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Abstract

China is a big resource country. Grassland resources are very rich and the area distribution is also
among the top in the world. Grassland ecosystem is not only an important barrier for maintaining
the stability of Chinese ecosystem, but also provides a guarantee for the economic development of
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our country. In recent years, the rapid development of animal husbandry has caused serious de-
gradation of grassland, and some even appear desertification phenomenon. It is urgent to provide
scientific grassland management methods, so soil moisture prediction is of great significance for
grassland protection and development. This paper analyzes the statistical data of previous years,
and then predicts the soil moisture in 2022, 2023 through mathematical models. Firstly, collinear-
ity analysis was carried out on the data, and dimension reduction was carried out on the data with
strong collinearity by Lasso regression method. Then the ARIMA time series method is used to
predict the data of previous months. Finally, ANFIS models for input (variables screened by Lasso
regression and soil evaporation variables) and output (soil moisture at different depths) were es-
tablished. The data measured in previous years were trained and the overall data set training fit
degree was above 85%, indicating a high accuracy of this model. Finally, the trained ANFIS model
was used to predict the soil moisture at different depths in 2022 and 2023.
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1. 51§

HRASRGUR VS BUIRAE AR, F R R EAS AN SR AN EE IR, T4k, b
BT B A KT i e, B R RAE &7 T P A R AR TARR AR A, KT SR R SR IT 4R K
B[] At AN S d 80, SRR R R, B BRI A, G R A . FHRAL
PR E A A A Th R, RORMRE T R B PO A Re ), RIS A ERARRE . UK PR AT ARG
BT, B P B B YA CRAP T W 8 Bk o R b ) R R S B AR SRR L AR SRR
DARAK 5 I B AR R R I S IR K 2 — (2] RIS 1 2R K R & R B & B iR H3].
AR T R 3 A B T A A AL, TS R N R AN B R SRR A A T R
o PRI AR SRR A 0 5 7 Sk i P8 5 o Do 358 g sR 2K K R AN B I s K SRR, R SRR AR R Y
A TBCBUR RS AN SIS DL T X 2022 4F ., 2023 AEAN [F] 358 8 B B9 P8 R AT 0 (B SR U T ik s i ge ik
HE% 2012~2021) [4].

2. 1RBIEN 5K#
ARBTG5 B H A L0 1

Table 1. Symbol description
=1 FFSULAR

5 X
VIE T EK R
ARIMA 2 el =NEEl Rt
ANFIS F & N AP 2 R 5t
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2.1. Lasso [@]Y3

2.1.1. HBMSH

SRR Gt S K BB, RIS E IIREA AR E KR NAN fE AR &, X B &
TVEBATAH R AT TN, A 3B M 2s . ST 2 AL N, £ B ILLR I R ARTE R M [ AR 2 o
PIANEE AN B B IR B BATRE B AR OC R RELH RAE MR K R, RXFEge B AT A
EAEH R FEER R . MO R AR B AT LA MR 0 b . X AL B S BB SR AT )20 [l )3 A 2
T Z KR T VIF, FO7 2K EZ KT 10, BRI 25 VIF > 10, Ay [ A7 £ ™ H 1)
ZEILLE.

xf T BA e 2 E L2 MR ) e RO R AT B AT LR Lasso [ K735, AH EA%Z 421K OLS (ordinary
least squares) 1% [ 9, Lasso (Least absolute shrinkage and selection operator) [8] V= mJ LUK L5 R 28 FAH 6 4%
N ERIRE RS2, NMR M — DB, b7 vE % B Rz A B Sr H R AR
I K H138 IR S5/ MAEIE) 7 i 2%

LM BT as R WA 2 PR

Table 2. Collinear analysis results (part)

2. HEMDINERERS)

Gl VIF
PR 1840.17
PR RACRR 1026.53
SR R 481.13

B HERTFHSE 2.29

HRORBE WL 2.14
Mean VIF 189.25

2.1.2. [EALR

7t Lasso [EIUATT, HTHdE S B BN ENARE, FEXNHIHEATIRHEN, @it Matlab 217 r#ELL
A, SRJE A Stata 403 58 I ECHE AN [F) R 2 L3380 B 3R 47 Lasso 115,

% Lasso [BIHF FISECTAFMER, BEERELE R B S AR KAR . X Bl IEH K
128 XIS UE TR G B B S 4, RURAEARBENL 2 9 Ky, SRR 88— N REARIE RIS, {8
TR ) T REAS e A TR ST 45— AN TREAS, (M52 5 FL i MSPE {8, FRf 85 =N TREASE NI 45,
KR F, WIS E, HPTE TR MSPE {f 2 A5/, W15 B i 10 7 g

F 35 T Lasso [HHRIER 45 H, itk 6 MR, RS FIAHIE AR R Lasso [T
RE, HARAT XA R E R R 0 [ E R A 00 b 28 = AR VAR g 1) 6 AR AT
AN TR R FEE - 3 8 AT M 308 g /N 3fev: Bl U 1) R B
2.2. ARIMA =8

XGRS R R, PRI, B URAE, PR < 0CHIR
B, SPERET T R, P RO S X (178 A AR BN AN AR E SR ) [0V R KA 0.
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Table 3. Lasso regression results (part)
52 3. Lasso [EJILER(ZR4Y)

B4 Lasso OLS
iR R 0.4408493 0.4479843
PR RR 0.4706232 0.5260698
B e R AR 0.0467226 0.0254644

TSR <0 PIREL —0.0079671 0.0009340
RIS -0.0365896 0.0027272

W S TR, PRI UR, ORI, TR < OCIUREL I
R, CPIERORFREE A IR R B O, L E MU
Q=f(X11X21X3’X41X57X6rx7) (1)

o X f8 P s R X, S PR X, feimm R X, 8 P RIE <0CHIRE: X
Ta PP s X 18 P R RREE XE; X, B RIEA R &

FETRIN 2022 4F 2023 AFA[F) PR FE LR LI, 7520 Lasso [5] VA Bt A% & A -+ 98 26 2 A8 & 1) A
A EEEATHN, BRI RS 2022 45, 2023 LE[AHSCEME, T EED G DA A ST
.

AR ER BT e e 12 LR G R, B8] 370 20 A (8 2 AR 0 25 1 AR A 38R F e o 2 sl A
K, BERABYIRBINE; E%ERBEBN RN, 50 A BARE B SRR, 5
YR ACABENLAS BT RS X B 28 45 S 3 AR A R . ARIMA R TR L I5) ) e B0 TN 20 My 7 k2 —, A RLK T
IXoF R B[R] 117 T B R B 15 B A — AN BENLT 51, F— 8 A R AR SR AR R X N7 51, x4
B — B IS 3R] LA 8] 21 (05 26 A IRAEAE R TR ARAB . HAR AL {8, AR AR AR T
AN EAEIHAMAMER R,

2.2.1. ARIMA Ei&

I ARIMA(p, q, d) FLiil i it 4 & A 49 28k AR s HE (5], Hor, py d F1q 230008 B EHA T
I 8] F7 51 R~V A2 5 B IS I IR 22 43 IR BRI RS B T35 5. /8 ARIMA #5548, JET- 36 1H(2012~2022 4F) %4
P TIIN(2022~2023 ) &N EAH N H AR, MZIT Lasso [H]H )5 (2012~2022 4F) 4 (P35 B i<
B, CPYEARSE, BEARAE, PRI < OCHREL ~FRE-PFRAE, FRm KR XGE, +
B R E)EN ARIMA BERIFIRTG6 5F, BRI Bk, AHEBRR T2, 4ih(2012~2022 )
F A AR EAE IR, ARG STZE )7 A AT PR AR IR, i RS IG AP AR, X R R BT 2 5
HEFITHa. 2Lk, 16 LL EB BRI F P Rait 18] 5 21 (O FERERE AL, FEARYE R (s B vENIE R AIC
B SR /N SR RS TR R AH B K ARIMA(p, g, d)REZY, B THL4(2012~2022 ) & A B &8 1H. &5, M
ARt BAENE £ AIC {EH/NMIEERL ARIMA(p, g, d), 1(2022~2023 )% H 4328 B A8 HEAT BN /0 b . 45
ERARE 1o

2.2.2. ARIMA FiiiIZE R

BFXT Lasso [H]UE i i e A% 5 A 98 28 O B AR B oy SR AT R ARE,  NF T REIMBEAY, TN A BT SR A A
VA N IR G — N R Z JE TR, FEEE R T 55 — AN BT A TR S #0A v B AEBRRAE 0 A, B
AL P SR 45 R H S R, DA i
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Figure 1. ARIMA modeling process
1. ARIMA ZE77E
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Figure 2. ARIMA prediction results graph. (a) Mean maximum temperature; (b) Mean minimum temperature; (c) Maximum
temperature extreme; (d) The number of days when the mean temperature is < 0; (e) Mean sea level pressure; (f) Mean maxi-
mum sustained wind; (g) Soil evaporativeness

[El 2. ARIMA TGS RE. () FHIRESRIE; (b) FHARKRKSE; () RERBRE; (d) FHKE <0HIXE; (o)
T ESE; () FHRKFER; () LRELE

Table 4. ARIMA forecasts results in 2022 and 2023
52 4. ARIMA Tl 2022, 2023 FE£5R

TR CPHIRIR BERIR CPWRIE < CPEIETIE CPEIRORRFSE LR E

G Rt AIR(C)  ARIB(C)  WE(C) O0CHRF  AJK(hPa) K% (knots) (mm)
04 14.39 -2.38 25.99 3.72 1015.09 13.04 10.56
05 21.84 4.97 32.13 —0.08 1007.78 13.7 18.95
06 26.11 11.28 31.66 -0.18 1004.38 11.1 25.79
07 29.53 15.44 33.77 -0.18 1003.05 9.94 27.27
2022 08 27.26 12.42 33 -0.18 1007.42 9.61 16.41
09 21.83 5.46 27.13 -0.18 1014.62 9.7 12.32
10 12.29 -3.7 22.51 5.92 1023.11 9.8 9.35
11 0.75 -13.67 13.21 24.22 1027.59 9.46 3.81
12 -8.76 —22.42 -0.93 30.72 1033.71 8.67 2.08
01 -10.44 —25.38 -2.11 30.82 1035.06 8.32 1.83
02 —6.52 —22.39 3.4 27.55 1031.8 9.05 1.94
03 5.24 -11.25 16.52 19.91 1022.06 11.16 5.31
04 14.39 -2.38 25.99 3.72 1015.14 13.04 10.56
05 21.84 4.97 32.13 —0.08 1007.84 13.7 18.95
06 26.11 11.28 31.66 -0.18 1004.43 11.1 25.79
2023 07 29.53 15.44 33.77 -0.18 1003.1 9.94 27.27
08 27.26 12.42 33 -0.18 1007.47 9.61 16.41
09 21.83 5.46 27.13 -0.18 1014.67 9.7 12.32
10 12.29 -3.7 22.51 5.92 1023.16 9.8 9.35
11 0.75 -13.67 13.21 24.22 1027.64 9.46 3.81
12 —8.76 —22.42 —0.93 30.72 1033.77 8.67 2.08

2.3. BIENWERMEE RS

MR HE IR o B AT A3 A0 T A s 25 5, AR R B AT BUBOR IS AR T T4 2022 4. 2023 44
VRIE VR AT TN . 7S TR ST Lasso [RIUH FT e A f A R 2Kk A R AR IR
R, 3R I A AR 25 TN (2022~2023) AN [ VA 45 1 T B
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N T AHZE DR 288 56 T A B {2 1 1) 1) R AR e B R RN I I oA B 2 S RN & B RE T, HR AR
TR IR I B HE R Dy B, e rp 10 5 DR 2 — gt /s B 2« AR RSt B B =2 H B IERLRE J1 1.
H3E M AR R GU(ANFIS)R G T 22 I 28 RIBO R G AL, AR B2 2], BIEMNMEE
71, FREEA TIBSHEKIEE )], AN TR — RGN L. HIENHEBRHEE RS (ANFIS)E T4
BB RS —Fh . LA Rh B RS EL, ANFIS AT (FHE B8k i, AEACTRAZ Z8 T i il L
2.3.1. ANFIS &%

TSI T-S ORI 5 o) I R, — Mo A — A FIE R 2%, BT ANFIS #E8Y[6], A7 45 1)
WKl 3.

Layerl Layer2 Layer3 Layer4 Layer5

Figure 3. Adaptive network-based fuzzy inference system (ANFIS)

[ 3. B EHIHEIE RS (ANFIS)
2.3.2. ANFIS FlZE R

HESTAAN CF e U, PR AR, B R, PR <OCHIREL I Us,

S $8) i KRR 28 IR N 38 7% A ) RV S (S (R VR P2 3 PSR, B ANFIS B, L ddls
(2012~2021 4F) AN H AN EE R, FLUIZRgE . MM ESIEEE LU . 7:2:10 AR IRAE B AL S5 44 9B
AN—ANr, GG AL 4 BtoR,  BFREAS AR B 143834 5 (10 cm, 40 cm, 100 cm, 200 cm)43 ) 57 g4
B, LR EL 10 om VR 3R B RO ] . HARRLIZRES A&l 5 s, BORLIZRFBR 2 a0k 5 o
I, R AU G EEIIAE 85% LA b, AR AU HER .
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® o
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Figure 4. Seven input and one output network structure diagram
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Figure 5. Model training results. (a) Training set; (b) Test set; (c) Verification set
B 5 BEVIGERE. (2) NEE; (b) MidEE; () Wik
Table 5. Model training mean error
#= 5. RENIZFEHIRE
it s PRz A
Ik 0.394 0.973
iR 2.187 0.854
Uran 1.903 0.873

Bt ANFIS SRR REAT T, Ho Ny ARIMA R S50 i $5 45 1) (2022~2023 4E) 3R, Hi N
AR 433892 5 (10 cm, 40 cm, 100 cm, 200 cm), ELAARTMN 25 5 0L 1 6, EAREHE W% 6 Fin . 2012~2021
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Figure 6. Prediction results of soil moisture at different depths. (a) Prediction results of soil moisture at a depth of 10 cm; (b)
Prediction results of soil moisture at a depth of 40 cm; (c) Prediction results of soil moisture at a depth of 100 cm; (d) Predic-
tion results of soil moisture at a depth of 200 cm
6. FEIRETIREETNER. () 10 mAETIEEETUNLESR; (b) 40 cm RELIREETUULR; (c) 100 cm
RETIEBEETNESR; (d) 200 cm RE TIEEE NG R

Table 6. Prediction results of soil moisture at different depths during 2022~2023
= 6. 2022~2023 FAERE LT E TN R

10 cm i&JE

40 cm 1B

100 cm ¥E

200 cm B /¥

i At (kg/m?) (kg/m?) (kg/m?) (kg/m?)
04 15.44 51.87 95.11 164.47
05 16.63 50.20 96.68 164.45
06 18.84 51.88 99.45 164.32
07 20.26 58.61 101.80 164.15
2022 08 18.47 54.54 102.49 163.92
09 17.65 52.55 99.28 163.67
10 16.15 50.65 98.23 163.42
11 14.6 49.09 97,52 163.30
12 13.67 48.39 96.05 163.28
01 12.94 47.86 95.73 163.28
02 12.22 47.83 95.86 163.28
03 12.76 47.48 96.09 163.28
04 13.84 47.42 97.31 163.28
05 15.36 46.61 99.12 163.26
06 17.83 48.91 101.96 163.10
2023 07 19.45 55.97 104.37 162.90
08 17.83 52.39 105.07 162.64
09 17.14 50.74 101.79 162.37
10 15.74 49.11 100.70 162.11
11 14.28 47.69 99.98 162.00
12 13.42 47.08 98.48 161.99
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AR BRI K B B L2k, @id Lasso 0157 i35t Sk T R 4E, (ETRI 2022 4.
2023 FEARITREE TR AL, AOR R IR R4 e AHOCEUE, THE ARIMA B [8] 7 41 77 vt DA 4 H #5812t
TR . JEIE ARIMA 7R FH0 AIF 576 ) 32 28 B AN 38 7% K B AE 2022~2023 4ERIEE . @74 A\ (Lasso
IEIElﬁﬁ?ﬁaﬁ?@%ﬂiﬁg%&ﬂiiﬁi)ﬁﬁutH(T [ R P 430 ) ANFIS BB, of A 4R BTl St 24T 11 25 B
BAREAR AN E FEIIE 85% LA b, AR BN HER . T ARIMA RTINS 2 AH DS S 4
ZTM 2022 4. 2023 FAFIRE BB . AHE TN T DU R R 0 AR RN B R AR S R AR
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