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Analysis of Factors Affecting Soil Moisture in the Tengger Desert Based on PLS-SEM and
SHAP Models
Abstract: [Objective] Soil moisture has a significant impact on the structure and function of arid and semi-arid ecosystems, and its
distribution is influenced by various factors such as topography and vegetation. To formulate effective soil moisture conservation
strategies, it is essential to provide references for stabilizing sand vegetation based on the different microtopographic types of dunes and
the characteristics of soil moisture. [ Method] Taking four microtopographic types of semi-fixed dunes on the southeastern edge of the
Tengger Desert as the research object, descriptive statistics are used to analyze the distribution characteristics of soil moisture in different
microtopographic types. A partial least squares structural equation model (PLS-SEM) is used to construct the influence paths of
topography, shrub vegetation, and herbaceous vegetation on soil moisture at different depths, analyzing the topographical and vegetation
variables that have direct and indirect impacts on soil moisture. The SHAP model, based on random forest and XGBoost algorithms, is
used to rank the contributions of different topographical and vegetation variables to soil moisture, and the variables with the highest
contributions are selected to analyze the mechanisms affecting soil moisture. [Result] 1) The soil moisture on the leeward slope and at
the dune bottom is higher than on the windward slope and dune top. There is a significant difference in the distribution of soil moisture

between the surface and middle layers, with more dramatic changes, whereas the deep soil moisture fluctuates less and is more stable. 2)
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Topography has a significant negative impact on soil moisture and a significant positive impact on herbaceous vegetation. Herbaceous
vegetation and shrub vegetation have a significant direct negative impact on soil moisture. Additionally, shrub vegetation has a significant
negative impact on herbaceous vegetation, thereby indirectly affecting soil moisture. 3) There are differences in the ranking of the
contribution levels of different topographical and vegetation variables to soil moisture between the random forest model and the SHAP
model based on random forest and XGBoost algorithms. However, all three models indicate that herbaceous coverage, slope aspect, and
height difference have a significant contribution to surface soil moisture; slope aspect, herbaceous coverage, and biomass have a
significant contribution to middle layer soil moisture; and shrub coverage, slope aspect, and herbaceous coverage have a significant
contribution to deep soil moisture. 4) Soil moisture at different depths shows a trend of initially decreasing and then increasing with the
increase in herbaceous coverage and slope aspect. Surface soil moisture shows a trend of initially decreasing and then increasing with
the increase in height difference. Middle layer and deep soil moisture show a trend of initially increasing and then decreasing with the
increase in biomass and shrub coverage, respectively. [ Conclusion] In windbreak and sand fixation practices, it is essential to reasonably
establish sand-fixing vegetation based on the soil moisture characteristics of different microtopographic types. On dune tops and
windward slopes, where soil moisture is lower, denser grass grids and sand barriers should be set up. In areas where surface and middle
layer soil moisture vary greatly, drought-resistant herbaceous plants and shallow-rooted shrubs should be planted to quickly cover the
surface and reduce moisture evaporation. In locations where roots can reach deep soil, deep-rooted shrubs should be planted to utilize
stable deep soil moisture and improve the overall drought resistance of the vegetation. Vegetation should be arranged reasonably
according to slope aspect and elevation difference. On high slopes and sunny slopes, which are less favorable for retaining soil moisture,
more drought-tolerant plants should be selected for planting. In the management of sand-fixing vegetation, appropriate pruning and

thinning are needed to reduce excessive vegetation volume and density, thereby minimizing the consumption of soil moisture.
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Fig. 2 Differences in the distribution of soil moisture at different depths across four microtopographic types
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Tab. 1 Average content and coefficient of variation of surface, middle, and deep soil moisture on different microtopographic types

0~40 cm 40~200 cm 200~300 cm
(BELEL PR A BT RE Coeff  FHITHUKG A EFRE Coeffi TR A T RH Coeffi
Microtopography verage soil mois icient of variati  verage soil mois  cient of variatio = verage soil mois  cient of variatio
ture (%) on ture (%) n ture (%) n
M Leeward 0.71 0.62 225 0.52 2.43 0.36
LK Bottom 1.21 0.41 2.23 0.25 1.98 0.23
FETi Top 0.81 0.87 1.57 0.46 2.01 0.27
W X3 Windward 0.33 0.57 0.86 0.41 1.09 0.51

2.2 B REAR A T3 3K R A

FEHOIE . FEARMRE . FARB A E K VOB E AR &, 9 MUEFEIE R LA LR B IREREK
3R S A B ek 3 ) 7 RS R P /s 3R U792 (PLS) TR 46 IR 42 I 42 R BT HEAT B TEARSG,
PAER FUXF 38K o IS A B 42 o BT T AR U0 PR BE K -39k o 7 AR B e s, SO e 52 M A N AR 8 110 70
Ak JRxt e AR oy F2 AR T4 s ), AR R REAE A AN BE A 2 (W AEAEAH BLAE I (Rl sg e 336K 73, H =%
HRREXT 145K 73 7= AR ELAE RS

B AR AN AT IS, A B ffa 22X (Cronbach's alpha) 18 FH Ty & —2H I & 02 (0] i AH e P
BB, DR S e AT 75 R DU AR R P ME S BARRAE B M EUELYE AN 0 31 1, R 1 R 2 1002 18] 1)
—EEEE . B, — e REET 0.7 BA AR EZ N — S KR, miE T 0.8 IR IA AR B 1)
—Z 47K (Tavakol er al. , 2011). DG. rho R H T VFlid IS PLS #4% (AL0T Zh e b i 0l e
71, BNPEAS R TN 5 S br WG 2 (A A S5 . DG. rho REXAEUE TS HEE T A 0 B 1 208, {Hiker
1 RS A b (0 TR0 66 7780t , BP0 5 SEBRULIIME 2 6] (A OGPk s, 38 DG. rho B30T
0.7 BN A& i A2 1) (Mehmetoglu, 20120, 25 —4FAEAR B T 7R AL (1) S PR 77, 3R —REAEARBR K
e BRERLNT AR AR T AR 22 IR 7 ZE380/N, IR AR B ARG AT FE b 1) B A4 TUU R 77 B0, R 08 A ey Hb e
HMERIEAR A o B ARPIEALIE T ORI I A5 (Dijkstra ef al. , 2011). 2 RN R A
BERURT AN FE bR B TN e DA L, HAR A W G HUE . IR R (R 2) R\, LK
] C. alpha R£(7719 0.89 F10.79, #it 0.7, 4 MELER DG. rtho REIIAF] 0.8 UL L, HE—KHER
YIRT 1, S HHEARE/NT 1, ATCLACAMT B A R T

R2 SMPEBEBHERE
Tab. 2 External model validity test
C. alpha % DG. rho R4 5 RHIEAR 5 TRHIEAR

WA E
C. alpha coeffi ~ DG. rho coeffi  First eigenval  Second eigenvalu
Latent variable
cient cient ue e

¥ Topography 0.89 0.92 2.58 0.53

WEARMEA Shrub 0.61 0.84 143 0.56
FRTE MY Herbaceous 0.66 0.80 2.09 0.99
45K 4> Soil moisture 0.79 0.88 2.14 0.70

FPRIE L TR GoF (B SS N B AR RE D, THE A 30N

GoF = \/communallty x R?
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Hrh, communality R~ MINAL BT EMFEREN T IIREEE, GoF BJHUELE 0-1 Z 18 24 GoF<0.25 I, HiHY
FEREREJ1EETS; 2 0.25<GoF<0.36 B fRFERE )4 4 GoF>0.36 I I AYfRREfE 14 UF (Wetzels et al. , 2
009), iEitit4 8 Fcommunality =0.56, R% =0.61, GoF {4 0.58, PIIHL] LUARAS M AL R fARE ik 77
e (B 3) 45 RR ITHL 0 SEAAE B A7 0 B B W IR TR S, X R K A R W s, &
R A R AR e 0T - 387K 40 B AF A S35 1 A7 ) 520, 1T AR B T AR A R R A X K A3 (Y A o R
FEARE OO AN e B A B AT S0, AT R F T AR 4 5 B A e 2 [R) A7 A 7K 43 R 25 (1) S5 1) 38 4
RFR, RITEACKE Y 2306 BEAKE M (1) 7 A FOBCER = A 5, DT (B2 5 M 438K 43 o %o 438K 435 10 1 280
PR RHAMIE (B=-0.636), HICHEARRY (f=-0.329), BEARMYPILWBNFEE &N (f=-0.16
8)o Hirp, MU rR I AN T 250 A K A S I 2 (P<0.01) B AR Ak v f 5 A 56 58 R R A 2 B 50t 4=
BRI i (P<0.001) [ HEAHE B Hh ()E AR 56 B2 438K 73 s e . 2 (P<0.001)
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Fig. 3 Pathways of influence between soil moisture and different topographic vegetation variables
2.3 AT SHAP FLRL ) 438K 73 M A 22 70

K BEHLARMRFD XGBoost PIFIALAR % > FIEM AR AL, SR RS R AN 5 Hr22 IRAIF XY (1768 250
BT, AMREMSHWNER 3. 4 PR. BEVGRMEERE . 2R ZE LKA T R 53518 0.8
4. 0.70 f11 0.83, XGBoost FEHIX K2, FERIR)Z IR DA R2 735104 0.68. 0.61. 0.59, BEHLARA
B 40100 P o v

®3 FMENAMRERMSH

Tab. 3 Optimal parameters of random forest

24 Parameter A Value
n_estimators 49
min_samples_split 6
min_samples_leaf 1
random_state 42

% 4 XGBoost IRE RS H
Tab. 4 Optimal parameters of XGBoost model

Z# Parameter IUfH Value
n_estimators 87
learning_rate 0.1
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subsample 0.05

colsample_bytree 0.8
max_depth 5
reg_alpha 0
reg_lambda 1

73 M E 2T BEHLARARAN XGBoost ) SHAP F AR PG AR foxf 30K 7 (K B ZANEEATHE Y, SHAP {HI
YERPE R SR 1 AR R 3K UM (9 55, 2 BB AR s 3K 7 (R LG . SHAP (BN IEZR B
AN R HOK R B I H . WNERRIERNKRE, ZEERENLE, BREAMREIEC. b1
PUARMAE R RS DU RE T v, IR BB UM R AL B (M L ENE AT H Y, SR 40 &5 IHEFP SRR
BAZ RN ANFNAR L LK R EENEIFA 2, HEEGHFSRGE]: FARE ., Ba Mz R
JE K TTIRRE FE RO s SR AR 5 BE A AR &oxt vh 2 3K 7 I TR AR BEROR s RS R S S TAI AN
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Fig. 6 SHAP Feature Dependence Plot Based on Random Forest
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Fig. 7 Waterfall plot of soil moisture impacts on four microtopographies
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