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Sensitivity Analysis of SWAT Model at Brantas Watershed, East Java Indonesia 
Abstract. Brantas Watershed and Its Tributaries (Approximately 14,103 km2) play an essential role to supply water for About 30% of East Java province populations. Management of water resources in this watershed has become a challenging issue. The conformity of modelling processes and result to mimic the existing hydrological processes is still in question. This study aims to analyse sensitive parameters of the SWAT (Soil & Water Assessment Tool) model on the significant watershed. The hydrological processes are observed monthly and annually. Sensitivity analysis using the SWAT-CUP tool show 18 sensitive parameters. The nine (9) parameters have a sensitivity level of more than 50%. The four (4) correlated to the runoff generation and water movement in the soil layer. Then, eight (8) parameters correlated to baseflow calculation. Simulation results illustrate the strong effect of climate change (especially rainfall) on water yield and sedimentation. 
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1. Introduction
Brantas watershed (Figure.1) covers an area of approximately 14,103 km2, equivalent to 30% of East Java Province area (approximately 47,075.35 km2). The main river length of Brantas reaches 320 km (Kementrian PUPR, 2010). 
This watershed area is composed of 19 Regencies (District) and Cities areas. The Brantas areas cover the administrative regency/city of Malang, Kediri, Blitar, Nganjuk, Batu, Blitar, Tulungangung, Trenggalek, Jombang, Mojokerto, Sidoardjo and Surabaya. The population in the Brantas watershed was around 16.2 million in 2010 (census) and around 16.9 million in 2015 (Projection) (BPS Jatim, 2014).  About 30% of the East Java population have occupied the watershed land resources for residential use, agricultural, urban and city facilities, road network, tourism site, plantation, industry, and other social-cultural and economic activities.  The Brantas river network and its tributaries supply water for residential use, gearing the industry, electricity source, drainage, irrigating the agricultural field, and tourism activities (JICA, 2019). About 60% of the agricultural product of the province come from the Brantas tributaries. Major reservoirs or Dam have been constructed on the Brantas tributaries, i.e., D1 (Sengguruh reservoir), D2 (Sutami), D3 (Lahor), D4 (Selorejo), D5 (Lodoyo), D6 (Wlingi), D7 (Wonrorejo), D8 (Waru Turi), D9 (Menturus), D10 (Gunungsari), D11 (Gubeng), and D12 (Jagir Dams) (Figure1).
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Figure. 1. Study site
The complexity of the watershed ecosystem requires a model to simplify the explanation in the watershed system. SWAT (Soil & Water Assessment Tool) models provide reliable features in analysing this complex watershed. Several studies using SWAT models by (Joseph, Preetha and Narasimhan, 2021); (Liu et al., 2021), and (Rani and Sreekesh, 2021) have succeeded in analysing their watershed hydrological systems. Modelling this complex system of the watershed and using limited data available are challenging issues. How to reduce the system’s complexity so that the essential hydrological processes are modelled?  How to adjust the parameter’s value in the model with the limited data constraint. Thirdly, how to justify and explain that modelling processes and results can mimic the real phenomenons questioned. 
This study aims to analyse the SWAT model’s sensitive parameters using SWAT-CUP Tool and SUFI (Sequential Uncertainty Fitting) algorithm (Abbaspour, 2015). Sensitivity analysis was conducted by following the previous publication (Arnold et al., 2012; Moreira, Schwamback and Rigo, 2018; Brighenti et al., 2019). The hydrological processes are modelled at the monthly level. The study was conducted in Brantas Watershed in East Java Province, Indonesia. 
The SWAT model (Krysanova and Arnold, 2008) has more comprehensive equations and features. SWAT can calculate the discharge, erosion, sediment, and nutrient-related hydrological processes. The SWAT model is based on the concept of HRU (Hydrological Response Unit) to calculate the hydrological processes spatially distributed (Arnold et al., 2012).  The vertical components of water balance are calculated for each HRU. Then the runoff, sediment and nutrient are accumulated from HRUs to each sub-basin. The horizontal movement of water, nutrient and sediment from each sub-basin to the watershed outlet is calculated using the transfers function (Arnold et al., 2012). 
Many researchers around the world have used SWAT to study the impact of land use and land cover change, and climate change on hydrological processes, for example, the works by (Lamichhane and Shakya, 2019) in Nepal (Spruce et al., 2018) in Mekong river basin (section: Thailand). A similar study was conducted by (Marie Mireille et al., 2019) in Kenya. 
2. Methodology
2.1 Input data
This study use flow measurement located at Ploso. Then, from Ploso as an Outlet,  the boundary of the sub-watershed is delineated. The sub-watershed area covers an area of 8,844.26 km2 (Figure 1). The inputs for SWAT are digital elevation model (DEM), land cover, soil characteristics, climate variables (rainfall, temperature, solar radiation, relative wind speed and humidity), and land management practice.  All of the input data is necessary to be formatted in raster.
The DEM (Digital elevation model) is derived from DEMNAS (BIG, 2018). The DEMNAS is the Digital Elevation Model source at the National Scale provided by the Indonesian Agency of Geospatial Information or Badan Informasi Geospatial (BIG). The DEMNAS (BIG, 2018)  has a spatial resolution of 8.3m x 8.3m, and it is sufficiently excellent for watershed delineation.  In this case, the DEMNAS is used to determine the sub-watershed boundary and derive the river network.  Figure 2 visualised the Digital elevation model (DEM), soil type layer, land cover in the Years 2001, and land cover in the year 2015 of the Ploso sub-watershed. The altitude on the watershed varies from 17 to 3,653 m above sea level (Figure. 2a).
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Figure 2 Input data: (a) Altitude (mm), (b) Soil Type, (c) Land cover 2001, (d) Land cover 2015, (1) Irrigated paddy, (2) Forest-Plantation, (3) Settlement or pavement area, (4) heterogeneous agriculture land, (5) Shrubs land.

Soil layer is obtained from national soil layer map (Balitbang Pertanian, 2014). The major soil type class on the watershed include: aluvial (24.5%), andosol (19.5%), grumosol (9.8%), latosol (0.02%), litosol (8.4%), regosol (10.4%) , MCB soil (0.9%), mediteran (26.5%). The slope derived from DEM. Slope classification follows the provisions of the Indonesian Ministry of Forestry, namely 0 - 8% (10.6%), 8 - 15% (26.1%), 15 - 25% (36.3%), 25 - 40% (15.7%), and > 40% (11.3%). 
	This study covers the period from 1996 to 2015. This study uses two editions of Land use (LU) and land Cover (LC) maps. The first map is a clip from the RBI (Rupa Bumi Indonesia) digital maps (BIG, 2018). The RBI map was produced during the year 2000-2001. The second map clip from the classified Landsat-8 Image. The available time series data were divided into periods 1 (1996-2005) and 2 (2006-2015). The model is run according to the period. The RBI represented the LULC for the first period. In comparison, Landsat represents the LULC  for the second period (Figures. 2c and 2d). LULC in Brantas from 2001 to 2015 experienced significant changes.  The change is marked by increasing irrigated paddy fields (+ 21,24%) and forests-plantation areas (+42.44%). The land occupied for urban or pavement areas is also increased by +26.36%  from the beginning.  Contrary, the increase of LULC class above is compensated by the decrease in agricultural land (non-irrigated area) by -30.87% from the beginning (Table 1). 
Table 1. LULC Change in Ploso sub-watershed
	LULC
	Area (km2)
	Change (%)

	
	RBI
	(%)
	Landsat-8
	(%)
	

	Paddy filed
	2,134.72
	24.73
	2,588.28
	29.98
	21.25

	Heteregeneous agriculture land
	3,746.27
	43.40
	2,589.9
	30.00
	-30.87

	Settlement or Pavement
	1,415.25
	16.40
	1,788.35
	20.72
	26.36

	Forest-plantation
	707.93
	8.20
	1,008.4
	11.68
	42.44

	Shrubland
	581.21
	6.73
	606.93
	7.03
	4.42

	Water bodies
	46.78
	0.54
	50.30
	0.58
	7.52



Rainfall data were obtained from 19 measurement sites (Table 2). The location of the rainfall measurement site are presented in Figure.1 (R1 to R19). The recording period for all the climate variables ranges from 1996 to 2015 (20 years). The discharge data is obtained from existing AWLR (Automatic Water Level Recorder) located on the outlet of this watershed
Table 2. Rainfall Stations
	No
	Station
	Latitude
	Longitude
	Elevation

	1
	Dingin
	-7.6697
	112.059
	54

	2
	Kedungrejo
	-7.4665
	112.226
	34

	3
	Kertosono
	-7.6059
	112.082
	44

	4
	Ktr Cab. Perak
	-7.5806
	112.161
	45

	5
	Minggiran
	-7.7256
	112.059
	59

	6
	Papar
	-7.6918
	112.077
	55

	7
	Wonomarto
	-7.6251
	112.145
	73

	8
	Blambangan
	-8.118
	112.633
	444

	9
	Bululawang
	-8.0786
	112.646
	402

	10
	Clumprit
	-8.2292
	112.645
	329

	11
	Dampit
	-8.21
	112.748
	414

	12
	Kedung Kandang
	-7.9929
	112.656
	438

	13
	Ngajum
	-8.069
	112.527
	449

	14
	Sumber Pucung
	-8.3895
	112.676
	308

	15
	Sitiarjo
	-8.1538
	112.483
	20

	16
	Turen
	-8.1639
	112.694
	391

	17
	Kalibadak
	-7.9708
	112.243
	562

	18
	Pojok_Dadapan
	-8.0721
	112.208
	243

	19
	Besuki
	-8.2141
	111.79
	89



First, the discharge and rainfall data are obtained from the public offices of the water management and watershed authorities. The climate data (i.e., rainfall, temperature, solar radiation, wind speed and humidity) were obtained from the nearby climatological stations. In this study, ArcSWAT 2012 is used as the primary tool for the hydrological analysis, while  GIS software visualises the maps.
Table 3. Description of model input
	Data Type
	Source
	Description

	DEM (Digital elevation model)
	Geospatial Information Agency of Indonesia
http://tides.big.go.id/DEMNAS/Jawa.php
	Resolution 8,3 m

	Digital soil layer
	Soil Research Institute, 1998 Bogor, Indonesia
	Scale 1:250.000

	Land use - land cover layer
	Rupa Bumi Indonesia https://tanahair.indonesia.go.id/) 
Intepretation of landsat 8 
	Scale 1:250.000  (satellite image)

	Climate /meteorological data series
	Meteorology and Climatology Geophysical Agency of Banyuwangi
	1996-2015 (20 years)

	Daily rainfall data 
	Dingin, KedungRejo, Kertosono, Ktr Cab.Perak, Minggiran, Papar, Wonomarto, Blambangan, bululawang, clumprit, dampit, Kedung kandang, ngajum, sumber pucung, sitiarjo, turen, kalibadak, Pojok_dadapan, and Besuki Stations.
	1996-2015 
(20 years)





2.2 Procedure
The general procedure of the modelling task consists of (1) Watershed delineation and HRU determination, (2) Writing table and climate data input, (3) creation of model output, (4) Calibration and validation. This step consists of sensitivity analysis and evaluation model performance for calibration and validation periods, and the final step (5)  is conducting the model simulation, water balance and sediment yield analysis. Figure 3 present the flowchart of the research procedure.
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Figure 3. Procedure
Watershed delineation and HRU processing.   
In this case, the ArcSWAT module fills the sink to determine the flow direction and flow accumulation from the input DEM (DEMNAS). Then, the result uses to create the stream network, outlet, and sub-basin.  The arcSWAT will delineate the boundary of the watershed. Furthermore, the ARcSWAT produce  HRUs (hydrological response unit). HRU was constructed from 3 layers, overlay among land use (land cover), soil type, and slope classes.  Finally, the HRU was determined using a 10% threshold. 
Climate input (WritingTables). 
The SWAT-weather database (Weather Generator) is used to calculate 14 necessary parameters. Seven (7) parameters depend on rainfall data, and the other seven (7) parameters are adjusted for climate data (Table 4). Each parameter is then used for updating the SWAT database. The model will automatically calculate according to available data.
Table 4a.  Parameter dependent on rainfall data
	No
	Parameter
	Description

	1
	PCPMM
	The average amount of precipitation falling in a month (mm/day),

	2
	PCPSTD
	The standard deviation for daily precipitation in a month (mm/day),

	3
	PCPSKW
	The skew coefficient for daily precipitation in a month,

	4
	PR_W1
	Probability of a wet day following a dry day in the month,

	5
	PR_W2
	Probability of a wet day following a wet day in the month,

	6
	PCPD
	The average number of days of precipitation in a month (days),

	7
	RAINHHMX
	Maximum of 0.5-hour rainfall in the entire period of record for the month (mm).


Source: Arnold et al. (2012)
Table 4b.  Parameter determined from climate data
	No
	Parameter
	Description

	1
	TMPMX
	Average maximum air temperature for a month (°C)

	2
	TMPMN
	Average minimum air temperature for month (°C),

	3
	TMPSTDMX
	The standard deviation for maximum air temperature in the month (°C),

	4
	TMPSTDMN
	The standard deviation for minimum air temperature in the month (°C),

	5
	SOLARAV
	Average daily solar radiation in month (MJ/day/m2), 

	6
	DEWPT
	Average dew point temperature in month (°C), 

	7
	WNDAV
	Average wind speed in month (m/s). 


Source: Arnold et al. (2012)
SWAT Output. 
Simulation results are read through the SWAT output menu. The model provides three types of output, i.e. (output.Rch: Flow_out) for calculated flow (in m3/s) and The “TxtInOut folder (output.std)” to visualise the calculated water balance result. Calibration is set for periods 1996 to 2005, and validation starts from 2006 to 2018 using flow data from the model. The model is tested on the two periods through the SWAT GUI (graphical user interface). 
The SWAT CUP module uses to evaluate model performance. In this case, the SUFI-2 (Sequential Uncertainty Fitting) is explored to fit the parameter value during calibration and validation. Calibration and validation follow the procedure as published by Abbaspour (2015).  Water balance is calculated for monthly and annual intervals.  About 33 parameters are selected for sensitivity analysis by 500 iterations. Table 5 show the 18 selected parameters.  In this case, the r (multiples) and v (replace) procedures, as published by  Abbaspour (2015), were used to find optimal parameter values. 
Table 5. The estimated parameter value for calculating flow
	No.
	Parameter Input
	Parameter Description
	Range Parameter

	1
	SMFMX.bsn
	Maximum melt rate for snow during the year (occurs in the summer)
	0-20

	2
	CH_N1.sub
	Manning’s “n” value for the tributary channels
	0.01-30

	3
	CH_L1.sub
	The most extended channel length in the subbasin.
	0.05-20

	4
	SL_SUBBSN.hru
	Average slope length (m)
	10-150

	5
	SMFMN.bsn
	Minimum melt rate for snow during the year (occurs on winter solstice)
	0-20

	6
	GW_SPYLD.gw
	Specific yield of the shallow aquifer (m3/m3)
	0 – 0.4

	7
	ESCO.bsn
	Plant uptake compensation factor
	0 – 1

	8
	CH_W1.sub
	The average width of tributary channels (m)
	1 to 1000

	9
	LAT_TTIME.hru
	Lateral flow travel time
	0-180

	10
	GW_REVAP.gw
	Groundwater revap coefficient
	0.02-0.2

	11
	GW_DELAY.gw
	Groundwater delay (days)
	0 – 500

	12
	GW_QMN.gw
	Threshold depth of water in the shallow aquifer required for return flow to occur (mm)
	0 – 5000

	13
	REVAP_MN.gw
	Threshold depth of water in the shallow aquifer for revap to occur (mm)
	0 -500

	14
	RCHARG_DP.gw
	Deep aquifer percolation fraction 
	0-1

	15
	SOL_AWC.sol
	Available water capacity of the soil layer (mm H2O /mm soil)
	0 – 1

	16
	SOL_BD.sol
	Moist bulk density (g/cm3 @ Mg/m3)
	0.9 to 2.5

	17
	CANMX.hru
	Maximum canopy storage.
	0 to 100

	18
	SOL_K.sol
	Saturated hydraulic conductivity(mm/hour)
	0 to 2000


Source: Arnold et al. (2012)
The model performance was evaluated by two statistical tests, i.e., Nash-Sutcliffe Efficiency (NSE) and determination coefficient (R2). Moriasi et al.(2007) stated that NSE values range between −∞ to 1, NSE = 1 is the optimal value. NSE values between 0.0 and 1.0 are generally seen as an acceptable model performance, while NSE ≤ 0.0 indicates that model performance is unacceptable. The value of R2 describes the correlation between observed and calculated (estimated)  values.  The higher value indicates a low error variant. R2 = 0 shows no correlation between the observed and calculated values, whereas R2 = 1 shows the strong correlation between observed and calculated values (Table 6).
Table. 6 Classification of statistical indices
	NSE
	R2
	Classification

	0.75 < NSE ≤ 1.00
	0.75 < R² ≤ 1.00
	Very good

	0.60 < NSE ≤ 0.75
	0.60 < R² ≤ 0.75
	Good

	0.36 < NSE ≤ 0.60
	0.50 < R² ≤ 0.60
	Satisfactory

	0.00 < NSE ≤ 0.36
	0.25 < R² ≤ 0.50
	Bad

	NSE ≤ 0.00
	R² ≤ 0.25
	Inappropriate


Source: Moriasi et al.(2007)
Water balance and sediment yield are calculated during the simulation periods. The optimal parameter values are obtained from calibration, and validation is then used to run SWAT to calculate water balance and sediment yield at the location of interest.
3. Result And Discussion
3.1 Initial Calibration
	Figure 4 show the initial calibration result of SWAT to calculate flow at Ploso Outlet (Subbasin 1 in Model). The NSE and R2 obtained are 0.05 and 0.01, respectively. Figure 4 indicated that seasonal variation of a rainfall event is followed by seasonal variation in flow (discharge). It is shown (in Figure 4) that the dot-line (calculated flow) start from zero and increase linearly by a slope, which is not correlated both to the observed flow nor rainfall series. Therefore, it is necessary to search which parameters may be adjusted to mimic the observed flow and respond to the rainfall variation. 

Figure. 4. Initial calibration result for a period (Monthly 1996-2005) (Source: Own analysis)
3.2 Sensitivity Analysis
	As listed in table 5, parameters values are evaluated through iteration processes on the SWAT CUP module. Figure 5 show the best-fitted result of parameter values. The “t-Stat” value (in Figure 5) indicates the sensitivity of the parameter. The zero (0) of the “t-Stat” value shows the most sensitive parameter. Furthermore, the “P-Value” visualise how the strength of such parameter contributes to the flow calculation. The “P-Value” that is close to one (1) signifier is the most determinant parameter. Therefore, the change in calculated flow is more significant by changing or manipulating this parameter’s value (Abbaspour, 2015). 
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Figure. 5. Sensitive parameters (Source: own SWAT CUP analysis)
	As presented in Figure 5, the sensitivity result is obtained after 10x simulation processes and is treated with 500 iterations for each simulation. Finally, table 7 presents the fitted 18 parameters that perform more sensitive to produce runoff for the Ploso sub-watershed. It is noted that 9 parameters are more sensitives ( >50% sensitivity) than other parameters. These include ( GW_REVAP, ESCO, SMFMX, SOL_AWC, SLSUBBSN, CH_N1, GW_DELAY, CH_L1, dan REVAPMN).  The four (4) parameters (ESCO, SOL-AWC, SOL_BD, and SOL_K) correlated to the soil layer’s runoff generation and water movement. Then, eight (8) parameters (i.e., GW_REVAP, SMFMX, GW_DELAY, REVAPMN, SMFMN, GW_SPYLD, RCHRG_DP, and GWQMN) correlated to baseflow calculation (Brighenti et al., 2019).
Table 7. The fitted value of each parameter
	No
	Parameter Name
	t-Stat
	P-Value
	Fitted

	1
	V__GW_REVAP.gw
	0.16
	0.87
	0.06

	2
	V__ESCO.hru
	-0.19
	0.85
	0.13

	3
	V__SMFMX.bsn
	-0.26
	0.80
	15.09

	4
	R__SOL_AWC.sol
	-0.26
	0.79
	1.03

	5
	R__SLSUBBSN.hru
	-0.27
	0.79
	22.25

	6
	R__CH_N1.sub
	0.35
	0.73
	1.31

	7
	V__GW_DELAY.gw
	-0.37
	0.72
	0.57

	8
	R__CH_L1.sub
	0.38
	0.70
	87.93

	9
	V__REVAPMN.gw
	-0.43
	0.67
	66.90

	10
	R__SOL_BD.sol
	-0.55
	0.59
	1.62

	11
	V__SMFMN.bsn
	-0.58
	0.56
	4.10

	12
	V__GW_SPYLD.gw
	-0.66
	0.51
	0.17

	13
	V__RCHRG_DP.gw
	0.73
	0.46
	0.51

	14
	R__CH_W1.sub
	-0.79
	0.43
	219.02

	15
	V__SOL_K.sol
	-0.83
	0.41
	1120.90

	16
	R__LAT_TTIME.hru
	-0.87
	0.38
	47.24

	17
	R__CANMX.hru
	0.88
	0.38
	78.4

	18
	V__GWQMN.gw
	0.99
	0.32
	3863.88


	Other parameters such as CH_N1, CH_L1, CH_W1, LAT_TIME influence the properties and velocity of flow at the main river channel. Specific parameters related to the groundwater (gw) significantly influence the streamflow calculation. For example, the parameter “GW_REVAP.gw” is gradually modified from 0.02 to 0.06 to increase the baseflow level until the vegetation root zone is reached. The increasing value of “GW_REVAP.gw” normalised the calculation of potential evapotranspiration. The root zone will be saturated, then less or no water will infiltrate the soil and increase the production of runOff. Therefore, the REVAPMN parameter value should be reduced from 750 to 66.9 to increase water until the root zone. In this case, the parameter “GW_REVAP.gw” has 87% sensitivity, and the REVAPMN parameter got 67% sensitivity.
	Moreover, reducing the value of “GW_DELAY.gw” from 31 to  0.57 will accelerate the filling-time of the aquifer zone. Furthermore, increasing the value of “GW_SPYLD.gw” from 0.003 to 0.27 done the balanced ratio between water volume and rock material in the unsaturated zone. The “GWQMN.gw” value increased from 1000 to 3863.88 to compensate for other groundwater parameters and reversely permit water flow in the unsaturated zone. The “RCHRG_DP” is adjusted from 0.05 to 0.51 to recharge the deep aquifer from the root zone through percolation. 
	Moreover, parameters describing soil properties are adjusted to maintain water content at a certain level in the soil layer ( for example, SOL_AWC from 0.11 to 1.03, SOL_BD from 1.1 to 1.62 SOL_K from 5.4 to 1120.90 ).  Also, related parameters for describing HRU, Basin and Sub-basin are optimised; for example, the ESCO value is set up from 0.95 to 0.13 to reduce evaporation level. SL-SUBBSN is adjusted from 91.46 to 22.25; LAT_TTIME is increased from  0 to 47.24 (Table 8). All adjustments of these parameters values, therefore, increase the model performance in calculating flow.
3.3 Hydrograph Results
	Figure. 6 shows the observed and calculated hydrograph of monthly flow for calibration periods from 1996 to 2005. The calibration produce NSE = 0.66 and R² = 0,67. The calculated flow pattern is more adjusted and follows the fluctuation of observed flow and rainfall events. 

Figure. 6.  Hydrograph of monthly flow (for calibration periods 1996-2005) (source: own analysis).
Figure 7 visualised the simulated and observed hydrograph of monthly flow during the validation periods from 2006 to 2015. The validation processes produce NSE and R2 = 0.55 and 0.56, respectively. 

Figure. 7. Hydrograph of monthly flow for the validation period (from 2006-2015) (source: own analysis)
3.4 Hydrological Simulation of The SWAT Model
	Figure 8 illustrates an overview of the annual SWAT simulation. We can divide the result into three periods. The average annual rainfall series divided into 3 segment(1st red line = 3,009.9 mm/yr, 2nd red line = 1,860.1 mm/yr, and 3rd red line = 3,946.3 mm/yr). Similarly, we can divide the average annual sediment yield into 3 segment (1st black-line = 1,547.7 ton/ha/yr, 2nd = 890.4 ton/ha/yr, and 3rd = 3,600.0 ton/ha/yr). Finally, the average annual water yield was divided into three segments (first greenline =2,481.8 mm/yr, second = 1,413.7 mm/yr, third = 3,522.0 mm/yr). It is noted that the distribution of water yield and sediment follows the fluctuation of rainfall. 

Figure. 8 Resume of the SWAT Model Simulation (source: own analysis)
The previous studies have reported that the abundance of rainfall in segment 3 ( from 2014 to 2015) caused flood events in four districts on the Brantas watershed  (Erlina, 2018) and increased sediment concentration by 60.50%. The sediments deposit propagated by a flood event, reducing the capacity in 6 large reservoirs (2005-2006) in the Brantas (Kementrian PUPR,  2010).
4. Conclusion
   Sensitivity analysis of the SWAT model using the SWAT-CUP tool was conducted in Brantas Watershed. The results show that 18 parameters are sensitives. The nine (9) parameters have a sensitivity level of 50% (GW_REVAP, ESCO, SMFMX, SOL_AWC, SLSUBBSN, CH_N1, GW_DELAY, CH_L1, and REVAPMN). The four (4) parameters (ESCO, SOL-AWC, SOL_BD, and SOL_K) correlated to the soil layer’s runoff generation and water movement. Then, eight (8) parameters (GW_REVAP, SMFMX, GW_DELAY, REVAPMN, SMFMN, GW_SPYLD, RCHRG_DP, and GWQMN) correlated to baseflow calculation. The model simulation illustrates that rainfall and land cover changes drive the hydrological processes, producing more water yield and sediment in the Brantas watershed.
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ENS  = 0.05
R2=0.01

Precipitation	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	368.64499999999998	366.95400000000001	101.462	61.722999999999999	0	0	0	0	0	109.917	336.51600000000002	332.28800000000001	279.02100000000002	374.56400000000002	21.138000000000002	199.542	7.61	0	0	0	0	0	10.146000000000001	284.09399999999999	224.06200000000001	305.23200000000003	215.607	151.34800000000001	21.983000000000001	75.251000000000005	38.893999999999998	0	82.015000000000001	217.298	158.11199999999999	442.20499999999998	158.11199999999999	175.02199999999999	257.88299999999998	251.119	90.47	0	0	0	0	202.07900000000001	227.44399999999999	149.65700000000001	213.916	82.015000000000001	292.54899999999998	193.62299999999999	73.56	0	0	0	0	251.964	97.233999999999995	146.274	285.78500000000003	138.66499999999999	284.93900000000002	145.429	3.3820000000000001	0	0	0	0	219.834	60.877000000000002	91.316000000000003	443.89600000000002	160.648	183.477	111.608	15.218999999999999	0	0	0	0	0	78.632999999999996	288.32100000000003	322.142	322.142	295.93099999999998	21.983000000000001	109.072	0	0	0	0	0	117.527	163.185	0	297.62200000000001	384.71	36.356999999999999	0	0	0	0	0	0	122.6	246.89099999999999	0	252.81	306.077	303.541	16.91	81.17	24.52	17.756	0	0	142.047	224.90799999999999	observed	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	332.48070000000001	423.20690000000002	338.77420000000001	280.8433	40.487099999999998	27.9	20.516100000000002	40.671300000000002	8.4146999999999998	28.197399999999998	88.777299999999997	157.60550000000001	120.18389999999999	332.18209999999999	99.451599999999999	154.0967	102.5355	52.036700000000003	47.448399999999999	36.196800000000003	32	30.1935	25.063300000000002	52.832299999999996	72.129000000000005	288.7321	289.09679999999997	250.49	148.4452	387.76670000000001	305.09679999999997	141.38059999999999	142.75	176.36770000000001	337.99669999999998	324.78710000000001	448.51609999999999	297.46429999999998	529.5806	570.06669999999997	218.05160000000001	91.743300000000005	87.158100000000005	86.848399999999998	42.58	47.022599999999997	152.63329999999999	166.1968	192.34520000000001	256.7448	376.03230000000002	352.26670000000001	195.24520000000001	110.3267	39.7194	45.332299999999996	55.043300000000002	128.22900000000001	281.93329999999997	143.5677	294.39679999999998	330.8571	387.06450000000001	398.4067	93.177400000000006	129.56	45.271000000000001	36.951599999999999	37.799999999999997	89.919399999999996	103.92	116.67100000000001	479.17410000000001	513.31899999999996	325.85140000000001	365.9674	182.68209999999999	89.365099999999998	69.288799999999995	52.989400000000003	47.487200000000001	33.124400000000001	48.6083	91.396299999999997	470.3177	470.52210000000002	268.09449999999998	319.5806	256.77100000000002	80.822699999999998	47.074599999999997	42.814399999999999	32.280900000000003	43.957799999999999	262.78519999999997	451.59399999999999	243.47389999999999	448.93380000000002	531.81700000000001	237.73869999999999	122.1788	54.871200000000002	44.092100000000002	19.786799999999999	27.145700000000001	19.766999999999999	86.114800000000002	172.32419999999999	28.584199999999999	23.975000000000001	165.63570000000001	89.688900000000004	75.850899999999996	20.1645	12.2843	6.8409000000000004	9.4291999999999998	48.9407	26.460100000000001	310.92099999999999	simulated	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38.090000000000003	55.59	13.84	15.88	2.0329999999999999	2.2410000000000001	2.4580000000000002	2.7090000000000001	2.9590000000000001	10.64	27.26	35.46	82.94	85.23	14.35	24.51	12.62	9.968	10.27	11.01	11.71	13	15.64	44.33	36.340000000000003	73.12	142.9	73.760000000000005	58.66	107.5	92.31	98.93	115.8	124.9	131.4	171.1	121.4	119	179.6	143	133.19999999999999	128.80000000000001	124.1	102	134.30000000000001	155.80000000000001	180.8	210	188.8	189.4	222.3	203.1	203.6	171	176.4	177.5	183.3	188.8	211.9	207.6	208.6	181.6	208.8	225.4	202.8	214.2	198.8	202.7	206.8	238.5	248.4	238.7	355.2	372.3	288	317.39999999999998	271.2	268.7	272.39999999999998	278.7	286	292.10000000000002	319.39999999999998	354.9	545.5	480.4	479.7	378.5	371.1	363.7	335.9	339.4	343.1	345.7	400.5	431.3	440.4	427.4	502.4	404.6	397.1	392.6	392.7	391.6	446.5	446.6	451.5	496.4	450.8	493.6	480.2	433	409.6	444.2	418.1	412.3	413.4	416.6	429.4	516.6	
Flow (m3.s-1)


Precipitation (mm)




ENS  = 0.66
R2 = 0.68

Precipitation	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	368.64499999999998	366.95400000000001	101.462	61.722999999999999	0	0	0	0	0	109.917	336.51600000000002	332.28800000000001	279.02100000000002	374.56400000000002	21.138000000000002	199.542	7.61	0	0	0	0	0	10.146000000000001	284.09399999999999	224.06200000000001	305.23200000000003	215.607	151.34800000000001	21.983000000000001	75.251000000000005	38.893999999999998	0	82.015000000000001	217.298	158.11199999999999	442.20499999999998	158.11199999999999	175.02199999999999	257.88299999999998	251.119	90.47	0	0	0	0	202.07900000000001	227.44399999999999	149.65700000000001	213.916	82.015000000000001	292.54899999999998	193.62299999999999	73.56	0	0	0	0	251.964	97.233999999999995	146.274	285.78500000000003	138.66499999999999	284.93900000000002	145.429	3.3820000000000001	0	0	0	0	219.834	60.877000000000002	91.316000000000003	443.89600000000002	160.648	183.477	111.608	15.218999999999999	0	0	0	0	0	78.632999999999996	288.32100000000003	322.142	322.142	295.93099999999998	21.983000000000001	109.072	0	0	0	0	0	117.527	163.185	0	297.62200000000001	384.71	36.356999999999999	0	0	0	0	0	0	122.6	246.89099999999999	0	252.81	306.077	303.541	16.91	81.17	24.52	17.756	0	0	142.047	224.90799999999999	observed	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	332.48070000000001	423.20690000000002	338.77420000000001	280.8433	40.487099999999998	27.9	20.516100000000002	40.671300000000002	8.4146999999999998	28.197399999999998	88.777299999999997	157.60550000000001	120.18389999999999	332.18209999999999	99.451599999999999	154.0967	102.5355	52.036700000000003	47.448399999999999	36.196800000000003	32	30.1935	25.063300000000002	52.832299999999996	72.129000000000005	288.7321	289.09679999999997	250.49	148.4452	387.76670000000001	305.09679999999997	141.38059999999999	142.75	176.36770000000001	337.99669999999998	324.78710000000001	448.51609999999999	297.46429999999998	529.5806	570.06669999999997	218.05160000000001	91.743300000000005	87.158100000000005	86.848399999999998	42.58	47.022599999999997	152.63329999999999	166.1968	192.34520000000001	256.7448	376.03230000000002	352.26670000000001	195.24520000000001	110.3267	39.7194	45.332299999999996	55.043300000000002	128.22900000000001	281.93329999999997	143.5677	294.39679999999998	330.8571	387.06450000000001	398.4067	93.177400000000006	129.56	45.271000000000001	36.951599999999999	37.799999999999997	89.919399999999996	103.92	116.67100000000001	479.17410000000001	513.31899999999996	325.85140000000001	365.9674	182.68209999999999	89.365099999999998	69.288799999999995	52.989400000000003	47.487200000000001	33.124400000000001	48.6083	91.396299999999997	470.3177	470.52210000000002	268.09449999999998	319.5806	256.77100000000002	80.822699999999998	47.074599999999997	42.814399999999999	32.280900000000003	43.957799999999999	262.78519999999997	451.59399999999999	243.47389999999999	448.93380000000002	531.81700000000001	237.73869999999999	122.1788	54.871200000000002	44.092100000000002	19.786799999999999	27.145700000000001	19.766999999999999	86.114800000000002	172.32419999999999	28.584199999999999	23.975000000000001	165.63570000000001	89.688900000000004	75.850899999999996	20.1645	12.2843	6.8409000000000004	9.4291999999999998	48.9407	26.460100000000001	310.92099999999999	simulated	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	294.39999999999998	322.2	274.39999999999998	266.5	21	4.6779999999999999	11.73	50.05	0	27.91	246	213.5	206.2	278.60000000000002	45.39	161.94	116.77	42.093000000000004	0	0	0	2.04	13.63	130.1	217.8	289.89999999999998	207	167.6	100	190	169.6	80.59	113.7	161.30000000000001	273.2	417.6	325.39999999999998	166.5	385	484.7	79.040000000000006	63.85	69.8	59.1	55.78	88.1	231.5	293.2	276.5	386.7	428.6	262.39999999999998	200.8	67.31	64.849999999999994	62.12	63.56	117.5	298	233.5	300.5	281.39999999999998	249.3	226.7	92.33	160.80000000000001	83.16	60.48	59.1	142.30000000000001	165.4	117.8	418.7	306.60000000000002	181.7	142.30000000000001	20.350000000000001	0	0	0	0	0	85.11	258.3	526.1	395.5	355.3	37.590000000000003	66.67	3.55	0	0	0	29	210	307.10000000000002	145.69999999999999	374.8	310.2	217.44	114.7	0	3.5579999999999998	0	0.2145	0	80.31	188.8	209.1	80.599999999999994	192.7	74.599999999999994	68.58	161.5	80.53	64.3	68.67	80.989999999999995	109.2	415	
Flow (m3.s-1)


Precipitation (mm)





ENS  = 0.58
R2=0.6

Precipitation	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	305.45999999999998	72.634	293.52	235.81100000000001	88.552999999999997	21.89	0	0	0	0	0	314.41500000000002	41.789000000000001	309.44	339.28899999999999	152.232	20.895	40.793999999999997	0	0	0	39.798999999999999	63.679000000000002	276.60500000000002	324.36399999999998	408.93799999999999	530.32600000000002	48.753999999999998	0	0	0	0	0	95.518000000000001	155.21700000000001	305.45999999999998	572.11500000000001	319.38900000000001	411.923	352.22399999999999	106.46299999999999	106.46299999999999	0	0	0	0	22.885000000000002	0	493.512	473.61200000000002	267.64999999999998	218.89599999999999	171.137	66.664000000000001	0	0	137.30799999999999	233.821	169.14699999999999	279.58999999999997	375.10899999999998	327.34899999999999	540.27599999999995	254.71600000000001	84.573999999999998	0	0	0	0	0	220.886	211.93100000000001	392.02300000000002	310.435	180.09200000000001	182.08199999999999	93.528000000000006	0	0	0	0	9.9499999999999993	31.838999999999999	211.93100000000001	243.77099999999999	190.042	303.47000000000003	311.43	202.977	169.14699999999999	33.829000000000001	0	0	0	306.45499999999998	258.69600000000003	187.05699999999999	205.96100000000001	205.96100000000001	203.971	0	4.9749999999999996	0	0	0	0	106.46299999999999	243.77099999999999	201.982	352.22399999999999	216.90600000000001	141.28800000000001	5.97	0	0	0	0	0	0	173.12700000000001	observed	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	454.02269999999999	292.31040000000002	236.28049999999999	425.87549999999999	127.6266	49.595500000000001	30.119700000000002	22.8873	19.322900000000001	19.929300000000001	28.814599999999999	58.478400000000001	361.38490000000002	669.21559999999999	792.79489999999998	1262.8906999999999	529.15160000000003	323.67500000000001	231.0179	199.5001	261.7611	255.76419999999999	524.25779999999997	757.04380000000003	632.52639999999997	640.09799999999996	1494.3117999999999	1046.1555000000001	468.9522	295.0136	224.02189999999999	248.41370000000001	269.73160000000001	323.0333	692.55780000000004	498.17959999999999	567.71270000000004	1119.1045999999999	697.43769999999995	673.2758	522.1934	402.58	381.7482	296.12970000000001	297.29059999999998	301.63940000000002	333.35469999999998	288.2296	534.96190000000001	798.57749999999999	812.08910000000003	773.40949999999998	1000.7817	383.73329999999999	299.7758	224.68870000000001	410.20870000000002	412.25060000000002	1348.2799	997.74130000000002	618.10810000000004	416.9579	321.91489999999999	441.9803	278.20310000000001	251.82910000000001	253.80459999999999	262.78829999999999	267.33339999999998	243.5557	253.59690000000001	398.78949999999998	1513.7164	890.43589999999995	1081.6793	742.23040000000003	311.601	260.64909999999998	213.935	186.47389999999999	155.95359999999999	174.19589999999999	235.21170000000001	597.48249999999996	1165.0574999999999	1670.558	1245.0923	1245.3827000000001	588.40309999999999	1341.7874999999999	531.46810000000005	168.7535	160.2013	92.569000000000003	290.23899999999998	1277.8885	830.53750000000002	453.72320000000002	312.5213	455.69639999999998	371.07839999999999	296.56990000000002	326.44760000000002	249.6816	153.13589999999999	97.641499999999994	102.3948	655.61590000000001	402.7749	888.55529999999999	594.38480000000004	606.53890000000001	331.45920000000001	101.41079999999999	38.349600000000002	16.699100000000001	7.5742000000000003	5.8	6.3402000000000003	455.42180000000002	simulated	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	297.2	230.1	397.6	261.3	175.8	0	0	0	0	0	22.49	315.3	156.1	713.7	612	998	223.3	269.92	232.19	50	100	137.63	300.3	954.7	415.7	621.70000000000005	961	989.3	214.3	130.94	120	90	110	114.4	316.10000000000002	511.4	705.3	754.1	528.4	406.4	256.47000000000003	229.01	124.16	116.129	124.239	80.19	236	499.3	836.9	770	821.2	571.29999999999995	492.7	420.6	425	380.5	476.4	491.6	968.9	774.6	654.4	652.9	633.1	646.9	483.1	336	358.3	346.2	346.4	364.3	551.79999999999995	555.29999999999995	1065.5999999999999	627.29999999999995	492.1	448.4	417.5	351.7	354.7	348.8	348.2	368.6	521.79999999999995	706.7	768.3	1120.3	736.5	605	461.5	609.6	412.8	358.6	355.5	364.9	554.6	683.3	681	710.1	497.9	453.2	395.6	422.7	373.2	349.2	345.3	351.8	450.2	599	759.2	931.4	750.7	677.3	380.7	333.9	350.2	148.1	134.4	134.30000000000001	144.19999999999999	728.8	
Flow (m3.s-1)


Precipitation (mm)




water yield (mm)	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1141.6099999999999	724.7	3344.43	3198	3361.4	3120.83	1067.27	1322.77	616.48	3186.26	928.03	1388.76	1352.57	1447.4	3754.84	3421.22	3391.89	3692.72	3314.49	3557.04	sediment yield (ton/ha)	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	946.07	385.09	1959	1794.81	2202.44	1998.85	1115.26	1066.77	588.39	2534.13	338.14	650.80999999999995	342.55	486.98	3136.9	3720.41	3592.23	3550.83	3586.97	4012.87	Precipitation (mm)	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	1570.73	1158.73	3990.56	3736.55	3923.12	3680.13	1632.52	1825.33	879.26	3741.62	1237.19	1905.34	1714.34	1945.32	4267.49	3789.14	3778.83	4145.1000000000004	3726.77	3970.51	
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