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Abstract: Affected by continuous high temperature and low rainfall, the Yangtze River basin had
experienced the most severe meteorological drought in 2022 since the establishment of complete
meteorological observation records. Based on meteorological monitoring data from field test sites, this study
selected August-December of 2022 as the research period with significant differences in rainfall and
temperature compared with previous years. The response of cohesive soil moisture to rainfall, evaporation and
groundwater level under drought conditions was analyzed by using soil moisture content and matrix potential
monitoring data at different depths. The results showed that the moisture content and water transport of

shallow soil (0 ~ 1.4 m) were affected by both soil evaporation and precipitation infiltration. During drought,
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the water movement was dominated by evaporation, with the depth about 1.4m and the effective infiltration
was only formed by long-term stable rainfall . The water content of the middle-layer soil (1.4 ~ 3.5 m) was
relatively high and stable, which was basically not affected by evaporation and rainfall during the monitoring
period. Soil water migrated downward in the way of "piston flow", and the zero flux surface near the low
permeability layer was affected by the heterogeneity of the soil layer during the infiltration process. Water
content and water transport in deep soil (3.5 ~ 6.0 m) were closely related to groundwater level, and the
correlation became weaker and the lag time became longer as the soil depth decreased. Compared with the
middle soil, the changes of soil moisture content and water potential gradient in deep soil were more intense
due to the dual effects of low permeability layer prevention and the decrease of groundwater level.

Key words: thick cohesive soil; drought period; moisture transport; soil water potential; moisture content;
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Fig. 1 Simplified geological map of the study area
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Table 1 Comparison of meteorological data at test site in 2021 and 2022
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224F A IR A IR(°C) 246 268 364 412 434 470 4838 512 48.0 474 394 223
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Fig. 6 Vertical distribution of soil water content in the test site from August to December, 2022
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Table 2 Average soil volume water content and coefficient of variation of each layer in
the test site from August to December, 2022
8H 9A 104 11H 12H
(m) OGRS Rk EORE S SUoR - dokeR FkE SoR - SR KA EARR
(%) L5 R EU(%) FIE(%) LS REU(%) (%) L5 REU(%) (%) S RE(%) (%) 5 R (%)
0.2 35.6 13.93 30.33 2.71 35.26 11.41 38.34 9.66 41.76 2.6
0.5 33.91 10.25 30.3 1.02 28.98 1.41 30.13 9.33 34.86 2.12
0.9 39.61 1.71 36.76 5.33 33.48 7.52 32.27 8.09 34.23 1.81
1.4 38.72 1.01 37.49 0.52 36.38 0.79 35.73 0.88 34.52 1.28
2.0 42.7 1.54 41.04 0.28 40.22 0.7 39.2 0.85 38.49 0.99
2.5 38.36 0.4 37.41 0.39 36.9 0.59 36.29 0.53 35.32 0.76
3.0 37.28 0.41 35.72 1.14 34.54 0.62 33.98 0.43 33.24 0.57
35 44.73 0.19 44.73 0.37 43.36 091 42.51 0.5 41.42 0.66
4.0 44.12 0.55 44.56 0.14 40.76 3.77 38.5 1.18 36.35 1.34
4.5 41.6 0.35 41.67 0.14 40.41 1.56 38.61 0.9 36.86 1.07
5.0 42.15 0.44 41.17 1.93 38.64 0.77 38.05 0.53 36.99 0.59
6.0 38.66 2.28 37.04 0.23 36.48 0.37 36.18 0.3 35.72 0.27
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Fig. 7 Vertical variation of average soil volume water content in

the test site from August to December, 2022
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Fig. 8 Vertical profile of total soil water potential in the test site from August to December, 2022
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Table 3 Monthly mean total soil water potential of vertical soil profile in the experimental site in 2022

- 8H 9IH 104 11H 12H
() 7K 7](% i€ & IR pi& pi& 7J<§§‘ pi& pi &
¥IH  ABRRE ¥IE  ABERRE WE ABRRH WE  ARRHE BE ERFRH
0.2 27427 5497 51173 1146  —207.67  110.68 —7226 7235 3823 563
0.5 -153.99 5572 2748 587  —18499 3998  —117.55  60.88  —44.53 3471
0.9 -19.34  43.79 -39.1 20.95 —44.01 46.59 -56.59  44.18  -17.28  33.06
1.4 -18.09  11.49 2901  12.65 -33.59 10.79 -39.58 8.65  —30.78 9.99
2.0 —22.84 0.91 2981 1452 —46.2 4.76 -55.3 3.6 -50.55 5.45
2.5 -27.15 0.2 -27.7 1.78 -31.69 4.45 -39.9 728  —49.05 3.14
3.0 -36.15 3.06 -34.47 1.64 -53.07 13.9 ~70.44 5 -88.82 6.35
35 -36.98 0.32 -36.87 0.35 -39.42 7.27 ~61.49 9.05 8243 6.67
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5.0 ~53.86 0.06 ~53.87 0.03 —54 0.19 ~54.31 017  —56.01 1.64
6.0 —62.14 0.19 —62.49 0.21 ~71.45 6.7 -81.85 2.08 -87.6 1.55
T4 2022 F ARG ERERITAKBHEERTIEKEHFEER
Table 4 Gradient value of total water potential and the movement direction of
soil water of the test site in vertical profile in 2022
3B (m) BN - L - 95 - = - 12N -
I, Jim I. Ji I Jima] I Jiml I, J5 [
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05~09 -33.66 1 —-58.92 1 -3525 1 -1524 t  -681 1
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40~45 1.57 l 1.50 l 1.60 l 53 | 1070 |
45-50 1.16 ! 121 ! 1.10 ! 265 769 1
50~60 0.83 ! 0.86 l 1.74 | 275 L 316 |
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Fig. 9 Rainfall-soil-groundwater relationship of the test site in shallow soil



226

LS Y

2025 4F

R FRT AT 38 57K %55 0.5 m T, (HFEFE)S, 0.9 m
T HEE KR IR KT 0.5 m )2, RWNE
J2 2 YR R AE R R AR A A 4N
Ko 14 m HHESI/KE DR R /NRT RS,
11 AR Ko WG, 1.4 m H5E 5
IR EAT /NI L T, 3 3R B A B [ ) R A8 K
SYTEI 1.4 m iz B i B v 1 HE 2% KT T FE SR
KR, AR E R ATE AR AE . 1.4m
A 11 A K BB B AR E R 0 BRI, LR B
X ZEREEEZ) N 1.4 m, 1.4 m DL b 35
KETR LB (N AB G R ERETER),
M 1.4 m DUF 23Kk E24 iz, i7E 1.4 m 4b
TERL T & BRI 7238 hE Al
3.4.2 HZFEAK- K- K OC R

2 R B R, A2 AR R,
TS AR E (15 10), 5 R A AR CPEIR 55,
i B A0 BB I g 3 W A8 KR 1 R G2 B IR
JE, NBAMATAAER G T . 145 /KR B s 7] %
BRERANR, 22 A IR RRE B A8 K R 7E LA
“TEIEF T K BB AR, AR E L

WK IE N REFEZER . 20~25m HHELE
8 HWIm AKsr1E Fizsh, 9 A Z Jak hA: iz 5)
(e K S B TEAE 17) , 78 2.0 m AT Ul 8k
TS H T, T 2.5 ~ 3.0 m A 3E K AR B — B
FRIEfE, EHOKETER, 76 2.5 m AP sUR 1K
I8 T ; 3.0 ~ 3.5 m H3E7E 8—9 H Ik 4>
fErizsh, 10 HZ e Lz, 11 HZ )5 3.5~
4.0 m K R TE FIE 30, 7E 3.0 m AT A
B SR T R AN [ A K AR B A
IKAYIB B 8] e A IS B R s ] 5 A M B ) o o e
AW FSNE, MR 50K FB P 2R
]2 B PE 5 | AN R IR FE 338K o ia 78 3 B 7 A
25, TEARB &2 A O K L 5 3 80
07 R R K AR BEFK 5318 3 7 18] KU, IR
B 2 MR TE B 1 RIS SEORI R J 1i8) 253 o 18
3.4.3 IRIZREK- T HOK - R KEEHOE R

TR 435 B K B 0 78 A B A AN 52 B R 52
B5H# TR SCRBYI(E 1), HRE TR
JEIN, FHOC AR 55 Ho A e IR 224G . 13 7
8 I NN AT B (b T /KRR 7.02 m),

30 40
—_ 22 [ W ~
o 4300
E 20F — w1302
5 {20 &
o P
B2 10r oy
¥ 10 ol
0 )
20 0
M 10 ¢
%
% -
= 2.0~2.5m
® ol —2530m
+H —3.0~3.5m
0 —3.5-40m
S 50 —%(5)
~ —25m
¥ ————— —3.0m
x ~— ——=—3.5m |
& 40p ———
= — |
B
+H 30
2
e 24}
=)
=
2022-8-1 2022-9-1 2022-10-1 2022-11-1 2022-12-1
HI9 (5-H-H)

10 7 b2 LSRR - - R R E R K

Fig. 10 Rainfall-soil-groundwater relationship of the test site in middle soil
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