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Abstract

Through processing and analysis of daily-scale soil moisture data (at depths of 10 cm, 20 cm, 30 cm,
and 40 cm), precipitation records, and water level data of the Chengbei Reservoir in the Dinghai Dis-
trict from January 2023 to December 2024, this study quantitatively investigated the relationships
among precipitation intensity, soil saturation, and surface runoff. By introducing the reservoir’s
catchment area and water surface area, water level fluctuations were converted into runoff depth.
The results indicate that: (1) The correlation between surface soil saturation (10~20 cm) and runoff
depth is the highest, while the response of deeper soil layers (30~40 cm) exhibits a lag of 1~2 days.
(2) Significant seasonal differences were observed: the surface layer (10 cm) dominates in spring,
the middle layer (20 cm) has a prominent influence in summer, and the surface and deep layers
(10 cm and 40 cm) show synchronized effects in winter. (3) Multiple linear regression analysis
based on 168 runoff-generating events yielded the optimal relationship: Runoff Depth = (Precipita-
tion from four days prior) x 0.40 + (Soil Saturation) x 0.15 - 0.77. In this equation, soil saturation is
highly significant (p < 0.001), while precipitation from four days prior is positive but marginally
significant (p = 0.182), indicating that runoff is primarily controlled by soil saturation, with the in-
fluence of precipitation exhibiting a lag of approximately 4 days. (4) Typical event analysis vali-
dated the decisive role of soil saturation: a 4.37 mm rainfall event on May 13, 2024, generated 10.67
mm of runoff when soil saturation was as high as 40.9%, whereas a 101.5 mm rainfall event on No-
vember 27, 2023, produced no runoff due to soil saturation being only 1.7%. The research findings
can provide a scientific basis for flood early warning and reservoir operation in the Dinghai urban
area.
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R ARV O A A EEHLH]: — R S rm, B KRS IR NBR ), 2 REKE
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FE W X M AL R A 5 PRSP i A, 30 490 T P D PR 0 X 4R K B 14725
ZK(mm). IR DL AR R o, Hrh e R B R L TR L, ik
BRI, Tk LOKPA L MBS R Ry, LR, AR 30 K. Wb
ERRXOKEE, SR 4.98 175 Tk, SAOKIITRDY 16 73V Ik, BEZ 122,95 530k,
FIT B A K [3]-[5].
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AR TS = 2 () 7 5 B4 -
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e FE A P 3B 70 R b e A RO
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(2) WiJEARSCAHT: THEARRIR S IR FE IRAIE L B/ EAEA AT 5 R E(0~3 K) T I R /R b AH
ES 3 OV PSR VAPN R L DR
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F(12~2 H), /3 RIHES A FR R A S AR TIR AR S
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Table 1. Statistics of soil saturation and runoff depth
1 HIEAMESERAS T

A ¥iME Nl
10 cm L3RRI (%) 226 9.1
20 cm =3V E (%) 18.3 15.3
30 cm I (%) 276 12.4
40 cm HIE AN (%) 31.3 75
IR (mm) 0.12 432
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Bk ERTEFFI
100 -k
804
E
E o]
L]
§ oy
204
ot |1| A “Il“llkl“ 1|||‘“|u. [ Ll 1. |l”..”‘l\\ lII““llhlll‘Ill L Il I | |1
ZRE EFS
304
20
E 104
% 04
=
[

FKELHAKE (10em, 20cm)

1 \MMW“"”\U‘W\MJ JJ I MMM\M o

RELTEEKE (30cm, 40cm)

—— 30cm

09 — 40om
< 30 —
o -
%
41 20 4
=
_H

10 ~

@“” @”“
Elﬁﬁ

TWAEKE ®)

o

{5 s fs 's
X\ & o o
> o

2-
9.?

Figure 1. Comprehensive time series diagram
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3.2. fFRHEXAH

T EARRIR S & A BAEAN A REIA G R 8, 4R 2 Fos.

20 cm IR 5 ARG BT AR DG M B v (r = 0.21), kN 10 em (r = 0.20), 17 /Z(30~40 cm)
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Figure 2. Lag correlation coefficient heatmap
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3.3. FEHHME

AR LIS B SRR AR VAR E B3 22 2 (K] 3). BFZE(3~5 H): 10 cm RZEM MR &
(0.50), 20cm ik 0.42, "WRESHEZEE . k. LHOKMEKAE K. EZ(6~8 H): 10 cm R
%-0.04, 1M 20 cm {5£R#%F 0.42, 30 cm 4 0.21, R E F=miRk A& KERIZKFBBRIZL, )= E e E
SRR J7 o BKZ=(9~11 ). B IREAH M 38 R %, 10cm 24 0.33, 20cm 4 0.28. %4Z(12~2 H):
S WM A, 10 cm AT 40 cm 4 Hilik 0.47 F110.48, W REN R L PHRE, ARFAKHIR 2 il T AR
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Figure 3. Seasonal correlation diagram

B 3. FEER R

3.4, HEIEHSH

341 EFHM: 2024465813 H

2024 5 H 13 Hag— a7 LB A BRSO E F ML B =2 45 o 1% H Bk &Y 4.37 mm, {HHT
11 20 cm AR ANE FA 40.9% (£ 2), IR BEE R . RIREGGE 10.67 mm, X R K EE K AL 1K 0.32
m, FARMERIRIFEKE) FIL 2.44, RRRKED KR, X —I SR 5N OB RERK
gy, THMERIER G, KRR IR R 2 AR I PR, AR TR L AT A A A
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Table 2. Changes in key variables around May 13, 2024
F2.2024F 5 A 13 ARG XBEETL

30cm -

40cm

- 10 cm 3 iy 20 cm 3 30 cm = 3EM 40 cm 3EM
= SRS YR
H MK E(mm)  ARFE(mm) I (%) IR (%) IR (%) HIFE (%)
2024.5.12 0.00 0.00 36.8 40.7 35.4 36.6
2024.5.13 4.37 10.67 375 40.9 35.7 36.6
2024.5.14 0.00 0.00 28.4 40.8 355 36.4
342 BEEH: 202468 12H
Table 3. Changes in key variables around June 12, 2024
523.20244% 6 A 12 HRiG<BTETL
. 10cm 3 20cm 3 30cm R 40 ecm LB
CENVE=N SAGE VIR
H K (mm)  FHRIE(mm) T (%) T (%) T (%) R (%)
2024.6.11 0.00 -2.67 36.3 40.9 37.0 36.7
2024.6.12 35.9 12.33 36.8 40.9 37.0 36.7
2024.6.13 0.00 0.00 36.7 40.8 36.9 36.7
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2024 4 6 H 12 HER(4 3)FF/K & 35.9 mm, HiIHA 20 cm 3381 AL [W] 4 =ik 40.9%, fR9iiR 12.33
mm, &A% 0.34. SHEFHMML, FAKEINS 8 s, BRI, HERALREREK, ~E
ZE RIS . AR R B K I T R RT REAETE R o NIB R Rk

343 FrgEH4H: 2023411 527 H
YEAXTEE, 2023 4F 11 H 27 HBFE/K & &k 101.5 mm, {HETHH 20 cm I 1.7% (B T18),
BIRIEN 0 (2 4)o IX—FAFEEIMER T B TR, BIS 5@ &K M LU=

Table 4. Changes in key variables around November 27, 2023
% 4.2023 % 11 B 27 HAIRXBETETL

H 1 B 7K 2 (mm) R (mm) 20 cm H AR (%)
2023.11.26 0.00 0.00 1.7
2023.11.27 1015 0.00 1.7
2023.11.28 0.00 0.33 1.7

35 EEXRER
35.1. {RERBILLE

NENERIREFKE . LIROAEREERR, BATEREFFERE > 03T 7 2RI 23K,
AFELMEREE. SN R, A H I DL K LASSO ZF ik, LB Rk gk Bink 5 .

Table 5. Comparison of candidate models

5. (RIERBLE

gt A H R2 AIC  BKREFT I
A 20 cm MLRIE IR 0.254  965.3 I SR ES
B 20cm iFIEE. DYHRATREKE 0.335 9285 iE VY HfirPEK p =0.182
C  20cm MR, M HBEKE 0.227 9586 it 5 AR
D 20cmMuRIEFJr. Ai=HZR. #i-bH R 0306 9424 —f—IE FERCRUIEN

i B (& 20 cm -H3EEANEFNDY H A5 Rk &) B A & 1 R? (0.335) IR AIC (928.5), HFTH &
B SFEFEHIN. HIEME S KRB0 IE B & 5% (p < 0.001), VYHRTFE/KERBONIE@ =0.182).
JUE Y H AT FRK =R p (M & T 0.05, (HEERIREA A MR DAL ILIE M DTk, 28R B A SEPrE 3.

3.5.2. @EIAHE

BT 168 PRI S 1 B JE 7 AR AR Ay

B = IHATEKE x 0.40 + WA x0.15-0.77

AL W R?=0.335, % R?=0.327, F 4iif& 18.27 (p = 6.78 x 10°8), 20 cm +IEMI I i) R 4L
4 0.15 (95% & (F X [A]: 0.10~0.20), FHHT-IBUFIEERIM 1%, FREFHEM 0.15 mm. PUHFT#EK
N RECH 0.40 (95%E(F X [H]: —0.19~0.98), EME 4 KETHIFFE/KER I L mm, YETERIRIE M) 0.40
mm, {EiZN G oL R . W 4 R, B8 B A SNE S AR G b SR 0 E - S A
Wi6, (R EXAEE—EMmZE, P RES i AR A k.

DOI: 10.12677/ccrl.2026.153060 551 SAEAR LI T A


https://doi.org/10.12677/ccrl.2026.153060

LA
3]935>
E vs BIAE 0-Q[E
) °
20 ° 2 °
°
° 15
15 °
Y [ _J
e o "
2
10 2
# . 3
® ° K]
° a
5 ° © .o. 3
°
°
~. e o o
0 | 2_%¢ .“.-‘--.----.“-. ------------------ .
° i‘ o o0 8o
o , %
2® o & o
5 °
0 2 4 6 8 10 ) 4 0 1 2
WEE Theoretical Quantiles
ST vs T KENT
304 ’,
-~ 50
4
4
//
25 ,/
7’
7
4
-,
20 4 Re
~ 4
E e
13 e
12157 7
ol e
= -,
= ° < o

=)
L

?’

-
S%e o

e M

0 5 10 15 20 25 30
STMAZRIR  (mm)

Figure 4. Comparison of observed and predicted values for Model B
4. 183 B SNE S TUNMETEE

3.6. i1ig

36.1. TIEMEMESIER

TERTARALF, 20 om 30 AN FE (BT 5 T I 28 .38 M IE, ESE T LA P i F2 A iR O A
AR N], BMEREKERDN, HEEmA, e R E AR, X RIS SRR
=8 HEEEKERE HRRKRE, JFEEKILTAR R .

3.6.2. PEIKEIFBRRIL

LASSO ZF S AR B ¥R T B/ AR IS AF(E L) 4 RIGHE G . X AT REZ R AR K N Z
J B R I [ A N R R R AR, IR . 4 R R S IR 8] 5 I IX AT (Y R A A
o RETIHRTFRKEMST B EERTS, (L E A, NP RE.

3.6.3. SHMMFAIXIEL

AT IR R B0(2) 0.34~2.44) 57K sE IR [6] 1 77 8 BB AT 7 25 S — 3%, R RiT 2009 4 33 0 AR 22 50 7
MG EER . 5 T R B R [ B, AT 7T 3 (K3 J5 K B A TR S AL T B RS
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AT AT 168 Y-, FEARA MR, FEUHATRKERERS XA, o,
H R Bl VR HE S i) 5 B K R e, AT REARAG BB P2 ARG NN B K B A28 R k), I
KN A 2 7 v el sk 7

4, Z5ig

KRBT X 2023~2024 FARKSCHEAE, KRG T T REAKGREE . LR R AR IR 8 E
KRR, FHLITFELR:

(1) CBEmIRNZRRE: 20 om IR 5 R IR IR DG i i (r
JZ 1+ 3(30~40 cm) M R AFAE 1~2 K, HARSCHEE S .

(2) FHMEME: FFEREFFA0emr=050), EFEHZITRRH(20cmr=0.42), XFRKZHEZ
[25(10 cm 5 40 cm r = 0.48).

() wEKXAN: FT 168 W= F F I A B AR

BWME = MHATFA/KE x 0.40 + HIEWIRIE x 0.15-0.77

A R2 = 0.335, REIRIMIAZSALIN 33.5% n p -39 v A0 B AN DY H Rl B4 7K i R%

(4) HAEARIGAUE: 2024 4F 5 H 13 HHEAF(FF/KE 4.37 mm, HIEMIRIE 40.9%, R¥ER 10.67 mm)
52024 4 6 H 12 HEEM (%K E 35.9mm, TIEWAIEE 40.9%, IR 12.33 mm)B&5 & HiEmE £ 5
B, 1T 2023 4 11 H 27 H B3R AE 1.7%) R0 %K S 1015 mm R 73, I0IE T H3%
PR TR sE VEAE S

(5) RIHAMA: BEFRSR AT B el IX “ G R Br R gd e, @10 20 om g1
AU BT R K EAMATUEF R R, IFE5& BUE AT 0 R

AW IREA T X PR GR A - RIRAIE - MR =W E B R, NI 55
TBRUK BHIRRHF R BRI T RSB . JE SR R — B S5 & /N K B RO BRSO, $
TIIAS FE o
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