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Abstract

China is a resource-rich country with abundant grassland areas. These grassland ecosystems serve
as crucial barriers to maintaining the ecological balance in the country while providing a stable
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foundation for economic development. However, with the rapid expansion of livestock farming,
the issue of grassland degradation has become increasingly prominent, even manifesting deserti-
fication trends in certain regions. Faced with this situation, there is an urgent need to establish
scientifically sound grassland management approaches. Therefore, accurate prediction of soil con-
ditions is crucial for the sustainable protection and rational development of grasslands. This pa-
per analyzes historical statistical data and employs a Softmax logistic regression model to estab-
lish a four-class model for the impact of different grazing strategies on six soil conditions. This
model is based on processed data, providing insights into the influence of various grazing strate-
gies on grassland soil conditions. Subsequently, an LSTM model is utilized and trained on data from
multiple years with consistent grazing intensities and different soil conditions in grazing zones, to
predict soil conditions in 2023 under the same conditions. Utilize a Desertification Severity Index
Prediction Model and data to determine the degree of desertification at monitoring points under
different grazing intensities. Finally, employing indicators such as organic matter, moisture con-
tent, and leaf area index as substitutes for metrics measuring soil conditions like soil fertility changes,
soil moisture, and vegetation cover, the LSTM model, incorporating comprehensive soil data from
2014 to 2022, predicts soil condition data for the same months in 2024.
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HIRAS ARG A S RGN E R —, HESEMNZ, REEES RN T4
MIORBE SR TR A 1) B 1 R VDS DR B o 3o JRE TR b T 7 o B K PT E  B AR R I
RGN, LA K AR B ARG, SR IR BT BRI, R SR IRV EA . MR,
&L R TACE B TR TT L3RR PIRES, R R AR RGN AT RS o TECILAL ) R B A 9 R 5K
TSN 1) S TS SRR o S B e SRR BB A ORI [1] [2] R, THOIUAN R e S mss (s A7 O
JEE) R SR SR BT A A L . AR T R MRS . LK. 4 N LA 3 CIN L
SEEER, EA TR RS ER, HEEIE IR . RHERRE . R SR AL T R B IR
TR M N RESE . AU SETHESE 2014~2022 4F 8, @ AR T 2023 SEAEAN R (s
AORECCR ) FEOL T, (] LSTM J52E4T 27 21 0t 2024 4L A B L R ZASEAT U .

2. BWRIBEN 5KkR
ASCH B RIS A Sz 1R,
2.1. Softmax =&

YU ) R S N A [ TR SR (A RIS 58 P38 ) B P 2 B8l o Ji - S A 2 B R i ) e Y
T 5 B I X2 A (] VA 5 R A W A [ T S R B8 b 2l e SR SV A R A AR R,
— Pl Softmax R SRAG DY A - AL 224 5T 5 AN [R]TECHCH N ) DY 73 SRR PR AR F AR DA R R 7y A Y
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Table 1. Symbol description
=1 FFSULER

(e 43
RMSE Bz
MAE SEILAEITR IR
MAPE SPEANT E o H iR %
LSTM e J5 B A7 TR AR Y
Qi Pl 5
Wi BUE R 3

2.1.1. Softmax &
Softmax #8508 5 [A] 5 (Logistics) B A IHE) ™, Softmax & H AR & £ 32K, tHE1EZ juettH
IFBEA RS R A3 0 3 1 2 A SAJEIRIEJE TR — MR e, RIS, R AR A A )
Y=0+00+0,0,++6,2,=0"x 1

Horbrw RERE, y REAR, y RN (~o,0), GRBEIH, 6 (i=12n) REERAM, TR
HUE 0, WL T A R A R R ) SR

Softmax 1%

_P(yi :]_Ixi'q)— _e_'ngxi_
P(yi :2|x‘,q) o0

N . : 1 '

% :hg(x'): . =— — . 2
P(y'=K|x'q)]| e

VAE: BERE (Y BRI Z G B2 HK) .
Softmax [E]JTAET G0 R & 1 Fras

212 RBLGR
5 5 B 2 AR [ VR 7 iR A AN [T SR o i A S PR AL R E RO, ek 2
Pz o 2P 8ol (¥ H SO “37 MERR SRR, TR “27 HERRER R AR
IR AR Softmax B AT AN [R] A SR e Xt B bR 28 8 e B E A S M AR A O RN L, B 36
[LELER IR
0.18749361 -0.08152382 0.18908695 —1.7968938  0.04560131  0.12562905
-0.01772552  0.00408382  0.05685388  0.19276374  0.00868464  0.32389637
0.01157313  0.01591795 -0.1700262 -0.52627501 —0.00860049 -0.32719223
-0.18134122  0.06152205 -0.07293821 2.13040507 —0.04568546 -—0.12233319
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Figure 1. Softmax logistic regression model
1. Softmax E1&ERiE

Table 2. Regression model accuracy results

2. EARBBEER

T RS (EIEES
0 0.51 0.47
1 0.55 0.38
2 0.48 0.48
3 0.65 0.50

VA (E

0.49
0.51
0.48
0.56

2.2.LSTM =38!

B R GE T B TN S A (12 AU XOAEAN [ B E T 2023 4E H IR R A HLAR . K
PUBR. 4B, 4 N. 38 C/N HCEHE K . 5 SE @ ST AN R OO B AN S A A M s e A, 3t T o

REAETY T 2023 4F 30 S 1 A

LSTM #ERY, A7 b —Fhike @ T A ph 2 28 (RNN), E22 08 1l e 3 5101 Zrad A5 v i
JEERRNE BORR FE IR B3] [4]. fRI SR, w2 s @i RNN, LSTM BERS7E KA F 41 i A BEAF I
RIL. LSTM FERIAE RNN A7 ()Lt 138 3 388 T TRRAF P RNN A ICAZ 1) R, A AR A 22X 2%

RE % FL 1A ROtA K ER B K P52 .

221 LSTM B

LSTM 7E RNN (3£ al 45 R _E38hn 7 4 N T TBR (Input Gate). % Hi TR (Output Gate). 3% % JFR (Forget
Gate) 3 MEHEIEMIHIT, H& HIEER 7 — N oott b, KSR, it e a1z g

DOI: 10.12677/mo0s.2024.132118 1268

RS


https://doi.org/10.12677/mos.2024.132118

T AR I T4 (R IL 2 AL OB A5 SR . il AR i B 70 (Memory  cell)FPRZES . FLRA
ZERUn T 18 2

Self-recurrent

- Forget Gate
connection

- '

Memory cell M 1
input »{ cell . e e
U output
Input Gate Output Gate

Figure 2. LSTM conceptual diagram
2. LSTM #E2E

B A SR A R R

Input Gate: H T#&Hil{E B2 B R A ILIZHI0

Forget Gate: F T4zl b —IZIdAZ 5o 15 B2 AR R 24T 211 id iz oo

Output Gate: F T-4a il 4 iy i 1 (1% Hh 8, 38 348 OO BR BORVEAG  Tfn A A AZ RS I &

cell: 2870, EMZICIRERICIZ, BM15 LSTM 8o BARAF. . HE M K R
fIBEST -

Bl cell £5# 1 R &l 3 7R, E LSTM #& ML il ghid ferf, o o0 ¢ i 0 i SR RR A S N 22 5
NZ, Gidphm St as 5. B R, t — 1 ZIRBEUZ 5 A t — 1 2% cell B ICA7EI1E B
N LSTM £ 175 firbr, @id Input Gate, Output Gate, Forget Gate F1 cell FLIcHIALTE, i %dES ~—
BBl =B 2, Ft LSTM G571 s &s B 20, THE G RRZE, & MUE.

Figure 3. LSTM detailed diagram
[ 3. LSTM 48755

2.2.2. LSTM FiimlgE

HEAT TIN5 AR 0 i A R M (12 AN DO ZEAS RO R 2023 4F A RIAA LK. TEHL
Biw Ak 4N, T3 C/N FA5E AT DUBE T B 5 i B AT i BT 45 LSTM B2 i
2 A A7 ) TSP P52 AR TSR /0N DX 1 338 e 2 P T 0 2 T A SR 4 1) ) 81 1) 3 Ak 2 i 8, OF
N [ Sk SO A 2R T A
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DL 2014~2022 SERHUNX N G20 BURGEE N BEEBUGRE NE], s LSTM AL ZR ) v
Mg . BRI ZREE RN LL ) 7:3. e B anl& 4 prox, o3 b 2 iy iR 2378 0.31
LR, HERSUERR (5 3).
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Figure 4. LSTM training results
[E 4. LSTM MIZREER

Table 3. Training error of soil chemical properties under heavy grazing intensity in the G20 region
3 3. G20 REE KGR RN TR F M RINGIRE

LK TEHL EXT ER [ E4=4
RMSE 0.02 0.31 0.28 0.02 0.07
MAE 0.13 0.29 0.25 0.01 0.06
MAPE 1.23 4.16 112 0.75 0.52

KH UL L LMST FrfS #ERfAR T X 2023 AN [A] Fiehoss B2 AN X H 3R A ML . LR k. &
N HEAT TR, T+ 38 CIN L IF e il T % 4.
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Table 4. Soil chemical properties prediction results
4 DIBRUFERTUNER

TR P Plot SOoC SIC STC 4N CIN Lt
G17 16.85 6.44 23.09 212 10.93

NG G19 15.50 6.011 21.32 1.94 11.05
G21 19.47 4.23 23.85 2.34 10.15

G6 14.58 3.97 18.81 1.90 9.76

LGI G12 15.05 4.34 20.04 1.86 10.42
G18 19.06 8.02 26.77 2.24 12.05

G8 14.38 2.99 17.14 1.94 8.97

MGI G11 14.25 4.39 18.91 1.86 10.04
G16 15.17 10.85 25.82 1.62 16.02

G9 17.43 4.66 20.71 2.33 9.48

HGI G13 18.12 4.61 21.41 2.20 10.31
G20 15.65 6.19 21.85 1.99 10.98

3. WIRLEEEHEN S TRIRGLE X

5 75 R FIVD TR AR P 15 BT A TR AN 50 A AN R O 0 P D S b A A P e . T
o B BB TN A AR, B SRR T, IR I R 8 B A S RO R (K TR e, TR
TORSE, AR R HRETH A A, TS FTBORGR R RV AR R F 4

B Hrid, 0] RE RIS SR G A A R HEAT SR S VAN, X B B AR N AR AN T A
TIRIIREAARE,  HRAE AR 3 A AR 5 R P d /) RO T S

3.1 INRUIEE IR TRE

311 BEMFTEHEERFEE Q

PEACHIM SRR RN E 5 fis, AAREE: KaE. Bk, S HREER: MgsE, h
KPR HURKE; ASCINZER: AR, HEdcs. $a%8Kr. By inids. &
P RGEAE A RGBT « K B K AR R K S T % T bR K BRI R KA (R E R AR 4, IR
HUKE 200 em W B2 AR it R KA A K 10 om W8 FE VR S Hh 3 /K BRI K AR AR SO E AL 6 A
T R AR SR, B A  CEGEEAN DR EU | G 4E 6 A AR K 12 A AR 1k & B e i
BREHIE. BEE R SR RS NS 2 B AT HE

S8 (FH5E)

U (EHIRE)
- ERER (EHRIER)
£/ 853
hREZE HTRIKAL (200cmiERE)
AO#=
hFKERE (10cmiEE)
HEHE GAK. 12AK) AXEF

HEZFKT (EHFERANATXZEKN)

Figure 5. Factors influencing desertification early warning indicators
& 5. iENmE R E R
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L2 5 PR R EE B RN BR DA PR B P Q) T B 759, WS BRHA rh BO B e AT AR BR T HAR, R HLAR
S0 0~1 B — Al 4% 6 JRoR T AR AT ORI Qi RTHEEAE R

Table 5. Upper and lower limits of factor intensity
2 5. BFEER LRATIR

FSR AR TR ¥ FRR TR

F-H X g (m/s) 261 1.43 H T /KA (m) 7.7 4.85
[% 7K & (mm) 100 10 N\ E1% JE (person/km?) 60 7
SERRIR(C) 35 5 1 % %5 ¥ (sheep unit/km?) 25 5

T 5 50 10 NI ELE AW (yuan) 1100 450

Table 6. Partial calculation results of factor intensity Q;

6. MAETFEE QITHLER

wemit 20" %Tﬁ YA BAkR CPHR ADEE WEEE AL
(kg/m?) (kg /;2) (N*Ef\%l) BCC)  (mm)  #(mis)  (person/km?)  (sheep unit/km?)  JKF(IT)
0.0731 0.0714 0.3239 0.0532 0.0071 0.3500 0.0000 0.1990 0.0000
0.0638 0.0662 0.3286 0.0564  0.0040 0.3530 0.0032 0.2643 0.0181
0.0601 0.0606 0.3372 0.0599  0.0043 0.2831 0.0086 0.3657 0.0368
0.0640 0.0567 0.3164 0.0582  0.0135 0.2697 0.0151 0.3709 0.0545
0.0680 0.0533 0.2703 0.0572 0.0121 0.2914 0.0231 0.4238 0.0726

3.1.2. BROHEITEEFINE W,

JE RGP (AHP)RE T B R SR (1 5224 17 L gk P AN )2 R T (R 3R o 1 4 A f e J= O i A
B NA BB, 2Rl PEATE EANLS & 102 AR TTIL[5] [6]. TIRARATLIR T2 HoR. Z L
LTGRO 2 R e, [RIk, WTDAR T VAR o . I8 AHP R AT AE 45 R 7, iR
THEAR SRR R A BRI R 4% 8~10 P

Table 7. Three-Factor decision matrix
= 7. ZERFIEERM

[EWE HRE R AR HREAE ] 5 BUEAE (%)
KEWE 1 0.3333 5 1.1856 27.8955
2R K2 3 1 7 2.7589 64.9118
AN 0.2 0.1429 1 0.3057 7.1927
Table 8. Weights of meteorological factor factors
8. SREAREFN=E
KB CFHAIR) PIE (P35 KU Pk FEAE ) BLEAE (%)
RIRCFHRIR) 1 0.2 0.5 0.4642 10.2825
PATE (7 34 R TE) 5 1 8 3.42 75.762
P K B 2 0.125 1 0.63 13.9555
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Table 9. Weights of surface factor factors

# 9. WRERETFNE

T 5 R KA R K FEYR RRAIE
(FOBAEX) (200 om W) (10 om 1) g PUREC)
A 55 5
(R0 1 6 8 3.6342 76.1158
Ho R IR AL
(200 cm M#) 0.1667 1 0.25 0.3467 7.2609
MR K TR
(10 cm ﬂkr—) 0.125 4 1 0.7937 16.6233
Table 10. Weights of human factor factors
% 10. A\XEZERETFE
A HEHE HEBTIKF FRAE A EAG
FE OHR. 12HAXR)  (&HERAZSCEEAN) ] (%)
UNEE s 1 0.1429 0.25 0.3293 7.0383
WEHEG AR, 12 AK) 7 1 6 3.4767 4.2912
HEA KT
(Aot BT ) 4 0.1667 1 0.87361 8.6705
3.13. WRHIEEEREITEER
VAL R R A A Rk 5K
SM =77-3Sq =11-2(Q - W,) 3)
i=1 i=1
Ar: SM FRVEFREFREG o NI RS, AR ISR, n B R RN G QoA | AN

TR T Sq A | M T BEURRE K TTBREL: X, %, X, TR R KL, RIP5X b e s
JEE (0 DR 2 T B 1 5 R 5 T AL AR B SR A

G AHP 7245 21 1) & K 32 AR B0 BB RE L 4R L, TR 11 AUR R Edls
Table 11. Desertification severity index
=11 EIEEIER
Ay H VAL FREFRAL
1 0.0011
2023 2 0.0699
3 0.3789
1 0.0678
2022
2 0.1257
8 0.9551
9 0.7354
2014 10 0.4789
11 0.3797
12 0.0801
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32. TIIRGHER T
TR A HIRANY, BIRR AN IR EEG L, HITCRA M ERER, HHee
AR EVERE IR T
B=f(W,C,0) Q)

TR WD, FE CHEOR, S E OBIR, TIEIRESLIEE BB,

PR A BLAE SR o AR Ty B A R, AP s B3R SOC. 3 TCHLRK SIC,
T34 STC. 4 N, 3% C/IN Lbas: IRV HRE. HIRHSE.

A FH PR 1 3 AR T A 43 2 0 O AR X R i L AR S A R R AL U LA SR R T, IR e ST

3.2.1. EFSH
MR/ N p HIBEHLIN R X = (X, %+, X, ) BB U= (uy, Uy, 0, ) DR EHERES, | =(0y)
FoMHRH B

x=u+a,f+a,f,+ -+a,f, +&
X, =U, +a,f,+a,f,+--+a, f, +¢&

®)

X, =Uyf+a,f,+-+a,f +¢

ot £ =(f, e ) (M) WAIET, o=(s5,8,2,) WEIKRET, & BN ToHE 0L 1 BEHL 2
B FHRYE x = u+ Af + ¢ Fig tn F AR %

Var(f)=1 (6)
Var (&)= D=didg(0'12,0'22,---,0'ez)
cov(f,&)=E(f&)=0

ST HRAT AT 2 BAR AR S, R T UM B B, 5ART AR,

322 AFHHER

SEE 1 6 WA BN 12 By i J7 ZE 500 T R s L3RR 25 A0 IR T DU AN R 52 o Ll ik 85.163%,
LRZ M B 2 DA DY A o AR B A, i B FH DO A A R0 43 2 AR - S &5 A A

e R s O, SRIEER HIEENIY . IR . 3 E DL DAL FE R B < R
TR BRI IR LIRS AL 15 5 REUERE, Wik 13 FoR, &R B FBT &3 PUAS 32 o AR ]
PLEIE 8 T LRy, B— EH 0 (SOC HHEA LAk, 4% N. 13 C/IN th); 5 = F A5 (10 cm
THHEAE. 40 em HBHERE. 100 cm LEERAE); 2= FRN(SIC LK. STC h4hk); IUE
F53(200 em RBEHRE . WEAGTREEARSL).

BB LIRS B EAT RS, N AR SKE. SikE. THE.
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FHIEME

Hits5
Figure 6. Gravel map
6. A
Table 12. Total variance of components data
=12 R RAFEHIE
" I GERENR(EN SRER I TR G B fir 75 Al
e B FEASL BBw B FEASH BERw s HEEGL  EBEF%
1 3.742 37.418 37.418  3.742 37.418 37418  3.358 33.576 33.576
2 2.081 20.805 58.223  2.081 20.805 58.223  2.131 21.307 54.883
3 1.569 15.694 73917 1569 15.694 73.917 1.556 15.560 70.443
4 1.125 11.246 85.163  1.125 11.246 85.163 1.472 14.720 85.163
5 1.794 7.943 93.106  0.533 6.023 97.635 1.089 14.741 99.694
Table 13. Component score coefficient matrix
= 13. RO B9 RYMIER
BrL B2 533 434
SOC G MLk 0.308 -0.016 0.232 0.004
SIC 3L -0.202 0.035 0.338 0.047
STC- 34 hix 0.081 0.026 0.675 0.063
4FN 0.320 -0.007 0.154 —0.059
+HECINLL -0.270 0.017 0.160 0.086
10 e (kg/m?) 0.000 0.361 -0.005 -0.177
40 cmit % (kgim?) -0.037 0.427 0.035 0.080
100 cmiiE % (kg/m?) -0.018 0.380 0.036 0.020
200 cmif % (kg/m?) 0.011 -0.100 0.030 -0.471
WA AR B TR BT -0.098 -0.104 0.125 0.703

3.23. EEHER

BN ERE g R, T PUE AT PY 3 s o B S R A EE . S — 0 (0.4741); BB
F54r(0.258); &= 53(0.1569); FHPUE S (0.111). PUDNS CMEE B, 2Rl ENE. SKE.
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0

ThRE . TR W s A e B =
B =0.47410, +0.258M, +0.1569M +0.111D,, @)

K(7-5)F: B RnTIERL L O, KRAHE:; M, RRE/KE; M BREWHE; D, BanTIRE.
3.3. HUHCRISHERIGER
N FIRTE B VD E AR Fe BUR AR AL I 3 A Fe B R kAT B A, LR R
SM =77-ZSQi =f7-Z(Qi W)

B =0.47410, +0.258M,, +0.1569M +0.111D, ®)
{C,} =min{SM +B}

e {C ) RV IRACTE LR B S AR S5 (R FE o N SR R R AR o T B AR SR A fie 25 T3R5 {C | 4
RERE SFEIUER A rh IR/ IN DEORUBCHU R B2 DR 38, i 26 5 8 - 338 AR 5 A R 8w /N R S me AL F % 14

Table 14. Grazing strategy results
= 14, BRI SR

TS s
TN X G16
TS MGI

3.4.LSTM Tl

LEPIRAX 2023 4F U H B EHURAS, B E RS fabe A TR & IR HE S
o PRACAE X AR S A AT 7 0T R SR 15 IR OR B, KA MLEAF N BRI Sy, HE0K
BRI, R AR v A s . T BT LSTM @857, 434 2014~2022 £ fLA Y
TR, ) LSTM VAREAT 2% 21 F 2023 LA B9 IR REAT T -

MR

2014~2022 4E LA G HLE . Sk BRI IFRHE S LSTM BRI 248 FnR4E L el Ay 7:3, Ll Zhds
Ringk 15, © 7 fion. =FhEHUIRSTESRT RMSE E7E 0.62 LN MAE [EAGET 4.5, KA
.

Table 15. Model training error
15, BEIZIRE

LIRS Fa AR RMSE MAE
AHLE 0.56 0.28
BKE 0.62 0.45

T AR AL 0.25 0.15
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