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Introduction

Simulation of quantity and quality of surface runoff in mountainous watersheds is one of the most
challenging topics in modeling due to its unique features, such as unusual topography and complex hydrological
processes. One of the lesser-known aspects of modeling such catchments is the uncertainty analysis of water
quality predictions, especially about the vital phosphorus parameter. Phosphorus is one of the important quality
variables in water, and its increase in water resources can cause eutrophication phenomena in streams and
reservoirs of dams. Due to the importance of the phosphorus parameter and the fact that water quality modeling
has not been employed in the Karaj catchment area so far, in this research, total phosphorus has been modeled as
a water quality parameter along with the flow and sediment discharge. This study aims to identify the most
sensitive parameters of the model to flow, sediment, and total phosphorus discharge and calibrate, validate and
analyze the parametric uncertainty of the SWAT model in predicting these three variables in a mountainous
catchment. The case study was the catchment area of the Karaj River upstream of Bilegan pond, which is one of
the mountainous watersheds in Iran. There are two critical water structures along the Karaj River, namely
Amirkabir dam and Bilgan pond. Amirkabir dam (Karaj) is a multi-purpose project that is constructed to supply
drinking water to Tehran and regulate water for irrigation and agriculture in the suburbs of Karaj. The Bilegan
pond is also the essential point of supply and transfer of drinking water in Tehran. Given the importance of this
region in supplying water for different uses, providing a calibrated model for quantitative and qualitative
variables of water can be the basis for decisions to apply future management scenarios in this basin.

Materials and Methods

The case study was the Karaj River catchment area upstream of Bilgan Basin, which with an average height
of 2880 meters, is one of the mountainous areas located in the Alborz Mountains. This basin with an area of
1076 square kilometers in the north, includes parts of Mazandaran province. In the east and south of the
catchment area includes parts of Tehran province and most of it is located in Alborz province. The average
annual temperature and rainfall in this basin are 12.1 °C and 480 mm, respectively, and the average of 117
glacial days during the year is observed in this area. The long-term daily data of synoptic stations adjacent to the
study area from the beginning of 1998 to the end of 2018 (21 years in total) was introduced to the model. Also,
daily data of relative humidity, rainfall, minimum and maximum temperature, solar radiation hours, and wind
speed as meteorological parameters measured at stations in the study area were introduced to the model. It
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should be noted that there was a lot of missing data in meteorological information, especially for daily
temperature data. In addition to the above information, daily flow data discharged from Amirkabir dam and
technical specifications of the dam were introduced to the model. In addition, orchard management information,
including irrigation periods and information related to phosphate fertilizers used in regional orchards, were
presented to the model. The global sensitivity analysis method was used to determine the sensitive parameters of
the model. Furthermore, the SUFI2 algorithm was used in SWAT_CUP software to calibrate and analyze the
parametric uncertainty of the SWAT model. This algorithm quantifies the output uncertainty by 95% prediction
uncertainty boundaries.

Results and Discussion

According to the results of sensitivity analysis, the parameters Baseflow alpha-factor (ALPHA_BF),
Manning’s “n” value for overland flow (OV_N), and Precipitation Laps rate (PLAPS) were the most sensitive
parameters to flow, sediment, and total phosphorus, respectively. The best Nash-Sutcliffe (NS) coefficients for
runoff, sediment, and total phosphorus simulation obtained in all stations and after full calibration and validation
periods were equal to 0.76, 0.56, and 0.92, respectively. Simulation of the peak points of the diagram of all three
quantities was also associated with increased uncertainty and decreased model prediction accuracy, but due to
the placement of more than 70% of the measured runoff and sediment values and nearly 60% of the measured
total phosphorus values in the prediction uncertainty boundaries generated by SUFI2 algorithm the final value of
the parameters used in the calibration process can be appropriate for simulating future scenarios in similar
mountain catchments. The main weakness of the model is simulating the peak points of flow and sediment
discharge. In the case of flow and sediment discharge, the liability of modeling can be generalized due to the
lack of accurate prediction of the snowmelt inflow to the river in spring, which begins to increase in February
and reaches the peak point in May. A considerable number of missing data in meteorological stations can
effectively reflect the lack of accurate model prediction at the peak points. In this region, missing daily
temperature data compared to other meteorological parameters has been significant. The dependency of the
SWAT model on many experimental and quasi-experimental models such as SCS-CN and MUSLE can be
another factor affecting the weakness in predicting the peak points of the sediment discharge, as well.

Conclusion

According to the uncertainty analysis results, most of observed flow, sediment and total phosphorus
discharge values were within the uncertainty prediction boundaries generated by the SUFI2 algorithm. The NS
coefficient for all three variables has met the satisfactory modeling threshold. Therefore, it seems that the
sensitive parameters identified and used in the calibration process in this study and their final values can be
appropriate for modeling future scenarios for this study area and similar mountain catchments. One of the
limitations of the present study was a large number of missing data in meteorological stations, especially for the
temperature variable. Thus, providing required measured meteorological data to the model may emhance the
simulation, especially at peak points.
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Table 1- Periods set for model calibration and validation at stations in the study area

ol ob auwd (g ;S0 51 puiio
Station Name Measured Variable
S Gy 5 Ol
Gachsar Flow and Sediment
&S Cgy 9 Oy (2
Sira-Karaj Flow and Sediment
o J5 shed
Dizin Total Phosphorus
SOl s JS s
Shahrestanak Total Phosphorus

09!yl 09 Py liel 09
Calibration Period  Validation Period
2000 to 2011 2012 to 2017
2000 to 2010 2011 to 2016

Feb-2014 to Jun-2016  Jul-2016 to May-2017

Mar-2014 to Jun-2016  Jul-2016 to Dec-2018
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Table 2- Quality classification of calibration results based on NS, R and RSR statistical indices (Moriasi et al., 2007; Moriasi

et al., 2015)
3 8dos (2L, s, lro
125N\ 0e VY grese Performance Evaluation Criteria
Measure Variable EEPCAN e [pes osuculs, Sallaols
Very Good Good Satisfactory Not Satisfactory
Ul;)lz o NS > 0.80 0.70 < NS < 0.80 0.50 < NS < 0.70 NS < 0.50
W
NS = NS > 0.80 0.70 < NS < 0.80 0.45 < NS < 0.70 NS < 0.45
Sediment
S NS > 0.65 0.50 < NS <0.65 0.35 < NS <0.50 NS <0.35
Phosphorus
obsr o R? > 0.85 0.75<R?<0.85 0.60<R?<0.75 R?<0.60
R2 Flow
e [y R? > 0.80 0.65<R?<0.80 0.40<R?<0.65 R?<0.40
Sediment/Phosphorus
RSR b o Lo 00<RSR<05 05<RSR<06 05<RSR<0.7 RSR > 0.7

Flow/Sediment/phosphorus
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Figure 4- Results of Sensitivity Analysis of SWAT Model Parameters for Flow (a), Sediment (b) and Total Phosphorus (c)
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Table 3- Calibrated parameter values

P Iy

FE Y

0, lowd oyl o rled jlade 0, Lo ol o e jlde
) Method of - ) Method of -
No. Parameter Final Value No. Parameter Final Value
Change Change
1 SFTMP.bsn Replace 4.44 12 CN2.mgt Relative [0.20,0.35]
2 TIMP.bsn Replace 0.94 13 SLSUBBSN.hru Relative [0.09,0.12]
3 SMFMX.bsn Replace 0.60 14 USLE_K.sol Relative [-0.85,-0.79]
4 PLAPS.sub Replace 187.5 15 OV_N.hru Relative [0.10,0.18]
5 TLAPS.sub Replace -6.01 16 ERORGP.hru Replace [3,5]
6 REVAPMN.gw Replace [4.91,7.04] 17 USLE_P.mgt Relative [-0.12,-0.01]
7 GW_DELAY.gw Replace [173,329] 18 CH_COVL1.rte Replace [0.53,0.57]
8 GWQMN.gw Replace [0.26,0.31] 19 CH_COV2.rte Replace [0.84,0.94]
9 ALPHA_BF.gw Replace [0.11,0.32] 20 SPCON.bsn Replace [0.007,0.008]
10 CH_K2.rte Replace [197,270] 21 SPEXP.bsn Replace [1.33,1.39]
11 CANMX.hru Replace [10.0,13.6] 22 BC4.swq Replace [0.23,0.61]
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Table 4- Criteria for assessing the quality of flow, sediment and TP modeling

NS o8t U s R,
Variable Station Calibration Validation
NS R? RMSE RSR NS R? RMSE RSR
N 0.63 0.71 2.45 0.57 0.76 0.83 2.24 0.56
Gachsar
(45 2 coayte) ol 22 & 070 074 6.86 058 076 076  6.40 0.61
Flow (m/s) Sira-karaj
Pw*’ 045 058 8.83 0.69 0.63 0.66 8.31 0.63
Bilegan
_(°L’ » ) g N 0.47 0.56 1410 0.70 0.46 0.70 1701 0.64
Sediment (ton/month) Gachsar
?’g _'”““_ 056 0.71 8940 0.56 0.54 056 9063 0.69
Sira-karaj
(obe 2 05) JS it o 092 095 1.38 0.17 061 091 089 0.45
TP (ton/month) Dizin
Sk 0.91 0.95 3.74 0.24 0.7 0.89 3.46 0.35
Shahrestanak
ie Jguad 43 00w (5wt 5 (Sladliie J5 phand 9 Cgwy (ol (o2 buwgio -0 Jguo
Table 5- Average flow, sediment and TP observed and simulated in different seasons
(48U > S jia) Gl (22 (oo 3 5 V+T) Cogm, (oo ;3 () JS yiund
Juad CaroS £95 Flow (m®/s) Sediment (10° ton/month) TP (ton/month)
Season  Quantity Type oS TSl Ol S S R Sl e
Gachsar  Sira-karaj Bilegan Gachsar Sira-karaj Dizin  Sharestanak
e lslie 9.08 28.21 23.45 2.97 24.40 11.13 19.37
Spring Observed
_d"l‘”“**; 8.36 20.73 21.39 3.35 15.54 12.76 13.37
Simulated
Jelw 0.72 7.48 2.06 -0.38 8.86 -1.63 6.00
Difference
Ol Flslie 4.24 8.00 13.01 0.92 267 275 8.89
Summer Observed
‘_5}1»»4@3 3.22 9.59 13.90 0.78 3.85 1.50 7.36
Simulated
Jelw 1.02 -1.59 -0.89 0.14 -1.18 125 153
Difference
b laalis 161 5.78 9.79 0.21 176 1.40 2.20
Fall Observed
‘_"m*“"s 1.24 5.48 8.90 0.22 1.46 0.75 1.52
Simulated
Sl 0.37 0.30 0.89 -0.01 0.30 0.65 0.68
Difference
helie
1.66 8.57 9.83 0.23 3.19 0.40 1.21
Observed
s it 1.00 517 758 0.22 151 058 2.37
Winter Simulated
Jol 0.66 3.40 225 0.01 168 -0.18 -1.16

Difference
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Figure 7- Runoff calibration and validation results at Bilegan station
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Figure 9- Sediment calibration and validation results at Sira-karaj station
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