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Dynamic Modeling and Prediction of Soil Moisture Based on Real-Time Water
Content Data

WANG Tie-ying', WANG Yang-ren', ZHAN Guo-long®, NIU Shao-qing’, YAO Li'
(1.School of Hydraulic Engineering, Tianjin Agricultural University, Tianjin 300392, China; 2.Tianjin Dayu Water-Saving Irrigation
Technology Research Institute, Tianjin 301712)
Abstract:Real-time and accurate prediction of moisture content is to carry out irrigation forecasts, and to achieve
precise management of farmland water, which is an important measure to improve water efficiency. Based on the
principle of water balance in the root zone (0—60cm soil layer), the crop transpiration and water flux at the lower
interface of the root zone are linearized by using the Taylor series. On this basis, a dynamic soil moisture prediction
model was constructed with the real-time average soil moisture content of the root zone as an independent variable.
The real-time monitoring data (soil moisture content at 30cm and 60cm below the ground surface) of the wireless
soil moisture monitoring system (including three monitoring points) in Xilv Village, Wuqing District, Tianjin City
are used, and 5 days, 10 days, 15 days and 20 days are selected as the modeling series length respectively, and
regression analysis is performed to determine the model parameters. The prediction accuracy of soil moisture was

analyzed, using the two forecast periods of 10 days and 15 days. The results showed that: (1)the real-time prediction
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model fits well, and the deterministic coefficients under the condition of the three modeling series length can

above 0.80 (the number of samples are all greater than 550).(2) The relative error of 15 days modeling series is

the smallest.(3) Under the conditions of 15 days modeling series length, 15 days prediction period, and 10%

relative error limit value, the moisture prediction pass rates of the three monitoring points reached 98%, 100%

and 89%, respectively. It can be seen that the real-time moisture prediction model proposed by the research has

high prediction accuracy, which is convenient for modeling and analysis, and provides a new method for soil

moisture prediction.
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Fig.2 The change process of model parameters with time under the 10d modeling series at node one



T B ok W R %

542 4

AAEGHSH, AEHSHNEREE R R
FER SIS, X5 T4 R, 5d @RI,
ANEHSHINAECES] 48 4, A7 BFEAELT 8.0%:
10d @RI EEN AT 21 41, A7 SFEAREL 3.6 %:
1M 15d @HERFIKERA 9 4, HEHEARI
1.6 %. X TEHISENER S, WARYE S U i
KAEA S MEN AR F K _ERRAT R (R 1),
SN S AR AEE N B, 456K 2 b
KL, EE BRI AL, S a
(32 A Yt ] BRI S A 2 A0 £ 48 Ty 89K
PRI B AR R S A s 280 b 1A
AV 1) B BRBEE AR SR I R 55

2 a AR AR

(3) Z¥ra. b R RELA HB AL, T E R
i AR S R A e ] R B
IS ] A XS SRS R TN 445 2R A 5 o

TR YA DT A R =, AT T AR
RIALBE, FFA3 AN I Z L as b I AAZAL TG,
M1 1 PO, R Y R = AR R S AR T 2
W R BATHIR S, (2 H (i & A
HA T 25 . AR fUITR SE 1 52 IR A S 50 ) 22
Stk AR RN TN A AL S KR )
ZE ) ZE 5

F1 =ANRRESHBERRIIKENTL

Table 1 The changes of the three nodes model parameters with the modeling series

AR T JE Modeling series

7 1 Node I5i H Project
5d 10d 15d
1 55— Node one FEA %L Number of samples 600 575 550
“F-I4{H Average value a 0.0412 0.0300 0.0244
b 0.8354 0.8801 0.9027
AL EH Variation range a (—0.0814,0.3426) (—0.0550,0.2798) (—0.0542,0.2197)
b (-0.1922,1.3209) (~0.0649,1.2404) (0.1637,1.2080)
9 55— Node two FEAZL Number of samples 600 575 550
SPH4{Y Average value a 0.0476 0.0299 0.0235
b 0.8453 0.9017 0.9226
A5 Ak, 5 Bl Variation range a (-0.0972,0.6918) (~0.0749,0.1847) (0.0617,0.1421)
b (—1.0611,1.3259) (0.3618,1.2468) (0.5270,1.2033)
5 5= Node three FEA4 Number of samples 600 575 550
P44 Average value a 0.0254 0.0133 0.0098
b 0.8718 0.9299 0.9484
ARALYEH Variation range a (—0.0564,0.2780) (—0.0392,0.1624) (—0.0574,0.1014)
b (0.0254,1.2308) (0.4247,1.1753) (0.5353,1.2576)
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Table 2 The average value of deterministic coefficient under

different modeling series at three nodes

5 5 Node

ARG JE Modeling series

5d 10d 15d
3 21— Node one 0.8282 0.8954 0.9307
T # - Node two 0.8208 0.9067 0.9420
1 £1= Node three 0.8594 0.9337 0.9604

T BRRSIKEEN 5d. 10d A1 15d BIREAS B 50 600,

575 F1 550,

Note: When the modeling series is 5,10 and 15 days, the number
of samples is 600, 575 and 550, respectively.



1 TRk

TSI 5 KRB 1) - SR A 2 A AR R I

0190

222 SEIPAEAL TR GE 2E O3 By

S I AL 20 ) T 5 22 gk VA 0 3 R 2R 1) T
BARHE . R S AR S 5, 6ROk 15d
(A B K AT T, AR 4 =X (12D TS 2
FHX R 22 o KRR —ANT 814> 5d. 10d. 15d. 20d
DU Fofr 2 A5 2R 470 A R AT T % 2 40 A5 X ol
W RVIKEE, 4 10d A1 15d BAPTOLIF S T
AE U0 TR AR R 15 22 1) de KAE P38 Al ds /M

TR E S AEA D AR A BE (AR X R 22 38, 45 R
W2 3. MRV, JoMEAN T A, DL 15d
FRANKE AN 8 22 g/l s AP S AH B 221 5
10d TS (R AR 5 22 35 /8T 15d IS B8 22 5 A&
15d @B R G SE R, BN 10d F115d T3 1) AH
MRZE, =T RZEA I ESR, 5 KE A
2.94%F1 4.52% (555 =), He/MES R 1.13%F1
1.16% (19 R )s

x3 FRTR. BRAVKEMARAFE T LIRS KEMNERIHERENE (%)
Table3  The average relative error(RE) of soil moisture predicted value under different nodes, modeling series and forecast period (%o)
"y . 10d TJFU'TL#J:J 10d forecast period 15d T"EJ'_IU?? 15d forecast period
Node Modeling serics I RAHR R 72 SRR R 22 T/ R 2E TR iR 22 SRR R 22 T/ R 22
Max RE Ave.RE Min RE Max RE Ave. RE Min RE
¥ £ Node one 5d 7.96 3.97 0.62 10.87 491 0.54
10d 4.06 2.13 0.40 6.08 2.97 0.36
15d 3.17 1.54 0.21 5.05 2.28 0.19
20d 3.76 2.00 0.35 5.79 2.84 0.33
155 Node two 5d 6.39 3.17 0.46 8.94 3.98 0.40
10d 3.09 1.58 0.25 4.67 2.28 0.23
15d 235 1.13 0.14 3.53 1.66 0.13
20d 2.38 1.29 0.24 332 1.73 0.23
I 1{= Node three 5d 12.67 6.70 125 17.55 8.55 1.16
10d 7.15 3.76 0.65 10.76 5.45 0.59
15d 5.89 2.94 0.43 9.33 4.52 0.42
20d 5.82 3.04 0.49 8.54 4.39 0.46
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Table 4 Qualified rate(QR) of soil moisture content prediction results under three nodes 15d modeling series (%)

AHST R 2= 10d i W3 10d forecast period 15d ML 15d forecast period
19 A FHIRE BRMRIRZES  FEMXRES BMRES  BOHNRES  TFRHNRES BMIRES
Node Relative error  #%% QR of Max  #% QR ofAve. 1% QRofMin  #H* QRof Maxi  #* QR of Ave.  #%*% QR of Min
limit RE RE RE RE RE RE
4 15— Node one 5 81 95 100 63 91 100
10 96 100 100 88 98 100
15 99 100 100 96 99 100
4 15— Node two 5 91 99 100 79 97 100
10 99 100 100 96 100 100
15 99 100 100 99 100 100
% 15 = Node three 5 71 88 98 54 79 98
10 87 96 99 77 89 99
15 91 97 100 83 94 100
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Fig. 4 The change of the relative error mean value forecasting by using real-time prediction model with A
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