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Abstract: [ Objective ] Maximum flood peak flow is the decisive factor leading to flood disaster. The
correlation between precipitation frequency, management level, and flood peak flow and flood disaster loss in
a small watershed was studied to provide a scientific basis for soil and water conservation, disaster reduction,
and prevention. [ Methods] The water transfer benefits of soil and water conservation measures in two
adjacent basins of Caijiamiao and Yehugou from 1981 to 2022 were analyzed by using both regression analysis
and comparative analysis, as well as the effects of precipitation factors and soil and water conservation
measures on flood peak flow. [Results] @O The benefit of water conservation measures in a small watershed
increased with increasing management level, and decreased with increasing precipitation frequency.
@ Annual maximum daily precipitation had a highly significant positive effect on the change of flood peak
flow (p<<0.01), and the contribution rate coefficient was 0.707. Management level had a negative impact on
the flood peak flow, and the contribution rate coefficient was — 0.237. @ The disaster loss intensity of

30-year flood peak flow (frequency of 3%) and 50-year flood peak flow (frequency of 2%) reached 1.74 X 10°
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yuan/km?® and 3.13 X 10° yuan/km?®, respectively, with the latter value being 16.95 times greater than the

former value. [ Conclusion] The main factor affecting the change of flood peak flow was the annual maximum

daily precipitation. Soil and water conservation measures had a significant impact on the reduction of flood

peak flow. The higher the degree of watershed management, the more obvious the effect of reducing flood

peak flow, and the greater the ability to reduce the economic loss of flood disasters.

Keywords: soil and water conservation; flood disaster; flood peak flow; disaster loss; water transfer benefit
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land use status of study area
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Table 1 Storage capacity of soil and water conservation measures in different time periods at study area
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WHE 3L E 2 BRI 19812022 AEZE K
Je PR 4ok A R K R 25 . 45 S 2 U . 25 5 i T B 0
KA M3 8.09 X 10" m®, 4E#4 1.93 X 10° m®, 7K
FEEL 7.10X10° m®/(km? = a) 5 BF IR 4 3t 3 30 7K 8% 26
Bt 5.05 X 10" m®, 1 1.20 X 10° m®, 14 /K 455 %k
7.80X10° m*/(km?* » a),

SRR T B K A% 5 Vo B #) 70 %6, A SF- 34
IKELEEI /D T 4.59X10° m® 3 B AR I4) 3t 3 [ KA % 5%
B 70 %  AF B E K AL RS D T 2.74 X 10° m?
S8 SR it P K S5 10 386 i R R K AR L 4
ST PR K AL A D

RTEI A5 B SR B, T B R K A #5550 R I K
BMESIT R R A S EN — S, Hh &R HR
5 19812022 4F P P /K 2025 R 8.11 X 107 m® i
JKAEEL 30.03 m®/(km?® « a)J, 45 W K55 R 8.09

measures under different precipitation frequencies

W/ IR R/ PEKBEE/ (m? « hm™*)
% mm B M AT AT
5 696.1 520 307 180
10 513.5 439 360 148
20 413.1 340 286 143
30 329.1 258 191 132
40 294.7 197 143 116
50 257.6 143 116 106
60 225.1 111 90 85
70 195.3 74 69 64
80 166.3 48 48 48
90 135.6 16 16 21
YRS 322.6 215 162 104
24 HIERESHEXEFHH

2.4.1 BARBEFLS®EERFMHELI>N AERKEF
e K H B K B TR B Kt 5 3 05 [l 51 43 B 2 ]
AERE K i U B K L J R H R K i 5 90 0 O i AR T
etk AT T R A S e b, SRR
R 5 FLAT A S I R R A OG (p<<0.0D) . HorpiRe R
H B oK & 5 0k i 3 o B R 0L A A S e i  RE
0.380; TR R /K 5 5 P I 3 B A X R Z . R*
0.200 ; 4F B /K 42t 55 7k 06 300 4 AH SC M58 =, R 2 0.181
(FEWLER O, I, R AR B K H R K o 1000 3t 0 3
it 5 KOR A Tl T FRURE D ASE Y B EL A B Y R
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R 3 1981—2022 F EFE A [ B ok 57 2 K L 5%
Table 3 Benefits of water transfer with different precipitation frequencies of different watershed during 1981—2022

T R B K S R K /10" m? JEK MR/

kY ‘ R A
R K &/ Pk B (m® +km?ea ") A
B/ " .
) O ST 2 R ST T

5 770.84 329.99 85.01 82.64 497.64 497.64 1.84 1.84 2013
10 580.18 170.05 71.56 35.97  1110.23 277.58 4.11 1.03 2003,1988,2018,1984

2019, 1983, 2017, 1990, 2014,

20 462.09 135.42 62.00 38.58 2 596.05 236.00 9.61 0.87 19921996, 1985, 1981, 2004, 2021
3% 2020, 2002, 2012, 2010, 2022,
7 30 376.19 122.95 44,63 36.49 2 448.80 204.07 9.07 0.76 2001, 2011, 1999, 1998, 2007,
i 1993,2000
- 2005, 1982, 2009, 2016, 2006,
40 309.58 79.40 23.93 27.41 915.16 130.74 3.39 048 oor 1901
50 284.33 41.38 15.19 18.66 300.91 75.23 1.11 0.28  1987,1994,2008,1989
60 245.14 47.66 17.81 25.04 181.04 90.52 0.67 0.34  2015,1986
70 213.63 17.81 8.03 12.52 38.35 38.35 0.14 0.14 1997
= — — — — 8 088.28 192.60 29.95 0.71 —
5 706.95 228.91 44.59 42.84 316.34 316.34 2.05 2.05 2013
10 585.86 192.79 77.94 31.86 907.77 302.59 5.89 1.96  2003,2018,2022
1988, 1984, 1981, 2017, 1983,
20 457.52 85.02 26.60 17.21 1 546.05 128.84 10.04 0.84 2019, 1990, 2014, 1996, 1985,
33 2001,2012
I 1998, 2020, 1992, 2010, 2021,
b} 30 372.62 80.99 21.87 18,42 1455.23 121.27 9.45 0.79 2002, 1999, 2011, 2004, 2007,
2000,1995
40 311.18 41.34 9.83 10.38 369.33 61.55 2.40 0.40  2005,2009,1993,1991,1982,1987
50 284.27 38.69 10.23 13.14 372.35 62.06 2.42 0.40  2016,2008,2006,1994,1986.1989
70 214.33 23.53 7.41 11.07 84.04 42.02 0.55 0.27  2015,1986
At — — — — 505109  120.3 32.79 0.78 —
x4 g%ﬁl}lbiﬁﬂ%7}<%.¥lﬁlz\ﬂélﬁ;.*ﬁ*u
Table 4 Caijiamiao watershed precipitation factor and flood peak flow model
KR AHOC T 2 n R R? F P
E e = (y) — 4K & () y=1.1952, —446.764 42 0.425 0.181 8.815 0.005
Ml%(m;(y) e K HREKE (xy) y=5.5652, —288.445 42 0.616 0.380 24.511 0.000
MR () — TR R OK & () y=1.358z; —372.353 42 0.447 0.200 9.981 0.003

Wy L (m® /) s FAERE K (mm) s 20 iR B KR (mm) 2 AT K (mm) s R WA REGRPATTIREAESGE R
TR s p N E PRI s HREAREL .
242 BERBEELSRERITMESN L KGE SRR E IS, BRI %/ﬁﬂl i i
T 1t 98 K 3 g TR A 4 B A B i A 7K DR it 1) 8 *H%‘@ﬁ*ﬁi’%'ﬂ(ﬁﬂ%% 5) » HOMH 56 Pk oK ai it i 3 1
JnsE B M AG AR B AL R R MK R KR (p=>0.01),
RS BERERBEEEESHERESEE

Table 5 Caijiamiao watershed management degree and flood peak flow model

ALK R iR n R R*® F p

Tt {)lug(y)*{nfﬁﬁ (x) v=0.629x+147.276 42 0.031 0.001 0.039 0.843

3y B (m® /) s IR BRRE (0) s R WA R RBGR N TTMR ARG F N7 20 P o R B AR 46 (B 50 W REA S,

243 FRROBARE BEEBESEERAENOYw NPy HHERE (m*/s); o, MFERKHBEKE
B e R T AR OC A AT I M ERRPE LR (mm) s a, VABEFREE (Y) s BEAK 2 M 42; R® K

FHAE e K H oK 5 34 B B 57 2R 1 (] D A TR REG p B EMWR R, p<<0.01 Rk 3.
y=—201.366+6.379x, —4.752x, X2 e (] A AR AR (1) 2 B s v Ak Ak B, 40 B S 1

4
(R*=0.428; p=0.000) RBOLF 6, ARuELL R B KN S T [ AR R R AR
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A TTER /DN HUE D — 1~ 1. AR5 b ifEfe &
BONIE I, R #07% 56 N 1 5 3t g A 5 OE AR G
KA LI R AR OG5 2R 5 28 Bl o (B, 26 W] 9t
B[R ke O e TR SRR . R 6 T AR A
R H BB BORR AL 2808 0707, BT 2 4R ek H %
JK e 3 B A G R R B, HLSTRR B RO, R
Y36 PR RE R IR T 0y kel /) o LG ) 2 i ot e O
R TTHRAR X/ Bn AR R B 45 XHEAL R 0,237,

*x6 ERAKBBRKEVRERES
HIEREMEFRBNEXRY
Table 6 Correlation coefficient of annual maximum daily
precipitation, degree of treatment and flood peak

flow regression model

RbRAEL BRI R AL

JEH Z¥(B) (Betay  BHTEG)
CH ) —201.366 — 0.074
R A BEK 6.379 0.707 0.000
PEELYEY: S —4.752 —0.237 0.078

25 AEERWMEHEFETHREBRESN
M7« 157 PRI B 2% Bt 9 T 358 2% VAl 41 35 ) B¢

=Rl RS AT N N N T I E B2 @ S A S 220
A4 o B ok 1Y 22 5L R R CH R 5 B 4R AR
(HBEATW 10" J8/km®) XF 88 52 )i . 5 K 38 37 3
AT T 0T, 7 15 H B8 7K SCuk 4F 5 K H FE K
i 159 mm (M3 20%0) , i K/NBF R K i 58.5 mm,
A AL 270 km®, JE 0 R B 920 m® /s k05 AR R
3.41 m?/(km® « $) 75 7 K ¥4 90 3R 4F B K H B K =
377.7 mmUIIA 0.1%) , e K/NBF /K i 84.9 mm, Ji
B AR 154 km®, BRI EE A 1 050 m® /s ik I A5 4K
6.82 m®/(km® « $)J FE“7 « 157 F Ut FE i, Wi & i
B PR BE AR I O S 28 K U A 50 a — i
TN IR 2%6),30 a — W UL I & IR R 3%0) . K
FEWICHR AT 1.74 X 10° J/km? 5 BF R34 it 30 & A4
1 000 a — i A BT (I 2 0.1%) .50 a — i it e 7
iRy 2 %), KFHR B IAF] 3.13X10° 76/km”,
TEf K H BRI 1.37 50918 00T . Bt g B8
3.41 m®’/(km?* « )M F] 6.82 m*/(km?* « s), ¥
T 1A%l B K E TR T 16.95 £, BLHA Ut
g 3t D SRS 1) R /N 2 1 ol 2 B 00 K 1) L D TR
Wk D,

x®7 7157 ERERESHEREEERE ST
Table 7“7 « 15” Statistics of damages caused by flood disasters in Yehugou and Caijiamiao watersheds
mH 6 b 44 B T B /Nt HF AR 34 355 3ok 3K 5% i it 3k
BRI K B mm — 84.9 58.5
HFd K H K= mm — 377.7 159
o T T AR % — 0.1 2
RheEg s Tt 0 i m’ /s — 1 050 920
T e AR R % — 2 3
Tt I AR m®/(km?® — 6.82 3.41
KA R RAEE H 10" JC 7 459.76 7 187.90 271.85
S BRI 7 4 2 e4: 2 H b 10" J© 2 126.06 1677.77 448.28
S B R E W 10" JC 3 236.82 3 218.32 18.49
A MR R — =k 10* 76 3776.85 3190.96 585.88
7l g R Tl G = 7=k 10" JC 8 531.28 8 514.69 16.59
R 45 ol CEF = 7=l 10" It 247.95 247.95 0.00
2 3 32 i 10* J© 11 318.64 9 302.55 2 016.09
W E 10* 76 924.97 848.34 76.63
FE Tl 33 il 451 2% fig 10" 7T 823.35 773.68 49.67
K 10" JC 2 342.53 2 114.99 227.54
A H 1 DX A= 1 Uil 10" JC 10 710.58 10 056.93 653.65
BERG 10" J¢ 1 048.67 719.65 329.02
By RS 10" JC 0.79 0.79 0.00
5 F iR 55 i 2k R G 10* 7T 132.43 120.05 12.39
eSSl Es RS 10" ¢ 36.39 32.30 4.09
MHAEEHRS 10" JC 242.20 242.20 0.00
S 10* 76 52 959.27 48 249.08 4710.19
JE 2 A R 5 i 10" JG/km? 124.90 313.31 17.45

T O IR (7 + 157 PR EL B2 Uk ¢ 3 B4 SR AL i ) (BIREL 7 2088 1Ry L HON 4 RN E A2 38 SR I R 0, 2022 4R 8 D



34 7K R E

544

3 4w

(1) 7K ORHE i & 45 58 +5 2L R 8 W R K 88048 1R
T R v )R A 0 e R R

(2) AR K TR K B AR B K H R K X
P B AR A I R, AR AR K H K X
TR I B0 TR R R B 0,707, 36 B B X U i O
HTTHRR RN —0.237, 4EfH K H KR
PR AR A L AN O IR R

(3) 7 « 157 K¢ K2 W H, A AH &R i 3 v 3 A
FETEIR 70 % BB B R L 8 K T il 50 a — i (Ml 3K
2 Y6 FEFR 7= A kI i R 30 a — 38 (R N 3%0) .
KEWR R IR F] 1.74 X 10° JT/km” ; B IR 4 i 1)
1 000 a—38 (A5 Z Sk 0.1 %) BTN 7= 28 A9 it e 358 4 >
50 a — i IR 220) , KFEHIR MR F] 3.13X10°
JC/km® . 50 a — i 0 g it 9 T B R AR E R 30 a —
8 Ut 04 U A U E R BRE Y 16,95 5. XA AT R
B LR VA FEAY /N R R 1 000 a — 38 2 W 7 AR K
50 a — i P04 I R FR AR S 30 a — 3 P0G L AT AT K
R AR 8 kR FE LR
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