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3- Generalized Likelihood Uncertainty Estimation
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1- Modified Universal Soil Loss Equation
2- Universal Soil Loss Equation
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Figure 1- The position of Tamer Watershed in Golestan province, Iran
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2- Hydrologic Response Units
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1- Outlet
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Figure 3- Map of sub-basin in the studied water shed Figure 2- Map of height classesin the studied water shed
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Figure5- Soil map of the studied water shed
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1- Generalized Likelihood Uncertainty Estimation
2- Markov Chain Monte Carlo

axdllo 3590 sl ddgn 45 oS, (651,18 Al —€ UK
Figure 4- Land use mapof the studied water shed
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3- 95PPU, 95 percent prediction uncertainty
4- Latin Hypercube Sampling
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1- Uncertainty analysis
2- NS, Nash & Sutcliffe, 1970
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Table 2- Theresultsof calibration and validation of diary discharge and sedimentation for hydrometric station of Temr
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Data P-factor R-factor R2 N-S
Calibrati :

Disci;rge 1'9;2“_‘;26;’“ ’ 0.69 0.06 077 076
Validati e
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Figure 6- Comparison of the observed and simulated monthly discharges at the Tamer station for the calibration period
between1999-2006
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Figure 7- Comparison of the observed and simulated monthly discharges at the Tamer station for the validation period
between2007-2010
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Figure 8- Comparison of the observed and simulated monthly sediment at the Tamer station for the calibration period
between1999-2006
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Table 2- Amounts of runoff, sediment and erosion in sub-basin of Gorganroud water shed
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Subbasin Runoff (mm) Sediment yield (Tonhat.yr) Erosion (Tonhat.yr)
1 9.11 853 13.82
2 13.32 12.38 20.23
3 10.67 13.90 21.19
4 12.88 10.58 18.68
5 2.19 3.13 6.89
6 11.72 15.16 24.95
7 0.98 2.38 3.97
8 12.34 17.39 18.41
9 2.26 154 4.37
10 5.34 8.92 8.18
11 137 104 2.62
12 0.587 0.86 201
13 4.23 6.82 6.25
14 0.42 192 164
15 3.02 4.81 5.60
Legend

Erosion (Ton ha™.yr)

(s 2 S8 2 09 i

. <2

2-10
10-20
7 s20

@ Tamerstation

-,

— River

3955 )5 sl ddgs )3 Lialw,d ke duidi Y ¢ JSU
Figure 10- Map of erosion ratein Gorganroud water shed
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Figure 11- Map of sediment distribution in Gorganroud water shed
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Table 3- Erosion and sediment load ratesin each land use
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SWAT Code Land Use Area (ha) . .
Sediment (Ton halyr)  Erosion (Ton ha'lyr)
AGRR d?”“ 54160.88 15.56 24.95
Agriculture
AGRL w2 SirgiS 493.64 12.33 20.23
Dry farming
FRSD S5 39868.97 0.86 2.01
Forest
RAGE &r 85736.03 5 5
Range
URML gSome Gl 1095 8.98 8.18
Urban
sl
FPEA Kitchen- 106.33 3.13 6.89
garden
ORCD gt 28.34 2 2
Orchard
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Introduction: population growth, urbanization and land use changes cause negative effects in natura
ecosystems and water resources .Soil erosion is one of the most important problems in agriculture and natural

resources of Golestan province. Using low cost and accurate methods for planning and proper management of
land and water resources are essential for estimating consequences of soil erosion and providing appropriate
solutions to reduce soil losses.

Materials and Methods: The study areais located in eastern part of Golestan province with an area of 1524
sguare Kilometers. The average annual precipitation of the region is 496 millimeters. In this watershed, rainfall
decreases from south and south west to north and north east (due to the remoteness from the Caspian Sea), while
evapotranspiration, temperature and the number of dry months increase in the same direction. Also the average
annual temperature of the watershed and its relative humidity and evaporation are 17.8°C, 68.5 % and 1398.34
millimeters, respectively. Tamer watershed was divided into 15 sub-watersheds by adding an outlet in the site of

Tamar gauging station. In this study, the SWAT model was used to simulate erosion and sedimentation. To
compare the measured and simulated data and evaluation of the SWAT performance in terms of simulating flow
and sediments, daily flow (cubic meters per second) and sediment (tons per day) data at the Tamar gauging
station located in Tamar’s watershed outlet was collected from the studies of water resources organization
(Tamab). Simulated values were generally consistent with the data observed during calibration and validation
period. At this stage of calibration, the SUFI-2 model was used to optimize the parameter values. In this study,
daily rainfall and temperature data recorded during an 8-year period by the stations within the watershed were
imported into the model. The daily discharge data and daily sediment data of Tamar station recorded during
1999- 2006 were selected. Then model was run using runoff and sediment parameters, and ranges of parameters
were adjusted at each iterations, and therefore SWAT model was calibrated using SUFI-2 model. After
calibration, model must be validated and its ability to predict future events must be determined. Validation was
performed using the runoff and sediment data recorded in Tamar gauging station from 2007 to 2010.

Results and Discussion: NS, R2, R-factor and P-factor were estimated for runoff calibration about 0.76,
0.77, 0.06 and 69 and for runoff evaluation 0.72, 0.75, 0.05 and 69 respectively. The same parameters were aso
measured for sediment calibration about 0.54, 0.62, 0.15, and 16 and sediment evaluation 0.55, 0.61, 0.35, and
12 respectively. The results showed that irrigated agriculture 24.95 and 15.56 t ha "y respectively, with average
erosion and sediment ha of agriculture by an average of 20.23 and 12.33 t ha "ly! respectively erosion and
sediment erosion and deposition are tons per hectare maximum value. Results also showed that the soil loss
caused by erosion in this watershed is average 6.49 t hay*in sediment and 10.28 t hay*in erosion.

Conclusion: The assessment factors showed that model has successfully simulated the daily runoff discharge
during calibration and validation phases with a Nash-Sutcliffe coefficient of 0.76 and 0.72. A Nash-Sutcliffe
coefficient above 0.5 could be acceptable for sediment simulation. However, sediment load simulated for rainy
seasons has been lower than actual value while this value has been higher than actual value during dry seasons.
In most months of the year, model results are higher than measured values and this issue is more pronounced in
the peak runoffs. This issue is due to limitations in spatial distribution of rainfall, so when a small area in
watershed experience a severe rainfall, model considers the impact for the entire watershed and therefore
overestimates the total runoff. The results showed that SWAT model can be a useful tool for the simulation of
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flow and sediment basins in the loess land.

Simulation results showed that land use changes have resulted in corresponding increases in surface runoff
and sediment. Rates were highly variable both spatially and temporally, and the agricultural lands were most
significantly affected. These land use changes have negative implications for the ecological health of the river
system as and local communities.

Keywords: Digital elevation map, Modeling, SWAT-CUP, Uncertainty



