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Abstract: [ Objective ] The Three Gorges Reservoir area, as a typical key region for soil erosion in the Yangtze River Basin, has
received widespread attention. However, the differential responses of surface runoff and sediment production to rainfall
typologies in the Three Gorges Reservoir Area remain underexplored. [ Method ] This study systematically analyzed
runoff-sediment dynamics in relation to land use and rainfall characteristics using a comprehensive 3-year dataset (2021-2023)
from the Fugou experimental watershed in Wanzhou District, Chongqing, which includes 108 rainfall-runoff events monitored
from 8 natural full-slope and 1 standard bare slope plot (as control), representing typical landforms in the Three Gorges Reservoir
area. The area of the full-slope plots in this study ranges from 407 to 1539 m?, with slopes between 14° and 25°. The standard
runoff plot has an area of 100 m” and a slope of 15°. All plots were characterized by purple soil, while the surface coverage of
other land-use plots ranged from 73% to 85%. [ Result] The results showed that: (1) During the observation period, rainfall was
primarily classified into three types: Type A (low frequency, long duration, heavy rainfall amount, moderate rainfall intensity),
Type B (medium frequency, short duration, moderate rainfall amount, heavy rainfall intensity), and Type C (high frequency,
medium duration, light rainfall amount, light rainfall intensity). Among these, Type C exhibited the highest frequency in the study
area, while Type A was identified as the principal rainfall type inducing slope runoff and sediment yield. The critical rainfall
intensity and maximum 30-min rainfall intensity triggering erosion on bare slopes were 3.60 times and 1.41 times those of the
other land use plots, respectively. (2) The multi-year average runoff and sediment yield from bare slopes were 2.63 to 4.03 times
and 5.71 to 9.84 times those of the other land use plots, respectively. Sediment production in cropland and arboreal woodland
showed the highest sensitivity to Type A rainfall events, whereas grassland sediment yield was most sensitive to Type C rainfall.
Bare slopes and shrubland sediment yields demonstrated peak sensitivity to Type B rainfall. (3) The contribution of rainfall types
to runoff and sediment yield from bare slopes and the other land use plots was influenced by the land use types. The impact of
rainfall types on runoff generation from bare slopes was weaker than that on the other land use plots, but their influence on
sediment production exceeded that of the other land use plots. Also, the average runoff reduction efficiency and sediment
reduction efficiency of the other land use reached 72.13% and 98.72%, respectively. Grasslands demonstrated higher sediment
reduction efficiency than other measures, and the maximum runoff-sediment reduction benefits of conservation measures
occurred during Type B rainfall events. Analysis of variance contribution rates revealed the following order of influence on slope
runoff and sediment yield: land use (50.30%~70.37%)> rainfall type with land use (0.30%~5.70%)> rainfall type (23.93%~
49.40%) in descending order. In addition, the impact of rainfall patterns on slope runoff and sediment yield was significantly
influenced by land use. [ Conclusion ] The results indicate that implementing soil erosion control in the Three Gorges Reservoir
Area requires comprehensive consideration of rainfall characteristics to deploy targeted measures. Simultaneously, it is proposed
that when implementing comprehensive soil and water conservation management in the study area, appropriate measures should
be identified under the premise of considering the regional climate. These findings provide a scientific basis and practical
guidance for soil erosion prevention and control in the study area.

Key words: Full hillslopes; Land use types; Rainfall types; Runoff-sediment dynamics; Three Gorges Reservoir Area
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Table 1 Basic information of the experimental plots

JINXHEAE Characteristics of the plots

INIX Bk BERE -~ ) R
Wi Wil Slope - IESSA +ZJEEE Soil b FH 2
Plots Projection Projection Surface
Degree/° direction/® Soil type thickness/cm Land use types
length/m width/m coverage/%
8# 20 5 15 180 w1t 50 M 0
13# 48 31 20 200 Lot 50 EZEE N 85
144 54 8 14 218 ot 20 R 78
15# 33 22 23 227 e 29 FRAH AT 82
16# 43 22 20 168 ot 15 R 79
17# 28 22 25 168 TP 4 27 HEAM 80
18# 37 11 23 219 ot 19 A+ SR 75
19# 57 27 24 90 Kt 14 HEAHR 73
20# 22 21 20 135 M TRD 4 17 TrAM 82

Forprs 13X ZMAR NIRRT (55 1.5m. K42 2em. 200 #k ), 17#/NXBEARMRFE R ZATF, 18#MAER (F 1.6m. I
1.5m. KA4% 3cm. 25 £k ), 20#FE ARMFMHL A ZHH (75 7m. >K4% 10cm. 300 £k ). Note: In the 13th residential area, citrus trees ( 1.5

m in height, 2 cm in diameter at breast height, 200 plants ) were planted in the orchard. In the 17th residential area, bamboo was planted in

the shrub forest. In the 18th residential area, loquat trees( 1.6 m in height, 1.5 m in crown width, 3 cm in diameter at breast height, 25 plants )

were planted. In the 20th residential area, pine trees ( 7 m in height, 10 cm in diameter at breast height, 300 plants ) were planted in the tree

forest.
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Fig. 1 Image of the experiment plots

DX ) A2 ol P o R S R A1 7 Y I T A2 75 i A 7 Tk
PR HEATHIE

(3) FEMZEAR 5. R K-Means 283617
AR 43, R 88 2 %% ( Silhouette Coefficient,
SC) FiR2EFJ5 ik (Sum of the Squared Errors,
SSE ) #f 5 RISKL K (e HUE >,

FREE AL (SC ) SR A A A B0 2 501 0 % TG i
FER TR, BAGENREM B N R E R —
FEAG SRNITTRE NSRRI 2 e B )2 s
— MRS SRR BB . R I
22 SC-K pRAMZE , B SC Fe R AEAX R K {H B
A

W2 A (SSE) ZITAFEAR RIS IR 2%,
HAZ O REUR FE N DR 7 22 B2 Bl E R IRE K 138
KM/, 4 K B BE/ N THESAER, SSE iih
WRSARK, Y K AU R THESER, SSE
7R MR BE S R0, BBl K (RS K& T
g%, KPR BT, 2 SSE-K pREM 4, HURtE4s

http://pedologica.issas.ac.cn



6 ] IR s R IX AR AT A D ARIE X b P28 2R R R AR A 1 1901

RALE) K AEVE R AR

S AP, RN W T
SF- £ [ T 0 3 AT R 300 43+t A T 3 R A oA TR 28 )
SR VO FERRFE bR, I R AR S R I U A B
ST, EERmA R SR AR AR, M2 EJr
AT S BT R RN A SR A 5 AT g ) e - A A i
B, ISR R 55| R R, DB ] T R
B 688 W AR 5 S X [ T 8 i AR BT B[] BB A
52 0ssn 2 WA e, R S — R Y
VAR ; feK 30min 55 B2 XN 1A B IG5 A
ST R AN B AR P ) SRR B, ) 2 S e R
TR B ) T AR AR . ARIEFR BRSO KA X
) SSE #l SC, Il eREMiZ, e K Mm i
{8, fJa Kk K-Means RIS AT R4 AL 155
Akl oy .

(4) FEhRH BLAS A0 Bl o3 00 B0 22 B I 5L 1
FRAE o GEiTH M ARHIESE 3 AR I %) B3R AAR 3 /N X
FETL U BAR AR, 2 IO B AN B RS A o
L, e G AR TR AR AE R S TR S B
s, HEILFEIRWHDT LS, R EK
P RABAE Ry 722 A0 R AR A, 7R AT AN [) R 7K
U R AT IR T 45 TR R A 85 K= U i = i
i, B EAES B IR0, Rl A T A
T KA ) A A A DO i SR AR BAR AR R
5 T e AR f v T R P

1T E 2R A /N XA BAS YR — 8, A S
P ELAT AT Lo, RSB T U I S — A T AR
FRAR P, e BEEET- 5 K 7 3 7= VD s A T 4 i

2 45 R

2.1 PEFSFE

2.1 WELRIGY ARGk R A B Y R
FRIERORE, 24001, 2021-2023 4E 35 & 4 108 31k
A RGEE, MY 3 773 mm, 3 AFF A4 [ R
1258 mm, Hi 2021 4F | 2022 4EF1 2023 4ERE
WK 5N 41 3. 31 3., 36 3, AFREM 455
91388 mm, 1006 mm A1 1378 mm. LR & .
BT D ERE . S35 8 W i B RN K 30 min [ Y iR JEE
(L) VB EZRESER, FIH SPSS XF 108 SRR
BE AT F RO, ER W5 X 4 2RI

MR, AR RARIE LR 2. 45080, MRX
WA R FE53 0 3 AR AL A R 28, RIRFAE X
FEM AT LIR30 3 28, FEXT4 AR RHEARIY 95% B MR
DX JH) L IE S RAB S e/ IMBEHEAT /38T, 45 R ALY 32
FRFIEIE N . (1) AT, {5 (13.89% ). K
i (990.56~1521.30 min ), K& ( 72.65~
96.01 mm ), 1P FEFN 58 ( 8.29~13.66 mm-h™" ),
FARK 30 min [FEFT5REE (22.88~40.12 mmeh™! ); (2) B Hi
R, rRR(26.85% ). %6 T IF( 305.74~492.20 min ).,
P (26.27~38.93 mm ), KM (11.69~
14.97 mmh '), Wk 30 min FERISRE (23.41~
314lmm-h™); (3) CRAL, &R (59.26% ), +
Fimt ( 763.46~1014.54 min ), /N (21.13~
2770 mm ), /NF5R (3.68~4.62 mmh'), /MK
30 min [ERM5RE (7.64~10.24 mmh '),

MWEHERTE, B WA T M B 5 5 A
AR C FRASAY 1.22 50 3.21 £i5; A WIRAYTR K
30 min FEFR R B A B M ALFT C R ALY 1.15 F5F1 3.52
s AENBEFR AT, A WA R &40 5 B FN
I C FAYHY 2.59 150 3.45 1%, Bk &/, C WAL
SEAFGT X R AR R e e S A, H A TR B Y R A
Flf K 30 min F3FU 58 B fe K .

2.1.2 B U G SR AR AR %+
Hi R R e, R R R R 254 R ) A A
SRAYE IR P AT 225, BDAS[R] = HuR R/
DX R A 7 i U B e R A W AR A 22 5] . AR Dl
FEMELBI AT (I 2a), BRYE (8#) KRR
W EC B e e, 44 LI 1) () A SR R R 71.30% 402>
Gl &R R A (20#), HAZ Mk
FE Bk E] 62.04%; KA AR MR A S 1841
YI/NXALR 38.89%. MIMEF , HEARMM (17#,
194 ), HAb = ( 14#. 16#) FVED/NX (13#, 15#,
18#) KA AR IR PERE R A EL BIARAT, 2051 51.85% .
50.46%F1 48.77%, RN ALK HIE 1/2 ARERR 325
S R AR TR R - b R 2
INKAE =P AR R K 2 7, G
Il SR FRARRIE (RERRI L . P34 R R B R I ) B3
SR BR e RS =V il . PSSR R, #
PR At 4 R 2R RN X R SR . F
IR TN 50 BE AN Lo 0] FHZRPERLA , T 2 KA
Y XHE 25 TR, F RGP B

http://pedologica.issas.ac.cn



1902 S - 63 4
Fz2 AR WBEFEIEIR
Table 2 Statistics of the characteristic index of different rainfall types
K 30 min [ R
o B [ i RERI IS SR R
R 7R FEAEL Lo Bt Maximum 30 minute
Precipitation/  Rainfall Average rainfall
Rainfall type Number Proportion/% Index rainfall intensity /3¢/
mm duration/min intensity/ ( mm-h™")
(mmh™)
FHE 84.33 1255.93 10.97 31.50
b2z 21.09 479.20 4.85 15.57
FrRifER 2 5.45 123.73 1.25 4.02
A W 15 13.89 o TR 72.65 990.56 8.29 22.88
95% {7 X [i]
TRR 96.01 1521.30 13.66 40.12
/M 56.00 610.00 4.30 13.00
ICNEN 127.50 2184.00 22.30 57.00
A 32.60 398.97 13.33 27.41
PrRifE2E 16.64 245.10 431 10.51
PRifER 2 3.09 4551 0.80 1.95
B T 7! 29 26.85 N IR 26.27 305.74 11.69 23.41
95% 8 {7 X 7]
LRR 38.93 492.20 14.97 31.41
e/ ME 8.00 35.00 6.10 9.00
SN[ 63.00 890.00 22.00 51.00
A 24.41 889.00 4.15 8.94
brifE 2= 13.15 502.56 1.88 5.21
PR 1.64 62.82 0.23 0.65
C 64 59.26 o R 21.13 763.46 3.68 7.64
95% {7 X [H]
R 27.70 1014.54 4.62 10.24
e/ IME 5.00 175.00 1.20 2.00
IS NE] 58.50 2575.00 8.20 28.00
SR+ MR SN R? 3 IHE 02651~ 2.2 FERRFEIEME
0.2939 £ 0.0339~0.0805 ), {H 7 FE LK KA %L . 2,21 WIS N AR P U R R KN X

L, B GRS X i a8 s VE R I S ARk
B, R R L Ath, A b 1) FH 2N XA I 5 A B
FM9100 11,01, 10.24 mm, i FLF 44 4 R 58 25 43 1)
J2.14. 059 mmht, WA Ly 49k 3.90 .
2.77 mmh' o PRI AR IR R, HoAlh
- R R 2SR/ AR A TR S 2 5 & AR AR
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121k g I S 1 359 8 R 58 B8 D I3 4301 A 3k 1) HoAth £
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Table 3 Characteristics of runoff and sediment yield in different land use plots and benefits of runoff and sediment reduction
AN TR] R 2 7 O AT i B i . WA
W AL AT
Runoff yield in different rainfall types/ Sediment yield in different rainfall Benefit of sediment
Benefit of runoff reduction/%
INIX (L'm?) types/ (kg:m?) reduction/%
Plots AN
/N /N /N
A B C A B C A B C  Subtota A B C
Subtotal Subtotal Subtotal
1
8# 315.1500 257.8627 187.0633 760.0760 9.0385 5.2529 0.8868 15.1781 / / / / / / / /
13#  56.9610 6.8150 14.9353 78.7113 0.0737 0.0125 0.0081 0.0943 —81.93-97.36 —92.02 -89.64 —99.18 —99.76 —99.09 —99.38
14# 104.9350 49.2190 52.9133 207.0673 0.0151 0.0049 0.0081 0.0282 —66.70-80.91 —71.71 -72.76 —99.83 —99.91 —99.09 —99.81
15# 85.4080 60.5160 186.9776 332.9016 0.1428 0.1047 0.4090 0.6565 —72.90-76.53 -0.05 -56.20 —98.42 —98.01 —53.88 —95.67
16# 108.9300 44.9060 56.6981 210.5341 0.0401 0.0110 0.0065 0.0576 —65.44-82.59 —69.69 -72.30 —99.56 —99.79 —99.27 —-99.62
17#  74.4020 22.3410 57.3876 154.1306 0.0728 0.0239 0.0065 0.1032 -76.39-91.34 —69.32 —-79.72 —99.19 —99.55 —99.27 —99.32
18# 134.4260 23.6570 40.4982 198.5812 0.4324 0.0518 0.0317 0.5159 —57.35-90.83 —78.35 —73.87 —95.22 —99.01 —96.43 —96.60
194 116.5810 25.8970 80.8192 223.2972 0.0180 0.0140 0.0129 0.0448 —63.01-89.96 —56.80 —70.62 —99.80 —99.73 —98.55 —99.70
204 90.5130 35.4990 163.2970 289.3090 0.0344 0.0069 0.0122 0.0535 —71.28-86.23 —12.70 —61.94 —99.62 —99.87 —98.62 —99.65
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