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Abstract

Rivers have an important role to play in providing most of the
water needed for agriculture, industry and domestic
consumptions. They also are amongst the important economic
and social arteries of various human societies rooted in the
lives of people in every land. Most of surface water
contaminations are non-point source pollutants which
generally contain various forms of nitrogen and phosphorus. In
this study, the amount of nitrate input from agricultural lands
to Zanjanrood River has been simulated using the SWAT
model. In order to calibrate and validate the results, SWAT-
CUP software and measured mean monthly average flow rate
at Sarcham hydrometric station (1996-2013) were used and 26
sensitive parameters were selected for sensitivity analysis.
Three scenarios for irrigation practices, three scenarios for
fertilizer rates and two integrated scenarios were defined. The
p-factor and r-factor indices were used for uncertainty analysis
and two statistical indices, i.e. determination coefficient (R?)
and Nash-Sutcliff (NS) coefficient, were used for quality
analysis of the results,. In the monthly runoff calibration, at the
basin outlet, the coefficients r-factor, p-factor, R?, and NS were
0.27,0.11, 0.83, and 0.53, respectively. At the validation stage,
they were respectively estimated as 0.6, 0.18, 0.73 and 0.53.
The results showed that by increasing the pressurized
irrigation, the nitrate pollution in the basin was not
significantly affected. With regard to fertilizer levels, by
reducing consumption of urea fertilizers up to 50%, the amount
of nitrate input into the Zanjanrood River reduced by up to
about 16.7%. On the other hand, an increase of 50% in
fertilizer use has increased nitrate input into the river by 17.2%.
The study suggests that changing the surface irrigation method
does not lead to a significant change in the average nitrate
output from the basin. Also, reducing the amount of
fertilization and preventing unnecessary fertilizations by
farmers, can greatly prevent the pollution of water resources.
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Model.
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Table 1- Specifications and locations of synoptic and hydrometric stations used for the study
03] 3590 (Huww &l g e (SO Wlaisie § Claduiv —Y Joio

Station Name Station Station Latitude  Longitude
Type Height
Khoram Dareh synoptic 1575 3611 N 4911 E
Khodabandeh synoptic 1887 36 07N 4835 E
Zanjan synoptic 1663 3641 N 48 29 E
Sarcham hydrometric 1150 3707 N 4753 E
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Fig. 1- Hydrological modeling diagram in SWAT
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Fig. 2- Zanjanrood watershed and its sub-basins in the SWAT model
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Table 2- Amount of urea fertilizer application in irrigated lands for the prevailing crop pattern of
Zanjanrood basin
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Crop Cropping . Harvest Urea F_erti_lizer _ Ar_mual Irrigation
Type Percentage Planting Date Date Application Irrigation Depth Interval
(kg) (mm) (day)
Alfalfa 47 April 4 September 21 200 1790 10
Wheat 28 October 7 July 22 150 890 10
Onion 13 March 25 August 6 150 910 6
Barley 12 September 23 June 20 150 570 14
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Table 3- Sensitivity analysis and calibrated parameters of SWAT model in Zanjanrood basin
39, OLj adgx 13 SWAT Jue (b e,y (2duwly 9 Comwlus Julod gl -Y Jgo

e oo odalie (ol 4oy VY e 4 Y LS 0 4 lals
0gud yuatl b B9y (63959 Ol Ol s duolie & JSG 5o
b awlio YO 5YA98 Jlo 1 (ojloans 0y93 b ) syl

Rank Parameter Definition Initial Final value ~ OPtmum P- r
range value factor factor
1 R__ CN2.mgt SCS curve number -0.3-0.3 0.04-0.12 0.05 0 -13.38
2 R_SOL BD()sol  Densityof SO'IL;T;?'“WG ineach 7505 -025.-015  -0.23 0 3
3 V__ESCO.hru Carrection Factor of Soil 00-11 011038 0.37 005 -1.98
Evaporation
4 V__USLE_P.mgt Coefficient factor of Land use 00-10  0.51-0.62 055 006 -1.88
equation
5  V_RCHRG_DP.gw Lower layer penetration 0.0-1.0 0.0-0.06 0.02 007 185
coefficient
6 R__SOL_AWC(..).sol Water in any soil layer -0.3-0.3 -0.4_-0.3 -0.4 0.07 -1.81
7 V_ALPHA BNKre Alpha COEff'C'ggflgtream Baseto 4040  041-057 0.54 011 -1.63
8 R__SOL_ALB(..).sol Soil albido coefficient -0.3-04 0.30-0.43 0.38 0.14 15
9  V_REVAPMN.gw Depth of water threshold in 0-500 158200 17183 018 135
— groundwater table
10 V__CH_N2.rte Manning coefficient forthe main 4 1 53 (16.0.23 0.18 02 128
— = channel
11 R_SOL_K(.)sol Hydraulic conductivity of 0303  011-038 03 026 -1.13
— - saturated soil
12 V__OV_Nhru Manning COS‘;;'i‘r:]'se”t for flood 0.01-30 26-30 2759 033 -098
13 R__USLE_K(..).sol Soil erosion coefficient 0.0-0.7 0.16-0.27 0.18 0.4 0.84
14 V_SMFMNbsn  Minimum melting factor during 0-20 14-18 1603 04  -0.84
— the year
15 V__SFTMP.bsn Snow threshold temperature -20-20 -1.8-6.8 441 0.47 0.73
16 V__GW_REVAP.gw Groundwater coefficient 0.02-0.2 0.10-0.13 0.12 0.48 -0.7
Alpha factor in returning the
17 V__ALPHA BF.gw mainstream flow to the main 0.0-1.0 0.51-0.64 0.54 0.49 0.7
stream
18 V_ SHALLST.gw Primary water depth in the 0-5000  1190-1800  1737.69 05  -0.68
groundwater table
19 V__TIMP.bsn Late Snow Temperature 0.0-1.0 0.85-0.99 0.87 0.52 0.64
20 V_SMFMxbsn  Maximum snow melt factor during , 5, 0.15-2.4 159 065 046
the year
21 V__CANMX.hru Maximum Surface Retention 0-100 40.5-57.1 45.42 0.85 0.19
22 V_CH K2re  Hydraulic CO”C‘:]‘:::]‘;W inthe main 51500 159-220 21926 086 -0.18
23 V_LAT_TTIME.hru Flow Time on sub-flow channel 0-180 135-176 136.73 0.89 0.14
24 V__SLSUBBSN.hru The average length of slope 10-150 93-112 103.68 0.94 -0.08
Maximum Linear Parameter of
25 V__SPCON.bsn Returned Sediment to the Channel 0.0-0.0 0.01-0.01 0.01 096 -0.05
Maximum Exponential Parameter
26 V__SPEXP.bsn of Returned Sediment to the 1.0-15 0.28-0.79 0.76 0.97 0.04

Channel
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Table 4- Calibration and validation valuation indicators
o lisl g (oowly (b)) e LS —F Jgas

Parameter R? NS factor-r P-factor
Calibration 0.83 0.53 0.27 0.11
Validation 0.73 0.53 0.60 0.18
Calibration Period Validation Period
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Fig.

4- Comparative diagram of the observed and simulated flow rate at the Sarcham station
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Fig. 5- Comparison of Nitrate changes from Zanjanrood basin in irrigation scenarios during the simulation
period from 1996 to 2013
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Fig. 6- Comparison of Nitrate changes from Zanjanrood basin in fertilizer rate scenarios during the
simulation period from 1996 to 2013
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Fig. 7- Comparison of nitrate changes from Zanjanrood basin by simultaneously changing the method of
irrigation and fertilizer rate
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1-  Point Source Pollution (PS)

2-  Non-Point Source Pollution (NPS)

3- Best Management Practices (BMP)

4- Buffer

5- Soil and Water Assessment Tool

6- Sequential Uncertainty Fitting, version 2
7- Hydrologic Response Unit

8- Generalized Likelihood Uncertainty Estimation
9- Parameter Solution

10- Monte Carlo Markov Chain

11- CN2

12- SOL_BD
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