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Abstract 

Land use change in the upstream of Rawa Pening watershed which is more and more dominated by resi-
dence and industry causes the increasing of surface flow discharge on the rainy season. In addition, the decreas-
ing of Rawa Pening ability in storing flood discharge also influences to the cropping area in surrounded Rawa 
Pening. Water surpluses occurring downstream are related to the land use change in the upstream which gives 
impact in the downstream. However, it is as an important reason to carry out the optimization of water economic 
value in this region. The disruption of water availability causes the decreasing of any production like hydroelec-
trical power, fresh water, and rice production, so the optimal water economy is decreasing. This research intends 
to: 1) analyse the effect of land use change to the water availability; 2) analyse the land use change to the water 
balance; and 3) build and analyse the optimization model of water economic value due to the land use change. 
Results show that there is the different influence of land use change during the years to the results of water value 
optimization. 
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INTRODUCTION 

Conservation and demand management are the 
keys to sustained use of any resources. By the rapid 
increasing of population, secure future water for much 
of the world remains elusive. Planning and mana-
gement of water resources is not an easy job mainly 
when the problem is as a national wide. It becomes 
harder if an area is considered unstable or when 
events are unpredictably [INWRDAM 2001]. The 
main objective of water resources planning and man-
agement is to solve the equation of demand and sup-
ply of water resource for a specific area taking into 
account various dimensions like time, space, politics, 

economy, environment, and the other aspects RISPI-
NINGTATI 2010]. Regional decision making is consid-
ered to a variety of technical aspects which need to be 
decided. It is an interplayed of the factual base of in-
formation about the system, the methods to process 
this information and the interpretation of the results.  

Indonesia is as the agricultural country, so that 
the important aspect of water resources developments 
used for irrigation. Some rivers in Indonesia are pro-
gressive developed latterly. The limitation of surface 
water resources, especially in the dry season intensify 
the need for an optimum capacity and operation for 
the multi purposes reservoir systems [GAKPO et al. 
2006; SATTARI et al. 2006]. Thus, it is needed to allo-
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cate the water use as efficient as possible. To reach 
this target, it is needed to make a system model for 
optimization. Optimization analysis would give more 
information for allocating water of each objective 
function. 

The development of residential area will certainly 
be followed by the increasing of population growth. 
Every population certainly need water for their life. 
Therefore, water demand will be increasing from year 
to year. The increasing of water need will change the 
equilibrium of carrying capacity in the region to sup-
ply domestic water for supporting population life. 
Water availability tends to drop because the decreas-
ing of carrying capacity in a watershed due to the in-
creasing of residence area in water catchment.  

Water resources development is targeted to sup-
ply water needs. The water demand is for irrigation, 
hydroelectrical power, industry, recreation, and hu-
man needs [LIMANTARA 2010]. The important aspect 
of water resources is for hydroelectrical power which 
gives more profit. System of water resources is as 
a size and activity structural and non-structural device 
of a development aim or improvement on available 
water resources for the usage of human demand 
[PAVONI et al. 2001]. Water management can be 
meant as the reconciliation of the whole users, water 
conservation, and the related natural resources, and 
the previous enough water for developing constant de-
mand [ANDAWAYANTI et al. 2012; INWRDAM 2001]. 

The challenge is how to design and manage the 
water resources reservoir needs for a long time. The 
additional water demand from some users, introduc-
tion of environmental water condition, and range of 
the other value is as the additional challenges [JUWO-
NO 2011; WARD 2009]. Water manager is more in-
creasing the consultant, society, and user for merging 
among the users. Water catchment gets the additional 
pressure in number and quality of groundwater and 
surface water [STRATON et al. 2011]. 

The relation between land use changes and the 
decreasing of water retention capacity of the area is as 
a question which has to be answered by the stake-
holders. In Rawa Pening watershed, the land use 
change in downstream is dominated by the residential 
and industrial area. However, it causes the increasing 
of surface run-off on the rainy season. In addition, the 
ability of Rawa Pening in storing flood discharge is 
also influenced by the cropping area. The surplus wa-
ter which is occurring on rainy season in Rawa Pening 
and water deficit on dry season is related to the land 
use change in the upstream, and it gives so many im-
pacts in the downstream. Therefore, it is as an im-
portant reason to carry out the optimization of water 
economic value in this area. 

MATERIALS AND METHODS 

STUDY LOCATION 

Rawa Pening watershed is located in Center Java 
Province. The area is expanded from Rawa Pening to 

the regions of Kedungjati, Gubug, Dempet, Guntur, 
Bonang, and the estuary is in the Java Sea. Area of 
Rawa Pening watershed is 796 km2, it is including the 
catchment area in the upstream with the area of 
282 km2.  

Rawa Pening watershed is abut with highlands 
area of Merbabu, Telomoyo, and Ungaran in the 
southern; in the eastern is abut with Grobogan Regen-
cy and Telawa District (Demak Regency); and in the 
western is abut with Semarang Regency. Administra-
tively, Rawa Pening watershed includes Semarang 
Regency, Salatiga City, Grobogan Regency, and De-
mak Regency. Map of study location is presented as 
in Figure 1.  

The method which is used in this study is experi-
mental method by optimization. The experiment is by 
reversing the component condition of watershed. 
However, because it concerns the wide area and long 
time, so the experiment is carried out indirectly such 
as by the simulation. To be able to carry out the simu-
lation to the area as a system, it is needed the model 
that can represent the system condition. However, to 
obtain the model which can represent the system con-
dition such as watershed system, it can be carried out 
by evaluating and studying the data of performance 
and the watershed that is modelled. The steps of this 
study are as follow: 
1) to analyse the hydrological system of the water-

shed (process of the input–output); 
2) to analyse the land use change in the watershed 

(the process change); 
3) to analyse the water demand and availability, and 

the water balance change from year to year (from 
1995 until 2009); 

4) to analyse the water value from time to time by the 
approach of willingness to pay (WTP) and will-
ingness to accept (WTA); 

5) to analyse the optimization algorithm of the water 
benefit for period 1, 2, and 3; the period 1, 2, and 
3 are following the period time of cropping season 
1, 2, and 3;  

6) modelling of the optimization. 

OPTIMIZATION BY LINEAR PROGRAMMING  

Optimization is a design in the plan models solv-
ing based on the mathematical function that limits it. 
There are some optimization techniques with the con-
straints as follow [LIMANTARA, SOETOPO 2011]: 
1) Langrange multipliers is as an optimization solv-

ing by using the linear constraints; 
2) linear programming is as an optimization solving 

by using the linear constraints; 
3) quadratic programming is as an optimization solv-

ing by using the mathematic program with the lin-
ear function and non linear objective function; 

4) geometric programming is as an optimization 
solving by using the geometric equation; 

5) dynamic programming is as an approach to opti-
mize the decision processes in double steps. 
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Fig. 1. Location of Rawa Pening watershed; source: BPPT [2013] 

 
Analysis in this study uses linear programming. 

The selection of this method is based on the consider-
ations as follow [LIMANTARA, SOETOPO 2011]: 
1) this method can be used for solving the system 

with pretty much variables and constraints; 
2) the usage of this method is easy. in addition, it is 

supported by much program packages which has 
been published; 

3) the mathematical function is simple; 
4) the result is reliable enough. 

The steps in carrying out analysis with the linear 
programming are as follow: 
1) to make the optimization model; 
2) to determine the sources which will be optimized 

(in this case is used for irrigation, hydroelectrical 
power, and drinking water); 

3) to analyse the quantity of input and output for eve-
ry activity unit; 

4) setting of the mathematical model. 

MODEL OF LINEAR PROGRAMMING 

Basically, model of linear programming has three 
important factors as follow: 
1) decision variable is as the variable which will be 

found and giving the best value for the objective 
that will be reached; 

2) objective function is as the mathematical function 
which has been maximized or minimized and it re-
flects the objective which will be reached; 

3) constraint is as the mathematical function which 
becomes as the constraint of the effort to maxim-
ize or minimize of the objective function that rep-
resents the constraint that has to be reached. 
There are four basic assumptions implicity built 

into linear programming model as follow [MAYS, 
TUNG 1992]: 
– proportionally assumption – this implies that the 

contribution of the jth decision variable to the effec-
tiveness measure, cjxj and its usage of the various 
resources, aijxi, are directly proportional to the val-
ue of the decision variable; 

– additivity assumption – the assumption means that, 
at a given level of activity (x1, x2, xn), the total us-
age of resources and contribution to the overall 
measure of effectiveness are equal to the sum of 
the corresponding quantities generated by each ac-
tivity conducted by itself; 

– divisibility assumption – activity units can be di-
vided into any fractional level, so not integer val-
ues for the decision variables are permissible; 

– determistic assumption – all parameters in the 
model are known constants without uncertainty. 
The effect of the uncertainty of parameters on the 
result can be investigated by conducting sensitivity 
analysis. 

A general mathematical form of an optimization 
problem is as follow [LIMANTARA, SOETOPO 2011; 
SIMONOVIC 2009]: 

 

  Watershed boundary 
  River 
  Number of rainfall station 
  Peilschal/board of water level estimation
  Weir 

Legend: 

Scale 

km 
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Objective function: 

 Z = c1x1 + c2x2 + c3x3 + .... + cnxn (1) 

Constraint: 

 a11x1 + a12x2 + … + a1n ≤ b1 (2) 

 a12x1 + a22x2 + … + a2nxn ≤ b2 (3) 

 m am1 x1 + am2x2 + … + amnxn ≤ bm (4) 

 x1 ≥ 0 ; x2 ≥ 0; …. ; xn ≥ 0 (5) 

Where: Z = objective function; C1, ..., Cn = objective 
function coefficient; a11 ..., amn = coefficient of con-
straint variable; x1 ..., xn = constraint variable; m = 
total constraint; n = total number of decision variable. 

The objective is usually to find the best possible 
water allocation (for water supply, hydropower gener-
ation, irrigation etc.) within a given time period in the 
complex water system. For most practical water man-
agement applications, the nonlinearity of the objective 
function and/or constraints mean that many modifica-
tions have been used to convert the non-linear prob-
lems for the use of linear programming solver [SI-

MONOVIC 2009]. 

RESULTS AND DISCUSSION 

OPTIMIZATION ANALYSIS 

The optimization is carried out in the Rawa Pen-
ing system (as in the Fig. 2) by analysing the benefit 
from hydroelectrical power of Timo and Jelok, irriga-
tion of Slomot, Kenteng, and Tapen irrigation area, 
drinking water of Sari Tirta Ungaran by analysing the 
water quality.  

INDEPENDENT AND DEPENDENT VARIABLE  

Based on the theoretical approach, there is built 
the research logic which can connect some variables 
in this research, so the research way can be logically 
followed and the problem in this study can be solved 
as follow. 
1. Independent variables consist of: 
– input discharge of the Rawa Pening watershed; 
– the area of irrigation in upstream of the Rawa Pen-

ing reservoir;  
– storage capacity of the Rawa Pening reservoir (C), 

maximum water volume which can be stored in 
Rawa Pening reservoir based on the allowable wa-
ter level; 
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Fig. 2. System of upstream Rawa  
Pening watershed; own elaboration 
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– inflow to the Rawa Pening reservoir (I) which is 
analysed based on the outflow data that is recorded 
in the hydroelectrical power of Jelok; 

– evapotranspiration (ETo) which is obtained from 
data of the nearest pan-evaporation multiplied by 
cropping coefficient. 

2. Dependent variables consist of: 
– energy of the Jelok hydroelectrical power (Ej); 

there are 4 turbines which can be generated by wa-
ter potential energy of the Rawa Pening reservoir 
that is flowed to the intake in the Jelok weir of 
Tuntang River; the Jelok hydroelectrical power has 
installed capacity of 5.12 Wh. 

– energy of the Timo hydroelectrical power (Et) after 
being used by the Jelok hydroelectrical power; the 
Timo hydroelectrical power has 3 turbines and the 
installed capacity is 4.17 Wh; 

– water volume of reservoir (R) is as outflow of the 
Jelok weir which is through the intake of hydroe-
lectrical power as well as irrigation gate and as the 
overflow into the Tuntang River;  

– initial storage volume of the Rawa Pening reservoir 
(Si) is as the water volume total of the Rawa Pening 
reservoir when t = 0; 

– water discharge which is used by the PT Sari Tirta 
Ungaran (Q1) for drinking water. Intake is in the 
upstream Jelok weir and the average discharge is 
50 dm3 s–1;  

– water discharge which is used by the Jelok hydroe-
lectrical power (Q2). It is based on the water level 
elevation of the Rawa Pening watershed;  

– water discharge for irrigation in the irrigation area 
of Slomot (Q3) and Susukan (Q4), based on the 
cropping pattern which has been determined by re-
gional irrigation committee there;  

– water discharge for irrigation in the irrigation area 
of Kenteng and Tapen (Q6); the intake is in the 
downstream intake of the Slomot irrigation area; it 
is based on the cropping pattern which has been de-
termined by the regional irrigation committee 
there. 

To make more convincing the variables which are 
influencing the water value in the Rawa Pening, is 
carried out by using the structural equation modeling 
(SEM) with partial least square (PLS) of SmartPLS 
program. The results of PLS are as follow: 
1) there is the significant positive influence of land use 

to the water quality; it means that the higher indica-
tor value of the land use can increase the indicator 
value of the water quality such as TSS and BOD; 

2) there is the significant positive influence of the land 
use to the water quantity; it means that the higher 
indicator value of the land use can increase the in-
dicator of water quantity; 

3) there is the significant positive influence of the wa-
ter quality to the water economic value; it means 
that the better water quality can increase the water 
economic value; 

4) there is the non-significant positive influence of the 
water quantity to the water economic value; it 

means that the higher indicator value of the water 
quantity can increase the water economic value but 
it is non-significant; 

5) there is the significant positive influence of the land 
use to the water economic value; it means that the 
higher indicator value of the land use can increase 
the water economic value. 
There are used 18 variables for the optimization 

in the Rawa Pening system as follow: 
x1 = volume of the drinking water period 1 in Sari 

Tirta Ungaran (STU), m3; 
x2 = volume of the drinking water period 2 in Sari 

Tirta Ungaran (STU), m3; 
x3 = volume of the drinking water period 3 in Sari 

Tirta Ungaran (STU), m3; 
x4 = energy period 1 of the Jelok hydroelectrical 

power, kWh; 
x5 = energy period 2 of the Jelok hydroelectrical 

power, kWh; 
x6 = energy period 3 of the Jelok hydroelectrical 

power, kWh; 
x7 = energy period 1 of the Timo hydroelectrical 

power, kWh; 
x8 = energy period 2 of the Timo hydroelectrical 

power, kWh; 
x9 = energy period 3 of the Timo hydroelectrical 

power, kWh; 
x10 = number area period 1 of the Kenteng irrigation 

area (paddy-cropping pattern-1), ha; 
x11 = number area period 2 of the Kenteng irrigation 

area (paddy-cropping pattern-2), ha; 
x12 = number area period 2 of the Kenteng irrigation 

area (second crop-cropping pattern-3), ha; 
x13 = number area period 1 of the Tapen irrigation 

area (paddy-cropping pattern-1), ha; 
x14 = number area period 1 of the Tapen irrigation 

area (paddy-cropping pattern-2), ha; 
x15 = number area period 2 of the Tapen irrigation 

area (second crop-cropping pattern-3), ha; 
x16 = number area period 1 of the Slomot irrigation 

area (paddy-cropping pattern-1), ha; 
x17 = number area period 1 of the Slomot irrigation 

area (paddy-cropping pattern-2), ha; 
x18 = number area period 2 of the Slomot irrigation 

area (second crop-cropping pattern-3), ha. 
Objective function: 

Max x1 ∙ (Rp∙m–3) + x2 ∙ (Rp∙m–3) + x3 ∙ (Rp∙m–3) +  
x4 ∙ (Rp∙kWh–1) + x5 ∙ (Rp∙kWh–1) + x6 ∙ (Rp∙kWh–1) + 
x7 ∙ (Rp∙kWh–1) + x8 ∙ (Rp∙kWh–1) + x9 ∙ (Rp∙kWh–1) + 
x10 ∙ (Rp∙ha–1) + x11 ∙ (Rp∙ha–1) +  x12 ∙ (Rp∙ha–1) +  
x13 ∙ (Rp∙ha–1) + x14 ∙ (Rp∙ha–1) + x15 ∙ (Rp∙ha–1) +  
x16 ∙ (Rp∙ha–1) + x17 ∙ (Rp∙ha–1) + x18 ∙ (Rp∙ha–1) + 
KWPLTA JELOK ∙ (Rp∙KW–1) + KWPLTA TIMO ∙ (Rp∙KW–1)  

CONSTRAINT 

Drinking water (Sarana Tirta Ungaran – STU) 
50 dm3ꞏs–1 ≤ x1 ≤ 250 dm3ꞏs–1 
50 dm3ꞏs–1 ≤ x2 ≤ 250 dm3ꞏs–1 
50 dm3ꞏs–1 ≤ x3 ≤ 250 dm3ꞏs–1 
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Hydroelectrical power of Jelok 
x4 ≤ maximum generation discharge on the period 1; 
x5 ≤ maximum generation discharge on the period 2; 
x6 ≤ maximum generation discharge on the period 3. 
Hydroelectrical power of Timo 
x7 ≤ maximum generation discharge on the period 1; 
x8 ≤ maximum generation discharge on the period 2; 
x9 ≤ maximum generation discharge on the period 3. 
Irrigation area of Kenteng 
x10 ≥ 75% of available irrigation area on the period 1 

(MT 1); 
x11 ≥ 75% of available irrigation area on the period 2 

(MT 2); 
x12 ≥ 75% of available irrigation area on the period 3 

(MT 3). 
Irrigation area of Tapen 
x13 ≥ 75% of available irrigation area on the period 1 

(MT 1); 
x14 ≥ 75% of available irrigation area on the period 2 

(MT 2); 
x15 ≥ 75% of available irrigation area on the period 3 

(MT 3). 
Irrigation area of Slomot 
x16 ≥ 75% of available irrigation area on the period 1 

(MT 1); 
x17 ≥ 75% of available irrigation area on the period 2 

(MT 2); 
x18 ≥ 75% of available irrigation area on the period 3 

(MT 3). 
Discharge on the cropping season 1 (period 1, MT 1) 
x1 + x4 + x7 + x10 + x13 + x16 ≤ QI 
Discharge on the cropping season 2 (period 2, MT 2) 
x2 + x5 + x8 + x11 + x14 + x17 ≤ QII 
Discharge on the cropping season 3 (period 3, MT 3) 
x3 + x6 + x9 + x12 + x15 + x18 ≤ QIII 

Water quality 
Oxygen/x1 ≤ BOD1 (period 1, MT 1) 
Oxygen/x2 ≤ BOD2 (period 2, MT 2) 
Oxygen/x3 ≤ BOD3 (period 3, MT 3) 

ANALYSIS AND RESULT ANALYSIS OF 
OPTIMIZATION ANALYSIS BASED ON THE DATA 
1995–2009 DUE TO THE THREE DISCHARGE 
CONDITION OF DRY DISCHARGE (66.6%), 
NORMAL DISCHARGE (50%),  
AND WET DISCHARGE (33.3%) 

Optimization is carried out on the Rawa Pening 
system which includes 2 hydroelectrical powers such 
as Jelok and Timo; 3 irrigation area such as Kenteng, 
Tapen, and Slomot; drinking water in Sarana Tirta 
Ungaran (STU); and by attending the water quality. 
Based on the description as above, there are needed 
18 variables and 27 constraints for the optimization 
analysis. For example, there is given the objective 
function and constraints for the wet discharge condi-
tion (33.3%) as follow: 
 Objective function (to maximize)  
x1∙7,500 + x2∙7,500 + x3∙7,500 + x4∙33,039,715,416 + 
x5∙40,142,518,775 + x6∙20,705,176,289 + 
x7∙19,232,798,674 + x8∙19,232,798,674 + 

x9∙19,232,798,674 + x10∙472,950,000 + 
x11∙472,950,000 + x12∙104,962,500 + x13∙620,090,000 
+ x14∙620,090,000 + x15∙137,617,500 + 
x16∙2,837,700,000 + x17∙2,837,700,000 + 
x18∙629,775,000 + 15,000 ∙ 994.8 + 10,500 ∙ 994.8 
In Rp (Indonesian currency). 
 Constraints 
Drinking water (Sarana Tirta Ungaran – STU) 
x1 ≤ 0.25 m3ꞏs–1 

x2 ≤ 0.25 m3ꞏs–1 

x3 ≤ 0.25 m3ꞏs–1 

x1 ≥ 0.05 m3ꞏs–1 

x2 ≥ 0.05 m3ꞏs–1 

x3 ≥ 0.05 m3ꞏs–1 

Hydroelectrical power of Jelok 
x4 ≤ 13.6 kWh 
x5 ≤ 13.6 kWh 
x6 ≤ 8.0 kWh 
Hydroelectrical power of Timo 
x7 ≤ 13.6 kWh 
x8 ≤ 13.6 kWh 
x9 ≤ 8.0 kWh 
Irrigation area of Kenteng 
x10 ≥ 0.039 ha 
x11 ≥ 0.039 ha 
x12 ≥ 0.0098 ha 
Irrigation area of Tapen 
x13 ≥ 0.051 ha 
x14 ≥ 0.051 ha 
x15 ≥ 0.013 ha 
Irrigation area of Slomot 
x16 ≥ 0.23 ha 
x17 ≥ 0.23 ha 
x18 ≥ 0.059 ha 
Discharge on the cropping season 1 (period 1, MT 1) 
x1 + x4 + x7 + x10 + x13 + x16 ≤ 12.09 m3 

Discharge on the cropping season 2 (period 2, MT 2) 
x2 + x5 + x8 + x11 + x14 + x17 ≤ 12.09 m3 

Discharge on the cropping season 3 (period 3, Mt 3) 
x3 + x6 + x9 + x12 + x15 + x18 ≤ 12.09 m3 

Water quality 
4.07/x1 ≤ 3 (period 1, MT 1) 
4.07/x2 ≤ 3 (period 2, MT 2) 
4.07/x3 ≤ 3 (period 3, MT 3) 
Explanation: 4.07 = oxygen demand in m3. 

Optimization result by using the linear program-
ming on the Rawa Pening system with the three dis-
charge condition of dry discharge (66.6%); normal 
discharge (50%); and wet discharge (33.3%) are pre-
sented on Table 1. Figure 3 presents the inflow-
outflow condition of optimization result based on the 
data of 1995–2009 for the discharge condition of dry 
(66.6%); normal (50%); and wet (33.3%). 

Based on the running result of optimization by us-
ing linear programming based on the data of 1995–
2009, there is produced the maximum benefit for 3 pe-
riods of cropping season on the wet discharge condition 
is as Rp 875,362,267,553.0; on the normal discharge 
condition is as Rp 850,923,126,361.0; and on the dry 
discharge condition is as Rp 725,882,198,274.0. 
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Table 1. Optimization result based on the data of 1995–2009  

Year Period 
Inflow 

Simulation of outflow 
Benefit 

Rp 
DW 

HP  
Jelok 

HP  
Timo 

IA  
Kenteng

IA 
Tapen 

IA  
Slomot 

total 

Q, m3ꞏs–1 volume, m3 Q, m3ꞏs–1 

Normal 
1 9.03 23,717,837 0.25 4.22 4.22 0.04 0.05 0.23 9.02 

643,387,683,803 2 9.03 23,717,837 0.25 4.22 4.22 0.04 0.05 0.23 9.02 
3 9.03 23,717,837 0.25 4.28 4.28 0.01 0.01 0.06 8.88 

Dry 
1 5.55 14,577,408 0.25 2.48 2.48 0.04 0.05 0.23 5.54 

377,831,171,617 2 5.55 14,577,408 0.25 2.48 2.48 0.04 0.05 0.23 5.54 
3 5.55 14,577,408 0.25 2.49 2.49 0.01 0.01 0.06 5.31 

Wet 
1 12.09 31,755,110 0.25 5.75 5.75 0.04 0.05 0.23 12.08 

875,362,267,553 2 12.09 31,755,110 0.25 5.75 5.75 0.04 0.05 0.23 12.08 
3 12.09 31,755,110 0.25 5.93 5.67 0.01 0.01 0.06 11.94 

Explanations: DW = drinking water; HP = hydro power; IA = irrigation area. 
Source: own study 

 
Fig. 3. Optimization result of inflow-outflow  

(1995–2009); source: own study 

Based on the SEM analysis, the land use change 
indicated the significant influence to the optimization 
model of water economic value. Therefore, this opti-
mization is also carried out on the year of 1995, 2003, 
and 2009 when there were occurring land use changes 
due to the mapping of land use. There is also carried 
out the optimization for the years of 1995, 2003, and 
2009 based on the three discharge conditions such as 
wet discharge condition (33.3%), normal discharge 
condition (50%), and dry discharge condition 
(66.6%). The results are presented for 1995, 2003 and 
2009 as in the Table 2 and Figure 4. 

Running of optimization model by using linear 
programming based on the data of 1995 indicates the 
maximum benefit for the three discharge conditions as 
follow: for the wet is as Rp 954,418,586,400.0; for the 
normal is as Rp 850,923,126,361.0; and for the dry is 
as Rp 725,882,198,274.0. 

 

Table 2. Optimization result based on the data of 1995, 2003 and 2009  

Year Period 
Inflow 

Simulation of outflow 
Benefit 

Rp 
DW HP Jelok HP Timo IA Kenteng IA Tapen IA Slomot total 

Q, m3ꞏs–1 volume, m3 Q, m3ꞏs–1 
1 2 3 4 5 6 7 8 9 10 11 12 

1995 

Normal 
1 11.80 30,993,408 0.25 5.60 5.60 0.04 0.05 0.23 11.78 

850,923,126,361 2 11.80 30,993,408 0.25 5.60 5.60 0.04 0.05 0.23 11.78 
3 11.80 30,993,408 0.25 5.00 5.00 0.01 0.01 0.06 10.33 

Dry 
1   9.95 26,134,272 0.25 4.67 4.67 0.04 0.05 0.23   9.92 

725,882,198,274 2   9.95 26,134,272 0.25 4.67 4.67 0.04 0.05 0.23   9.92 
3   9.95 26,134,272 0.25 4.53 4.53 0.01 0.01 0.06   9.40 

Wet 
1 13.09 34,381,670 0.25 6.20 6.20 0.04 0.05 0.23 12.98 

954,418,586,400 2 13.09 34,381,670 0.25 6.20 6.20 0.04 0.05 0.23 12.98 
3 13.09 34,381,670 0.25 5.93 5.67 0.01 0.01 0.06 11.94 

2003 

Normal 
1 12.85 33,751,296 0.25 6.10 6.10 0.04 0.05 0.23 12.78 

868,170,664,751 2 12.85 33,751,296 0.25 6.10 6.10 0.04 0.05 0.23 12.78 
3 12.85 33,751,296 0.25 5.00 5.00 0.01 0.01 0.06 10.33 

Dry 
1   6.81 17,886,874 0.25 3.10 3.10 0.04 0.05 0.23   6.78 

455,477,684,937 2   6.81 17,886,874 0.25 3.10 3.10 0.04 0.05 0.23   6.78 
3   6.81 17,886,874 0.25 2.95 2.95 0.01 0.01 0.06   6.22 

Wet 
1 14.11 37,060,762 0.25 6.75 6.75 0.04 0.05 0.23 14.08 

968,861,186,119 2 14.11 37,060,762 0.25 6.75 6.75 0.04 0.05 0.23 14.08 
3 14.11 37,060,762 0.25 5.93 5.67 0.01 0.01 0.06 11.94 
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contin. Tab. 2 

1 2 3 4 5 6 7 8 9 10 11 12 

2009 

Normal 
1 10.29 27,027,302 0.25 4.85 4.85 0.04 0.05 0.23 10.28 

727,704,108,909 2 10.29 27,027,302 0.25 4.85 4.85 0.04 0.05 0.23 10.28 
3 10.29 27,027,302 0.25 4.63 4.63 0.01 0.01 0.06   9.58 

Dry 
1   7.95 20,881,152 0.25 3.67 3.67 0.04 0.05 0.23   7.92 

528,863,869,756 2   7.95 20,881,152 0.25 3.67 3.67 0.04 0.05 0.23   7.92 
3   7.95 20,881,152 0.25 2.95 2.95 0.01 0.01 0.06   6.22 

Wet 
1 13.18 34,618,061 0.25 6.30 6.30 0.04 0.05 0.23 13.18 

936,768,574,899 2 13.18 34,618,061 0.25 6.30 6.30 0.04 0.05 0.23 13.18 
3 13.18 34,618,061 0.25 5.93 5.67 0.01 0.01 0.06 11.94 

Explanations as below the Table 1. 
Source: own study. 

 

 

 

Fig. 4. Optimization result of inflow-outflow based on the 
data of: a) 1995, b) 2003, c) 2009; source: own study 

Running of optimization model by using the line-
ar programming based on the data of 2003 indicates 
the maximum benefit for the three discharge condi-
tions are as follow: for the wet is as Rp 
968,861,186,119.0; for the normal is as Rp 
868,170,664,751.0; and for the dry is as Rp 
455,477,684,937.0. 

Running of optimization model by using linear 
programming based on the data of 2009 indicates the 
maximum benefit for the three discharge conditions as 
follow: for the wet is as Rp 936,768,574,899.-l for the 
normal is as Rp 727,704,108,909.0; and for the dry is 
as Rp 528,869,869,756.0. 

Recapitulation of optimization result for 1995–
2009 based on the mapping year of land use change of 
1995, 2003, and 2009 each for the discharge condition 
of wet, normal, and dry are presented as in Table 3. 

Recapitulation as presented in the Table 3 indi-
cate that the benefit based on the data 1995–2009, on 
the year of 1995 gives the same benefit for all dis-
charge condition such as wet (33.3%), normal (50%), 
and dry (66.6%). This result indicates that the land 
use change on 1995 is not significant although the 
SEM analysis result gives the significant result of the 
land use change based on the data of 1995–2009.  

There is the benefit increasing from 1995 until 
2003 for the wet discharge condition (33.3%) and 
normal (50%), but for the dry discharge condition 
(66.6%) there is happened the high enough decreasing 
of the benefit. It indicates that the land use change is 
very significant influencing the benefit on the dry dis-
charge condition (66.6%). It is due to the water avail-
ability of the land use change year on 2003 is very 
limited on the wet discharge condition (66.6%), so 
there is the priority which is responsible to be fulfilled 
like drinking water. 

For the land use change on 2009, there is the bene-
fit decreasing for the wet discharge condition (33.3%) 
and normal discharge condition (50%). It is regarding 
to the SEM analysis result which presents that the land 
use change is significantly influencing the water value 
optimization. The land use change increasingly influ-
ences the water availability on the Rawa Pening sys-
tem. Although there is the increasing benefit on the wet 
discharge condition (33.3%), it is increasingly caused 
by the significant decreasing from 1995 until 2003. 
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Table 3. Optimization result of the wet, normal and dry discharge condition on 1995–2009  

Item 1995–2009 1995 2003 2009 
Wet discharge condition (33.3%) 

Drinking water, m3 1,969,920 1,969,920 1,969,920 1,969,920 
Hydro power of Jelok, kWh 50,345,879 52,930,332 56,089,108 53,504,655 
Hydro power of Timo, kWh 40,521,604 42,634,292 45,216,466 43,103,778 
Irrigation area of Kenteng, % 244 244 244 244 
Irrigation area of, % 225 225 225 225 
Irrigation area of Slomot, % 226 226 226 226 
BOD 16 16 16 16 
Benefit, Rp 954,418,586,400.0 954,418,586,400.0 968,861,186,119.0 936,768,574,899.0 

Normal discharge condition (50%) 
Drinking water, m3 1,969,920 1,969,920 1,969,920 1,969,920 
Hydro power of Jelok, kWh 36,715,491 46,757,480 49,629,095 41355,403 
Hydro power of Timo, kWh 30,013,457 38,222,384 40,569,815 33,806,401 
Irrigation area of Kenteng, % 225 225 225 225 
Irrigation area of, % 225 225 225 225 
Irrigation area of Slomot, % 225 225 225 225 
BOD 16 16 16 16 
Benefit, Rp 850,923,126,361.0 850,923,126,361.0 868,170,664,751.0 727,704,108,909.0 

Dry discharge condition (66.6%) 
Drinking water, m3 1,969,920 1,969,920 1,969,920 1,969,920 
Hydro power of Jelok, kWh 21,511,716 40,051,607 26,400,699 29,674,340 
Hydro power of Timo, kWh 17,584,974 32,740,600 21,581,524 24,257,595 
Irrigation area of Kenteng, % 225 225 225 225 
Irrigation area of, % 225 225 225 225 
Irrigation area of Slomot, % 225 225 225 225 
BOD 16 16 16 16 
Benefit, Rp 725,882,198,274.0 725,882,198,274.0 455,477,684,937.0 528,863,869,756.0 

Source: own study. 

CONCLUSIONS 

Based on the analysis and discussion as above, it 
can be concluded that optimization model of water 
economic value due to the land use change by using 
linear programming is needed 18 variables and 27 
constraints as presented above. The benefit result of 
optimization result indicates that there is the decreas-
ing benefit due to the land use change from 1995 until 
2003 and the increasing benefit due to the land use 
change from 2003 until 2009. However, or the normal 
discharge condition: the benefit on the 1995 is Rp. 
850,923,126,361.00; on the 2003 is Rp. 
868,170,664,751.00; and on the 2009 is Rp. 
727,704,108,909.00. 
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Model optymalizacji gospodarczej wartości wody bazujący na zmianach użytkowania ziemi 

STRESZCZENIE 

Zmiana użytkowania ziemi w górnej zlewni Rawa Pening coraz bardziej zdominowanej przez zabudowę 
mieszkalną i przemysłową powoduje wzrost odpływu powierzchniowego w porze deszczowej. Malejąca zdol-
ność Rawa Pening do retencji wód powodziowych wpływa na okoliczne tereny uprawne. Nadmiary wody wy-
stępujące w dolnej części zlewni są powiązane ze zmianami użytkowania ziemi w górnej części zlewni. Ta za-
leżność jest ważnym powodem podjęcia optymalizacji gospodarki wodnej regionu. Zakłócenia w dostępności 
wody powodują zmniejszenie produkcji energii elektrycznej wytwarzanej w hydroelektrowniach, wody słodkiej 
i ryżu, skutkiem czego maleje optymalne wykorzystanie wody. Badania miały na celu: 1) analizę wpływu zmian 
użytkowania ziemi na dostępność wody; 2) analizę wpływu tych zmian na bilans wodny; 3) skonstruowanie 
i analizę modelu optymalizacji gospodarczej wartości wody w związku ze zmianami użytkowania ziemi. Wyniki 
dowodzą różnego wpływu zmian w czasie na optymalizację wartości wody. 
 
Słowa kluczowe: model, odpływ, optymalizacja, użytkowanie ziemi 


