


[bookmark: _Hlk46306908]ABSTRACT: Anthropogenic activities and climate change are the important factors adversely affecting water resources in Kucuk Menderes Watershed. The watershed is shown as a water-stressed watershed due to increasing population and uncontrolled groundwater use. Water resources management within the watershed has become a challenge and to overcome this challenge, modeling studies are necessary. In this study, a hydrologic model for the watershed was established using SWAT (Soil and Water Assessment Tool). The model calibration and sensitivity analysis were performed by SWAT-CUP (SWAT-Calibration Uncertainty Programs) using Sequential Uncertainty Fitting Version-2 (SUFI-2) method. The model was mostly sensitive to CN2 parameter.  Soil and groundwater parameters were the parameter categories that the model was mostly sensitive. The performance of the model was evaluated with P- factor, R- factor and objective functions. P- factor values for the calibration were in the range of 42-75 % meaning that the monitoring data were matched by the model within this range. According to the objective functions, the model performance was evaluated as good and satisfactory based on gauge stations. As this study is one of the first watershed modeling studies for the watershed, it will contribute to different studies to be done in water resources management. The results of this study could serve as a basis for a wide range of studies in the watershed such as water budget determination and sectoral water allocation, impact of climate change, future water quality modeling studies and understanding the impact of best management practices applications to prevent further deterioration in water quantity and quality within the watershed.
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1. INTRODUCTION
[bookmark: bookmark10][bookmark: bookmark32][bookmark: _Hlk46306183][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: bookmark30][bookmark: bookmark31][bookmark: bookmark33]Water resources management in highly managed watersheds is a challenge due to extensive anthropogenic activities within these watersheds. Anthropogenic influence such as intensive agriculture and livestock activities, mining extractions, industrialization and intensive construction are mostly encountered within these watersheds. In order to accurately model these watersheds, it is important to have a detailed management data regarding dams, reservoirs, water transfer, and irrigation from deep wells within these watersheds. For example, lack of data regarding dam characteristics and dam management (e.g. year the dam became operational, dam surface area and the volume of the water needed to fill the dam, dam outflow or drainage data, etc.) of a dam located in a watershed makes it impossible to model that part of the watershed (Dong, Yu, Yang, Yang, & Wang, 2019; Kibet, Takeuchi, & Fujihara, 2018; López-Ballesteros, Senent-Aparicio, Srinivasan, & Pérez-Sánchez, 2019; Saddiqi & Karpuzcu, 2019; Yang, Sun, Mu, Gao, & Zhao, 2020). As a highly managed watershed, Kucuk Menderes Watershed is selected as study area for this study. Water resources in the watershed are at serious risk in terms of both quality and quantity due to climate change, intensive agriculture, livestock and irregular construction (Sahin, Baba, & Tayfur, 2018). In order to determine the effects of aforementioned factors, a holistic approach combining hydrological processes at the watershed scale is necessary. In this approach, watershed modeling is utilized as a tool to better understand surface and groundwater movements and interactions between these water bodies, and to predict the effects of human interventions and the inevitable effects of climate change on watershed hydrology (Arceo, Cruz, Tiburan Jr, & Balatibat, 2018; Singh & Frevert, 2010). SWAT (Soil and Water Assessment Tool) is one of the most widely used hydrologic modeling tools (J. G. Arnold, Srinivasan, Muttiah, & Williams, 1998; USDA & Texas A. M., 2018). Current problems in the watershed necessitate both hydrological modeling and water quality modeling studies. These studies are important due to future estimation of water status in terms of both quantity and quality, the water allocations to be made, and measures to be taken to protect water in terms of both quantity and quality. Thus, the main objective of this study is to establish a hydrologic model with SWAT for Kucuk Menderes Watershed, which could be the basis for the future water quality modeling studies. The hydrologic model will provide insight into water budget determination, sectoral water allocation and understanding the impact of climate change and best management practices applications to prevent further deterioration in water quantity and quality within the watershed.
2. MATERIALS AND METHODS 
2.1. Study Area 
Kucuk Menderes Watershed is located in the western part of Turkey between 37° 53' 4.07" and 38° 21' 56.24" north latitudes and 27° 8' 51.9" and 28° 25' 12.02" east longitudes (Figure 1). The total surface area of the watershed is 345,701 ha. About 98 % of the surface area of the watershed falls within the boundaries of Izmir Province, while the rest remains within the boundaries of Aydin and Manisa provinces. 

Figure 1. 
The land use in the watershed is dominated by agricultural areas (Table 1), of which 55% is used as dry farming area. Irrigated farming areas are gradually expanding using groundwater. Irrigated farming activities are intensive in valleys and in areas with low slope. Among several crops observed in the watershed, olive fields make 29 % of the agricultural areas. There are over 8 million olive trees in the watershed that are used in olive production. Other products grown in the watershed are corn, potato, wheat, barley, cotton, alfalfa, fodder turnip, vetch, tobacco, tomato, watermelon, pepper, cucumber, bean, okra, pea and citrus (CYGM, 2016; OSIB, 2010). 

Table 1. 
Mediterranean climate is effective in the Kucuk Menderes watershed. Summers are hot and dry; winters are warm and rainy. (Akyuz & Atis, 2018; OSIB, 2010; SYGM, 2019). The most important stream of the Kucuk Menderes Watershed is the Kucuk Menderes River and its side branches joining it. During winter months when there are heavy rainfall events, the river rises and overflows and forms temporary marshes in delta area. In summer, the water levels are significantly reduced, and its small tributaries completely dry out. 
In Kucuk Menderes Watershed, the nature of water bodies is constantly changed by various interventions. In addition to the numerous dams and ponds in operation in the watershed, many dams and ponds are either under construction or at planning stage. Moreover, there are regulators built in the watershed to be used for water transfer. There are over 10 000 registered groundwater wells in the watershed (Sahin et al., 2018). There are many unregistered wells other than registered wells and excessive water withdrawal from these wells adversely affects the hydrological processes in the watershed. Lack of data on the operation of the wells makes model setup and calibration even more difficult. Water resources in the watershed are mostly used for irrigation as a result of intensive agriculture. 92.7% of agricultural irrigation is done with groundwater. In recent years, water levels in the wells have decreased significantly due to excessive water withdrawal (Sahin et al., 2018). Climate change is another factor affecting water resources within the watershed. As a result of climate change in the Kucuk Menderes Watershed, the average temperature is expected to increase by 3-5 °C in the future and precipitation is expected to decrease by 10-20 % (Akyuz & Atis, 2018). In addition, the watershed has been shown to be water stressed (Muluk et al., 2013).
2.2. Data Collection and Compilation
[bookmark: _Hlk24562702][bookmark: _Hlk24562690][bookmark: _Hlk24562728]The data required for the hydrologic model are digital elevation model (DEM), land cover/use map, soil map (Figure 2) and meteorological data. The data required for calibration and validation processes are streamflow observations. The required data was collected and processed from different sources. DEM data were obtained from USGS Earth Explorer official website, which is an open source. The DEM resolution used for model setup was 30 m. DEM data was used to create watershed boundaries, geomorphological parameters of the watershed and sub-watersheds. CORINE (Coordination of Information on the Environment) 2018 database was used to determine the land use status of the watershed. CORINE is the land cover/use data produced by computer aided visual interpretation method over satellite images according to the Land Cover/Use Classification specified by the European Environment Agency (EEA). EEA has determined 4 levels of classification for CORINE data. According to Level 1 classification, land cover/use is divided into artificial surfaces, agricultural areas, forest and seminatural areas, wetlands, and water bodies. There are 15 classes according to 2nd level classification, 44 classes according to 3rd level classification and 164 classes according to the 4th level classification (Civi et al., 2009; Heymann et al., 1994). Soil data were obtained from the Food and Agriculture Organization of the United Nations (FAO / UNESCO) world soil map (FAO & UNESCO, 2003). In order to link the initial classification of the CORINE and FAO soil databases with SWAT database classification, the “look up table” function was used. 

Figure 2. 
[bookmark: _Hlk24562752][bookmark: _Hlk24562764]Meteorological data were obtained from the global climate data website for SWAT (CFSR, 2019).  The data obtained were on a daily basis and covered the years between 1979 and 2013. The model also requires daily precipitation, maximum and minimum temperature, solar radiation, wind speed and relative humidity data for flow simulation. There are 8 stations determined by CFSR (Climate Forecast System Reanalysis) to be used in SWAT within and around the study area (Figure 1). These stations are imaginary and do not physically exist. They are produced using highly advanced data assimilation techniques using both data from local meteorological observation stations and data generated by satellite radiation (Dile & Srinivasan, 2014; Saha et al., 2010). Streamflow observation data were obtained from the Ministry of Agriculture and Forestry. There were five streamflow gauge stations. For some periods of the year, data were missing in some of these streamflow gauge stations and these missing data had already been completed by General Directorate of State Hydraulic Works (DSI) using correlation equations based on the streamflow’s correlation in different stations. The data is in monthly basis. Information regarding streamflow gauge stations and meteorological observation stations are given in Table 2 and Figure 1. 

Table 2.

2.3. Model Setup and Approach
[bookmark: _Hlk23410842][bookmark: _Hlk23412043][bookmark: _Hlk23411112]Soil and Water Assessment Tool (SWAT) is a physically based continuous time watershed model operating on daily step capable of predicting the impact of land management on water, sediment, and agricultural chemical yields in large and complex watersheds (J. G. Arnold et al., 1998; Neitsch, Arnold, Kiniry, & Williams, 2011). In SWAT, hydrologic response units (HRUs) are the basic working unit of the model that consist of homogenous land cover, soil, management and topographical combinations. The watershed is typically divided into multiple subbasins which consist of HRUs.
[bookmark: _Hlk23411531][bookmark: _Hlk23412090][bookmark: _Hlk23411488] The stream network is represented by at least one main channel and one tributary channel per subbasin. It is also possible to define ponds, wetlands, depressions and reservoirs (Jeffrey G. Arnold, Moriasi, Gassman, Abbaspour, White, et al., 2012; Neitsch et al., 2011). Water balance equation is the basis of hydrologic cycle simulation in SWAT. There are two major phases of the simulation of the watershed hydrology. The land phase controls the amount of water and sediment loading to the main channel in each subbasin while the water or routing phase controls the movement of water and sediment to the outlet of the watershed through the network of channels (Jeffrey G. Arnold, Moriasi, Gassman, Abbaspour, White, et al., 2012; J. G. Arnold, Srinivasan, Muttiah, & Williams, 1998; Neitsch et al., 2011). 
After the necessary data were brought in accordance with the format of the model, ArcSWAT 2012 version (Winchell, Srinivasan, Di Luzio, & Arnold, 2013) was used as the model graphical user interface. Since the watershed is a highly managed watershed, some streams have been turned into canals and even the bed of the Kucuk Menderes River has been greatly changed in terms of morphology. These changes needed to be introduced to the model. Prior to introducing the changes into the model, the streams that were changed to canal and the changes in the bed of the Kucuk Menderes River were digitized using Google Earth program (Google, 2001). Then using the “burn in” feature of the ArcSWAT, the changes were introduced to the model. The stream definition was DEM based and the threshold drainage area (TDA) was chosen as 200 ha. In the following step prior to the watershed outlet selection and definition, point source discharges and subbasin outlet were defined to the model and finally reservoirs were added. The subbasin outlets were defined according to the gauge stations, dams and ponds locations. In HRU definition, the threshold was selected as 0 / 2 / 2 [%]. In total, 266 subbasins and 4959 HRUs were created. The data obtained from the Ministry of Agriculture and Forestry regarding dams and ponds were entered to the model. In addition to dams and ponds, the amount of water drawn for public irrigation was also introduced to the model. As previously mentioned, meteorological data covered the years between 1979 and 2013. However, since the streamflow observation data obtained from the Ministry of Agriculture and Forestry was between 1982 and 2013, the range for modeling the hydrology of the watershed was selected from 1982 to 2013. The warm up period for the model was chosen as 5 years and simulations were performed on a monthly basis.
2.4. Model Calibration and Validation
SUFI-2 (Sequential Uncertainties Fitting Ver-2) algorithm in SWAT-CUP (SWAT Calibration Uncertainties Program) was used to calibrate the model for each gauge station separately (Karim C. Abbaspour, 2011). The model was run with the default parameters defined in ArcSWAT and the simulation and observed data were plotted for the entire period at each gauge station. Then the whole period was partitioned into calibration and validation periods in a way that the periods include a range of hydrologic conditions (wet, average, and dry years). For a more accurate and faster calibration process with a smaller prediction uncertainty, correct parametrization is crucial. After initial parametrization, the model was run 500 times and a global sensitivity analysis was performed. SWAT-CUP performed this sensitivity analysis using t-test. The most sensitive parameters were defined based on t-stat and p-values. For a parameter to be sensitive, its associated p-value should be less than 0.05. The greater the absolute value of t-stat and the smaller the p-value is, the greater the sensitivity ranking is (Karim C. Abbaspour, 2011; Jeffrey G. Arnold, Moriasi, Gassman, Abbaspour, White, et al., 2012). Parameters used with their initial ranges and the summary of the sensitivity analysis are given in Table 3. 
After determining sensitive parameters, the model was run for another 500 times until a good fit was reached. As the watershed is a highly managed watershed, we expected that the model would be sensitive to different parameters in each gauge station. Therefore, we started with 27 parameters from different input file categories including groundwater input file (.gw), subbasin general input file (.sub), main channel input file (.rte), HRU general input file (.hru), HRU management file (.mgt) and soil input file (.sol). Finally, the model was calibrated and validated with 17 parameters overall. However, the number of parameters varied for each gauge station. 

Table 3.

The performance of the model was evaluated by objective functions, P-factor and R-factor, which determine the goodness of fit and uncertainty of the model. The P-factor is the fraction of the monitoring data wrapped by the 95PPU (95 Percent Prediction Uncertainty). The R-factor is obtained by dividing the average thickness of the 95PPU band by the standard deviation of the monitoring data. When the simulation perfectly matches the observed data, the P-factor and R-factor tend to be 1 and 0 respectively. (Karim C. Abbaspour, 2011). The recommended P-factor value range for flow is 0.6-0.8, while a value of 1 is recommended for the R-factor (Boithias et al., 2017). It should be noted, however, that there are no absolute criteria that have been confirmed for model performance judgement in the literature (Engel, Storm, White, Arnold, & Arabi, 2007) and depending on the study area and parameter inputs, values greater than 0.5 for the P-factor and less than 1.5 for the R-factor can be accepted as sufficient (Kamali, Abbaspour, & Yang, 2017). Objective functions can also be used to determine the goodness of fit between simulated and observed data. SWAT-CUP has different objective functions to evaluate SWAT calibration and validation. Information on the objective functions can be found in the SWAT-CUP instruction manual and in different studies (Karim C. Abbaspour, 2011). So far, R2 and NSE are reported to be the most widely used objective functions for calibration and validation (Jeffrey G. Arnold, Moriasi, Gassman, Abbaspour, & White, 2012). The objective functions used in this study and described in the SWAT-CUP user manual are given in Table 4. Calibration and validation results were compared with these frequently used objective functions. 

Table 4.

3. RESULTS AND DISCUSSION
The model calibration and validation processes were carried out separately for each gauge station starting with 27 parameters with same initial parameter range. At the end of the analysis, the model was sensitive to a total number of 17 parameters overall. The selection of sensitive parameters was based on literature review and physical characteristics of the watershed. Sensitivity rankings of the parameters in each gauge station are shown in Table 3 . Except Ergenli gauge station, all gauge stations were sensitive to a total number of 9 parameters, whereas Ergenli gauge station was sensitive to 13 parameters. The parameter to which the model is mostly sensitive was the CN2 parameter, except at the Ergenli gauge station. At the Ergenli gauge station, it was mostly sensitive to RCHRG_DP.gw parameter. The CN2, SCS curve number is a function of soil permeability, land use and the amount of water present in the soil. The CN2 value ranges from 35 to 98. RCHRG_DP, deep aquifer percolation rate refers to the rate of infiltration from the root zone to feed the deep aquifers. The RCHRG_DP value should be maintained within the range of 0.0 to 1.0. Following CN2 parameter, the model was mostly sensitive to soil parameters at the Beydag Bridge and Bebekler gauge stations. For instance, SOL_BD () was ranked as the second parameter that the model was sensitive to. SOL_BD (), moist bulk density, refers to the ratio of the mass of solid particles to the total volume. The SOL_BD () value range is between 0.9 g/cm3 and 2.5 g/cm3. At the Bademli and Ergenli gauge stations, the model was mostly sensitive to groundwater parameters. At the Egridere gauge station, however, the model was sensitive to various parameter categories such as soil, groundwater, main channel input parameters, and HRU input parameters. This gauge station was the only station that included main channel input parameters in its top five most sensitive parameters. The ranges related to the parameters can be accessed in the SWAT input/output documentation and the SWAT-CUP program interface (Karim C. Abbaspour, 2011; J.G. Arnold et al., 2013). 
As can be seen from the Table 3, soil and ground water parameters mostly affected the model outcomes. Due to the over-abstraction of groundwater in the watershed, we expected the model to be sensitive to the groundwater parameters. In addition, sensitivity of the model regarding soil parameters was due to the different soil types found in the plains within the watershed. There are three plains in the watershed (Odemis, Tire and Torbali plains). These plains have been formed with the accumulation of alluviums brought by the streams leading from the high slopes as a result of tectonic collapse between Bozdaglar in the north and Aydin mountains in the south. 
Figure 3, Figure 4 and Table 5 show the calibration and validation results for each gauge station. While a total number of three iterations have been applied for Bebekler gauge station, two iterations have been applied for the other gauge stations. Each iteration consisted of 500 runs of the model. The number of iterations at each station was determined according to the P-factor values. The performance evaluation of the model is given in Table 6. The performance of the model was determined by P-factor, R-factor and objective functions given in Table 4. R2 values ranged from 0.58 to 0.72 for calibration, and 0.36 to 0.79 for validation, while NSE values ranged from 0.45 to 0.70 for calibration, and 0.10 to 0.75 for validation.

Figure 3.
Figure 4.
Table 5.

When the performance of the model was evaluated based on the criteria given in Table 4, the model calibration outcomes were rated as “good” at Bebekler, Bademli and Egridere gauge stations and “satisfactory” at the other gauge stations with respect to the objective function R2. With respect to the NSE, on the other hand, the model calibration outcomes were rated as “good” at Bebekler gauge station and “satisfactory” at the other gauge stations. For validation results, the overall performance of the model was rated as “very good”, “good” and “satisfactory” at Bebekler, Bademli, Ergenli and Egridere gauge stations, respectively. However, the model failed at the Beydag Bridge gauge station, where the model uncertainties caused the model to be unsatisfactory. At the Beydag Bridge gauge station, there were different types of uncertainties that affected the model outcomes. One of the main sources of uncertainty was the construction of an irrigation system coinciding with the validation period.  Moreover, to the best of our knowledge, there is a regulator operating in the region that brings water to the dam from other subbasins. The lack of information about this regulator potentially impacted the results. Uncertainties due to groundwater withdrawal also negatively affected the performance of the model at all gauge stations. The P-factor and R-factor values were within the acceptable range given in the literature for calibration and validation (K. C. Abbaspour et al., 2015). The R-factor value was between 0.38 and 1.46 for calibration, while it ranged from 0.48 to 2.45 for validation. A high R-factor value is indicative of increased uncertainty. In recent years, groundwater withdrawals, dams and ponds, regulators and stream remediation in the watershed have increased the uncertainties in the validation period.
In addition to the sources of uncertainty and problems explained above, there is another important source of uncertainty that has greatly impacted the results. This uncertainty type is due to data assimilation techniques used to obtain the missing data for each gauge station that was mentioned in data collection and compilation section. 
Table 6.

As mentioned previously, Kucuk Menderes Watershed is a highly managed watershed. To make modeling highly managed watersheds possible, a detailed management data should be available (Karim C. Abbaspour, 2011). In Kucuk Menderes Watershed, examples of managements are well irrigation, constructed dams, reservoirs, ponds and regulators for water transfer. For this study, it was not possible to obtain all of the data regarding these managements. Factors such as population increase, intensive agricultural activities, and livestock activities in the Kucuk Menderes Watershed have increased the water requirement. Although the water requirement is high, the amount of water available per capita in the watershed is less than 500 m3/year. Climate change and uncontrolled water withdrawal in the watershed make this situation more complicated. As previously discussed, the most important factor that affects the model outcomes is the water withdrawals from groundwater. The excessive water withdrawal from these wells adversely affects the calibration and validation procedures. An enormous portion of the water resources used in agriculture is taken from groundwater and it does not only affect the model outcomes but also the hydrological processes happening in the watershed. Excessive withdrawals from groundwater have adversely affected the saturated zone and shallow aquifers. Due to excessive withdrawal, the water is mostly taken from deep aquifers. To protect the groundwater in Kucuk Menderes Watershed, it is required to meter and restrict the water withdrawals from the wells. 
4. CONCLUSIONS
In this study, a hydrologic model was developed for Kucuk Menderes Watershed using SWAT model. The model was calibrated separately for each gauge station using the SUFI-2 algorithm in SWAT-CUP program. The model calibrated by the SUFI-2 method was found to be sensitive to 17 parameters from different input file categories. When the calibration process was evaluated according to the objective functions, it was found that the model was rated as either “good” or “satisfactory”. Since the watershed is a highly managed watershed, the uncertainties in the study increase. The components included in the program but whose status in the watershed are unknown or cannot be calculated due to data limitation are the factors that cause the most uncertainties in the watershed and consequently the results of the model are negatively affected. 
In highly managed watersheds like Kucuk Menderes Watershed, the management of water resources should be done in the most appropriate way. Water resources should be managed in terms of both quantity and quality. As this study is one of the first watershed modeling studies for the watershed, it will contribute to different studies to be done in water resources management. The results of this study could serve as a basis for a wide range of studies in the watershed such as water budget determination and sectoral water allocation, impact of climate change, future water quality modeling studies and understanding the impact of best management practices applications to prevent further deterioration in water quantity and quality within the watershed.
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Table 1. Land use allocation in the study area.
	[bookmark: _Hlk23415954]Land Use/ Land Cover
	Surface Area (ha)
	Percentage (%)

	Artificial surfaces
	9,102
	2.63

	Agricultural areas
	201,133
	58.18

	Forest and semi natural areas
	133,930
	38.74

	Wetlands
	771
	0.22

	Water bodies
	765
	0.22

	Total Area
	345,701
	100.00







Table 2. Streamflow and meteorological observation stations.
	Station
	Province
	District
	 Elevation (m)
	Lat
	Long

	Streamflow Gauge Stations

	Bademli
	Izmir
	Odemis
	250
	38.0848914
	28.0678776

	Bebekler
	Izmir
	Odemis
	220
	38.285867
	27.9287013

	Beydag Bridge
	Izmir
	Beydag
	170.7
	38.1026768
	28.2029872

	Egridere
	Izmir
	Tire
	380
	38.0569011
	27.9001428

	Ergenli
	Izmir
	Bayindir
	140
	38.2496009
	27.6854723

	Meteorological Observation Stations

	w379275
	Aydin
	Germencik
	330
	543978.29
	4199017.8

	w379278
	Aydin
	Incirliova
	797
	571483.35
	4199211.53

	w379281
	Aydin
	Kosk
	1154
	598901.06
	4199496.6

	w382272
	Izmir
	Menderes
	162
	516491.4
	4233534.5

	w382275
	Izmir
	Bayindir
	559
	543791.95
	4233635.94

	w382278
	Izmir
	Odemis
	478
	571180.32
	4233830.19

	w382281
	Izmir
	Kiraz
	583
	598481.68
	4234116.02

	w382284
	Izmir
	Kiraz
	1108
	625871.24
	4234495.3





Table 3. Parameters used with their initial ranges and sensitivity analysis.
	Aggregate Parameter
	Description
	Parameter Range
	p Value (rank)

	
	
	min
	max
	Bademli
	Bebekler
	Beydag Bridge
	Egridere
	Ergenli

	a__CN2.mgt
	initial SCS runoff curve number for moisture condition II
	-30
	15
	5.32 x 10-106
(1)
	6.50 x 10-80 (1)
	5.83 x 10-105 (1)
	2.62 x 10-25 (1)
	2.01 x 10-13 (4)

	r__SOL_AWC(..).sol
	Available water capacity of the soil layer (mm H2O/mm soil)
	-0.4
	0.4
	6.82 x 10-07
(3)
	1.05 x 10-15 (4)
	8.04 x 10-09 (3)
	N. S.
	1.47 x 10-04 (7)

	v__ESCO.hru
	Soil evaporation compensation factor
	0.8
	1
	N. S.
	2.17 x 10-10 (5)
	1.44 x 10-05 (6)
	N. S.
	1.44 x 10-02 (9)

	v__ALPHA_BF.gw
	Baseflow alpha factor (1/days)
	0
	1
	2.49 x 10-06
(4)
	8.59 x 10-08 (7)
	1.74 x 10-08 (4)
	0.015 (7)
	N. S.

	v__GW_REVAP.gw
	Groundwater "revap" coefficient
	0.02
	0.1
	N. S.
	8.63 x 10-07 (8)
	4.52 x 10-04 (8)
	0.014 (6)
	N. S.

	v__GW_DELAY.gw
	Groundwater delay (days)
	20
	400
	9.38 x 10-06
(5)
	N. S.
	N. S.
	6.55 x 10-23 (2)
	1.08 x 10-23 (2)

	v__GWQMN.gw
	Threshold depth of water in the shallow aquifer required for return flow to occur (mm H2O)
	500
	1500
	N. S.
	N. S.
	N. S.
	N. S.
	1.53 x 10-02 (10)

	v__RCHRG_DP.gw
	Deep aquifer percolation fraction
	0
	1
	1.21 x 10-03
(7)
	N. S.
	N. S.
	1.12 x 10-18 (3)
	2.49 x 10-36 (1)

	v__CH_N2.rte
	Manning's "n" value for the main channel
	0
	0.3
	N. S.
	N. S.
	2.49 x 10-02 (9)
	9.77 x 10-05 (5)
	2.18 x 10-02 (12)

	v__CH_K2.rte
	Effective hydraulic conductivity in main channel alluvium (mm/hr)
	0
	50
	2.75 x 10-04
(6)
	N. S.
	N. S.
	N. S.
	N. S.

	v__CH_L2.rte
	Length of main channel (km)
	0
	200
	4.32 x 10-09
(2)
	1.02 x 10-03 (9)
	N. S.
	N. S.
	2.31 x 10-02 (13)

	r__SOL_K(..).sol
	Saturated hydraulic conductivity (mm/hr)
	-0.8
	0.8
	N. S.
	2.00 x 10-18 (3)
	2.75 x 10-06 (5)
	N. S.
	6.00 x 10-06 (5)

	r__SOL_BD(..).sol
	Moist bulk density (g/cm3)
	-0.5
	0.6
	N. S.
	1.57 x 10-38 (2)
	7.06 x 10-13 (2)
	3.59 x 10-07 (4)
	5.64 x 10-20 (3)

	r__SOL_Z(..).sol
	Depth from soil surface to bottom of layer (mm)
	-0.3
	0.3
	3.10 x 10-03
(8)
	2.77 x 10-08 (6)
	1.70 x 10-05 (7)
	N. S.
	N. S.

	r__HRU_SLP.hru
	Average slope steepness (m/m)
	-0.2
	0.2
	N. S.
	N. S.
	N. S.
	0.046 (9)
	7.40 x 10-03 (8)

	r__CH_L1.sub
	Longest tributary channel length in subbasin
	-0.5
	0.5
	N. S.
	N. S.
	N. S.
	N. S.
	1.56 x 10-02 (11)

	v__SHALLST.gw
	Initial depth of water in the shallow aquifer (mm)
	500
	2000
	4.62 x 10-02
(9)
	N. S.
	N. S.
	0.043 (8)
	2.01 x 10-05 (6)


Not: v__: means that the current parameter value will be replaced by a certain number, a__: means that a particular value will be added to the current parameter value, r__: multiplies an existing parameter value with (1 + given value), N. S.: means that the model is not sensitive to the parameter.


Table 4. Objective functions used to determine and rate the performance of the model (Karim C. Abbaspour, 2011; Kouchi et al., 2017; Moriasi & Arnold, 2007; Thiemig, Rojas, & Zambrano-Bigiarini, 2013).
	Objective Functions
	Coefficient of determination
	Nash-Sutcliffe efficiency

	

Performance Rating
	
	

	
	
	

	Very good
	0.75 <R2 ≤ 1
	0.75 <NSE ≤ 1

	Good
	0.65 <R2 ≤ 0.75
	0.65 <NSE ≤ 0.75

	Satisfactory
	0.5 <R2 ≤ 0.65
	0.5 <NSE ≤ 0.65

	Unsatisfactory
	R2 ≤ 0.5
	NSE ≤ 0.5


Q: variable, m: measured, s: simulated, -: average

Table 5. Calibration results for each station.
	Station
	Bademli
	Bebekler
	Beydag Bridge
	Egridere
	Ergenli

	Parameter
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max

	a__CN2.mgt
	-28.277
	0.587
	-66.068
	-25.738
	-47.716
	-5.894
	-45.553
	-5.177
	-44.211
	-15.634

	r__SOL_AWC(..).sol
	-0.137
	0.388
	0.002
	0.306
	-0.182
	0.254
	N. S.
	N. S.
	0.281
	0.852

	v__ESCO.hru
	N. S.
	N. S.
	0.856
	0.944
	0.8
	0.933
	N. S.
	N. S.
	0.843
	0.914

	v__ALPHA_BF.gw
	0.333
	1
	0.377
	0.856
	0.001
	0.504
	0.298
	0.768
	N. S.
	N. S.

	v__GW_REVAP.gw
	N. S.
	N. S.
	0.085
	0.145
	0.053
	0.118
	0.019
	0.073
	N. S.
	N. S.

	v__GW_DELAY.gw
	0
	226.188
	N. S.
	N. S.
	N. S.
	N. S.
	5.27
	351.63
	182.399
	313.174

	v__GWQMN.gw
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	1235.361
	1919.59

	v__RCHRG_DP.gw
	0
	0.542
	N. S.
	N. S.
	N. S.
	N. S.
	0.011
	0.671
	0.087
	0.48

	v__CH_N2.rte
	N. S.
	N. S.
	N. S.
	N. S.
	0
	0.195
	0.057
	0.219
	0.015
	0.159

	v__CH_K2.rte
	0
	32.43
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.

	v__CH_L2.rte
	0
	126.12
	74.884
	152.937
	N. S.
	N. S.
	N. S.
	N. S.
	72.231
	170.179

	r__SOL_K(..).sol
	N. S.
	N. S.
	-0.518
	0.245
	-0.9
	0.007
	N. S.
	N. S.
	-0.828
	-0.07

	r__SOL_BD(..).sol
	N. S.
	N. S.
	-0.887
	-0.167
	-0.791
	0.136
	-0.573
	0.209
	0.06
	0.442

	r__SOL_Z(..).sol
	-0.178
	0.141
	0.101
	0.42
	-0.051
	0.446
	N. S.
	N. S.
	N. S.
	N. S.

	r__HRU_SLP.hru
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	-0.354
	0.015
	0.023
	0.188

	r__CH_L1.sub
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	N. S.
	-0.479
	0.427

	v__SHALLST.gw
	1186.103
	2558.897
	N. S.
	N. S.
	N. S.
	N. S.
	884.603
	1654.397
	1060.291
	1739.512


Not: v__: means that the current parameter value will be replaced by a certain number, a__: means that a particular value will be added to the current parameter value, r__: multiplies an existing parameter value with (1 + given value), N. S.: means that the model is not sensitive to the parameter.


Table 6. Model performance evaluation.
	Gauge Station
	Calibration
	Validation

	
	P- Factor
	R- Factor
	R2
	NSE
	P- Factor
	R- Factor
	R2
	NSE

	Beydag Bridge
	0.69
	1.46
	0.6
	0.59
	0.47
	2.45
	0.36
	0.1

	Bebekler
	0.46
	0.63
	0.72
	0.7
	0.46
	1.23
	0.62
	0.53

	Bademli
	0.42
	0.38
	0.7
	0.45
	0.59
	0.48
	0.79
	0.72

	Ergenli
	0.75
	1.06
	0.58
	0.57
	0.46
	1.48
	0.59
	0.59

	Egridere
	0.62
	0.61
	0.66
	0.59
	0.35
	0.63
	0.76
	0.75






Figure 1. Location of the study area.
Figure 2. DEM, land use/cover and soil maps of the study area.
Figure 3. Calibration and validation results for Bademli and Bebekler gauge stations.
Figure 4. Calibration and validation results for Beydag Bridge, Egridere and Ergenli gauge stations.
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	DEM Data
	DEM data that support the findings of this study are openly available in [USGS Earth Explorer official website] at [https://earthexplorer.usgs.gov/].

	Land Use/Cover
	Land Use/Cover data that support the findings of this study are openly available in [CORINE (Coordination of Information on the Environment) 2018 database] at [https://land.copernicus.eu/pan-european/corine-land-cover/clc2018?tab=download].

	Soil Data
	Soil data that support the findings of this study are openly available in [FAO world soil map] at [http://www.fao.org/geonetwork/srv/en/metadata.show%3Fid=14116].

	Meteorological Data
	Meteorological data that support the findings of this study are openly available in [the global climate data website for SWAT] at [https://globalweather.tamu.edu/].

	Streamflow Gauge Station Data
	Streamflow gauge station data that support the findings of this study are available on request from the corresponding author. These were obtained from the Ministry of Agriculture and Forestry and they were used under license for this study. The data are not publicly available due to privacy or ethical restrictions.
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