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Dynamic Simulation of Soil Water, Heat and Salt in Freeze-thaw Stage of Cotton Field with

Different Mulched Drip Irrigation Years in Northern Xinjiang Based on SHAW Model
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Abstract: In order to investigate the applicability of the SHAW (Simultaneous heat and water ) model in simulating soil
hydrothermal and salinity dynamics during freeze-thaw period in long-term drip-irrigated cotton fields in the Northern
Xinjiang region, the measured soil data of cotton fields with the starting year of 1998 (21 a) for drip irrigation were used to
calibrate SHAW model in this study. SHAW model was validated with the data from drip irrigation start years of 2006 (13
a), 2008 (11 a), 2012 (7 a), and barren land (0 a). The results showed that, with the increasing soil depth, the simulation
accuracy of soil temperature was better, and the simulation accuracy of soil water salinity was enhanced and then weakened.
Nash coefficient (NSE), root-mean-square error (RMSE) and R? of simulated soil temperature were 0.713-0.993,
0.209-2.498 °C and 0.911-0.994, respectively. NSE and RMSE of simulated soil moisture were 0.824-0.967 and
0.009%—0.032%, respectively, and NSE and RMSE of simulated soil salinity were 0.609—0.844 and 0.001-0.012 g/kg,
respectively. The results of model validation showed that the simulation accuracy was better with the increase in the

number of years of drip irrigation, and NSE of simulated soil temperature was greater than 0.600 and RMSE ranged from

O#R_ETH: ERIEKXBHETH (2021AA003-1)F1[E K H KRB 2E3E 4T H (52279040, 52169012)% 8.
* SHIRAER (739301184@qq.com)
EH RIS . BEE(1999—), L, BRI A, BiHiFsd, FENF TR KEBRIIE S5 AP . E-mail: 18804561316@163.com

http://soils.issas.ac.cn



624 +

e 56 %

0.143 to 3.213 C in all layers of the drip-irrigated plots of 7, 11 and 13 a, except that NSE of soil temperature in the soil

layer of 20—60 cm in the barren land was less than 0.600. NSE of soil moisture was greater than 0.670 and RMSE ranged

from 0.009% to 0.057% in all soil layers of simulated drip irrigated plots for 0, 7, 11 and 13 a. NSE of soil salinity for 0, 7,

11 and 13 a were greater than 0.616 and RMSE ranged from 0.000 to 0.016 g/kg in all soil layers, except for the120—140 cm

soil layer with NSE less than 0.600. Overall, SHAW model is an available tool to simulate the soil water, heat, and salt in

cotton fields under long-term mulched drip irrigation during the freezing and thawing period in Northern Xinjiang.

Key words: SHAW model; Freeze-thaw period; Mulched drip irrigation; Cotton field; Soil water, heat, and salt
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Fig. 1 Location and distribution of experimental sites
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Table |  Soil basic physiochemical properties in study area
TR + 2 2 ~0.02 mm 0.002 ~ 0.02 mm <0.002 mm R pH FLpps
AERR (cm) bk (%) B (%) ZFHRL(%) (gfom’) %)
1998 0~20 22230 40.450 37.320 1.511 7.590 43.840
20 ~ 40 14.480 46.340 39.180 1.511 7.730 46.240
40 ~ 60 20.220 44.390 35.390 1.549 7.540 43.890
60 ~ 80 44270 38.160 17.570 1.549 7.560 41.560
80 ~ 100 64.360 26.320 9.320 1.568 7.280 44,610
100 ~ 120 55.430 30.160 14.410 1.577 7.500 43.270
120 ~ 140 53.220 34.290 12.490 1.577 7.620 44.470
2006 0~20 18.240 56.440 25.320 1378 7.720 49.910
20 ~ 40 22.480 62.340 15.180 1.454 7.730 46.950
40 ~ 60 28.300 50.310 21.390 1.492 7.930 47.110
60 ~ 80 18.190 44290 37.520 1.492 8.070 47.480
80 ~ 100 14.380 46.400 39.220 1.549 8.370 41.340
100 ~ 120 16.490 42.420 41.090 1.634 8.700 39.250
120 ~ 140 20.290 38.340 41370 1.672 8.670 38.970
2008 0~20 20.190 38.240 41.570 1.435 7.540 48.390
20 ~ 40 28.260 40.430 31.310 1.435 7.350 48.020
40 ~ 60 26.300 40.150 33.550 1.454 7.560 48.630
60 ~ 80 46.340 12.170 41.490 1.473 7.800 47.590
80 ~ 100 62.230 8.480 29.290 1.501 7.680 44.200
100 ~ 120 58.440 10.330 31.230 1.530 7.660 43.970
120 ~ 140 47.120 15.230 37.650 1.577 7.260 41.150
2012 0~20 16.140 52.100 31.760 1.431 7.470 48.340
20 ~ 40 18.480 38.360 43.160 1.463 7.720 47.360
40 ~ 60 30.260 28.370 41370 1.495 7.870 46.790
60 ~ 80 36.390 24.130 39.480 1.504 8.370 45.840
80 ~ 100 44.130 20.360 35.510 1.533 7.800 42.240
100 ~ 120 38.440 29.360 32.200 1.583 7.420 41.690
120 ~ 140 41.270 21.190 37.540 1.618 7.340 40.420
e 0~20 22.100 62.420 15.480 1.444 7.230 46.710
20 ~ 40 20.270 44.130 35.600 1.492 7.200 47.110
40 ~ 60 12.140 48.200 39.660 1.539 7.210 44.640
60 ~ 80 10.140 30.350 59.510 1.577 7.550 42.440
80 ~ 100 12.370 22.110 65.520 1.606 7.760 41.190
100 ~ 120 15.270 25.230 59.500 1.634 8.090 41.850
120 ~ 140 13.440 28.430 58.130 1.672 8.110 41.120
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Fig. 2 Meteorological data of test area
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Table 2 Input soil basic information of test site
+JZ(em) WRL(%) BIKL(%) FRL(%) LI A (g/m’)
0~20 22.230 40.450 37.320 1.511
20 ~ 40 14.480 46.340 39.180 1.511
40 ~ 60 20.220 44.390 35.390 1.549
60 ~ 80 44.270 38.160 17.570 1.549
80 ~ 100 64.360 26.320 9.320 1.568
100 ~ 120 55.430 30.160 14.410 1.577
120 ~ 140 53.220 34.290 12.490 1.577
F* 3 BREXFRMIIEVEFESH
Table 3  Soil physical characteristic parameters after model calibration
+JZ(cm) FLBE RN A8 %K b BRHEAL po(m) TFIFIKE K (cm/h) TAMAFRE K% 0,(m’/m?)
0~20 6.975 0.029 0.290 0.516
20~ 40 6.934 0.039 0.312 0.525
40 ~ 60 6.425 0.035 0.337 0.515
60 ~ 80 5.025 0.015 1.090 0.459
80 ~ 100 4.678 0.011 2.942 0.409
100 ~ 120 5.144 0.01 1.483 0.440
120 ~ 140 4.709 0.021 1.915 0.433
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Table 4 Calibration result evaluation of soil temperature
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Table5 Calibration result evaluation of soil moisture

+Z(cm) NSE RMSE(%) MBE MAE
0~20 0.871 0.011 -0.005 0.005
20 ~ 40 0.852 0.009 ~0.004 0.004
40 ~ 60 0.874 0.020 0.001 0.015
60 ~ 80 0.824 0.015 0.003 0.009
80 ~ 100 0.895 0.032 0.007 0.023
100 ~ 120 0.890 0.031 0.002 0.020
120 ~ 140 0.967 0.024 0.008 0.013
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S T S DM (B AV UL RS T LR (18] 4), SRR

Simulation results of soil temperature rates in different soil layers
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Fig.4 Simulation results of soil moisture rate
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Table 6 Calibration result evaluation of soil salinity
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A A Y O 4 L8 ™ ) O(Ogl ¢ O
g=d dz , ﬁl vH RBE IR ‘TJ— l:ll:l}n “@ »” YA , v n ~ . . . .
iijt AF'EIJE/M‘EX%LLII A “U” B E'{i 20~40  0.844 0.001 0.001  0.000
YH BE S > Y S = N=
’“’ﬂyﬁﬁﬁ” U PEE T I AP VAR A 00 2 40 ~ 60 0.804 0.001 0.000  0.000
I 60 ~ 80 0.707 0.012 0.006  0.000
Ko AN ) 78 R A FIR 5 A [R] )2 R B R L = 4 L 80 ~ 100 0.744 0.002 0.001 0.000
BRSO S E M ELME R 200, 45508 7)1 100~120  0.618 0.001 0.000  0.000
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Fig. 5 Simulation results of soil salinity
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Fig. 6 Simulation effects of soil temperatures with different drip irrigated years
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Fig. 7 Validation results of soil temperatures in different soil layers with different drip irrigated years
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HEIR LY NSE . RMSE . MBE Fl MAE 43518 —0.913 ~
0.985, 0.185 ~ 3.213 C. -3.097 ~ 0.149 F10.106 ~
2.986, NSE XTI ARHEAEFR 11 a>13 a>7 a >0 a b
He, RMSE XfEbh 13 a >11 a >7 a >0 a #ith, MAE
SFHA 13 a>11a>7 a>0 a Hidk, MBE XLl 13 a>
11a>7a>0a M, BpR I 5 B0 b i v A PR B A 401
RORBRGF, HAERREAERRELL 11 a S5 i Satlsl
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Table 7 Simulation effects of soil temperature by SHAW model

THEAEBR (a) +JZ(cm) NSE RMSE(C) MBE MAE
13 0~20 0.536 1.968 -3.670 3.874
20 ~ 40 0.826 1.095 -2.161 1.200

40 ~ 60 0.697 1.443 -1.002 2.083

60 ~ 80 0.677 1.337 -1.301 1.787

80 ~ 100 0.723 1.616 -1.290 2.612

100 ~ 120 0.818 0.812 -2.074 0.659

120 ~ 140 0.992 0.143 ~1.646 0.020

11 0~20 0.437 1.914 -1.827 1.722
20 ~ 40 0.642 1.262 ~1.234 1.106

40 ~ 60 0.820 0.879 -0.819 0.696

60 ~ 80 0.819 0.803 —0.600 0.650

80 ~ 100 0.878 0.629 —0.489 0.520

100 ~ 120 0.917 0.525 0.042 0.432

120 ~ 140 0.994 0.156 —0.172 0.115

7 0~20 0.082 2.308 —2.246 2.135
20 ~ 40 0.312 1.555 -1.567 1.451

40 ~ 60 0.465 1.305 -1.375 1.194

60 ~ 80 0.820 0.713 -0.771 0.634

80 ~ 100 0.926 0.444 —0.469 0.359

100 ~ 120 0.943 0.398 —0.342 0.305

120 ~ 140 0.991 0.160 —0.164 0.105

0 0~20 -0.913 3.213 -3.097 2.986
20 ~ 40 -0.398 2.058 -1.958 1.861

40 ~ 60 -0.058 1.633 —1.544 1.381

60 ~ 80 0.498 1.097 -0.901 0.914

80 ~ 100 0.787 0.713 —0.448 0.565

100 ~ 120 0.843 0.617 —0.545 0.494

120 ~ 140 0.985 0.185 —0.149 0.106

322 HHEOK P RAEBAACR AL b AN ]
T HE A R 22 1 2 K BAUACR , BEHLIE R 46
RAE 9] R8RS I SO Rl i VR I B — H 4 ) 5
TEFRSUESEA T A . 255 (E 8) R IRl
AN [R) B[] - 338 7K 53 B ADUEL- 55 S D0 A8 b A AR —
0, BRI S WA TR A PR T R Al Y 2R A R
R VR a5 RO fre e, 3 Rl A VR B B 4D i
#. BHERETE 120 em 2 AR ARY 22, Wb
IRE N RIZ BRSO B IR ZBAURCR AT -

X AN (AR B2 - AR A AU 45 SRR A T e o A (3R
8), T3E/K/3F-) NSE N 0.826, fixfm NSE 4 0.967.
AL HE A B R AR R )20 ~ 20, 20 ~ 40, 40 ~ 60,
60 ~ 80, 80 ~ 100, 100 ~ 120 Fl 120 ~ 140 cm) 13K
S BAIASCER 1745 NSE 4331k 0.743 . 0.823 ., 0.870,
0.853, 0.847. 0.837 & 0.811, ¥ RMSE /34 H

0.024%. 0.011%. 0.016%. 0.015%. 0.020%. 0.020% .,
0.029%, “F-¥ MBE 4335l —0.011. 0.000. 0.004.
—0.006, 0.000, —0.008, —0.008, ¥ MAE 45K
0.011., 0.006. 0.010, 0.008, 0.013. 0.012, 0.018,
SRS, BT ZUREE N, SHAW BARUBLIR B
L ST R R

AN T 755 A B L - B K A B RS R A A 22 57
THHEAERR 13 11,7 a K 9734 NSE 43514 0.863
0.864. 0.760 #1 0.764, F-1J RMSE 4354 0.013%.
0.020% . 0.019% HI 0.023%, ¥ MBE 43 %]k
-0.002, —-0.008, —0.002 F1 —-0.010, *F-¥ MAE 433l
}70.007. 0.013, 0.010 F10.013, J&#E 0 a f) 35K
/yH) NSE. RMSE. MBE F1 MAE 434 0.670 ~
0.830. 0.007% ~ 0.036%. —0.017 ~ 0.009 F1 0.003 ~
0.022, NSE X} A 11a>13a>0a>7 a #i3t, RMSE
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Fig. 8 Validation results of soil moistures with different drip irrigated years
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Table 8 Simulation effects of soil moisture by SHAW model

AT (a) +)Z(cm) NSE RMSE(%) MBE MAE
13 0~20 0.781 0.013 -0.007 0.007
20 ~ 40 0.860 0.016 -0.003 0.010

40 ~ 60 0.918 0.015 0.008 0.008

60 ~ 80 0.865 0.007 ~0.004 0.004

80 ~ 100 0.919 0.009 0.006 0.006

100 ~ 120 0.836 0.016 -0.009 0.010

120 ~ 140 0.857 0.016 -0.006 0.008

11 0~20 0.843 0.024 -0.011 0.011
20 ~ 40 0.912 0.012 0.005 0.009

40 ~ 60 0.905 0.008 -0.002 0.006

60 ~ 80 0.902 0.017 -0.010 0.011

80 ~ 100 0.854 0.013 -0.008 0.008

100 ~ 120 0.795 0.009 -0.007 0.007

120 ~ 140 0.833 0.057 -0.022 0.042

7 0~20 0.525 0.035 -0.015 0.016
20 ~ 40 0.741 0.011 0.005 0.005

40 ~ 60 0.824 0.017 0.003 0.011

60 ~ 80 0.856 0.014 -0.009 0.009

80 ~ 100 0.778 0.027 0.012 0.012

100 ~ 120 0.867 0.007 -0.003 0.003

120 ~ 140 0.727 0.025 -0.008 0.014

0 0~20 0.693 0.036 -0.016 0.016
20 ~ 40 0.752 0.007 -0.003 0.003

40 ~ 60 0.830 0.020 0.009 0.009

60 ~ 80 0.820 0.021 -0.009 0.009

80 ~ 100 0.788 0.021 -0.017 0.017

100 ~ 120 0.797 0.036 -0.022 0.022

120 ~ 140 0.670 0.023 -0.014 0.014

XA [RIGR JEE - R I B 25 St A T e T b (3
9), Z5HRFM 1 3EEE /> F NSE K 0.709, Hzii NSE
4 0.844 , AN[AIREVEAERR T AHIE )20 ~ 20, 20 ~ 40,
40 ~ 60,60 ~ 80,80 ~ 100,100 ~ 120 FlI 120 ~ 140 cm)
T4 E8 73 (19734 NSE 43302 0.720. 0.778. 0.808.,
0.764. 0.732. 0.668 F1 0.495, 7E 100 cm Ab 45T T
1; F¥J RMSE 43514 0.004, 0.002, 0.002. 0.005.
0.002., 0.004 A1 0.005 g/kg; “F#4 MBE 43514 0.001
0.000, 0.000, 0.003. 0.000, —0.002 F1 —0.001; F
] MAE 4351} 0.000, 0.001, 0.001, 0.001, 0.001,
0.003 1 0.004, H &% 5 oK —+¢, b1 JZRE
B ADURCR S0 5 05 o ST K Sy,

AR AR A 25— 28 {H P 35 ARSI 251
AR

X5 AR AT B b A 498 ER S AR A 2 SR i
AT Rt LSS RAFAE 22 5, HEAREIR 130 11, 7a %
S b 734 NSE 43504 0.733. 0.721. 0.708 FlI
0.666,F3] RMSE 43414 0.004,0.008 ,0.001 £1 0.001
g/kg, F¥ MBE 435k 0.001, —0.002, 0.000 £
0.000,F-¥J MAE 435>~ 0.001.0.005.0.000 £10.000.
RMSE. MBE Fl MAE B{REEALZITE T 0. THHE 0 a
() 13457319 NSE. RMSE. MBE #il MAE 43%h
0.418 ~ 0.797. 0.000 ~ 0.001 g/kg. 0.000 ~ 0.001 FlI
0.000 ~ 0.001, NSE X A [l i E AF R AR HH 43835311
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Fig. 9 Validation results of soil salinities with different drip irrigated years
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Table 9 Simulation effects of soil salinity by SHAW model

THEAREBR (a) +JZ(cm) NSE RMSE(g/kg) MBE MAE
13 0~20 0.740 0.010 0.005 0.000
20 ~ 40 0.823 0.002 0.001 0.000

40 ~ 60 0.809 0.002 0.001 0.000

60 ~ 80 0.755 0.006 0.003 0.000

80 ~ 100 0.833 0.002 0.001 0.000

100 ~ 120 0.643 0.003 -0.001 0.002

120 ~ 140 0.527 0.005 -0.002 0.004

11 0~20 0.782 0.006 0.001 0.002
20 ~ 40 0.807 0.004 -0.002 0.003

40 ~ 60 0.800 0.007 —0.003 0.004

60 ~ 80 0.768 0.006 0.005 0.002

80 ~ 100 0.652 0.005 0.000 0.003

100 ~ 120 0.739 0.016 -0.012 0.012

120 ~ 140 0.502 0.014 -0.002 0.012

7 0~20 0.603 0.001 0.000 0.000
20 ~ 40 0.690 0.001 0.001 0.000

40 ~ 60 0.829 0.001 0.000 0.000

60 ~ 80 0.796 0.000 0.000 0.000

80 ~ 100 0.795 0.000 0.000 0.000

100 ~ 120 0.722 0.001 0.001 0.000

120 ~ 140 0.519 0.001 0.000 0.001

0 0~20 0.672 0.001 0.000 0.000
20 ~ 40 0.727 0.001 0.000 0.000

40 ~ 60 0.797 0.001 0.000 0.000

60 ~ 80 0.796 0.000 0.000 0.000

80 ~ 100 0.636 0.000 0.000 0.000

100 ~ 120 0.616 0.001 0.001 0.000

120 ~ 140 0.418 0.001 0.000 0.001
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