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Simulation and Assessment of Management
Practices for Reduction of Nutrients Discharge
to the Zrebar Lake Using SWAT Model
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Abstract

Eeutrophication is a main challenge for surface water bodies,
especially lakes and reservoirs. Zrebar Lake, as a resource of
freshwater, is recently facing eutrophication problem. The
aim of this study is to find solutions for water quality
enhancement using integrated simulation approach. For this
purpose, Soil and Water Assessment Tool (SWAT) was used
as a water resources and agricultural systems simulation
model. Here, its interaction with the changes in lake water
quality and quantity were considered. In this study, the
impacts of the various management practices (BPMSs) in
critical areas were analyzed. For this purpose, the influence of
these strategies on improving water quality, crop yields and
economical costs of their implementation were evaluated and
finally the optimal solutions were selected using TOPSIS
multi-criteria decision-making method. The results showed
that, the filter strip, pollution control emissions in upstream
(Qezelchesoo channel) and reducing fertilizer consumption
up to 25%, respectively were the best management options in
the basin. This study also implied that the economical
analysis of BMPs is inevitable to present well organized
approaches for controlling non-point source pollution
discharges.
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Fig. 1. Zrebar Lake watershed (1a) and its land uses (1b)
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Table 1.Sensivity analysis and Calibrated parameters of SWAT model

Jae (el )b (oxiawly g Comwlmes Julod —Y Jgus

Rank  Parameter Definition Initial range  Final value  t-stat  p-value
1 N2 SCS rur_10ff curve r_n_;mber for 3589 60 214 0.06
moisture condition |1
Maximum melt rate for snow
2 SMFMX during year 0-20 14.5 -2.09 0.06
(occurs on summer solstice)
3 HRU_SLP Average slope steepness 0-1 0.025 -1.76 0.11
4 A2 Fraction of algal biomass that is 0.01 - 0.02 0.02 17 012
phosphorus
Rate constant for hydrolysis of
5 BC3 organic nitrogen to ammonia 0.02-0.04 0.37 -1.67 0.13
(1/days)
6 SURLAG 0/05-24 0/65 -01/6 0/14
Rate constant for biological
/ BC2 oxidation NO2 to NO3 (1/days) 0.2-2 15 -1.43 0.18
8 P_UPDIS Surface runoff lag time 0.05-24 0.649 -1.06 0.14
9 ESCO Soil evaporation compensation 0-1 0.295 -1.36 0.2
factor
10 BIOMIX Biological mixing efficiency 0-1 0.425 -1.24 0.24
11 SLSUBBSN Average slope length 10 - 150 92.5 -1.14 0.28
12 SFTMP Snowfall temperature -20 - 20 -5 0.83 0.43
13 PPERCO Phosphorus percolation 10-175 15.8 114 028
coefficient
14 PHOSHD Phosphorus soil partitioning 100 - 200 102 098  0.35
coefficient
15 PSP Phosphorus sorption coefficient 0.01-0.7 0.2 0.97 0.36
16 SMTMP Snow melt base temperature -20 - 20 -5 0.83 0.43
Threshold depth of water in the
17 REVAPMN shallow aquifer for "revap" to 0-500 87.5 0.81 0.44
occur (mm)
18 Alpha_Bf Base flow alpha factor (days) 0-1 0.825 0.72 0.49
19 NPERCO Nitrogen percolation coefficient 0-1 0.31 -0.66 0.53
20 ERORGP Organic P enrichment ratio 0-5 4.12 0.48 0.64
21 TIMP Snow pack temperature lag factor 0-1 0.175 0.46 0.66
Minimum melt rate for snow
22 SMFMN during the year 0-20 17.5 -0.44 0.67
(occurs on winter solstice)
Threshold depth of water in the
23 GWQMN shallow aquifer required for 0 - 5000 2625 -0.42 0.68
return flow to occur (mm)
24 ERORGN Organic N enrichment ratio 0-5 5 -0.32 0.76
95 SOL_AWC Available water capacity of the 0-1 0.0625 -0.26 08
soil layer
2% All Fraction of al_gal biomass that is 0.07 - 0.09 0.09 0.21 083
nitrogen
Minimum snow water content
27 SNOCOVMX that corresponds to 100% snow 0-500 342.5 0.12 0.91
cover
)8 N UPDIS Nitrogen uptake distribution 0-100 50 011 0.91
- parameter
29 GW_DELAY Groundwater delay (days) 0-500 412.5 0.11 0.91
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Table 2. Model Performance in simulating of inflow, TN, TP and lake volume
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Calibration Validation
Parameter
R? RMSE R? RMSE
Lake Inflow (m3/s) 0.65 0.64 0.80 0.52
Total Nitrate (ppm) 0.89 0.70 0.82 1.87
Total Phosphate (ppm) 0.56 0.87 0.52 0.96
Lake Volume(MCM) 0.79 0.24 0.33 0.34
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Step 1. Initial model evaluation
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Fig. 3. The calibration and validation process of inflow, lake volume, nutrient concentration and crop yields
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Table 3. Comparison of simulated and observed crop yields
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Crop Calculated crop yield Observed crop yield Difference

(ton/ha) (ton/ha) (%)

Wheat 2.8 3 6.7
RFC Wheat 1.1 1.2 8.3
Pea 0.5 0.5 0.0
RFC Barley 0.9 1 10
Barley 2.1 2.4 125
Apple 11.2 12.7 11.8
Tobacco 1.9 2.3 17.4
Grape 4 4.8 16.7
Alfalfa 6.5 7.8 20
Tomato 111 15 26
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Table 4. Reduction (%) of water quality parameters by Farm management
as )50 o 33 (o e (5,815 Jlosl b (&S (b el by (a3 —F Jgua

Alternatives NO3 NO3 In PO4 PO4 In OrgN OrgN_In OrgP OrgP_In Flow_ Volume
(%) () (%) (%) (%) (%) (%) (%) In(%) (%)
Reducing 25% in 37 40 21 0 - - 2 3 - -
fertilizers application
- o i
R_e(_jucmg 50_/0 in 42 45 19 0 i i 2 3 i i
fertilizers application
- o i
R_e(_jucmg 75_/0 in 44 47 19 0 i i 3 3 i i
fertilizers application
- o
Reducing 25% in water ., 7 19 7 21 11 1 8 9 2
for crop irrigation
- o
Reducing SO% inwater ;5 3 19 7 g 7 1 9 9 2
for crop irrigation
- o i
Reducing 75% in water 9 1 18 7 20 7 0 9 10 3

for crop irrigation
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Table 5. Reduction (%) of water quality parameters by applying structural BMPs
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Alternatives

NO3 NO3 In PO4 PO4 In OrgN OrgN_In OrgP OrgP_In

() () () (%) (%) (%) (%) (%)
Preventing the inflow of -79 8 92 05 81 0 -62 0
Qezelchesoo
Stabilization of soil at 13 10 05 95 3 0 3 0
upstream of Qezelchesoo
Filter strips with 24 55 55 5 4 28 54 53
meters
Filter strips with 12 36 34 a 5 25 47 47
meters
Decentralized wastewater ) 0 0 27 74 74 44

treatment plant
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Table 6. Decision matrix
Sy prondd g o —F Jgas

BMPs in Use Cost (million toman) 1 N
(ppm)  (ppm)

Filter strips with 12 meters 40 26 30

Filter strips with 24 meters 80 30 41

Using flc_)ate(_j pl_ants_lq form of 100 9 5

Vetiveria zizanioides
Preventing the inflow of Qezelchesoo discharging into 20 15 -80
the lake
Stabilization of soil a_t upstream of Qezelchesoo and 100 49 8
sediment control

Decentralized wastewater treatment plants 150 25 38
Reducing 25% in fertilizers application 20 12 10
Reducing 50% in fertilizers application 64 11 23
Reducing 75% in fertilizers application 137 11 24
Reducing 25% in water for crop irrigation 8 10 -16
Reducing 50% in water for crop irrigation 35 10 -14
Reducing 75% in water for crop irrigation 64 9 -14
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Table 7. Prioritization of BMPs and their ranks
e oSl gy gyl -V Jgsa

Weighting based on

Weighted based on

BMPs in Use entropy
Value Rank Value Rank
Filter strips with 24 meters 0.82 1 0.87 1
Stabilization of soil at upstream of
Qezelchesoo and sediment control 0.78 2 0.85 2
Decentralized wastewater treatment 0.78 3 0.84 3
plants
Filter strips with 12 meters 0.77 4 0.84 4
Livestock management 0.63 6 0.74 5
Reducing 25% in fertilizers 061 7 0.72 6
application ) )
Reducing 50% in fertilizers 0.63 5 0.61 12
application ' '
Using floated plants in form of
Vetiveria zizanioides 0.57 9 0.70 7
Deep placement of fertilizer on farms 0.53 10 0.68 8
No tillage 0.52 11 0.67 9
Conservation tillage 0.51 12 0.67 10
Reducing 75% in fertilizers 0.60 8 0.41 15
application ' '
Reducing 25% in water for crop 0.46 13 0.61 11
irrigation ) )
Reducing 50% in water for crop
irtigation 0.45 14 0.45 14
Reducing 75% in water for crop 0.43 15 0.29 16
irrigation ) )
Preventing the inflow of Qezelchesoo 024 16 053 13

discharging into the lake
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1- Eutrophication
2- Dynamic Watershed Simulation Model

3 - Hydrologic Simulation Program FORTRAN
4 - Generalized Watershed Loading Functions
5 -Hydrological Response Unit

6- National Aeronautics and Space Agency

7- Food and Agriculture Organization (FAO)
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