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Abstract

In most studies, the SWAT model is calibrated based on surface runoff in
hydrometric stations, and the evapotranspiration component, which has a
great impact on the estimation of balance components, is not considered or
less considered in the calibration process. Therefore, the aim of this study
was to estimate the yield and evapotranspiration values of major crops in
Mahabad plain in West Azerbaijan province, through multivariate
calibration of SWAT model. Calibration and validation of the model based
on the data of a hydrometric station (Gerdyaghoub station located at the
exit of the plain), and crop yield and evapotranspiration of the major crops
of the region including wheat, barley, corn, sugar beet, alfalfa, apple, and
grape. A six year calibration period followed by a four-year validation
period was used. In the multi-purpose calibration process, the coefficients
of 1, 0.9, and 0.8, respectively, for hydrometric data, yield, and
evapotransplratlon were considered in the objective function of SWAT-
CUP software and SUFI2 method. In general, the sensitivity analysis of the
model led to the selection of 43 of the most sensitive parameters according
to their sensitivity to river discharge, crop yield and evapotranspiration.
Also, the heat unit potential required for full plant growth and Leaf area
index (LAI) were the most important parameters to simulate the yield and
evapotranspiration crops in the model calibration process. The results
showed that the SWAT model was able to simulate the surface flow in the
penods of calibration (NSE = 0.85; R2=0.87), and validation (NSE = 0.92;

R? = 0.89), as well. The model has high uncertainty in surface flow
SImulatlon especially over-estimation in low flow during calibration period
(PBIAS = 4.5%). In evaluating the performance of the SWAT model in
estimating actual evapotranspiration, these values were compared with the
output of the WaPOR remote sensing model. The results showed that the
RMSE criteria varies between 13.8 to 66.4 mm in the calibration period,
and between 23.9 to 53.2 mm in the validation period. At the same time,
the estimated actual evapotranspiration values of the SWAT model were
compared with the estimated crop evapotranspiration of the CROPWAT
model. In this study, RMSE criteria in the calibration period between 24.4
(3.6%) to 49.4 (6.5%) mm, and in the validation period between 21.7
(6.2%) to 4.4 53 (7.2%) mm were obtained for different crops. PBIAS
values showed that the estimate of SWAT model evapotranspiration in both
calibration and validation periods was lower than the estimate of
CROPWAT crop evapotranspiration. In general, for most crops, the
evapotranspiration values obtained from the SWAT and WAPOR models
are far less than the evapotranspiration values estimated by the CROPWAT
model that can indicate deficit-irrigation. Crops yield performance
estimates were compared by SWAT model with crop yield performance
values reported in the region. The results showed a relative estimate of the
model for crop performance, while the SWAT model somewhat over-
estimated crop performance. The present study showed that multifunctional
calibration of large-scale hydrological model SWAT in an irrigated area in
addition to using the usual river flow index, taking into account additional
parameters such as evapotranspiration and crop yield can increase the
accuracy of model results.
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Fig. 3- a) Digital Elevation Model (DEM) with a scale of 30 meters, b) Soil map, ¢) Land use map, d)
Location of meteorological, and rainfall stations and e) Location of Gerdyaghoub hydrometric station,
Mahabad dam, Dam Yousef Kennedy diversion, network of rivers and sub-basins in Mahabad plain
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Table 1- Results of SWAT model sensitivity analysis and the best value of each parameter in the
uncertainty range

Curlad ous 83gumw0 ;1 yolyl p2 uo oy X6t 9 SWAT Juo Comwliws Julod oG - Jgua

Parameter Definition t_value” p_value™ Initial Final Best
range range
¥ CNamgt  OCS runoff curve number for moisture g, 0  [-05,05] [-021,016] 0.03
condition II
. Effeective hydraulic conductivity of
v'_CH_K2.rte channel (mm/hr) 18.15 0 [0, 100] [22, 35] 27.00
v_TRNSRCH.bsn Water transfer losses 17.36 0 [0, 1] [0.37,0.62] 0.43
v_ALPHA_BF.gw Base flow alpha factor (days) -4.08 0 [0, 1] [0.32,0.58] 0.38
v_CH N2.rte Manning’s n value for the main channel 3.82 0 [0, 0.3] [0.10, 0.22] 0.17
Precipitation change with increased
v_PLAPS.sub elevation (mm/km) 3.75 0 [0, 50] [5,20] 6.4
Temperature change with increased elevation
v_TLAPS.sub (degrees C/km) 3.59 0 [-1,-10] [-3.0, -8.0] -6.5
v REVAPMN.gw 1 nreshold depth of water in the shallow 3.42 001  [0,500]  [228,375] 3087
aquifer for ‘‘revap.”” (mm)
v_ALPHA BNK.rt Groundwater flow reaction coefficient for 293 0.01 [0.1,1] [0.31,0.72] 046
e river bed
v_GW_REVAP.gw Groundwater revap coefficient 227 0.03 [0.02,0.2] [0.03,0.09] 0.05
v_GW_DELAY.gw Groundwater delay time (days) 2.05 0.04 [0, 150] [93, 137] 128.0
r_ OV_N.hru Manning’s n value for overland flow 1.97 0.05  [0.01,0.65] [0.23, 0.44] 0.31
v_GW_SPYLD.gw Special yield in shallow aquifer 1.81 0.07 [-0.5, 1] [-0.27,-0.45] -0.32
v GWQMN.gw Threshold depth of water in shallow aquifer 1.68 0.08 [0, 5000] [187,391] 253.0
for return flow
v_CH_NLsub Manning’s n value for the channel 1.65 0.08 [0,0.3] [0.14, 0.26] 0.20
r_SOL BD ()sol  Soil bulk density (g/cm?) 1.53 010 [-05,05] [-0.350.65] 021
r SOL_Zsol gﬁg‘ from soil surface to bottom of layer — 5, 013 [-51]  [0.52,008] -0.32
v_SMTMP.bsn  Snow melt base temperature (°C) 1.13 0.16 [-5,5] [-2.28, 1.85] 0.67
v_EPCO.hru Plant uptake compensation factor -1.05 0.23 [0, 1] [0.23,0.78] 0.49
r SOL K ().sol  Soil saturated hydraulic conductivity (mm/h) 0.98 0.27 [-0.5,0.5] [-0.18,0.29] 0.07
Effeective hydraulic  conductivity of
vCH KLsub e ) 0.96 0.30 [0,150]  [100,128]  103.8
© SOL_AWC ().s0l Soil available water storage capacity 0.85 031 [-05,05] [-038,017] -026
(mm/mm)
v_SLSUBBSN.hru Average slope length (m), 0.82 0.35 [10, 150] [28,35] 32.0
v_RCHRG Dp.gw rction of deep water percolation from oot ¢ 5 0.38 [0,1]  [0.56,075]  0.63
v SMFMX.bsn  Maximum melt rate for snow during the year 043  [0,10]  [2.00,5.78]  3.54
(mm C'day ™)
v SMFMN.bsn  Minimum melt rate for snow during the year 1.19 0.59 [0,10]  [032,332] 1.8
(mm C'day ™)
v_SFTMP.bsn  Snowfall temperature (°C) 0.51 0.63 [-5,5] [-1.16,2.48] -0.37
v_ESCO.hru Soil evaporation compensation factor -0.44 0.70 [0, 1] [0.52, 0.86] 0.76
v_SURLAG.bsn  Surface runoff lag time (days) 0.29 0.79 [1,24] [5.6,17.2] 11.07
v_TIMP.bsn Snow pack temperature lag factor 0.22 0.82 [0.01, 1] [0.16, 0.73] 0.39
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Table 2- Model performance criteria for calibration and validation periods
oyl g (ioly §10)93 g1y S 3, 8Mes glajline 3l - Jgua

Station Period P-factor R-factor R? NSE Rl\;lS];: PBIAS
©) (@) ©) (@) (m’s-) (%)
Gerdyaghoub Calibration 0.89 0.32 0.87 0.85 0.11 -4.5
Validation 0.92 0.87 0.89 0.92 0.23 6.1

Fig. 4- Comparison of simulated and measured monthly river discharge values at Gerdyaghoub station in
calibration and validation periods
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Table 3- Parameters affecting crop yield, and evapotranspiration considered in the SWAT model
SWAT Jute ;3 o 48,5 525 )3 3,Sdas 9 3859 w85 2 Pge s kel)l -V oo

Parameter Definition Initial
range
v_HEAT UNITS.mgt Potential heat units for plant growing at beginning of simulation (heat units) [500, 5000]
v_HI_TARG.mgt Target harvest index (kg/ha)/(kg/ha) [0, 1]
r IRR_ AMT.mgt Depth of irrigation water applied on HRU (mm) [-0.5, 0.5]
r_SOL _ZMX.sol Maximum rooting depth in soil (mm) [-0.5,0.5]
r_BLO_E (crop.dat) Radiation use efficiency in ambient COz ((kg/ha)/(MJ/m2)) [10, 60]
r_BLAI (crop.dat) Potential maximum leaf area index for the plant [0, 10]
r_ DLAI (crop.dat) Fraction of the growing season at which senescence becomes the dominant process [0, 1]
v_HVSTI (crop.dat) Harvest index [0.01, 1]
r—}(zzf(;l;;gg)E F Light extinction coefficient [0, 2]
. . . o .
+ FRGRW1 (crop.dat) Fraction of the growing season C%:ji?g;ﬁgﬁ tc(:1 ;BZ 1%t point on the optimal leaf area [0,0.2]
r FRGRW2 (crop.dat) Fraction of the growing season co;czsggg?;glglttg utrlileeZ“d point on the optimal leaf area [0, 1]
. . . . .
r LAIMXI (crop.dat) Fraction of the max1mu(1)111) t;:rli;llt llzsz ;1::: ét:\ilee)lcoc;)(;rrlreensg)é)::s,l:g to the 15 point on the [0,0.5]
r LAIMX2 (crop.dat) Fraction of the maximum plant leaf area index corresponding to the 2" point on the [0, 1]

optimal leaf area development curve
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Table 4- The final range of values of the parameters affecting crop yield and evapotranspiration considered
in the SWAT model

SWAT Juto 53 ol 485" 51433 3,808 9 3859 8 2 pi5e s kel)l (o dhals podlie —F Jguo

Crop

Parameter Wheat Barley Sugar beet Corn Alfalfa Apple Grape
v_HEAT UNITS.mgt [1256,1349]  [1268,1291] [2438,2670] [2857,3051] [1326,1457]  [2153,2227]  [1847,1962]
v_HI TARG.mgt [0.42,0.55] [0.31,0.39]  [0.53,0.68]  [0.47,0.60]  [0.62,0.77]  [0.73,0.89] [0.78, 0.90]
r IRR_AMT.mgt [-0.22,0.17] [-0.17,0.11] [-0.23,0.24] [-0.15,0.21] [-0.13,0.32]  [-0.22,0.29]  [-0.19,0.18]
r_ SOL ZMX.sol [-0.17,0.19] [-0.12,0.14] [-0.01,0.18] [-0.13,0.15] [-0.27,0.36] [-0.20,0.35]  [-0.26, 0.33]
r BLO_E (crop.dat) [28.2,37.4] [27.4,355] [0.64,0.83]  [0.57,0.71]  [0.37,0.55] [0.53, 0.69] [0.62,0.71]
r_BLAI (crop.dat) [2.7,5.6] [3.9, 6.4] [5.8,7.1] [5.2,7.6] [3.2,6.1] [5.2,6.3] [5.0,5.9]
r_DLAI (crop.dat) [0.62, 0.81] [0.54, 0.67] [0.65, 0.78] [0.81, 0.92] [0.39, 0.53] [0.69, 0.84] [0.71, 0.81]
v_HVSTI (crop.dat) [0.47,0.59]  [0.37,0.44]  [0.35,049]  [0.42,0.55]  [0.65,0.76] [0.56, 0.67] [0.52,0.61]
r EXT COEF (crop.dat)  [0.73,0.90]  [0.82,0.96]  [0.79,0.93]  [1.02,1.27]  [1.38, 1.60] [1.13, 1.31] [0.97,1.16]
r FRGRW1 (crop.dat) [0.01,0.04]  [0.04,0.07]  [0.02,0.05]  [0.03,0.05]  [0.06,0.08]  [0.01,0.03] [0.00, 0.03]
r FRGRW?2 (crop.dat) [0.62,0.71] [0.50, 0.60] [0.53, 0.64] [0.41, 0.58] [0.52, 0.60] [0.72, 0.81] [0.67,0.77]
r_LAIMXI1 (crop.dat) [0.32,0.45] [0.15,027]  [0.33,0.41]  [0.05,0.12]  [0.13,0.25] [0.29, 0.35] [0.23,0.31]
r_LAIMX2 (crop.dat) [0.64,0.74]  [0.61,0.72]  [0.58,0.67]  [0.52,0.61]  [0.57,0.69]  [0.47,0.59] [0.43, 0.54]

5 SWAT Juo jI Jobs (Bly 5pigpns uli awlio
SRMSE jlas ol 3lis CROPWAT o uudliy 3,55 s
5 ool Cawddy gl 3lEe D9y pie yio ue (3,0 Jguao)
Qo IO B YIS oriwly 090 33 (Lad B pas e b dualio
ojlisl 0)93 33 9 ) g AB)uke SV gae S @
M ylas g 9> ¥ game slp cipa do YIV B AIY o
2y 39y SWAT Jso ol Lis PBIAS e .tel cawday
J)9Tﬁw§ L_AY?.\Q}LA d.,,lf Ls‘)’ u}(.uu)lu&‘ 9 Wls dlbo)s.)
BY (o Zuwly 0)gd 1) 3ymig e & (gyeb 4 Cawl aily
azild y9lpaS Ao d Y B Y o oiw)liel 0,93 45 9 duoyd Ve
sBly (35933 Mo 3l LS gls (JS psboss (B Jgua) ol
polis S ol 40 WaPOR 4 SWAT Jus I ol
sl CROPWAT o bawgs o0 3yl Juily (5,85 s
9 SWAT Jae jl Jols (8ly 559,55 yieS plie olg)
Jdo Jamiliy 3595505 25050 polie b aylic > WAPOR
US BYIS oo oy 0)93 13 a8 gy il (6,luleS oaims
Gl i 4 GlleS Lo V0 BV ot el

el oal Candas 563l g )3 Y guammo

B9 ydlie (il O el o bl s Jl s
Jao 5 ond 35l by 3yig s b SWAT o 8y
6 loenss 019 sbo 3 dalllas 390 &Y guao (|, CROPWAT

Lol (Bl 35955 35905 )3 SWAT o 5,Slae )]
5 iy slboys> (sl PBIAS  RMSE 5 Slae (cloylins
G @l dwlie ol 0l W) B Joir ) (il
SWAT o 5l lis WaPOR 5 SWAT us | Juols sl
@ ) adlhe 3)90 SVgaxe §ymigpis Cuwl atuly
On ol 0y53 )3 RMSE jlixe ob )lis ol uiS™ (g 5lwdd
DYIY b YX/A oy soioniis] 090 3 5 siodso SS/¥ b \Y/A
SWAT  Juo amd o obid by Cul jiieo yio Jus
Proa) o AL /B (2eily 0)93 3 |y (HBly 5y ps
2a) 2o ALY oriliiel 0)93 )3 9 (953 Jpae
sl (gjlotd oLt &Sl 4zdls 3,91 508" (2 Jgeame
dglio (S 5k 4 Sl o SWAT Jio bawgs (oa8ly (5259 s
81 ey w3 olis WaPOR 5 SWAT Jua ol zls
w4 WaPOR | Jobs (8ly 552595505 polie «oYguass
olie wylae ST > Lol Sl Koy SWAT Jso 5l Jols
JHo (Bly 5y e polie I iy WaPOR (8ly (559 s

Gl ool Cuos 4 SWAT

Ve e i) oF 0 lowd cpdadd Jlw oyl O olie Wil
Volume 17, No. 4, Winter 2022 (IR-WRR)

Yo



Table 5- Values of model performance criteria for the actual evapotranspiration (ET.) from SWAT and
WaPOR models and crop evapotranspiration (ET.) of different crops in the period of calibration (validation)

9 WaPOR 5 SWAT (s Jue (ETa) ol 3 )91y o281y (8527 s pa3le (1ps Juto 3,Shos 61 )bro 15lE0 -0 Jgua

Parameter
Crop SWAT-WaPOR SWAT- CROPWAT
Calibration (Validation) Calibration (Validation)
RMSE (mm) PBIAS (%) RMSE (mm) PBIAS (%)
Wheat 38.72 (37.31) 7.61 (8.32) 34.2 (26.40) 9.60 (5.57)
Barley 13.75 (23.93) 0.5 (-3.60) 30.08 (21.7) 5.27(5.36)
Corn 29.74 (36.05) -1.97 (4.44) 49.42(31.04) 6.36 (2.23)
Sugar beet 48.37 (24.16) 6.57 (0.10) 24.46 (53.36) 2.61 (6.37)
Alfalfa 66.42 (53.20) 6.34 (5.31) 46.90 (27.80) 8.33(2.33)
Apple 35.70 (45.10) 2.43 (-2.88) 24.51 (47.9) 2.30(6.31)
Grape 33.86 (33.21) 1.15(2.95) 30.03 (47.44) 3.29 (7.02)
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Fig. 5- values of the actual evapotranspiration
(ETa) from SWAT and WaPOR models and crop
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validation period (September 23, 2015 to
September 22, 2019)
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validation period (September 23, 2015 to
September 22, 2019)
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Table 6- Values of model performance criteria for the yield of different crops in the period of calibration
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Cro Index
P R-factor P-factor RMSE (ton/ha) PBIAS (%)
Wheat 0.97)1.49( 0.83)0.75( 0.29)0.31( -5.28)-3.47(
Barley 1.48)0.98( 0.83)0.5( 0.24)0.26( -6.27 )6.34(
Corn 1.26 )0.87( 0.67)0.5( 0.30)0.54( -1.72)-6.92(
Sugar beet 1.03)0.64( 0.83)0.75( 3.31)2.41( -6.47)-2.13(
Alfalfa 0.85)0.58( 0.67)0.75( 0.43)0.48( -3.23)0.03(
Apple 0.81)0.52( 1.00)0.75( 0.51)0.69( -2.01)-0.80(
Grape 0.49)0.97( 0.83)1.00( 0.62 )0.58( -0.81)-0.95(
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1- Soil and Water Assessment Tool

2- Models Lumped

3- Linear Reservoir Approach

4- Hydrologic Response Unit

5- Muskingum

6- Digital Elevation Model

7- Retention Curve

8- Climate Forecast System Reanalysis

9- Water Productivity

10- Iterations

11- SCS Runoff Curve Number for Moisture Condition
11

12- Effective Hydraulic Conductivity of Channel
13- Error Bar

14- Standard Deviation
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