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6- Water balance
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1- Soil and Water Assessment Tool
2- Water yield
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Figure 1- The location of studied meteorological stations in the Zayandeh-Rud River Basin
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3- Hargreaves-Samani
4- Priestley-Taylor
5- Penman-Monteith
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1- SCS Curve Number Method
2- Green and Ampt Method
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Figure 2- (A) Sub-Basins, (B) Digital Elevation Model (DEM), (C) Soil Map, (D) Lanuse Map
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1- Hydrologic Response Unit
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Figure 3- The location of studied hydrometric stations in the Zayandeh-Rud River Basin
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Table 1- Specifications of selected hydrometric stsaions for calibration and validation in Zayandeh-Rud River basin
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Table 2- Results of sensitivity analysis of parameters for the Zayandeh-Rud River basin
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p::? Qrsr:telt\g S Rank p-value t-state p:ﬁ;ﬂ;ﬁis Rank p-value t-state
GW_DELAY 13 0.2225 2.74 CH_K2 2 0.0435 -1461
GW_REVAP 1 0.0117  24.35 CH_N2 17 0.6467 0.62
SFTMP 16 0.3373 -1.71 CN2 12 0.1941  -3.18
SMTMP 6 0.1419 -441 SOL_K 4 0.0671  -9.46
SMFMX 11 0.1630 3.82 SOL_BD 3 0.0572 -11.11
SMFMN 5 0.1100 5.73 SOL_AWC 7 0.1505 4.15
TIMP 14 0.2300 2.65 EPCO 9 0.1595 3.91
ALPHA_BF 10 0.1619  -3.85 ESCO 15 0.2831 -2.1

RCHRG_DP 8 0.1549 4.03
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Table 3- Optimal and upper and lower limit of selected parameters during calibration period (2000-2006)

. . ol dgus .
Folil oU Sal,b g b Aol )l &y & sy Range of parameter W"m
Parameter Descrintion Method of changing Unit 9 b Optimum
name P parameter value : o=l value
Maximum  Minimum
> 4% 5oy Culia
CH_K2 P P (i S v mm/hr 114 1015 103.47
ol Juts
CH_N2 ol JU (sl Sile gy r - 0.13 0.102 0.11
1, (SCS) 3gi ioxio o ot
CN2 sl (BES) 398 (o) r - 0.281 0.197 0.24
Cogh 4 Ll
SOL_K el (Sdgyhn colia r mm/hr -0.32 -0.15 -0.31
SOL_BD SB gl yogase o r g/cm? -0.167 -0.095 -0.11
SOL AWC S5 5 3590 o oysd cub)ls r mm ':éﬁ’/ mm 0.28 0.21 0.27
LY u» o.x'\if ‘ [TRW:
EPCO PO A O e v - 0.41 0.29 0.41
oS Loy ] sV
VS SV S [N
ESCO PRI O s v - 0.501 0.41 0.46
S s
RCHRG_DP s loel 4 deis S v - 0.32 0.229 0.27
GW DELAY gyl aiss slp b o v days 159 132.7 135.52
Ol 43 30 155 o
GW_REVAP T s v - 0.115 0.085 0.11
)
SFTMP Gy bl slod v °C -1.81 1 -1.69
SMTMP Gy g el il (slod v °C -1.92 -0.95 -1.28
5 Gy ogd imdins ;iS5
SMFMX P Sp o St o5 v mm/C.day 11.36 9.72 10.67
Ol
3 Gy gd aiseS giSlh
SMFMN P SEr o e 058 v mm/C.day 8.95 75 7.92
Ol
Jlwod wid clod 355 40516
TIMP lonydd s> 25555 v ; 0.7 05 0.65

Sy

ALPHA_BF il ol oy <ol v Day 0.08 0 0.035
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Figure 4- Validation results (a) and validation results (b) of the SWAT model using the SUFI-2 algorithm for the runoff

simulation at Polzamankhan's hydrometric station
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Table 4- Statistical comparison of daily discharge simulation and observation in the calibration period

d)lnib)5b‘j5.b muﬁb)bi O o o
& y0g i 8| Statistical period NS R?
Hydrometric station  Suwcowe Foly P WG v Foily P STV Foily
Validation  Calibration Validation  Calibration Validation Calibration

SR 36 84 0.97 0.97 0.97 0.98
SBole; b 36 84 0.88 0.93 0.95 0.95

A 36 84 0.90 0.89 0.95 0.95

RETN 36 84 0.83 0.56 0.85 0.70

=l 36 84 0.77 0.63 0.82 0.78

Olewge 36 84 0.69 0.68 0.83 0.79
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Figure 5- Validation results (a) and validation results (b) of the SWAT model using the SUFI-2 algorithm for the runoff
simulation at Lenj's hydrometric station
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Figure 6- Contribution of each water balance parameter from annual precipitation in the Zayandeh-Rud River Basin for
years 2000-2009
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Figure 7- Average annual water balance components for the period 2000-2009 in the Zayandeh-Rud River Basin
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River Basin
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Introduction: Understanding the concept of water balance is one of the most important prerequisites for
sustainable management of water resources in the watersheds. Therefore, the components of water resources in a
catchment system should be compared at different time periods, and also the effect of each of them should be
identified on varied hydraulic components of the hydrological systems. The SWAT model is an example of a
physically based hydrologic model which can be used for large-scale simulating and monitoring of water cycle
processes based on the characteristics of the catchment area and its climatic conditions. The main object of this
study is the hydrologic simulation and water balance estimation for the period 2000-2009 in the Zayandeh-Rud
River Basin.

Materials and Methods: The Zayandeh-Rud River Basin is located in the arid and semi-arid central region
of Iran. This area is very variable in terms of rainfall. As well as the state of water resources and water
consumption is very complicated in this catchment. In the present study, the soil and water assessment tool
(SWAT) used to simulate water balance in the Zayandeh-Rud River Basin. The input required data included
digital elevation model, land use map, soil texture map and meteorological information including daily rainfall
data and minimum and maximum temperature data were introduced to the model and the model was
implemented with these data. The sensitivity of the flow-effective parameters was determined using the p-value
and t-state criteria by the SUFI2 algorithm in the SWAT-CUP program. The model was calibrated monthly and
validated with the selected parameters in the sensitivity analysis using the Nash-Sutcliff criteria and the
coefficient of determination by the application of the data of six stations including. Calibration of the model was
conducted for 2000-2006 and validation of the model for the years 2007-20009.

Results and Discussion: The results of sensitivity analysis showed that considering the characteristics of the
study area, the SWAT model is more sensitive to the 17 effective parameters on runoff. The selected parameters
also confirm the results of previous research carried out in the region. The sensitive parameters selected in the
sensitivity analysis step were used to calibrate the model. In the next step, the parameters of SWAT-CUP
software were entered. After that, these parameters were repeated 1000 times with the SUFI2 algorithm, and the
optimal value for each parameter was determined. The Nash-Sutcliff coefficient and the coefficient of
determination in the six hydrometric stations are greater than 0.56 and 0.69 in calibration and verification
periods respectively, which indicates that the model has a satisfactory ability to run in runoff simulation. The
contribution of the components of the water balance including evapotranspiration, surface runoff, lateral flow,
groundwater flow, and deep aquifer recharge was calculated from annual basin precipitation. The amount of
extracted water from the hydrological components indicated that the largest share of the water balance was
related to actual evapotranspiration, the range of variations in the type of precipitation in the study area ranged
from 60.1% (2000) to 92.7 % (2007). After evapotranspiration, surface runoff with a change of 22.2% (2005) to
8.6% (2009) and groundwater flow with a change of 14.2% (2000) to 20.5% (the year 2007) had relatively high
fluctuations and a large share in the basin balance. These results indicate that the lateral flow with a range of 3.1
to 1.9% had no significant change in these years. Also, the deep aquifer recharge with the range of 1.2 t01.5%
was the lowest in 2003 and 2009, respectively.

Conclusion: The results showed that the calibrated model for the Zayandeh-Rud River Basin had a desirable
performance for both calibration and validation periods. Therefore, the SWAT model has acceptable
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performance for simulating the water balance of the area. In addition, the results of this study showed that
65.98% of the total annual precipitation in the basin is in form of evapotranspiration, which compares to the
other water balance components has the highest part. As well as surface runoff with 15%, groundwater flow with
13.7%, lateral flow with 1.5%, and deep aquifer recharge with 0.8% have other parts of the water balance
components in Zayandeh-Rud River Basin. The results also indicate that the highest water losses in the soil and
groundwater resources of the basin are due to evapotranspiration. Therefore, serious measures to prevent the loss
of water through evapotranspiration in the region to be necessary. The results of this research can be used to
predict the effects of climate change and the applicable management practices in the region, which are presented
in scenarios to the model.
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