bank (1994):; World Populatiop Projections; in Japgnese by Koyno

each 250 million persons. ,
reach 250 p i 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

However, with a medium’ op-

Years

timistic projection, population
of Indonesia will grow as es- “Fig. 1 Popluation projections by various scenarios
timated by the Government of ' '

Indonesia and the World Bank.’

Figure 2 shows economic growth projection up to the 21* century in Indonesian with differ-
ent modes/scenarios. Up to year 2006 Indonesian economy is estimated by both models to grow
with average growth rate of about 6% a year. However, if there is no further improvement of
land use productivity and social efficiency, from year 2006 the economy will set down to the
level of year 1997. The problem will be more critical when the social effidiency and the land use

productivity are significantly

degrading as happening in the 20

. . the Saturating Growth Model
current Indonesian economic [ 9

crisis. Saefulhakim (1998)
shows that the current

—_

©

o
T

economic crisis in Indonesia

Real GDP Index
@
o

is caused by many factors es-

70 F the CEDEq-LU Model without Significant
pecially related to cumulative Improvement of Social Efficiency and
X Land Use Productivity
causation process of produc- 1o - e T
tivity and efficiency degrada- 1961 1976 1991 2006 2021 2036 2051 2066 2081 2096
tion, such as leveling-off in Years
rice productivity and incre- Figure 2 GDP projections
mental capital-output ratio
(ICOR) since 1984.
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4.3 . Simulation under the Scenario 2:'Land Use Productivity Improvement Rate Necessary for

Maintaining Sustainable Socioeconomic Development in Indonesia

Results of model simulation under the

1.E+05
scenario 2 are summarized in Figure 3 and | _ 1g05 I
- Figure 4. These figures show how land uses g 1.E:05 jm\
in Indonesia to be changed in order to match Qs - PCRP
with: X6E04 | ropw
(1) Economic and population growth as pro- SA4E04 - - - URBL
jected using the Saturating Growth Model, i.e. &- 2604 :ijyé
maximum possible economic growth and 0.E+00 =TTt
population carrying capacity; and g g é § g ‘g g
(2) Land suitability constrains. M
As! a'general conclusion from the figures, Years

we can say that as far as policy is measured
in terms of land uses, in order to achieve the

most possible sustainable development, Indo- 1.800

nesia has at least to do the followings: 5 1600

(1) Area of arable land should be increased g::gg
significantly. For that, it will be necessary E’1:000
to convert some of convertible forest and }-2 0.800
the currently uncultivated swampy land. ».§ 0.600

(2) Land use productivity should be increased Egzgg
significantly particularly for arable land, 0.000 -
permanent pasture, urban land, and non- 1961 1981 2001 2021 2041 2061 2081
agncultural land. For that, we have to set - Years

up better policies and actual programs

concerning namely land use intensifica- -

" Fig.3 Land use projection under scenaio 2

Fig. 4 Reauired land productivity

tion, land use conversion control, land resource rehabilitation land resource conservation,
land consolidation, etc. (see Saefulhakim, 1994, 1996, and 1997a; Saefulhakim and Na-
soetion, 1994 and 1996; Saefulhakim, et al., 1997; Geo, 1997).

5 Conclusion

The above research results can be summarized as follows:

M

)

It was introduced a simple model simulating dynamic interrelationship between the change

of land uses and socioeconomic system. The model is named the CEDEq-LU (Constant

Elasticity Dynamic Equilibrium Model of Land Use). The model fit to actual data with
highly significant coefficient of determination.

Economic and population growth directly and indirectly induced (or be induced by) change
of land uses particularly arable land, permanent crop, urban and non-agricultural land
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)
“4)

®)

(6)

™)

©)

Main source of arable land expansion (food crop development, etc.) is from conversion of
forest land and other land especially uncultivated swampy (peat) land;
Main source of permanent crop land expansion (plantation development, etc.) is from con-

version of permanent pasture land including alang-alang (Imperata cylindrica);

Main source of urban and non-agricultural land expansion (development of urban housing,

transmigration settlement, industry, mining, etc.) is from conversion of arable land and for-

est/wood land. ‘

Indonesian economy has a potent1al growing capacity up to about 95 times real GDP of year

1997. Population supporting capacity is about 2.5 times population of 1997. Therefore, In-

donesia has potentiality to increase the current status of income per capita up to approxi-

mately 40 times. '

However, if there is no further lmprovement of land use productivity and social efficiency,

population carrying capacity of Indonesia’s resources will only grow until year 2003, and

from year 2006 the economy will set down to the level of year 1997. The problem will be

more critical when the social efficiency and the land use productivity are significantly de-

grading as happening in the Currénf[ndonesian €CONOmIc Crisis.

In terms of land policy, in order to achleve the most possibie sustainable development, In-

donesia has at least to:

(1) Significantly increase area of arablc land with a care conversion of some convertible
forest and the currcntly uncultivated swampy land, and

: (2) Significantly 1mpr9vc land use productivity, particularly for arable land, permanent

pasture, urban land, and non-agriiéul,tur‘al land.
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