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Abstract: Spatial patterns of soil water content are fundamental to regional ecosystem stability and the sustain-
able use of water resources. Focusing on the Qinghai LLake Basin, this study integrated field measurements and
remote-sensing imagery with statistical and geospatial analyses to investigate the spatial distributions of soil
water content and soil water storage at multiple depths. Machine-learning models—Random forest (RF) and
Extreme gradient boosting (XGBoost) —were applied to simulate soil water content and storage at varying
depths across the basin. The results indicated that soil moisture content in the Qinghai Lake Basin gradually
decreased with increasing soil depth (32.06%, 27.17%, and 24.99%, respectively) , while soil water storage
increased with depth (29.72 mm, 32.07 mm, and 32. 34 mm, respectively). Spatially, soil moisture in the
basin exhibited a general pattern of high values in the north and east and low values in the south and west, with
higher values in the upper reaches of rivers than in the lower reaches, and higher values in the mountainous
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areas surrounding the lake than in the lakeshore zones. Across different vegetation types, alpine meadows had

the highest soil moisture content and water storage. Model simulation results revealed that air temperature, pre-

cipitation, and the Normalized Difference Vegetation Index were the primary influencing factors of the soil mois-

ture spatial model. This study elucidates the spatial distribution patterns and environmental response mecha-

nisms of soil moisture in the Qinghai LLake Basin, providing a scientific basis for regional ecological restoration

and water resource management.

Key words: Soil water content; Soil water storage ; Spatial distribution ; Machine learning
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Fig.1 Qinghai Lake Basin: overview and distribution of sampling sites
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Table 1 Data sources
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. . Temporal .
Data name Data source Spatial resolution . Approach of achieving
resolution
H— Al AR 5T ESEIER SRS PN 250 m H http://ladsweb.modaps.nasa.
Normalized difference vegetation index National Aeronautics and Space Administration month gov/
gt} V] 5 7 0 e B R 2 B v 1000 m H www.tpde.ac.cn
Temperature National Tibetan Plateau Data Center month
R K & Il 5 7 8 e SR 2 B ehts 1000 m A www.tpde.ac.cn
Precipitation National Tibetan Plateau Data Center month
PRI Bk 2 [ Hb A A R 1000 m A https://earlywarning.usgs.
Actual evapotranspiration United States Geological Survey month gov/fews
W 5 T Il 5% 780 e SRR A P 250 m H www.tpde.ac.cn
Fractional vegetation cover National Tibetan Plateau Data Center month
BT A R 35S R = 90 m - http://www.gscloud.cn
Digital elevation model Geospatial Data Cloud
b R AR R Bt R 2 5 R O T 1000 m - http://www.resdc.cn
Land use data Institute of Geographic Sciences and Natural
Resources Research, Chinese Academy of Sciences
ER: $1 ¢/ EPEE T2 C N 1000 m - www.tpde.ac.cn

Soil data

National Tibetan Plateau Data Center




%3

TR TR AR < 75 V) U SR AR O3 2 R A Sy B UL 987

1.4 HBEITE
(1) 38K KgAKk it a A
KA

W

0, =

X100 (1)

Wy
K0, S KE %), w, K
R+ — T R, A @), w,
TECEERE, B .
A K A AR
W=aXyXhx10 (2)
Ao Wl b AR K B (mm) o g 3R K
R,y AR E (geem ), 2 JZEHE (em),
10 Ry A7 4 5 Z 8K OB AR ROK R i em #5350 mm) o
0~30 cm +3EAEK T A X
Wao=W,+ W,+ W, (3)
L. W, B 0~30 em £ HE £ K & (mm) ,
Wi, Wy, W4 5l 4 0~10, 10~20, 20~30 cm + 3
7K & .
(2) 1% A
fit Fl ArcGIS 10. 2 #4443 %1 n %% 7 A #1 8 H
NDVI.FVC i3 B E s, Jf 2 Wi i 5 4
THA M HE . gk 7 A M8 H KN & Al
ET %4, Jf 38 b Wbks 1158 2% 7 T 2430 50355 2
{E o b R 500 A0 A S 50 H R FH A 3 4 i, B
B A ) 1 B S G IR e I b M, DR
1SS TG S it
n
X= (4)
P XN &I RN n Ry £ 53 2K 2 0
BB, N N S REAREL .

1.5 HEmLIE

1€ Excel X} = HE R 1 | £ 1 5 f0 £ 1 25 81 4K
P AT R IR T RS O £ KA R
fH. fESLIERE b RIEHIERES HETFHEITE L+
e oK it R K s B S A A
AR FERAESRE S 0~10 cm, 10~
20 cm 1 20~30 cm 43 )2 R4 A T2 H R 3
U, I LA 3 W SE 1Y S A % R Y S K
B At oK i CUn A 5 {8, X5 80 4 B8 1 5 1
{E) o ff ] Origin 2021 3153 A [A] 8 2 4 4% &5 K 3 &
FLAK 7K St 0 B 8 M 48 (E (36 2-3) ; JF R Origin
2021 A 2 1 5 V6 0 U AN [ A e S T (Pl T e 9E
TR S BCR AT BR 2 5 7R 1% 28 A B - K )

() - 3 & K B 5 A K B TR A A AR T CE 2D L
Bl ArcGIS 10. 2 2 il 4 38 & 7K it K Hifig /K it 28 8] 43
A FRAE B B 3-4)

1.6 BEHRBTESKERMAKEEL T E

B HIL AR AR CRED FIA i A 1 32 T (XGBoosD 12
FET R R PLa 5 2 Bk B ARl & g
TINS5 (DL ROz A BRI S AR R A
T 3K S T A58 A5 2 T Tz BT X
PR A TR A b 3 g AR 2o R A i SR R R Y
Fet 2 AT T PR B8 1, BB 98 A7 250 8 K B 90 MR 7 1 5
i) , 34 b A AR AR AR AR 1 5 H AR AR 2 A A e A2
PESE RIS B ARF ST B RE I XGBoost #517
HEAT X LG A3 AT, 38 2 A TR P R PTAL IS, DA A —
A4 e L HETK A3 TN 25 S ARG FE AT S

AT A# I MATLAB R2023b 3 F, 3 F 52 )
Bl 5 20508 8%, 456 RE Al XGBoost 4517 | #) 1 19
Bk S A K s AL (B 6, 181 8) o 5 XSy
Hpr 28 &, 388 /K 43 B R S I 8His |, A8 o
B o 750 1Ak ) AR b, S B IURE A
i, 4 HCH A AR B A AL 5 O A s R vz b g
71, R R REHLRI 733 | R K dis 4R 4% B8 8006 I 2 4k Al
2020 MR AR TR 43 YN RAE T TREAS I 25, DA 4
TG RPERE . 3K BRI 25 58 iU >Rk
SHAP (Shapley additive explanations) J5 % -1 8 4~
iy AR S X U S5 SR DTk . T shapley sRETTAE:
IZREE AR Y SHAP L, LA 48 %) B35 fEL A 1 42 )y
HEAE IR — A3 3 4578 1 A X TTRRE

(D FE T REHL AR () sk 1 HEK 4l . RF
Y38 i bagging TR W& I 2k £ 587K 40 S AR AL . A
ZABCE AR JRR B E R /N R B T
R HPCSRRE 3 A B A0 2 B0 R B A 1 32 AL RE
ARG B, B 53 SRS £ T 38 55 0~10 em, 10~
20 cm, 20~30 cm K 0~30 cm PO [RIR B 14 + K
oy AL N Zhse USR03 K 7y 64T
T o Sy S BRAS ) 43 A PO, 15 56 0 I 25 b g A 7Y
Xof A ESCH AR OTHEA T T, 9K J5 i 1 T 45

(2 F5 77 1l v A6 B 52 T A5 2R 190 3t B - 49 7K 3 A
#lo XGBoost 3 T fitrensemble PR%L , % FH“Method”
“LSBoost” 5% B i & $2 Tt [\ 9 A% (XGBoost) 5 7l
X AN [) R B 4+ S K o3 o3 S e AT I 2k 55 T . A
BRI 25 2Z A0, 15 5 X 4R 4E B9 8 A FRAIE Bl 1 217
/N - KT — 4k (Min-Max Normalization) , B[} %} &



988 ¥ o ¥ 434 %
AEAE X $F A [0, 1] R =[corr(§.y)] (9)
v X —min(X) (5) : , -

" max(X)— min(X) RMSE/NZ}»\1<J7"3’1) (10)
I X5 WA 48 2 B min(X) Al max (X) — min S g ok T L Sk ST L N R AR B
LR PR H T Ja S e M8 S S POR corr 2R RE AR A 3G B 8K,
Fr— I — 1k 77 0. XGBoost J& T4 B 4 F+ 1
(Gradient boosting decision tree, GBDT) % Ji% , H: A% 2 %%Eﬁﬁf

O JEVAELE: 75 1T — Fe 1S 7R 1) 8% 22 LAl A B U1 258
10 55 27 > e CRLET R ), 54 Jir A3 5583 25 >J 45 9 4w o
K20 ok 3 TF 0IOKS B . X T o A i R
(Least Squares Loss) , 7E 2 m ¥ 3% AR B, 455 Y 3 o
EE: W R
F(X)=F, (X)+vXh,(X) (6)
A F,COH m A kAU f B R F g, F,—
LOXOFR S m— 15 2 ARUE L A B AE A, (XD
55 m A U245 2 Y | AR, o (5 2] 380 45 1 45 56 %)
%25 (AE TE IR BE o FERD LR I, mp &1

FO(X)Zargminzz(y,—r) (7)
b F GO BB W) B
arg min > (3, r) B 4 o H B 25 Bty 69 3

Ho 2 MEIEAG , S 2T R 25k
Fu(X)=F(X)+v>" h(X) (8)
K Fy (XD M A % ALE 1 fie 2 T pR 4
M*ﬁ’ﬂiﬁﬁﬁ(ﬁ,Zi‘jﬂhm(X)Eﬂ@?ﬁﬁ”%?%ﬂﬂ'ﬂ
[l D514 1 B P — BRI, S5 2 B R ot
e Bl b, S R A e AR A A B, A BIF 5 i
Ik Do A A5 2R e DL ST AR Ak Ok O B 2 B (i R g
B SR/ INREAS B 55 25 ) SRR 5 ) RO
TR I G NRIE R R L d 6. &4,
2558 WL XGBoost 152 83 1w H] T il A% B4l 1 32 4% T
T, S AN (6] 4 2 A S K B Y S [ AL
(3D BEALHKE BE PPN o Ay B TR ASE AU BE 1 otk
FE R EBCRD A 5 MR 2% (Root mean square error,
RMSE) #4745 BE P4 . B RMSE /b, RPBUK , %
AP RS 70 F RS B b v o A A 2t R

2.1 FENREBIESKEREKESITIHFE

TS [ R B 380 Bk A i 25 5+
(#2), 0~10cm,10~20 cm 1 20~30 cm P44 38 &
KA 32.06%,27. 17 % F124.99 %, +3EE K
SEIRORAE S5/ IME PO AR IEZE KR S R B R A
PEPIE S R B TR G I AR

T V0 T U 35 A A K A R R T
(#£3), 0~10cm,10~20 ecm F1 20~30 cm F 14 1 35
%7K &0 98 29. 72 mm, 32. 07 mm 1 32. 34 mm,
0~30 cm -3 R HEAF /K 5y 94. 13 mm. T IEAiF K
T S (E 5 e B BE R R 0, R K
{H A o 22 F1AR S 2% 50000 5 B 5 1G9 1
B, e/ IMA R B SR B BB s (R 3D 6

T T T AL A ()R 2 AR 4 9 K o S HLA K
W (E2) . EHESK R RS I 98 ) >
o FE R i > M B 2 ) A A A% SR (B 220 o R
R R R AR B RO A 11, 30 %~
13,44 % P s/ ;v FE KL JFUR [R] VR JBE - 1 5 K 1 AR
FEIEFEIAE 11. 70 % ~14. 30 % 22 [a) 5 1 = 2 w0 a) 1) ¢ R
H B R B B - M K B R R R, 0~10 cm £
2K R, ik E)39. 03 %, R HRZ HIEARAR
UK AT RRRE ST o - SR AR K DU R e FE A
= PV > i JE R IR B (18, 23, 20. 25,
22. 07 F160. 54 mm) FfE FE R (15. 58,18. 30,21. 63
155, 50 mm) B AR + B fig K B 22 57 AN K, HLAR B &
AR AR TIRIZ 0 AT R (B 2b) . m FERE A 7R
JEAEK B i T HABZE A, JEHAE 0~30 em P /K i
9106. 96 mm, i E K T E FER(55. 50 mm) R 1 5
JC60. 54 mm) , F IR Y 1 8K 73t 5 g

x2 BEHPRBAERRETESKERHIE

Table 2 Characteristics of soil water content at different depths in the Qinghai Lake Basin

TEHRE FEON] Hie/ME T SRR A4 T 1fE 22 B S R
Soil depth/cm Maximum/ % Minimum/%  Average/%  Median/% Standard deviation/%  Variable coefficient/ %
0~10 208.35 3.86 32.06 21.94 32.44 101.18
10~20 192.72 1.69 27.17 19.77 27.48 101.18
20~30 170.74 1.80 24.99 18.56 23.99 96.02
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Table 3 Characteristics of soil water storage at different depths in the Qinghai Lake Basin
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Soil depth/cm Maximum/mm Minimum/mm Average/mm  Median /mm  Standard deviation/mm  Variable coefficient/ %
0~10 109.32 5.75 29.72 24.81 18.46 62.11
10~20 128.84 3.70 32.07 27.16 20.85 65.04
20~30 123.29 3.69 32.34 28.30 19.37 59.91
0~30 350.73 15.20 94.13 78.02 56.81 60.36
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Fig. 2 Vertical distribution of soil water content and soil water storage across different vegetation types in the Qinghai Lake Basin
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Note: In the Figure, the dots indicate the mean, and the line segments above and below represent the interquartile range (25th - 75th percentiles)
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Fig.3 Spatial distributions of soil water content (SWC) at different depths in Qinghai Lake Basin
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