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Abstract

In this study, a combination of SWAT and WEAP models were
utilized for planning and integrated water resources allocation
management in Hablehroud Basin. The SWAT model was
calibrated and validated using the monthly discharge at the
basin outlet in the period of 1998-2012. In validation phase,
the coefficient of determination, the Nash—Sutcliffe efficiency
coefficient, root mean square error, and model efficiency were
calculated as 0.80, 0.71, 1.81 and 0.89, respectively. These
values suggested that the model performance can be classified
as “good”. To simulate the supply and demand in the basin and
to assess different management scenarios, the estimated flows
produced by SWAT for each subbasin were considered as the
input for the WEAP model and the percentage of met demand
in the present situation (reference scenario) for each demand
node was obtained. The results showed that the agricultural
lands of Firoozkouh and Garmsar irrigation and drainage
network are facing a shortage of water, especially in the warm
months of the year. Therefore, scenarios such as changing
cropping pattern, reducing crop area, reducing water per capita
in urban and rural demand nodes, increasing irrigation
efficiency, and combined scenarios were considered to balance
the supply and demand of water. The results showed that water
consumption reduction and striking a balance between the
supply and demand in the basin can be better achieved if
simultaneous use of different water management strategies
(increasing irrigation efficiency, per capita reduction, and crop
pattern change) are to be considered in the basin.
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(Donigian, 2000; Moriasi et al., 2007)

(Donigian, 2000; NS 3 R? culmd sLodgase - Jgio
Moriasi et al., 2007)

Poor Middle Good Very good
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NS <050 0.50-0.65 0.65-0.75 >0.75
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Fig. 2- Schematic configuration of water resource system of Hablehroud Basin in WEAP model
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Table 2- Hablehroud Basin cultivation pattern
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Agricultural Crop Area under
land cultivation (%)

Alfalfa 32.45
Potato 28.05
Apple 15.58
. Wheat 12.78
Firoozkouh Barley 3.99
Walnut 2.86
Tabrizi 2.10
Other 2.86
Cotton 42.96
Barley 23.31
G Wheat 17.68
n;w;fkr Cucumber 5.64
Walnut 2.59
Apple 1.88
Other 5.90
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Table 3- Parameters assessed in SWAT model
SWAT Jae 45 (23,1 5590 (sl gl b Y Jgua

Rate Definition Parameter Name t-stat p-value
1 Soil available water storage capacity r__SOL_AWC.sol 24.40 0.0000
2 Soil bulk density r__SOL_BD.sol 1141 0.0000
3 Average slope length v__SLSUBBSN.hru -3.737 0.0002
4 Plant uptake compensation factor v__EPCO.hru 3.228 0.0013
5 Deep aquifer percolation fraction V__RCHRG_DP.gw -2.072 0.0380
6 SCS runoff curve number for moisture condition 11 r__CN2.mgt 1.612 0.1070
7 Base flow alpha factor v__ALPHA_BF.gw 1.267 0.2050
8 Soil conductivity r__SOL_K.sol 1.252 0.2110
9 Moist soil albedo r__SOL_ALB:.sol 1.057 0.2900
10 Soil evaporation compensation factor v__ESCO.hru 1.043 0.2970
11 Groundwater “revap.” coefficient v__GW_REVAP.gw 0.721 0.4710
12 Threshold depth of V\{?E:/;g t’r]e shallow aquifer for V. REVAPMN.gw 0.470 0.6380
13 Groundwater delay time v__GW_DELAY.gw -0.298 0.7650
14 Initial depth of water in the shallow aquifer v__SHALLST.gw 0.298 0.7650
15 Surface runoff lag time v__SURLAG.bsn -0.056 0.9550
16 Threshold depth of water in shallow aquifer for return flow v__ GWQMN.gw 0.013 0.9890
17 Temperature lapse rate v__TLAPS.sub 0.011 0.9900
18 Snow pack temperature lag factor V__TIMP.bsn 0.011 0.9900
19 Snowfall temperature v__SFTMP.bsn -0.010 0.9900
20 Skew coefficient for daily precipitation in month r_ PCPSKW.wgn -0.009 0.9910
21 Calibration coefficient used to control impact of the storage v_MSK_CO1.bsn 0007 0.9910

time constant for normal flow
22 Average amount of precipitation falling in month r__PCPMM.wgn -0.007 0.9910
23 Depth from soil surface to bottom of layer r_ SOL_Z.sol 0.007 0.9930
24 Maximum melt rate for snow during year v_SMFMX.bsn -0.005 0.9930
25 Standard deviation for daily precipitation in month r__PCPSTD.wng -0.005 0.9950
26 Minimum melt rate for snow during the year V__SMFMN.bsn 0.005 0.9950
27 Calibration coeffi_cient used to control impact of the storage v_MSK_CO2.bsn 0.000 0.9960
time constant for low flow
28 Effective hydraulic conductivity in main channel alluvium v_CH_K2.rte 0.000 0.9970
29 Manning's "n" value for the main channel v__CH_N2.rte 0.000 0.9970
30 Manning's "n" value for overland flow v__OV_N.hru 0.000 0.9970
31 Average slope steepness r__HRU_SLP.hru 0.000 0.9990
32 Snow melt base temperature v_SMTMP.bsn 0.000 0.9990
Table 4- Calibration and validation results of SWAT
SWAT ol g (2iwly gl -F Jgaa
p-factor r-factor NS R?> RMSE ME
Calibration period 0.42 042 071 080 194 0.79
Validation period 0.25 037 071 081 181 0.89
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Fig. 3- Comparison of simulated and observed discharges in calibration (A) and validation (B) periods
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Table 5- Demand and percentage of met demand in demand nodes (reference scenario)
(22 7o 592, m0) LU (51205 )3 5L ool o )3 9 LW (yl5m0 —0 Jg>

D?]r::é]d Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Arjmand Demand(10% m®) 3.44 4.00 4.20 5.00 5.19 5.50 5.56 5.03 4.50 3.76 3.55 3.39
urban Coverage (%) 100.0 100.0 100.0 100.0  100.0  100.0 100.0 100.0 100.0 1000 100.0  100.0
Firoozkouh Demand(10% m®) 335.9 100.0 323.0 1000 3574  388.0 396.2 396.2 3876 3704 3574 3402
urban Coverage (%) 1000  100.0 100.0 1000 1000  98.0 97.2 99.7 1000 999 1000 988
Arjmand Demand (10° m®) 17.01 19.00 21.00 2400 2565  27.00 27.49 2487 2225 1859 1754  16.75
rural Coverage (%) 100.0 100.0 100.0 100.0  100.0  100.0 99.6 100.0 100.0 100.0 100.0  100.0
Firoozkouh Demand (10° m?) 5049 5700 6200 7200 7612 8100 8156 7379 6602 5515 5204  49.71
rural Coverage (%) 100.0 100.0 100.0 100.0  100.0  100.0 99.5 100.0 100.0 1000 100.0  100.0
Firoozkouh Demand (10° m®) 0.00 0.00 1.65 3.72 7.10 10.17 9.81 8.22 2.44 1.03 0.37 0.08
agriculture Coverage (%) 1000  100.0 99.2 1000 882 403 16.1 112 229 536 89.2  100.0
Garmsar Demand (10° m®) 9.64 15.14 25.17 17.10 1262  25.86 34.10 26.16 1448  16.36 2.56 4.52
network Coverage (%) 53.0 458 64.2 86.0 71.7 11.0 5.8 5.7 12.6 13.9 88.6 79.3
Industry Demand (10° m®) 0.30 0.30 0.30 0.30 0.30 0.29 0.31 0.31 0.30 0.31 0.31 0.31
Coverage (%) 100.0 100.0 100.0 100.0  100.0  100.0 100.0 100.0 100.0 100.0  100.0  100.0

Table 6- Change in demand and percentage of met demand relative to the reference scenario
&80 5920w 41 S 35 ol o3 9 Lo Ol -5 g

Demand

node Scenario Factor Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Demand  0.00 0.00 1.09 009  -3.07 -4.75 -4.59 -1.53 -0.36 0.13 0.01 -0.04
St Coverage  0.00 0.00 -1.92 0.00 7.76 28.70 10.30 2.78 3.03 -0.30 -0.60 0.00
Firoozkouh o Demand  0.00 0.00 -0.16 036  -0.69 -0.99 -0.95 -0.80 -0.23 0.10 0.00 0.01
agriculture Coverage  0.00 0.00 0.53 0.00 3.75 9.85 1.10 0.72 1.02 1.64 1.27 0.00
Demand  0.00 0.00 -1.23 289 552 -7.91 -7.63 -6.39 -1.90 -0.80 -0.30 -0.06
5 Coverage  0.00 0.00 0.80 0.00 1185 5590 56.50 50.21 48.38 4470 1080 0.00
o Demand  1.41 2.23 357 273 505  -1080  -1420  -10.80 -6.36 -0.20 0.37 0.67
Coverage  -4.37 -4.98 -5.67 2.90 1117 19.30 3.28 3.24 2.54 0.64 -1.40 -4.07
Garmsar o Demand  -3.48  -5.46 -9.00 344 014 -1.03 -1.90 -1.38 -0.67 -4.50 -0.90 -1.63
network Coverage  13.49 16.16 13.02 5.21 1.27 1.20 0.25 0.23 0.18 5.62 5.27 11.50
@ Demand -8.06 -12.70  -21.03  -13.69 -957  -19.80  -26.20  -20.10 -11.10 -13.00  -2.10 -3.78
Coverage 4528 4841 3582 1403 2835  75.70 51.40 33.27 22.98 49.00 7.68 20.70
Table 7- Percentage of met demand in demand nodes (Combined scenarios)
(o5 5 gt k) LS (51205 13 5L (ol 2o yd ¥ Jgan

Df]r(? da:d Scenario Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

_ S4 100.0 100.0 100.0 100.0 100.0 83.5 58.7 441 450 700 985 100.0

';gﬁgﬁ'l‘tﬁ‘;: S5 1000 1000 1000 1000 1000 728 37.9 280 400 738 998 1000

S6 100.0 100.0 100.0 100.0 100.0 99.6 99.8 98.7 987 986 100.0 100.0

S4 70.5 66.9 81.7 96.7 100.0 75.1 38.0 243 215 288 946 93.7

ﬁ:t:;‘,";f‘kr S5 880 825 936 1000 939 525 155 110 164 375 948 996

S6 100.0 100.0  100.0 100.0 100.0 98.7 98.5 985 984 984 1000 100.0
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Table 8- Assessment indices of defined scenarios

Demand site
Scenario Index Firoozkouh Garmsar Firoozkouh  Arjmand Arjmand Firoozkouh Ind
agriculture network urban urban rural rural ndustry

Reference 63.0 38.0 99.1 100.0 99.8 99.8 100.0
S1 68.3 37.7 99.3 100.0 99.8 99.8 100.0
S2 64.1 454 99.3 100.0 99.8 99.8 100.0
S3 RE (%) 88.7 77.1 99.5 100.0 99.8 99.8 100.0
S4 78.9 60.9 100.0 100.0 100.0 100.0 100.0
S5 75.0 60.6 100.0 100.0 100.0 100.0 100.0
S6 99.3 98.8 100.0 100.0 100.0 100.0 100.0

Reference 59.7 92.4 8.6 0.0 0.8 0.8 0.0
S1 54.4 85.9 7.1 0.0 0.8 0.8 0.0
S2 57.6 84.5 7.1 0.0 0.8 0.8 0.0
S3 CV (%) 235 41.3 6.8 0.0 0.8 0.8 0.0
S4 36.7 59.0 0.0 0.0 0.0 0.0 0.0
S5 43.9 63.1 0.0 0.0 0.0 0.0 0.0
S6 4.1 5.9 0.0 0.0 0.0 0.0 0.0

sor ol laidl laags g oud pbl jls el o> ]
IS e sl oolabl llae 98 0 Sl Cowl st

DyS B sy 3y90 g d9ydlis pl Ao daw )3 bagy s

1- Water Evaluation and Planning System
2- Stockholm Environment Institute

3- Soil and Water Assessment Tool

4- Digital Elevation Model

5- Hydrologic Response Unit

6- Root Mean Square Error

7- Model Efficiency

8- Coefficient of Determination

9- Nash-Sutcliffe Efficiency Coefficient
10- Reliability Index

11- Fairness Index
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