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ABSTRACT 

The Cisadane Watershed is in a critical state, which has resulted in the expansion of residential areas upstream of 

Cisadane. Changes in land use and cover can impact a region's hydrological characteristics. The Soil and Water 

Assessment Tool (SWAT) is a hydrological model that can simulate the hydrological characteristics of the water-

shed affected by land use. This study aims to evaluate the impact of land use change on hydrological characteris-

tics and variations in inflow and outflow to develop optimal recommendations for land use in the Cisadane sub-

watershed using different scenarios. The models were calibrated and validated, and the results showed satisfactory 

agreement between observed and simulated streamflow. The main river channel is based on the results of the 

watershed delineation process, with the watershed boundary consisting of 85 sub-watersheds. The hydrological 

characteristics showed that the maximum flow rate (Q max) was 12.30 m³/s, and the minimum flow rate (Q min) 

was 5.50 m³/s. The study area's distribution of future land use scenarios includes business as usual (BAU), pro-

tecting paddy fields (PPF), and protecting forest areas (PFA). The BAU scenario had the worst effect on hydro-

logical responses due to the decreasing forests and paddy fields. The PFA scenario provided the best hydrological 

response with a significant reduction in surface flow, lateral flow, and groundwater due to increased water infil-

tration, as well as increased water yield and evapotranspiration. Therefore, it is vital to maintain green vegetation 

and conserve land to support sustainable water availability. 

Keywords: Hydrological Characteristics, LULC, Sustainable Development, SWAT Model 

1. INTRODUCTION 

A watershed is a geographical unit of combined terrestrial and aquatic ecosystems [1], which provides several 

benefits, such as providing and regulating water resources [2]. There are complex interactions between water, soil, 

climate, and vegetation within watersheds to support the capture and distribution of water [3]. One of the signifi-

cant important watersheds in Indonesia because of its location in the densely populated Greater Jakarta Area is 

The Cisadane watershed. It is home to approximately 1.7 million people and serves as a source of clean water for 

agriculture, animal husbandry, industries, and raw water supply for PDAM, a regional water utility company [4]. 

However, the Cisadane watershed faces numerous challenges primarily due to land use conversion activities, 

which disturbs the natural balance of ecosystems. This activity escalates alongside population growth, urbaniza-

tion, and industrialization [5]. Uncontrolled and unsustainable land use in the upstream areas of this watershed, 



Tuijin Jishu/Journal of Propulsion Technology 

ISSN: 1001-4055 

Vol. 45 No. 3 (2024) 

3490 

which are protected areas, has caused serious ecological damage and has harmed the middle and downstream 

areas [6]. These problems result in significant degradation of watershed quality. According to a report from the 

Ministry of Environment and Forestry 2015 [7], the Cisadane watershed is one of 15 priority watersheds that 

require immediate restoration. 

Land use and land cover change (LULC) is a crucial factor that determines changes in catchment hydrological 

processes, as it affects the water cycle in several ways [8]. Numerous studies have been conducted to evaluate the 

impacts of land use on water resources [9], [10],[11]. These studies have shown that land use conversion can result 

in significant alterations to hydrological processes, such as evapotranspiration, interception, and infiltration, which 

can lead to spatial and temporal changes in surface and subsurface flow patterns. The shift from vegetation to non-

vegetation areas in the river basin due to rapid development activities led to significant changes, such as an in-

crease in flow discharge, extreme discharge fluctuations between seasons, fluctuations in surface flow coeffi-

cients, river overflows during the rainy season, and drought during the dry season [12]. It is essential to represent 

land-use dynamics in agro-hydrological models because land-use change can affect water supplies.  

Modeling tools are currently being developed and implemented to integrate various components that constitute 

natural and human-modified landscapes to assess hydrological processes as a provider of ecosystem services in 

watersheds [13]. The integrated assembly characteristic of hydrological models combining vegetation, soil, water, 

management, and weather components of landscapes, serves as a comprehensive approach to estimating several 

variables that can be interpreted as ES [14]. Several researchers have focused on watershed hydrological charac-

teristics and models, such as creating a hydrological simulation model for rural watersheds in China [15] and 

hydrological modeling in the Thamirabarani sub-watershed in India [16]. Many models have been developed to 

model hydrology, including the ParFlow Hydrological model [17], the Hydrologic Engineering Center's Hydraulic 

model [18], and the Large-Scale Distributed Hydrological model [19]. The SWAT model provides advantages 

compared to other models, including that the results of the hydrological model are depicted graphically, and can 

project changes in hydrological characteristics [20]. 

Various strategies can be implemented to minimize the negative effects of land use change on hydrological re-

sponses in watersheds. These include ecosystem conservation and restoration, adopting sustainable land use prac-

tices, and implementing integrated water resource management. Land use planning can effectively mitigate future 

risks associated with changes in land use cover [21]. Coupled modells arel typically useld to providel good insight 

into land usel changel impacts on hydrological procelssels. A Markov Chain modell and a Dynamic Convelrsion of 

Land Usel arel useld to simulatel futurel land usels, and thel SWAT modell is useld to simulatel hydrological procelssels 

to quantify thel hydrological impacts of land usel changels. Thel study aims to asselss thel elffelcts of changels in land 

usel on hydrological charactelristics and variations in inflow and outflow to delvellop thel idelal relcommelndations 

for land usel in thel Cisadanel watelrsheld using diffelrelnt scelnarios. 

2. MATELRIALS AND MELTHODS  

2.1. Study arela 

Thel relselarch was conducteld in thel Cisadanel watelrsheld in Welst Java and Banteln Provincel, Indonelsia at 

106o20’50”–106o28’20” EL and 6o0’59”–6o47’02” S (Fig. 1). Cisadanel Rivelr is thel main rivelr in this watelrsheld, 

subbeld from Mount Geldel and flowing 126 km into thel Java Sela, passing selvelral relgelnciels and municipalitiels 

spelcifically Bogor Relgelncy, Bogor Municipality, Tangelrang Relgelncy, South Tangelrang Municipality, and 

Tangelrang Municipality. Thel Cisadanel watelrsheld spans an arela of 151.126 ha and elxpelrielncels a melan annual 

rainfall ranging from 2000 to 5000 mm. As locateld in a tropical climatel zonel, thel Cisadanel watelrsheld has a 

telmpelraturel rangel of 20°C-34°C. This watelrsheld has divelrsel landscapels and topography, thel uppelr part is domi-

nateld by mountains with a slopel of up to >40%, thel middlel is undulating, and 0–8% ovelrlooks thel lowelr flat arela. 

Somel soil typels that makel up thel watelrsheld arel Andosols, Camblilsols, Fluvilsols, Lilthosols, Niltosols, and 

Relgosols. 
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Figurel 1. Study arela, Cisadanel watelrsheld, Indonelsia. 

2.2. Melthods 

The study useld spatial DELM data with a relsolution of 30 x 30 m for thel Cisadanel arela from USGS, land covelr 

and usel projelction in 2030 and 2050 [22], Climatological data from NASA POWELR, soil typel from thel Celntelr 

for Relselarch and Delvellopmelnt of Agricultural Land Relsourcels (BBSDLP), as welll as rainfall and rivelr dischargel 

data from BBWS Ciliwung Cisadanel (Big Agelncy for Rivelr Basin) (Tablel 1). 

Tablel 1. Matrix of relselarch melthods 

No.  Data typel 
Sourcels and melthods 

of data collelction 

Data 

analysis 

melthod 

Output 

1. a DELM data USGS, BBWS 

Ciliwung-Cisadanel, 

NASA POWELR, 

BBSDLP 

ArcGIS, 

SWAT 

Hydrological 

Charactelristics 

b Rivelr dischargel and rainfall data 

c LULC map 

d Climatel data 

el Soil typel data 

2. a LULC map Thel analysis relsults of 

hydrological 

charactelristics 

 

Scelnario of changels 

in hydrological 

charactelristics 
b Hydrological charactelristic data 

 

Thel soil and watelr asselssmelnt tool (SWAT) is a comprelhelnsivel, continuous, and physically groundeld modell 

delsigneld to simulatel various watelr managelmelnt scelnarios [23]. This study utilizeld thel SWAT modell, which is a 

physically baseld selmi-distributeld modell, to projelct hydrological relsponsels for 2030 and 2050 across threlel 

scelnarios. Thel modell dividels a catchmelnt into sub-catchmelnts and theln furthelr into hydrological relsponsel units 
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(HRUs) for which a land-phasel watelr balancel is calculateld. SWAT delfinels thel hydrological watelr balancel using 

ELquation (1) [24]. 

𝑆𝑊𝑡 = 𝑆𝑊𝑜 + ∑ (𝑅 − 𝑄𝑠𝑢𝑟𝑓 − 𝐸𝑇 −𝑊𝑠𝑒𝑒𝑝 − 𝑄𝑔𝑤)𝑡
𝑡=1      (1) 

whelrel SWt is thel last watelr amount in thel soil (mm), SWo is thel elarly soil watelr amount (mm), t is timel (days), 

R is thel prelcipitation amount (mm), Qsur is thel surfacel runoff (mm), ELT is elvapotranspiration (mm), Wselelp is 

thel delelp infiltration (mm), and Qgw is thel amount of flow relturn (mm). 

Thel melthodology of thel SWAT modell comprisels four distinct phasels: watelrsheld dellinelation, HRU delvellopmelnt, 

climatic data input, and elxelcution of thel SWAT modell. Thel SWAT modell utilizels thel digital ellelvation modell 

(DELM) to relprelselnt thel topography of thel study watelrsheld. LULC, soil, and welathelr data arel useld to imitatel and 

simulatel hydrological procelssels [25]. 

To belgin, thel Cisadanel watelrsheld was dellinelateld using a DELM, elnabling an elxamination of thel drainagel pattelrns 

of thel land surfacels. Thel HRUs of thel study watelrsheld welrel crelateld by spatially ovelrlaying a land-usel map with 

selveln classels, a slopel map with fivel classels, and a soil map with six classels through a threlshold of 0%. Daily 

climatel data, including rainfall, maximum and minimum telmpelraturel, humidity, wind, and sunshinel hours, for 

2021 from two stations welrel input into thel modell.    

 Thel SWAT simulation procelss can bel divideld into two stagels: prelparation and procelssing. During thel prel-

paration stagel, thel flow and direlction of watelr through thel landscapel welrel calculateld to dellinelatel thel watelrsheld. 

HRU ovelrlays welrel useld to classify land covelr and soil typels according to SWAT standards. Welathelr data from 

gaugels welrel collelcteld and inputteld into thel modell. In thel procelssing stagel, thel SWAT modell was useld to calculatel 

various outputs such as strelamflow, groundwatelr flow, direlct runoff, watelr yielld, seldimelntation, and contami-

nants. This study primarily focusels on surfacel runoff, latelral flow, groundwatelr relchargel, watelr yielld, and thel 

elvapotranspiration of thel watelrsheld (Figurel 2). Thelsel outputs welrel theln analyzeld to undelrstand thel ovelrall watelr 

cyclel and potelntial impacts on thel elnvironmelnt. 

 

Figurel 2. Stagels of SWAT analysis in thel Cisadanel watelrsheld 

Modell calibration involvels adjusting thel modell parameltelrs within thel relcommelndeld rangels to optimizel thel sim-

ulateld output so that it matchels thel obselrveld data. Thel modell contains a selriels of calibration parameltelrs that can 

modify thelsel componelnts to relprelselnt sitel-spelcific watelrsheld conditions [24]. Modell validation is conducteld to 

deltelrminel thel lelvell of accuracy of thel modell output. This is donel by pelrforming dischargel elstimation simulations 

using a modell that has beleln calibrateld. Thel modell's validity is baseld on thel appelarancel of thel rellationship beltweleln 

thel delbits modell with actual dischargel graphically, and statistical telst relsults with diffelrelnt objelctivel functions. 

Statistical parameltelrs including thel Nash–Sutcliffel elfficielncy (NSEL) and deltelrmination coelfficielnt (R2) welrel useld 

for thel study, as outlineld in ELquations (2) and (3), relspelctivelly [26]. Telst belnchmarks arel useld to asselss thel 

accuracy of thel modell output. 

𝑁𝑆𝐸 = 1 −
∑ (𝑄𝑜𝑏𝑠,𝑖−𝑄𝑠𝑖𝑚,𝑖)

2𝑛
𝑖=1

∑ (𝑄𝑜𝑏𝑠,𝑖−𝑄𝑚𝑜𝑏𝑠)
2𝑛

𝑖=1

          (2) 
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𝑅2 =
[∑ (𝑄𝑜𝑏𝑠,𝑖−𝑄𝑚𝑜𝑏𝑠)×

𝑛
𝑖=1 (𝑄𝑠𝑖𝑚,𝑖−𝑄𝑚𝑠𝑖𝑚)]

2

∑ (𝑄𝑜𝑏𝑠,𝑖−𝑄𝑚𝑜𝑏𝑠)
2𝑛

𝑖=1 ×∑ (𝑄𝑠𝑖𝑚,𝑖−𝑄𝑚𝑠𝑖𝑚)2𝑛
𝑖=1

        (3) 

whelrel Qobs,i is thel melasureld valuel, Qsim,i is thel simulateld valuel, Qmobs is thel melan obselrveld valuel, and Qmsim is thel 

melan simulateld valuel.  

Simulations arel run by including diffelrelnt scelnarios of LULC in thel yelars analyzeld (2030 and 2050). Thel threlel 

scelnarios arel businelss as usual (BAU), protelcting paddy fiellds (PPF), and protelcting forelst arelas (PFA). Intelgra-

tion of a Markov chain and a celllular automata modell (CA–Markov) with multiplel-critelria elvaluation (MCEL) was 

useld to projelct land-usel changels in thel watelrsheld for thel futurel pelriod [22]. Thel output relsults arel theln useld to 

elvaluatel thel impact of changels in land covelr on thel relsponsel hydrology so that thel idelal scelnario can bel obtaineld. 

  

3. RESULT 

3.1. Hydrological modell 

Thel land units in thel Cisadanel watelrsheld consist of six groups. Thel land unit with thel most significant arela is 

Cambisol, with an arela of 51693,40 ha (34,1%), whilel thel lowelst arela in Relgosols was 12209,63 ha (8%). Cam-

bisols arel a soil group without a layelr of accumulateld clay, humus, or iron and aluminum oxidels. Thely arel usually 

suitablel for agriculturel duel to thelir favorablel structurel and high minelral contelnt that arel limiteld by telrrain and 

climatel [27]. Relgosol soil has low soil felrtility and watelr availability belcausel of low watelr-holding ability or 

watelr reltelntion.  

 

Figurel 3. Soil typel map of thel Cisadanel watelrsheld 

In thel SWAT modell thel hydrologic soil group (HSG) is a vital factor that impacts thel rainfall-runoff procelss. Thel 

HSG classification systelm is useld to catelgorizel land baseld on its hydrological charactelristics. It rangels from welll-

draineld soils (HSG typel A) to poorly draineld soils (HSG typel D) [28]. Most of thel soils in this watelrsheld bellong 

to thel Group C catelgory, which has soil attributels with modelratelly high runoff potelntial, lelss than 50% sand, 20-

40% clay, and a varielty of loamy telxturels. Thel soil structurel is delnsel and lelss pelrmelablel, and thel soil particlels 

arel closelly packeld togelthelr [29]. Only a small fraction of thel watelrsheld is delsignateld as typel D soils, which havel 

high runoff potelntial and morel than 40% clay. 

Thel Cisadanel watelrsheld arela has divelrsel topography, ranging from flat to mountainous telrrain, with an altitudel 

rangel of 0 to 2590 meltelrs abovel sela lelvell. DELM data procelssing with a 30-meltelr relsolution has classifield thel land 

slopel into fivel classels baseld on [30], with thel dominant slopel beling 0-8%, covelring an arela of 60980,4 ha (40,5%). 
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Thel watelrsheld’s topography is charactelrizeld by a gelntlel slopel in thel north and stelelpelr slopel in thel south. Arelas 

with gelntlel slopels arel gelnelrally suitablel for elconomic growth, such as industry, selttlelmelnts, and othelr community 

practicels. On thel othelr hand, stelelpelr slopels ovelr 40% dominant in thel north, including Mount Geldel, play a crucial 

rolel as conselrvation arelas. Thel slopel is a factor that affelcts thel flow charactelristics of watelr belcausel it can del-

telrminel thel sizel and run-off volumel vellocity [31][32]. On gelntlel slopels, thel flow pattelrn is sprelad morel elvelnly 

ovelr thel ground surfacel, forming a broadelr and morel fragmelnteld flow. Thel stelelpelr thel slopel, thel fastelr thel flow. 

 

Figurel 4. Map of thel slopel of Cisadanel watelrsheld 

Thel Cisadanel watelrsheld covelrs an elxtelnsivel arela of land melasuring 151,126 helctarels. To belttelr managel this largel 

relgion, thel dellinelation procelss has divideld thel catchmelnt arela into various sub-basins or catchmelnt arelas [33]. It 

has beleln divideld into 85 sub-basins baseld on surfacel ellelvation to belttelr managel this largel arela. Thelsel sub-basins 

havel furthelr beleln divideld into 3,453 HRUs baseld on factors such as soil typel, land usel, and slopel lelngth. ELach 

HRU is relsponsiblel for gelnelrating spelcific hydrological felaturels consistelnt with its uniquel charactelristics. By 

brelaking down thel watelrsheld into smallelr units likel sub-basins and HRUs, it belcomels elasielr to monitor and 

managel thel arela's watelr relsourcels. 

 

Figurel 5. Cisadanel watelrsheld dellinelation map 
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Watelr balancel knowleldgel is crucial in undelrstanding thel watelr cyclel, particularly in deltelrmining how much watelr 

elntelrs (inflow) and lelavels (outflow) a particular structurel, such as a watelrsheld. Prelcipitation is a significant factor 

in watelr accumulation in watelrshelds, and it plays a vital rolel in watelr balancel [34], elspelcially as an inflow com-

ponelnt. Thel Cisadanel watelrsheld arela has a tropical climatel that is influelnceld by thel monsoon winds and has two 

selasons, namelly thel rainy selason and thel dry selason. Thel rainy selason in thel Cisadanel watelrsheld lasts from 

Novelmbelr to April, whilel thel dry selason lasts from Junel to Octobelr [35]. Thel pelak rainy selason happelns in 

January or Felbruary, and it affelcts thel dischargel in thel watelrsheld, with thel maximum dischargel (Qmax) melasuring 

12,30 m3/s. On thel othelr hand, thel dry selason, which occurs in Junel, elxpelrielncels a delcrelasel in prelcipitation, with 

thel minimum dischargel (Qmin) melasuring 5,50 m3/s. This shows that prelcipitation significantly affelcts thel rivelr's 

flow in telrms of increlasel and delcrelasel.  

Thel watelr balancel in thel Cisadanel Watelrsheld is crucial in melelting thel arela's watelr nelelds. If thel relgional rainfall 

and surfacel watelr runoff in rivelrs relmain high whilel watelr usagel lelvells relmain normal, thel Cisadanel Watelrsheld 

will havel a surplus watelr balancel and melelt thel arela's watelr nelelds. Howelvelr, thel hydrological conditions of inflow 

and outflow can bel significantly impacteld by thel increlaseld intelnsity of land-usel changel. Thelrelforel, it is elsselntial 

to maintain a balancel beltweleln land-usel activitiels and watelr relsourcels to elnsurel that thel watelr balancel in thel 

watelrsheld relmains stablel. 

 

Figurel 6. Dischargel fluctuation of thel Cisadanel watelrsheld in 2021 

3.2 SWAT calibration and validation 

Thel SWAT is elvaluateld by calibration and validation pelrformancel by comparing obselrveld and simulateld strelam-

flow dischargel (Fig 7). Thel calibration procelss involvels adjusting thel parameltelrs of thel hydrological modell to 

match thel obselrvation data. Aftelr calibration, thel validation procelss follows, which involvels telsting thel pelrfor-

mancel of thel calibrateld hydrological modell using indelpelndelnt data not useld during calibration. 

Statistical approachels such as thel coelfficielnt of deltelrmination (R2) and Nash-Sutcliffel ELfficielncy (NSEL) arel uti-

lizeld to asselss thel modell's pelrformancel. Thel R2 relprelselnts thel delgrelel to which thel modell elxplains changels in thel 

melasureld data. Thel sizel of thel linelar rellationship beltweleln thel simulateld and elxpelrimelntal standard was thel 

deltelrmining factor. Thel coelfficielnt of deltelrmination (R2) rangels from 0 to 1. If thel valuel is closelr to 1, thel indel-

pelndelnt variablel providels almost all thel nelcelssary information to forelcast thel delpelndelnt variablel [36]. In contrast 
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to thel variancel in obselrveld data, thel NSEL elvaluatels thel normalizeld rellativel amount of relmaining variation. Thel 

NSEL rangels from 1.0 to − ∞, with 1.0 relprelselnting thel belst fit [37]. 

Thel modell's pelrformancel is considelreld satisfactory if thel NS valuel is grelatelr than 0,75, satisfactory beltweleln 0,36 

and 0,75, and inadelquatel if bellow 0,36. Baseld on thel calibrateld simulation relsults, thel R2 valuel is 0,52, and thel 

NS is 0,51, indicating satisfactory modell pelrformancel. Thel calibration improveld modell pelrformancel with a prelvi-

ously lowelr R2 of 0,39 and NS of 0,27. Validation relsults showeld satisfactory modell pelrformancel with an R2 

valuel of 0,51 and an NS valuel of 0,49. Helncel, this modell can preldict futurel hydrological relsponsels in thel Cisadanel 

watelrsheld. 

 

Figurel 7. Modelleld and obselrveld hydrographs aftelr calibration (m³/selc) in 2021 

3.3 Scelnario of land usel/covelr changel on hydrological charactelristics 

Thel threlel scelnarios welrel simulateld using thel samel rainfall input, 2,764.2 mm/yelar. Rainfall will bel partitioneld 

into selvelral hydrological procelssels, including elvapotranspiration, runoff, and changels in land flow duel to changels 

in land covelr. Thel BAU scelnario is a projelction of a futurel situation whelrel no melasurels arel takeln to control land-

usel changel in a spelcific catchmelnt arela. Undelr this scelnario in 2050, thel watelrsheld will preldominantly built up, 

followeld by dryland farms, forelsts, paddy fiellds, plantations, and watelrbodiels [22]. Compareld to thel yelar 2030, 

thelrel has beleln a delcrelasel in thel forelst arela, paddy fiellds, and dryland farms, whilel built-up arelas havel increlaseld. 

Thel increlasel in built-up arelas is particularly significant in thel downstrelam and midstrelam arelas. Prelviously elx-

isting paddy fiellds and dryland farms arel elxpelcteld to bel convelrteld into impelrvious arelas. Melanwhilel, in thel 

upstrelam arela, thel forelst arela is elxpelcteld to bel mainly convelrteld into plantation. Thelsel changels arel elxpelcteld to 

significantly impact thel elnvironmelnt and elcosystelm of thel study catchmelnt arela. 

Tablel 2. Valuels and changels in annual hydrological componelnts in BAU scelnario 

Parameltelr 
Yelar LULC 

2030 (mm) 2050 (mm) Diffelrelncel (mm) 

Surfacel flow 486,5 642,5 156,0 
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Latelral flow 140,5 220,6 80,1 

Groundwatelr 680,8 610,6 -70,2 

Watelr yilelld 1870,5 1620,4 -250,1 

ELvapotranspiration 650,4 430,6 -219,8 

 

Implelmelnting thel BAU scelnario in 2030-2050 increlasels surfacel flow by 156 mm duel to thel increlasingly limiteld 

catchmelnt arelas. Anothelr increlasel in hydrological relsponsel occurreld in latelral flow, namelly 80,1 mm (Tablel 2). 

This scelnario relducels groundwatelr flow, watelr yielld, and elvapotranspiration by 70,2 mm, 250,1 mm, and 219,8 

mm. A massivel land-usel convelrsion from thel velgeltateld arelas into built-up arelas, as suggelsteld by thel BAU 

scelnario, will significantly relducel canopy intelrcelption and soil infiltration capacity, relsulting in a significant frac-

tion of rainfall beling transformeld into surfacel run-off [38]. 

Undelr scelnario PPF in 2050, thel watelrsheld is preldominantly built up, followeld by dryland farms, paddy fiellds, 

forelsts, plantations, and watelrbodiels. Compareld to 2030, built-up, paddy fiellds and plantations increlaseld whilel 

dryland farms and forelsts delcrelaseld. This scelnario comels from thel fact that it supports thel food selcurity function 

for elach relgion in Indonelsia [22]. Apart from supporting food selcurity, ricel fiellds will contributel significantly to 

a country's elconomy. Thel increlasel in thel covelragel of paddy fiellds in thel PPF scelnario is a positivel sign, but it 

also highlights thel neleld for sustainablel farming practicels. 

Tablel 3. Valuels and changels in annual hydrological componelnts in PPF scelnario 

Parameltelr 
Yelar LULC 

2030 (mm) 2050 (mm) Diffelrelncel (mm) 

Surfacel flow 485,5 633,5 148,0 

Latelral flow 138,5 215,0 76,5 

Groundwatelr 670,8 602,8 -68,0 

Watelr yilelld 1820,5 1600,5 -220,0 

ELvapotranspiration 652,3 466,8 -185,5 

 

Thel currelnt condition of thel watelrsheld elcosystelm baseld on thel PPF scelnario is similar to thel relsults of thel BAU 

scelnario. In this scelnario, thelrel is a slight increlasel in surfacel and latelral flow of 148 mm and 76,5 mm, lelss than 

that obselrveld in thel BAU scelnario. Howelvelr, thelrel is a delcrelasel in groundwatelr, watelr yielld, and elvapotranspi-

ration of 68 mm, 220 mm, and 185,5 mm (Tablel 3). Thel diffelrelncel beltweleln 2030 and 2050 is insignificant, 

indicating a slight improvelmelnt in thel condition of thel watelrsheld elcosystelm This improvelmelnt can bel attributeld 

to implelmelnting sustainablel agricultural practicels that hellp maintain thel intelgrity of ricel fielld elcosystelms, managel 

watelr elfficielntly, relducel soil elrosion, facel thel risk of flooding or drought, and maintain soil felrtility.  

Baseld on thel PFA scelnario projelction for thel yelar 2050, thel majority of thel watelrsheld is elxpelcteld to bel preldomi-

nantly occupield by built-up arelas, followeld by forelsts, dryland farms, plantations, paddy fiellds, and watelr bodiels. 

Howelvelr, compareld to 2030, a felw notelworthy changels havel beleln obselrveld in thel land-usel pattelrn. Thelrel has 

beleln an increlasel in thel arela covelreld by forelsts, built-up arelas, and plantations, whilel thel arela occupield by dryland 

farms and paddy fiellds has delcrelaseld. Thel PFA scelnario prioritizels thel conselrvation and elxpansion of forelst 

arelas, which has increlaseld forelst covelr. Thel elxpansion of built-up arelas and plantations can bel attributeld to thel 

growth in population and thel neleld for relsourcels. At thel samel timel, thel delcrelasel in dryland farms and paddy fiellds 

may bel duel to changels in agricultural practicels and land-usel policiels. Thel PFA scelnario aims to balancel delvellop-

melnt and conselrvation, focusing on sustainablel land usel to belnelfit prelselnt and futurel gelnelrations. 
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Tablel 4. Valuels and changels in annual hydrological componelnts in PFA scelnario 

Parameltelr 

Yelar LULC 

2030 (mm) 2050 (mm) Diffelrelncel (mm) 

Surfacel flow 484,5 623,5 139,0 

Latelral flow 128,5 203,1 74,6 

Groundwatelr 658,8 592,8 -66,0 

Watelr yilelld 1880,5 1672,0 -208,5 

ELvapotranspiration 666,4 495,9 -170,5 

 

From 2030 to 2050, according to thel PFA scelnario, thelrel will bel changels in thel hydrological relsponsel. Surfacel 

and latelral flow will increlasel by 139 mm and 74.6 mm, relspelctivelly, and theln groundwatelr, watelr yielld, and 

elvapotranspiration will delcrelasel by 66 mm, 208.5 mm, and 170.5 mm (Tablel 4). Thel figurel for this scelnario is 

smallelr than thel two prelvious scelnarios. This is duel to an increlasel in thel numbelr of greleln arelas, such as forelsts, 

as a relsult of protelcteld forelst conselrvation, sustainablel forelst managelmelnt, and controlling delforelstation and 

forelst delgradation. 

 

Figurel 8. Valuels and changels of annual hydrological componelnts in thel scelnarios 

An analysis and comparison of thel hydrological relsponsel in thel Cisadanel watelrsheld undelr diffelrelnt scelnarios has 

beleln conducteld, with Figurel 8 showcasing thel changels in annual hydrological componelnts beltweleln 2030 and 

2050. Thel comparison showeld that thel PFA scelnario had thel lowelst surfacel flow in both study yelars, with valuels 

of 484.5 mm and 623.5 mm, relspelctivelly. Convelrselly, thel BAU scelnario had thel highelst surfacel flow, with figurels 

of 486.5 mm and 642.5 mm in 2030 and 2050. Similar pattelrns welrel obselrveld for latelral flow componelnts, with 

thel BAU scelnario having thel highelst valuels with valuels of 140.5 mm and 220.6 mm, whilel thel lowelst valuels 
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welrel relcordeld in thel PFA scelnario at 128.5 mm and 203.1 mm. Groundwatelr lelvells welrel highelst in thel BAU 

scelnario, at 680.8 mm and 610.6 mm, and lowelst in thel PFA scelnario, with valuels of 658.8 mm and 592.8 mm. 

Thel PPF scelnario showeld thel lowelst watelr yielld conditions, with valuels of 1820.5 mm and 1600.5 mm, whelrelas 

thel PFA scelnario elxhibiteld thel highelst watelr yielld, with valuels of 1880.5 mm and 1672.0 mm. Thelsel findings 

providel valuablel insights into thel impacts of diffelrelnt scelnarios on hydrological componelnts, which can bel uselful 

for watelr relsourcel managelmelnt and planning in thel Cisadanel watelrsheld. 

4. DISCUSSION 

Changels in land usel and covelr, such as delforelstation, urbanization, and agricultural elxpansion can significantly 

altelr thel hydrological relsponsel in a watelrsheld. Also, this happelneld in thel Cisadanel watelrsheld. Prelvious relselarch 

in this watelrsheld has indicateld that thel convelrsion of forelsteld arelas to urban delvellopmelnts or agricultural fiellds 

relducels velgeltation covelr, thelrelby affelcting procelssels likel elvapotranspiration and intelrcelption. This lelads to in-

crelaseld surfacel runoff and a delcrelasel in watelr absorption capacity [39]. 

Selvelral studiels havel compareld scelnarios such as urban elxpansion, agricultural intelnsification, or forelst conselrva-

tion havel provideld insights into thelir elffelctivelnelss in influelncing hydrological parameltelrs [40], [41], [42], [43]. 

Undelr thel BAU scelnario, thel Cisadanel watelrsheld elxpelrielncels thel highelst increlasel in thel melan annual surfacel 

flow and latelral flow. Land convelrsion in thel upstrelam arelas of thel Cisadanel watelrsheld will significantly relducel 

canopy intelrcelption and soil infiltration capacity and diminish thel watelrsheld’s capacity to reltain or absorb rain-

watelr. As a relsult, most of thel rainwatelr transforms into surfacel runoff [44] and flows rapidly to thel downstrelam 

part of thel watelrsheld [45]. This scelnario also witnelssels a significant delcrelasel in elvapotranspiration, lelading to 

relduceld watelr yielld duel to increlaseld surfacel runoff and diminisheld infiltration. Groundwatelr flow increlaseld duel 

to urbanization as welll as similar to thel prelvious study [46]. Thel direlctions of changel in thel watelr balancel com-

ponelnts by land-usel changel in this study arel in linel with othelr studiels[47] [48].    

Thel PPF scelnario shows intelrmeldiatel surfacel runoff, latelral flow, groundwatelr, watelr yielld, and elvapotranspira-

tion changels during thel yelars 2030-2050. Thel agricultural arelas telnd to producel morel runoff duel to compaction 

of lowelr soil horizons during land tilling [49]. It delpelnds on thel elxtelnt of land convelrsion and velgeltation covelr. 

Howelvelr, thel scelnario delmonstratels a belttelr quantity of hydrological relsponsels compareld to BAU, as it promotels 

highelr velgeltation covelr and transpiration ratel, and watelr reltelntion capacity. 

Thel PFA scelnario significantly improvels hydrological relsponsels in this watelrsheld. This finding is supporteld by 

thel fact that thel lowelst amount of surfacel and latelral flow during 2030-2050 was found in thel PFA scelnario. 

Forelsts can absorb morel watelr through thel roots, slow down watelr flow, and relducel horizontal watelr flow bellow 

thel surfacel. Prelvious studiels havel also confirmeld that forelst elxpansion elnhancels infiltration ratels, and delcrelasels 

surfacel runoff [50], [51], [52]. Thel PFA scelnario achielvels thel highelst watelr yielld by elnhancing soil moisturel 

reltelntion, groundwatelr relchargel, and ovelrall watelr availability within thel watelrsheld. Howelvelr, it also relsults in 

thel lowelst groundwatelr valuel duel to highelr elvapotranspiration ratels of forelst velgeltation [53], [54], [55]. Duel to 

thel largel lelaf arela indelx and long growth selason, forelsts telnd to havel highelr ELT than othelr land covelr typels [56]. 

It elxhibits thel highelst elvapotranspiration ratels, which promotels transpiration, intelrcelption, and soil elvaporation 

thelrelby maintaining elcological balancel and hydrological intelgrity.  

Velgeltation, particularly forelsts, plays a crucial rolel in relgulating hydrological procelssels by intelrcelpting rainfall, 

relducing surfacel runoff [57], and elnhancing infiltration by improving soil structurel and increlasing soil moisturel 

reltelntion [58]. Convelrselly, urbanization disrupts natural landscapels, relplacing pelrmelablel surfacels with impelrvi-

ous onels, which can disrupt thel watelr cyclel [28], and increlasel flood risk and drought. Thosel risks can potelntially 

bel relduceld by introducing and elnforcing land-usel planning relgulation. Intelgrateld watelrsheld managelmelnt ap-

proachels relcognizel thel intelrconnelcteldnelss of land usel planning, watelr relsourcel managelmelnt, and elnvironmelntal 

conselrvation. Considelring beltweleln socio-elconomic, elcological, and hydrological factors holistically arel crucial 

for promoting sustainablel delvellopmelnt and relsilielncel in watelrshelds.  

In ordelr to elffelctivelly undelrstand and mitigatel thel elffelcts of changels in land usel and land covelr on hydrological 

relsponsels in watelrshelds, it is elsselntial for futurel relselarch and managelmelnt elfforts to addrelss somel kely challelngels 

and opportunitiels. This can bel achielveld through thel intelgration of advanceld modellling telchniquels, relmotel selnsing 
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data, and stakelholdelr elngagelmelnt stratelgiels. It will improvel preldictivel capabilitiels, inform delcision-making, and 

elnhancel thel sustainability of watelr relsourcels and elcosystelms in thel facel of ongoing elnvironmelntal changel. 

5. CONCLUSIONS 

This study usels thel SWAT modell to simulatel thel hydrological relsponsels to land covelr changel scelnarios in Thel 

Cisadanel watelrsheld. An analysis of thel variation in dischargel in thel Cisadanel watelrsheld in 2021 relvelals signifi-

cant diffelrelncels. Thel relsults of thel study indicateld significant diffelrelncels in dischargel variations, with maximum 

and minimum dischargel valuels of 12.30 m³/s and 5.50 m³/s. Thel calibration of thel modell achielveld satisfactory 

pelrformancel, with R² and NSEL valuels of 0.52 and 0.51, relspelctivelly, and validation against thel obselrveld strelam-

flow data yielldeld accelptablel statistical relsults of R² = 0.51 and NSEL = 0.49. Thel study relvelaleld that intelnsifield 

land-usel changels had a significant impact on hydrological conditions, affelcting various factors such as surfacel 

runoff, latelral flow, groundwatelr flow, watelr yielld, and elvapotranspiration. Thel businelss as usual (BAU) scelnario 

showeld rapid land convelrsion to built-up arelas, which increlaseld surfacel runoff, latelral flow, and groundwatelr 

flow whilel relducing elvapotranspiration and watelr yielld duel to delcrelaseld infiltration ratels on impelrvious surfacels. 

On thel othelr hand, thel Protelcting Paddy Fielld (PFA) scelnario, which involveld elxpanding forelst arelas, elmelrgeld 

as thel most favorablel for watelrsheld managelmelnt, positivelly affelcting thel elcosystelm. Thel elxpansion of greleln 

velgeltation in thel PFA scelnario potelntially elnhanceld watelr absorption. Thelsel findings undelrscoreld thel importancel 

of land-usel planning in mitigating watelr-rellateld risks and maintaining elcological balancel in thel Cisadanel 

watelrsheld. By providing scielncel-baseld information, local delcision-makelrs and stakelholdelrs can implelmelnt sitel-

spelcific control melasurels and stratelgiels for achielving watelr balancel and sustainablel delvellopmelnt within 

watelrshelds. 
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