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Abstract: In an integrated approach, watershed management crucially needed to maintain condition and quality of
watershed. Land use change is one of main causes of watershed condition and quality changing. Therefore, it required
planning alternatives suggestions to prevent and recover the watershed degradation. The research was carried out to
study about watershed changes and degradation due to land use change and investigating for the best alternative to
restore Ciujung Watershed, Banten, Indonesia using Soil and Water Assessment Tool (SWAT) model. Research result
showed that the reduced of forest area (plantation forest, primary dryland forest, secondary dryland forest) and the
increased of dryland agricultural, dryland mixed farming (mixed with bush, plantation, rice fields and bushes) caused the
increase of river flow. Several alternative soil and water conservation techniques as if reforestation, agroforestry, strip
cropping, contour cropping, dam building and the application of bio-retention hole could be done for land management
to maintain and improve the condition and quality of Ciujung Watershed which is indicated by a decrease in values of
River Regime Coefficient (RRC), surface runoff coefficient, and sediment yield.
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I. INTRODUCTION
Land use and changes are largely determined the
conditions and quality changes in a watershed. The de-
creased of forest area and the land use changes which

river discharge and, underground water reserves, and also

the supply of water resources in semiarid and sub-humid

areas (Huang et al., Zou et al., as cited in [3]).
Watershed quality received enormous attention and

not following by soil and water conservation method will
reduce soil capacity in absorbing water and increased
surfaced flow, erosion, and sediment discharge [1, 2]
and finally reduce and worsen the quality of watershed.
Several studies stated that cutting of forest area or defor-
estation changed the ground water balance, decreased the

increased being considered and used in regional plan-
ning since the quality of a watershed greatly determines
productivity of areas, environmental pollution and also
controls a role on services and environments in an area,
especially related to clean water supply [4, 5, 6].
According to [7], watershed management in an in-
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tegrated approach is harmonization or synchronization
development purposes from every natural resource man-
agement system. Based on congenial and balance preser-
vation of environmental capabilities to support sustain-
able development towards the improvement of human
welfare, watershed management implemented through
utilization, arrangement, preservation, observation, man-
agement, restoration, and development of a watershed.
Principle of resource conservations and environmental
capability refer to the consideration of productivity and
resource conservations to attain some purposes. To main-
tain watershed sustainability, the stability of ecosystem
needs to be preserved in order to maintain watershed
components in a good and optimal interrelationship.

Ciujung Watershed included into the widest water-
shed in Banten Province, Indonesia, yet the quality is
getting worse. The main cause is presumably due to the
pressure of increasing population and decreasing forest
area because of the forest area conversion which becomes
agriculture area and the changes of agriculture area which
becomes residential area. The degradation of Ciujung
watershed quality shown by the increasing of the fre-
quency and widespread flooding, drought matters during
the dry season, the increasing of AFC, RRC and sediment
discharge also the decreasing of water yield and ground
water.

The improvement of Ciujung Watershed quality
through various soil and water conservation techniques
need to be done. Soil conservation is the placement of
a plot of land according to its ability and treated by pro-
viding necessary conditions so there will be no damage
to the soil. Meanwhile, water conservation is an effort to
preserve the water in the soil, so the rainwater could be
entered into the soil and restrained, then the water in the
soil can be used during the dry season [8]. Soil and water
conservation to improve watershed quality can be served
through vegetative, chemical, and mechanical or techni-
cal civil methods. The combination among soil and water
conservation method, vegetative, chemical, and mechani-
cal methods could improve watershed quality effectively
[9].

SWAT is a hydrological watershed scale model which
has been used extensively throughout the world for vari-
ous purposes [10, 11], such as predicting the condition of
watershed hydrology referring to the land use change, ap-

plying soil and water conservation techniques, and global
climate changes, modeling the changes of soil and cli-
mate usability [12] and the effect of conservation on water
quality [13, 14], evaluating different agriculture manage-
ment strategies [15], and helping to plan the preparation
of watershed management (Storm et al., as cited in [3]).

The research was carried out to study about water-
shed quality changes and degradation due to land use
change and investigating for the best alternative to restore
Ciujung Watershed, Banten, Indonesia by using SWAT
method.

II. MATERIALS AND METHODOLOGY
A. Time and Location

The research was carried out from February to De-
cember 2014 in the Ciujung Watershed Area, located
at 5°57°14"-5°57°14" SL and 106°01°00"-106°29°03"
EL with £ 190.635,6 ha which administratively include
into Lebak District, Pandeglang District, Serang District,
Serang City, Banten Province and Bogor District, West
Java Province, Indonesia.

B. Materials and Tool

The important material which the researcher used is
secondary data, especially rainfall and daily river flow
discharge data from 2001 to 2012; daily sediment dis-
charge data from February to December 2013; climate
data maximum and minimum temperatures, wind veloc-
ity, air humidity and solar radiation; Land Use Map with
1:250.000 scale from Forest Planology Agency (FPA);
Land Unit Map with 1:250.000 scale from Indonesian
for Center for Agricultural Land Resource ICALR); and
Digital Elevation Model (DEM) Map with 30 meter reso-
lution from Geospatial Information Agency (GIA).

The most important tools are: 1) a set of computer
with ArcGIS 10.1 software and ArcSWAT 2012 as an in-
terface, pcpSTAT, SWAT Plot, SWAT BFlow, and SWAT
CUP, 2) Global Positioning System (GPS), 3) ring sample,
4) double ring infiltrometer, and 5) equipment to analyze
the soil physical properties in the laboratory related to
this research.

C. Research Methodology

Methods that the researcher used in this research pre-
sented in the Table 1.
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TABLE 1
THE METHODS USED FOR VARIOUS ASPECTS/FACTORS

Aspect/Factors

Method

Information/Formula

Secondary Data

Soil Sampling and
Analysis

Rainfall Analysis

Runoff (RO) Analy-
sis of River Flow

Watershed  Area
Condition Analysis

Land Use Change
Analysis

SWAT Model De-
velopment

SWAT Model Cali-
bration

Secondary data collection trough
several related institutes/agencies

Infiltration rate with the dou-
ble ring infiltrometer method
Soil permeability (constant head
method) Content density (gravi-
metric method) Water availability
(pressure plate and membrane ap-
paratus method) Organic carbon
(Walkey and Black method) Soil
textures (pipette method)

The average rainfall (P) is calcu-
lated using Thiessen method

RO is stated in the thickness unit
(mm)

AFC - RRC = maximum dis-
charge ratio (Q,qy)/minimum dis-
charge (Quin)

Processing by inserting Pivot ta-
ble in the Microsoft Excel
Process Series: Data prepara-
tion, watershed area delineation,
HRU analysis, climate input data,
construct input data, and testing
run SWAT model which has con-
structed

Determination coefficient model
(R?) and NSE efficiency model

Especially Water Resource Management Center
(WRMC) of Ciujung-Cidanau, River Basin Centre
of Ciujung-Cidanau-Ciasadane, Meteorology Clima-
tology and Geophysics Council, Class I Serang, Wa-
tershed Management Office of Citarum-Ciliwung,
ICALR,FPA, and GIA

Field soil observation was carried out to identify the
effective soil depth, of rock composition (%) in the
topsoil and to measure the infiltration rate Soil sam-
pling for analysis of the soil bulk density, soil texture,
organic carbon content, soil permeability and water
availability

pP= (A1XP1)+(A2)CP2)+ ...... +(A,le,,)
= >4
A, = area of each polygon
P, = rainfall of each station
RO = Debit(m? /second) " ¥ days * 86400 seconds
- DAS area(m?)

- AFC = total runoff (mm)/total rainfall (mm)
- AFC < 0.2 very low

0.2 < AFC <0.3 low

0.3 < AFC < 0.4 medium

0.4 < AFC < 0.5 high

AFC > 0.5 very high

- RRC = Qmax/Qmin

- score RRC < 20 very low;

20 < RRC < 50 low;

50 < RRC < 80 medium;

80 < RRC < 110 high;

dan RRC > 110 very high

Using Land Use Map with 1:250.000 scale from FPA

Watershed Area Digitation using DEM map

e For R2, score R > 0.5 can be accepted
e For NSE Clarification Score*:
score NSE < 0.5 unsatisfactory;
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TABLE 1 CONTINUE

Aspect/Factors Method Information/Formula

0.50 < NSE < 0.65 satistying;

0.65 < NSE < 0.75 good, and

0.75 < NSE < 1.00 very good
SWAT Model Vali- Determination coefficient model e For R2, score RZ > 0.5 can be accepted
dation (R?) and NSE efficiency model o For NSE Clarification Score*:

score NSE < 0.5 unsatisfactory;

0.50 < NSE < 0.65 satisfying;

0.65 < NSE < 0.75 good, and

0.75 < NSE < 1.00 very good
NSE = Nash-Sutcliffe Efficiency (Moriasi, et al., as cited in the [16]

D. The Use of Scenario was applied. The description from five scenarios along

In the simulation to choose the best alternative for with their area presented in the Table 2.
Ciujung Watershed Area improvement, 5 (five) scenarios

TABLE 2

PROJECTED LAND MANAGEMENT TYPES AND SOIL AND WATER CONSERVATION TECHNIQUES FROM THE FIVE
SCENARIOS ALONG WITH SIMULATED HYDROLOGICAL PARAMETERS AND EXTENT OF IMPROVEMENT

Scenario Land Management Types  Soil and Water Conservation  Simulated Hydrological Parame- Area
Techniques ters
Ha %
1 Application of Forest Area  Reforestation CN2, SOL_K, SOL_C,SOL_BD 17,333 12
Functions
2 Reforestation on Critical ~Reforestation Agroforestry CN2,SOL_K, SOL_C,SOL_BD 42,946 30
and Slightly Critical CN2, SOL_K, SOL_C, SOL_BD
Land*
3 Soil and Water Conser- Reforestation CN2, SOL_K, SOL_C, SOL_BD, 40,202 28
vation using Vegetative Agroforestry Strip cropping  SOL_AWC  CN2, SOL_K,
Method SOL_C, SOL_BD STRIP_CN,
STRIP_P, STRIP_C, STRIP_N
4 Soil and Water Conser- Water Dam Contour Planting RES_VOL, RES_EVOL, 47,954 34
vation using Mechani- BIH RES_PVOL CONT_P,
cal/Civil Method CONT_CN SOL_BD, SOL_K
5 Combination of Scenarios Reforestation Agroforestry CN2, SOL_K, SOL_C, SOL_BD, 66,390 47
1,2,3,4 Strip cropping SOL_AWC CN2, SOL_K,
Water Dam Contour Planting SOL_C, SOL_BD STRIP_CN,
BIH STRIP_P, STRIP_C, STRIP_N
RES_VOL,RES_EVOL,
RES_PVOL CONT_P,

CONT_CN SOL_BD, SOL_K
Remarks: BIH = Bio-pore Infiltration Holes; *Reforestation is for degraded land on all land uses (except the settlement) and agroforestry is for a
slightly critical land on dry land agriculture, dry land farming mixed with bush, plantations and shrubs.
CN2 = curve number; SOL_K = soil permeability; SOL_C = soil organic matter; SOL_BD = soil bulk density; SOL_AWC = available water
content; STRIP_CN = surface flow curve numbers for cropping strips; STRIP_P = the value of the land management factor (P USLE) for strip
cropping; STRIP_C = crop factor values (C USLE) for cropping strips; STRIP_N = Manning roughness coefficient values for cropping strips;
RES_VOL = dam volume; RES_EVOL = emergency spillway; RES_PVOL = principal spillway; CONT_P = the value of the land management
factor (P USLE) for contouring; CONT_CN = value of the curve number factor (curve number) for contouring.
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E. Setting and Calculating Scenario Scored

To calculate every scenario scores, percent classifica-
tion change is carried out and can be seen on the Table 3.

TABLE 3
SCORE SETTING FOR EVERY PRESENT CHANGE RANGE CLASS

Change Range < 20% 20% -40%

40%-60% 60%-80% > 80%

Score 1 2

3 4 5

III. RESULTS AND DISCUSSION

For five years from 2006 to 2011, it is estimated that
there has been a reduction in a forest area due the con-
version of forest area to agricultural land, such as dry

land farming mixed with bush, dry land farming, and
rice fields. Application of soil and water conservation
techniques in agricultural areas is very limited, perhaps
it becomes the main cause which causes the quality of
Ciujung Watershed getting worsen.

TABLE 4
LAND USE CHANGE OF CIUJUNG WATERSHED IN 5 YEARS (FROM 2006 TO 2011)

No Land Use 2006 2011 Changes
(ha) (ha) (ha) %
1 Primary Dryland Forest 1.937.4 1.924,0 -13,4 0,0007
2 Secondary Dryland Forest 8.845,6 8.642,7 -202,9 0,0106
3 Tree Plantations 21.217,2 18.268,9  -2.948,3 0,1547
4 Settlement 5.615,9 5.615,9 0,0 0,0000
5 Plantation 13.023,9 13.123,1 99,2 0,0052
6 Dryland Farming 23.934.4 24.097,9  163,5 0,0086
7 Dryland Farming Mixed with Bush 60.702,9 62.673,3 1.970,4 0,1034
8 Rice Fields 45.546,7 46.244,3  697,5 0,0366
9 Shrubs 8.633,1 8.858,4 225,3 0,0118
10 Open Field 675,5 684,2 8,7 0,0005
11 Water Body 503,0 503,0 0,0 0,0000
Total 190.635,6 190.635,6

Area reductions occurred in the tree plantations which
reduced 2.948,3 ha area or 0,1547 percent from total Ciu-
jung Watershed area, secondary dryland forest reduction
for about 202,9 ha area or 0,0106 percent and primary dry-
land forest which reduced 13,4 ha area or 0,0007 percent.
Meanwhile, the largest increase occurred in agricultural
and plantation area, which is dryland farming mixed with
bush about 1.970,4 ha or 0,1034 percent from total Ciu-
jung Watershed area, following by 697,5 ha rice fields or
0.0366 percent; shrubs with 225,3 ha area or 0,0118 per-
cent; dryland farming about 163,5 ha or 0,0086 percent
and plantation which has 99,2 ha area or 0,0052 percent.

The readiness SWAT Model which prepared for simu-
lation to compare the effective results from every scenario
in order to improve watershed quality through several
parameters or indicators is very determined from the re-

sults of the calibration and validation of the SWAT model
which has been built.

The result of SWAT calibration model gave R? and
NSE scores, for each 0,78 and 0,67 (categorized as good
score). While the results of R and NSE in validation
process were 0,75 and 0,67 (categorized as good score).
Those scores are already having a higher score from the
criteria for a model which can do simulation process in
modeling [17].

A worse Ciujung Watershed condition showed by sev-
eral watershed quality indicators, especially AFC about
31%, RRC or Q,qx-Qumin ratio about 198 along with sedi-
ment discharge about 47.966 tons per day.

Ciujung Watershed quality improvement could be
done by applying proper and/or compatible soil and water
conservation techniques. Five scenarios simulation, soil



69 Rachman, L. M. et al. / International Journal of Applied and Physical Sciences 5(3) 2019

and water conservation techniques which suggested as de-
scribed below, gave variation results in the improvement
of several hydrological parameters which are often used
to assess watershed quality.

Simulation results from five scenarios through hy-
drology parameters in Ciujung Watershed can be seen on

Table 5. Five scenarios show the variations, the difference
in decreasing the surface flow, AFC, sediment discharge,
maximum discharge (Q;;4x), and RRC also the increas-
ing of minimum discharge (Q,,;,) and the water ground
(except scenario 3).

TABLE 5
SCENARIO SIMULATION RESULT TOWARD HYDROLOGY PARAMETERS IN CIUJUNG WATERSHED AREA

Scenario Rainfall Surface Flow Sediment Discharge Qunax Quin RRC (Qax/Qumin) Ground Water
(mm) Mm KAT A (%) (tons/day) A(%) m/sec A(%) m/sec A(%) Score A (%) mm A (%)
Existing 1873 575 0,31 47.966 511,8 2,6 198 211
Scenario 1 1873 487 0,26 -15 32.686 -32 493,1 -4 33 27 148 -25 218 3
Scenario 2 1873 400 0,21 -30 11.422 -76 480,0 -6 4.4 69 109 -45 279 32
Scenario 3 1873 515 027 -10 33.915 -29 510,3 O 3,3 27 155 -22 204 -3
Scenario 4 1873 393 0,21 -32 8.154 -83 457,0  -11 5,0 92 91 -54 240 14
Scenario 5 1873 308 0,16 -46 2.510 -95 431,3  -16 6,7 158 65 -67 379 80

Remarks: AFC = Annual Flow Coefficient; Q,,,x = debit maximum; Q,,;,, = debit minimum; RRC = River Regime Coefficient

Compare with the existing, Scenario 1 would decrease
the surface flow in 15%, the decreased of sediment dis-
charge was 32%, the decreased of maximum river dis-
charge was 4%, the increased of minimum river discharge
was 27%, the decreased of Q,,ux-Qumin ratio was 25% and
the increased of ground water was 3%. Q;14x/Qmin Score
in the amount of 148, still categorized into a high score.
Positive impact score toward the improvement of Ciujung
Watershed is 6, ranked 4th out of five scenarios. Land
area that which get management improvement is in the
lowest rank compared with other scenarios, which is only
17.3333 ha or 12% from the Ciujung Watershed total
area. One of the small effect of the improvement in the
Scenario 1 perhaps due to small area which involved in
management improvement.

Toward the existing condition, Scenario 2 would de-
crease the surface flow in 30%, the decreased of sediment
discharge was 76%, the decreased of maximum river dis-
charge was 6%, the increased of minimum river discharge
was 69%, the decreased of Q,,,x-Qunin ratio was 45% and
the increased of ground water was 33%. Q,;4/Quuin SCOTE
in the amount of 109 is categorized into a high score.
Positive impact score toward the improvement of Ciujung
Watershed is 11, ranked 2nd out of five scenarios. Sce-
nario 2 would be applied to improve a land management
for 42.946 ha area or 30% from the total area in Ciujung
Watershed.

Scenario 3 affected the improvement of existing con-
dition. The reservoir contributed to reducing the sur-
face runoff, to increasing the water retention, to enhance
collecting and storing the water which can be used to
increase the supply of water for agriculture and to im-

proving watershed quality, especially shown through the
decreasing of RRC and AFC parameters of the watershed
[18]. Scenario 3 could only decreased the surface flow by
10%, decreased sediment discharge by 29%, almost did
not reduced the maximum river discharge, increased the
minimum river discharge by 27%, decreased Q,;;ax-Qmin
ratio by 45% and even the decreased the ground water
was 3%. Quax-Qumin ratio score in the amount of 155 is
categorized into a high score. Positive impact score to-
ward the improvement of Ciujung Watershed Area is 4,
ranked 5Sth out of five scenarios. Area in the Scenario
3 which will be getting a management improvement is
40.202 ha area or 28% from the total area in Ciujung
Watershed.

Ciujung Watershed area which will be getting man-
agement improvement using Scenario 4 is 47.954 ha or
34% from the total area. Scenario 4 could decreased
the surface flow by 32%, decreased sediment discharge
by 84%, decreased maximum river discharge by 11%,
increased minimum river discharge by 92%, decreased
Qmax-Qmin ratio by 54% and would only be able to in-
crease ground water in 14%. Qmax-Qmin ratio score in
the amount of 91 is still categorized into a high score.
Positive impact score toward the improvement of Ciujung
Watershed Area is 11, ranked 3rd out of five scenarios.
Even though Scenario 4 and Scenario 3 have same score,
Scenario 4 needs bigger management improvement, and
then Scenario 4 has lower rank than Scenario 2.

Scenario 5 is the best scenario than the other scenar-
ios. However, land management improvement in Scenario
5 is the widest compared with four scenarios, the area is
66.390 ha or 47% from total area in Ciujung Watershed.
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Scenario 5 could decreased the surface flow by 30%, de-
creased sediment discharge by 95%, decreased maximum
river discharge by 16%, increased minimum river dis-
charge by 158%, decreased Q,;;4x-Qmin ratio by 67% and
increased ground water in 80%. Qqx-Qumin ratio score
in the amount of 65 is categorized into a moderate score.
Positive impact score toward the improvement of Ciujung
Watershed Area is 16, ranked 1st out of five scenarios.

The five selected scenarios are still not being able to
obtain a Q,,,-Qnin ratio lower than 20, the value limits
commonly used to indicate that watershed quality were
good. Score calculation had been measured to find the
effect from every watershed quality improvement effort
through five scenarios as a whole or in aggregate as pre-
sented in the Table 6.

TABLE 6
POSITIVE EFFECT SCORE TOWARD THE IMPROVEMENT OF QUALITY PARAMETERS IN CIUJUNG WATERSHED
AREA
Scenario AFC Sediment Discharge RRC Ground Water Total Rangking
A (%) Skor A(%) Skor A (%) Skor A (%) Skor Skor

Existing

Scenario 1 -15 +1 -32 +2 -25 +2 3 +1 +6 4
Scenario 2 -30 +2 -76 +4 -45 +3 32 +2 +11 2
Scenario 3 -10 +1 -29 +2 =22 +2 -3 -1 +4 5
Scenario 4 -32 +2 -83 +5 -54 +3 14 +1 +11 3
Scenario 5 -46 +3 -95 +5 -67 +4 80 +4 +16 1

From the simulation results, Scenario 5 is the most
effective scenario which can improve the condition of
Ciujung Watershed. However, scenario can be entitled
as the best scenario considering the various aspects or
factors and the way to deal with various limitations in
implementing it. Scenario 5 required the application a lot
of combination of soil and water conservation and lands

management improvement area by 66.390 ha, the largest
area at the highest cost among the five scenarios.

In facilitating to choose the best scenario by consid-
ering various factors, then it is necessary to examine the
advantages and disadvantages from the application of
each scenario that can be seen on the Table 7.

TABLE 7
SOME ADVANTAGES AND DISADVANTAGES FROM THE APPLICATION OF EACH SCENARIO

Scenario LMIPA (ha) Score* Advatages Disadvantages
Scenario 1  17.333 +6 Cheapest Long run improvement effect
Scenario 2 42.946 +11 Cheap Increased agriculture income Long run improvement effect
Rather big improvement effect
Scenario 3 40.202 +4 Cheap Increased agriculture income Long run improvement effect
Scenario 4 47.954 +11 Rather big improvement effect Expensive
Short-term improvement effect
Scenario 5  66.390 +16 Biggest improvement effect Short- Most expensive Short-term improve-

term improvement effect

ment effect

901 MIPA = Land Management Improvement Plan Area * obtained from various scenario effect toward the surface flow, river discharge,

sediment discharge and the addition of ground water (see Table 5)

Scenario 2 and Scenario 4 obtained similar watershed
quality improvement score. However, considering the
fact that Scenario 2 required cheaper financial plan of soil
and water conservation techniques and involving smaller
area improvement, then Scenario 2 is more appropriate to

choose rather than Scenario 4. Scenario 2 is an optimal
scenario if the cost, effectiveness and efficiency are the
main considerations.
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IV. CONCLUSION

During 2006 to 2011, forest area and tree plantation
reduced by as much 3164,6 ha and the agriculture and
plantation area increased by as much 2930,6 ha. Perhaps,
this land use change is one of the ultimate causes in de-
creasing of Ciujung Watershed quality, which showed by
AFC in 31% score, RRC was 198 and sediment discharge
was 47.966 tons per day.

From the simulation result, Scenario 5 give a greatest
quality improvement effect in Ciujung Watershed, mean-
while, Scenario 2 is the most optimal. All scenarios have
not been able to reduce RRC scores under 20 to be cate-
gorized as good watershed quality.
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