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gamasa River Basin is situated in South Sulawesi, Indonesia. In the recent years, the
function of this basin can not be performed optimally in maintaining sustainability
hydrologic function of Garugu dam. It is indicated by the occurrence of floods in rainy
season and in contrary water shortage in dry season. Unexpected hydrology functions can
be attributed to inappropriate land use at the upstream. Therefore, in order to maintain the
hydrologic function of the dam, it is necessary to formulate suitable landuse at upstream
of the river basin. This research is objected to formulate the suitable landuse, in term of
reducing sedimentation rate in Garugu dam. This study employed RUSLE (Revised
Universal Soil Loss Equation) for calculating erosion as well as sedimentation rate.
Fuzzy Multi Attribute Decision Making (FMADM) and Analytic Hierarchy Process
(AHP) which is combined with Geographical Information System (GIS), that ware used
to formulate optimum landuse at the upstream. Focus Group Discussion (FGD) was
conducted in order to validate the obtained landuse model using FMADM formulation.
The optimum landuse is: composition for Mamasa River Basin that control of dead
storage of sediment (DSS) is: 38.01% of agroforestry, 17.88% of forest, 15.66% of mixed
agriculture, 11.30% of mixed garden and forest fruit crops, and the rest of the
conservation actions and landuse such as strip cropping, rotation of crops, use bench
terrace in rice fields, reforestation, cover crops and coffee plantation. The optimal landuse
composition can control the sedimentation rate up to 127.22 (m’/km’)/year.

INTRODUCTION

u]tip]c Criteria Decision Making (MCDM) was introduced as a promising and
important field of study in the early 1970’s. Since then the number of contributions to
theories and models, which could be used as a basis for more systematic and rational
decision making with multiple criteria, has contif il to grow at a steady rate. One of the
methods employed in MCDM G’uzzy sets. The theory of fuzzy sets proposed by Zadeh
(Maedah and Murakami [4]), in 1965 has attracted wide spread attentions in various
fields, especially where conventional mathematical techniques are of limited
cffccncncss. including landuse management and more.

This research is objected to formulate the suitable landuse, in term of reducing
sedimentation rate in Garugu dam. The weighting factors for fuzzy process were
determined by using the Analytic Hierarchy Process (AHP). Fuzzy process was applied
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for determining suitable B’IdUSC at the river basin. Sedimentation rate was determined by
using RUSLE (Revised Universal Soil Loss Equation) method. Geographic Information
System was employed as a tool for providing nput data for erosion and sedimentation
simulation.

MODEL DEVELOPMENT

The model is composed of geospatial model, fuzzy set, and decision criteria. Input data
for running this study is: soil properties (structure, textures, permeability and organic
content), landuse, vegetation and social and economic condition and secondary data
covers satellite image of landuse and digital image of slope, ground cover, soil type,
rainfall and conservation data. The data were obtained from PT. PLN and Burou for
River Basin Rehabilitation and Conservation Services South Sulawesi.

All analog data were converted into digital form in GIS format, the data analysis
employs mainly GIS operator such as overlay, subtract etc. A GIS software named
'c\«"icw was used for building geospatial model. Input data for geospatial model is:
rainfall erosivity (R), soil erodibility (K), Length-slope factors (LS), crop management (C)
and conservation factors (P). Sedimentation simulation was generated by prediction
erosion rate using RUSLE model.

GIS model for Geospatial Model

Input data for erosion model is realized using an interactive computer software ArcView.
The software is applied for simulating geospatial of each input data. The thematic maps
consist of erodibility, erosivity, and topographic, crop and conservation practice factors.
The liill pattern of erosion is calculated using RUSLE (Wischmeier and Smith [8]) as
E = R*K*LS*C*P. The erosivity factor (R) was calculated using the equation developed
by Bols [2]. The result of the crﬂvity calculations is processed in the geospatial model
that is programmed in AfJ/iew. The soil erodibility factor (K) is computed following the
nomograph prepared by Wischmeier and Smith [8]. The topographic factor is computed
following the formula suggested by Williams and Berndt [7].

The landuse map is used to determine the C-factor values for each sub-unit land.
following the table provided by the Department of Agriculture, South Sulawesi (1999)
(Munir et al. [6]). The C-factor is estimated based on the predominant landuse. The C-
factor is highest@ER bare land (1.0), and lowest for land that is fully covered with straw
mulch (0.005). The P-factor accounts for ()n practices that reduce the effects of
topography, slope length and slope angle, such as strip-cropping, contouring and
terracing. The P value for each surface unit of land containing various conservation
treatments can be estimated using the formula of Williams and Berndt [7].

5

E.‘uzzy Multi Attribute Decision Making (FMADM)

Fuzzy Multi Attribute Decision Making (FMADM) was applied in this study in order
to formulate optimum landuse. FMADM consists of: 1) building matrix of pairweise
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comparison (w); 2) weighting factors determination; 3) determination of {('_.{f,)]" 4)
determination of (C‘, {.1, ]]""’interacti()n and 4) determination of optimum alternatives.
Description of each steps as follows: 1) Determination of weighting factors (w) of
each alternatives on each identified lalndustnlgr()f()rcslry, forest, mixed agriculture,
mixed garden and forest fruit crops, and conservation actions and landuse such as
strip cropping, rotation of crops, use bench terrace in rice fields, reforestation, cover

W

W . B . 4
i 18 important attributes on each criteria i and

crops and coffee plantation). With

)
w;
criteria w ;. Assessment criteria of each identified landuse consist of environmental,

economical and social bcmmi. The Membership function of each criteria is
described as: D:{[\ ,min(;ro(X, }m il 2n e ) © The fuzzy number of each

welghting factor is figured follows fuzzy graph:; 2) Setting the weighting factor W,
and obtaining consistency index by using eigenvector method as described by Saaty;
3) Calculate the value g (C)("J ])”": 4) Determine of teraction of [C_,- (—‘f.- )]\.-_, , using

the following formula: D=“_r min {,l-‘ [r])"'j)|f=1 mj=1 m} where Xi., g is
min g (2 Sooding =L .

i

computed using the following procedures; 5) Setting the X;, using the highest
discordance index of D, and determine the optimum alternatives using the following
the scheme described by Saaty; 6) Evaluation of Dead storage sediment (DSS) was
conducted inorder to set the optimum quantity of sediment flow into dam. In this
study, the value od DSS for Garugu dam is 132.57 m“fkmzfyr. This value can
maintain 50 years operation periods of the dam; 7) Validation. This steps was carried
out in form of Focus Group Discussion (FGD). The obtained landuse from the
FMADM model is compared with the FGD. In this study, the participant of FGD
consists of the community of each represented landuse as described above.

RESULT AND DISCUSSION

alimalion of Sedimentation

osion rates were computed using the RUSLE method (Wischmeier and Smith [8]).
Sedimentation due to surface erosion (SEP) was computed using SEP = E - SDR,
where E is erosion rate (t ha”' year') and SDR is sediment delivery ratio C()ﬂa,lled
using the formula described by Roehl (1962) SDR = 36- A " (Munir er al. [5]), where
A is drainage area (km®). Sedimentation rate (m® km™ year') was computed using a
density of the soil of 1200 kg » m™. The value of SDR for Mamasa River Basin with
the total area of 106178.03 ha is 8.97% or 0.09. Sedimentation rate of each existing
landuse is:
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Table 1. Sedimentation Rate of each existing landuse

No. Penggunaan Lahan Area(ha) Sediment [m"'fkmzfyr)
1 Forest 54126.20 59.51
2 Paddy Field 2261.72 128.63
3 underbush 37254.55 276790
4 Mixed Agriculture 2684.70 2627.10
5 Dry land agriculture 9850.86 217782
Total 10617803 7768 98

Contribution of sediment from the existing landuse on Bakaru dam is 7768.98
m"'fkmzfyr. According to Lin et al. [3], the susspended sediment that have high bulk
density can settled on water body and in a certain condition, it will increse operation cost
of hydrologic infrastructure. This situation is occured in Bakaru dam.

Landuse Decision Using FMADM

Fuzzy Multi Attribute Decision Making (FMADM) was applied for deciding optimum
land use in Mamasa River Basin (Zhen et al. [9]), this method is rarely applied for
erosion management. However this method has a numerous potential for application in
soil water conservation. The first step of this study is determination of weighting factors
(w) of each alternatives on each identified lzmdu (agroforestry, forest, mixed
agriculture, mixed garden and forest fruit crops, and conservation actions and landuse
such as strip cropping, rotation of crops, use bench terrace in rice fields, reforestation,
cover crops and coffee plantation). The matrix composition w for each identified landuse
was determined using AHP method.

Tabel 2. Contribution of sediment of landuse development usmg FMADM

No. | Development Scenario of FMADM erosion sedimen
(ton/ha/yr) (m "'fkmzfyr]
1 - 718.61 7760.98
2 scenario 1 189.04 2041 43
3 scenario 2 5298 573.81
4 scenario 3 2029 219.13
5 scenario 4 11.78 127.22
Landuse Evaluation
Landuse development using FMADM (development scenario 1) can decrease

sedimentation rate to 73.69%, however this value can not reach DSS of the dam.
Therefore scenario 1 can not be recommended for optimizing landuse on the river basin.
Base on these, landuse scenario must be further developed. Sedimentation rate on
scenario 41s 127.22 m"'fkm}fyr. This value can achieve below DSS of the dam. This value
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must be maintain for sustainability function of the dam for 50 years operation periods.
Scenario 4 is recommende landuse for the river basin as shown in the following figure.

From FMADM, 38.01% of the total coverage of the basin are occupied by the
agroforestry. This landuse type dominated the coverage of the basin. According to
Angima er al. [1], benefits of agroforestry is not only for soil conservation but also for
generating additional income for the community.

Mixed agriculture is the second level of landuse preferency of the community of the
basin. Certain portion of the coverage must be reforested, especially at critical area as
shown on the map. 7839.66 ha request reforestation. Coffee plantation is the most
common plantation on the basin. This type of the plantation occupied 3.80% of the
coverage.

Conservation practice is requested also for maintaining sustainability of hydrologic
function of the basin. The most common conservation practice in the basin is strip
cropping, crop rotation and cover crops. These type of conservation practices occupied
the basin 2.92 %, 1.59 % and 0.08% respectively. The recommended landuse is presented
in Table 3.

Figure 1. Recommended landuse for the Mamasa River Basin
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Tabel 3. Recommended landuse composition using FMADM for Mamasa River Basin

No. Landuse Area (ha) Persentage (%)
1 Forest 18994.10 17.88
2 Agroforestri 39525.63 38 01
3 Reforestration 7839.66 1.37
4 Agroforestry (fruit crops) 12009.14 11.30
5 Mixed agriculture 16633.80 15.66
6 Coffee plantation 4028.34 3.80
7 Bench terrace 2261.72 2.13
8 Strip croping 3101.40 2.92
9 Crop rotation 1697.42 1.59
10 Cover crops 86.83 0.08

Totol 106178.03 100

Validation of Landuse generated from FMADM
Validation of generated landuse was carried out by conducting focus group discussion

(FGD). This action is a qualitative study to compare between the landuse formulation

obtained from FMADM simulation and the preferency of the community on the Mamasa
River Basin. The parcipants of the FGD consists of the rcprcscntm()m munity of each
landuse type (forestry, paddy field, mixed agriculture, underbush). The result of the FGD
is presented in the following table.

Table 4. Results of FGD on each representative landuse of Mamasa River Basin

No. Landuse

Result of FGD

1 Paddy field

The communities represented by paddy field prefer to
introduce bench terrace. The main reason 1s bench terrace
is not only can reduce overland flow but also contributes
to increase production rate of paddy field

2 Underbush

The community expect to carried out land clearing of
the coverage occupied by underbush.Therefore underbush
area can be explore to be productive land

3 | Mixed agriculture

Numerous owners of mixed agricultural land prefer to
change their land become agroforestry. Alley cropping is
an alternative in mixed agriculture

4 | Dryland agriculture

Strip cropping is the common preference of the
represented community from dry land agriculture. The
reason 1is strip cropping contributes not only for
increasing benefit but also in soil conservation

Generally from the FGD, it was obtained that in managing their land, they consider
not only economic orientation but also environmental point of view. They expect to make
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balance between economy and environment consideration. Mostly, the community
suggest to implement agroforestry in farming practices. This is relevant with the results
that were generated from FMADM model (the most suitable of conservation practices is
agroforestry). Bench terrace is the most recommended conservation practices for paddy
field. According to the farmer this conservation practices contributes to increment of
biomass production. Table 5 presents landuse obtained from FGD and landuse obtained
from FMADM.

Table 5. Landuse obtained from FGD and FMADM

No. Existing landuse Ldndus;;;?g;:d from Area (ha)

| Forest F()rest_ 18994.10
Agroforestry 35132.10

2 Paddy Field Benc terrace 2261.72
Mixed agriculture 16633.80
Reforestration 7839.66

3 Underbush Forest with fruit crops 8752.75
Coffee 4028.34
Strip Croping 37.41

4 Mixed agriculture Forest with fruit crops 1054.74
Reforestration 0.14
Agroforestry 1592.42
Forest with fruit crops 2201.65
Cover crops 86.83

5 Dry land agriculture Agroforestry 2801.11
Strip Croping 3063.99
Crop rotation 1697.28

Total 106178.03

Furthermore, from FMADM, it was obtained that mixed agriculture with strip
cropping 1s recomended for conservation practices. This 1s relevant with the mformation
obtained from FGD that was conducted in this area.

CONCLUSIONS

Application of FMADM in landuse management at Mamasa River Basin can be
effectively applied to reduce sedimentation rate to 98.36 % which is equal to 12722
m"'fkmzfyr. This level is below dead storage of sediment of Garugu Dam.

The gelﬂllad sedimentation rate is contributed by the following landuse
composition: 38.01 % of agroforestry, 17 .88 % of forest, 15.66 % of mixed agriculture,
11.30 % of forest with fruit crops and the rest Strip Cropping, crop rotation, bench terrace
at paddy field, reforestration, cover crops and coffee plantation.




2308

ACKNOWLEDGEMENTS
The Author wish to thank to the Ministry of Research and Technology of the Republic of
Indonesia for supporting this research under the project of Riset Insentif in 2008.

REFERENCES

[11 Angima, S.D., Stott, D.E., O'Neil, M.K. and Ongand Weesies, G.A., “Soil Erosion
Prediction using USLE for Central Kenyan Highland Condition™, ELSEVIER Pub.
Agric., Ecosystem and Env., Vol. 97, (2003), pp 295-308.

[2] Bols, P. L., “The iso-erodemt map of Java and Madura”, Belgian Technical
Assistance Project ATA 105, Soil Research Institute, Bogor, Indonesia, (1976),
p 39.

[3] Lin, Chao-Yuan., Lin, Wen-Tzu and Chou, Wen-Chich., “Soil Erosion Prediction
and Sediment Yield Estimation”, The Taiwan Experience ELSEVIER. Soil &
Tillage research, Vol. 68, (2002), pp 143-152.

[4] Maedah, F. and Murakami, S., “The Use of A Fuzzy Decision Marking method in a
large-Scale Computer System Choice Problem™, Fuzzy Set and Systems, Vol. 54,
(1993), pp 235-249.

[5] Munir, A., Suripin, Abdullah, M. N. and Marutani, T. “Application of Geographic
Information System (GIS-IDRISI) for assessing of landuse risk on sediment yield”..
J. Agric. Kyushu Univo, Vol. 44, No. 3-4, (2000), pp 463-471.

[6] Munir, A., Abdullah, M. N. and Suwripin, “GIS base erosion model using
Embeddable Geographic Information System (EGIS) (in Indonesian)”, Integrated
research project. (BPPT)-LIPI, Jakarta, Indonesia (unpublished report), (2001).

[7] Williams, I. R. and Berndt, H. D., “Sediment yield computed with universal
equation”, J. Hydraul. Div. ASCE, Vol. 98, (HY12), (1972), pp 2087-2098.

[8] Wischmeier, W. H. and Smith, D. D., “Predicting Rainfall Erosion Losses—A Guide
to Conservation Planning”, Agricultural Handbook, (1978).

[9] Zhen Wang., Juan Yu., Y. Cheng, Guou Huai and Ye, Zhan Xi., “Application of
Multi-Attribute Decision Making. Methods on Slope Treatment of Small Watershed
ISEIS”, Environmental Informatics, Archievs, Vol. 5, (2007), pp 728-736.




Fuzzy_Multi_Attributte.pdf

ORIGINALITY REPORT

25, 24, o, A

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

e-archive.criced.tsukuba.ac.jp

Internet Source

13%

www.gisdevelopment.net

Internet Source

3%

Changxing Zhang. "Fuzzy Multi-Criteria
decision making for selection of schemes on
cooling and heating source", 2010 Seventh
International Conference on Fuzzy Systems
and Knowledge Discovery, 08/2010

Publication

2%

-~

iahs.info

Internet Source

2%

o

www.researchgate.net

Internet Source

T

ifigenia.org

Internet Source

T

=

Submitted to University of Portsmouth
Student Paper

T




Boglarka Keller, Csaba Centeri, Judit
Alexandra Szab¢, Zoltan Szalai, Gergely Jakab.
"Comparison of the Applicability of Different
Soil Erosion Models to Predict Soil Erodibility
Factor and Event Soil Losses on Loess Slopes
in Hungary", Water, 2021

Publication

T

Cafer Erhan Bozdag, Cengiz Kahraman, Da
Ruan. "Fuzzy group decision making for
selection among computer integrated
manufacturing systems", Computers in
Industry, 2003

Publication

T

jurnal.fkip.unila.ac.id
JInternetSourcep <1 %
es.slideshare.net
Internet Source <1 %
Fidele Karamage, Chi Zhang, Tong Liu, Andrew <1 o
Maganda, Alain Isabwe. "Soil Erosion Risk ’
Assessment in Uganda", Forests, 2017
Publicati g
www.dcsc.tudelft.nl 1
Internet Source < %
WWW.isaacpub.or v
Internet Source p g < %

cyberleninka.org

Internet Source



<1%

16 web.cs.elte.hu <1 %

Internet Source

Exclude quotes On Exclude matches <5 words

Exclude bibliography On



