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Abstract: For basins characterized by long-sequence precipitation data but complex runoff generation mech-
anisms and a lack of flow process data, this study employed the rational formula method to estimate the
early warning time duration for flood risk in small- and medium-sized rivers., Moreover, the Pearson Type [[l
frequency curve method, which is commonly used in hydrological frequency analysis, was applied to con-
struct flood-triggering critical areal rainfall thresholds. Then, these thresholds were corrected based on

nearly 10 years of flood peak discharge data from small- and medium-sized rivers in the middle reaches of

* EZKHE PR IRI(2023YFC3209301) FlHh H S 4 R 4L A8 S 32 FH B A F 5% % 1 (22NLTSY005) 3 [ ¥ B
20254 7 A 31 HUkRis 2025 4F 10 H 23 H I & R
BV BRI . F E N F KRG K AR5 . E-mail : hhuwzy1981@163. com



%43 R W A5 - [7] 531 25 1 50 I F9 SR B rp /0 T 30t I XU T8 Oy v T 5 -5 R T 433

Yellow River. Finally, this methodology was applied and tested in 15 flood events occurring from 2014 to
2024 within the upstream basin of the Dongwan Hydrological Station of the Yihe River, which lacked the
measured hydrological data. The results demonstrated that correcting the critical thresholds based on the
historical flood data and the same frequency method can significantly improve the hit rate of risk warnings
to 71. 8%, reducing the missing rate and false alarm rate to 20. 0% and 29. 4%, respectively. Its forecast
accuracy is comparable to the current flood forecast standards in northern China. This method also per-
forms well when applied in basins lacking hydrological characteristic values. Overall, the flood risk early
warning method for small- and medium-sized rivers, corrected by the same frequency method, can effec-
tively address the challenge of obtaining long-sequence hydrological data across different regions. It also
fully leverages the advantage of meteorological departments that possess long-term precipitation records.
This methodology can be further extended to small- and medium-sized watersheds without hydrological sta-
tions, and provide valuable technical references for meteorological flood disaster warning efforts in similar
basins. Future work could involve classifying small- and medium-sized basins based on underlying surface
conditions or establishing distinct correction models for basins dominated by saturation-excess runoff by
categorizing soil moisture levels, so as to further enhance risk warning accuracy.

Key words: small- and medium-sized rivers, Pearson Type [l frequency curve method, the middle reaches

of Yellow River, risk warning
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R 1 2014—2024 FEHFA Pl 85 17 #E K BRI L 7k 3 b B H K SCHFEE
Table 1 Basins, hydrological stations and hydrological characteristics of 85 flood

events in the middle reaches of Yellow River from 2014 to 2024
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Table 2 The 6 h, 12 h and 24 h maximum accumulated rainfalls and warning levels of

15 flood events at Dongwan Hydrological Station from 2014 to 2024
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Table 4 Statistics of the confluence time and warning duration for partial sub-basins

of Weihe River and Yiluo River basins
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Fig. 3 Distribution of the 1, 3, 6, 12, 24, 36, 48, 60 and 72 h precipitations under a 3-year return period
in the middle reaches of Yellow River from 1991 to 2024
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Fig. 4 Distribution of the 1, 3, 6, 12, 24, 36, 48, 60 and 72 h precipitations under a 5-year return period
in the middle reaches of Yellow River from 1991 to 2024
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Fig.5 Distribution of the 1, 3, 6, 12, 24, 36, 48, 60 and 72 h precipitations under a 20-year return period
in the middle reaches of Yellow River from 1991 to 2024
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Fig. 6 Distribution of the 1, 3, 6, 12, 24, 36, 48, 60 and 72 h precipitations under a 50-year return period
in the middle reaches of Yellow River from 1991 to 2024
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Table 5 Critical thresholds (unit: mm) for different warning levels and

time durations in the upstream basin of Dongwan Hydrological Station
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Table 6 Verification of meteorological risk warning
results (unit: %) for floods at Dongwan Hydrological
Station from 2014 to 2024

U e B LS IOE &S &
6 h 80. 0 50. 0 66. 7
12 h 60. 0 50. 0 83.3
24 h 80. 0 0 60. 0
YN 66.7 0 71.4

1 ghig e

E N S PR A B LR/ W R U N R N e ) P 5
A i B L JE TR SCHUR T H 0 Rz 2R b [T R 4
2R pl 2R A A B e A TR R R AR 45 T AP i
T 10 AR [ /ST gLk e 30 A R EA T AR I L I A Bk
Z K SCRF AE AR A AR T ARV K SC s DA B I R X
2014-—2024 4F 15 Syt /K $E47 I FH K 56, 45 80 a0 F
4538,

(1) SR FH 320 20 A0 58 v /0N e 3800 3 B 1] &85
ARG IR A I T 3 B S5 P I B O vk B
o A SH AT T B R A (R . RIS T R AR U
2% AR T R /N T] 3 T K XU T0 i, ik B
TS8R VI 3L S R A 3 01 224 B B A O T B

(2 1) FH 1 s Ak 7 8 el o 36 T ) A9 R 3k 1 If
B H AT T I JE . RS KR B A b R AR R
71,854 I A AN A i 40 I B 2 20, 090 F1 29. 4%
T ARORS B 5 2w Ay K RO B KA Y, &

BT I J5 Al 5 B (E A B AP e R /N R K R
IS T Hh i AR AT

(3P ITIEAEPHI A 7K SC ok L B 2014—
2024 45 15 Sk K RS 36 3 W] L AN [) 2 i B
e 5% 1 (L 4 DRI 149 00 900 O A ¢ 42— B b 24 h
i 7 {0 DT ) 950 i o R S ey L IR B 8000, A
S R TR 20 A A Bl =2 7K SCRE AR fEL A9 30 5800 2%
RBS

(4 FE T [R] 91 23 vk A IE 1 # /N 3t 74 7 R T
)5 s RE A AT 0N X ME L X3S U 471 7K S
GEORL R RS T8 70 A A R P 81 FE ok
GORHI 3 s %07 ik B — B HE T R ICK S
NI S FeAtl R /N T B K R R R AR
RFEASE

(5) 32 IR BEK I U BERE AR BIF 58 78 8] T i >R
JHTR] — 5 R0 1 5t 15 40 (L BB A7 9T 1F » HLR 25 R
WL HER R A R . B TR ORL AR TR R LS
Zen] LU EUT PEJ5 R A 52 . — R RIS A B 55 T
R AR X /N AT 0 2 R AR T
A SR R B 0 D BT IS P A BGE 3 R
FE o o3 A SE AT TEREAY o DT 3 — 25 B o G KU 191
BRI

Sk

BLALR ZEBR . TAIFT 55,2017, 3% F 43 A 207K SCBE AL /N 3 35 10
BEFR s 5 N L)), B K FE . 36(2) :156-163. Bao H J,Li Z
J.Wang LL L,et al,2017. Flash flood forecasting method based on

distributed hydrological models in a small-basin and its application



%A

TR A - TR A0 48 T A A A R BTk e /N T it K XU T 5 3 W 5 45 441

[J]. Torr Rain Dis,36(2):156-163(in Chinese).

(L LL7E, bRt ol 4, 45, 2020, kT a0 480 b A5 1 o /0N T 0 Bt gl S i
ST R B AT A0, K%, 46(11):1495-1507. Bao H J, Lin
J.Cao S, et al, 2020. Topography-based dynamic critical area
rainfall threshold for small- to middle-sized river flood warning
[J]. Meteor Mon,46(11) :1495-1507(in Chinese).

FLLLZE , ERHF L R 55, 2016, R K SR A 19 3k K AR BF 52 30k
JE[]]. K% ,42(9):1045-1057. Bao H J, Wang L L, Shen X S.
et al,2016. A review: advances of flood forecasting of hydro-
meteorological forecast technology [ ]]. Meteor Mon, 42 (9)
1045-1057(in Chinese).

LT e A 1 S L 55, 2021 [ 5 Gk SO TR O 55 R 3k
JE 5Bk K% .47(6) :671-684. Bao H J,Zhang H D.Xu F
W,et al, 2021. Progress and challenge of national level opera-
tional technology for hydrometeorological forecasting[J]. Mete-
or Mon,47(6) ;671-684(in Chinese).

SEURA KB, BB 30, 4. 2022, 3k T £ U MK Bl A 9K 3h Y WREF-
Hydro #58 BI7E /)] 38 36 K 5 A A3 TR L 0. 9 i O 2 2 4R
CHSPBL /) . 50(3) : 55-64. Chao L J.Zhang K.Chen X Y.
et al,2022. Applicability of WRF-Hydro model based by multi-
source precipitation merging in flood forecasting for small- and
medium-sized watersheds[J]. ] Hohai Univ (Nat Sci),50(3):
55-64(in Chinese).

DAL AN R L 45,2024, 20002020 4 (1] B i) HA 3iE A [ 3 35
DX I B P 7 5l i e S LR i I [ . BT 5T, 43 (8)
2121-2140. Cong J M,Sun C J,Chen W,et al,2024. Unrevealing
the process and driving factors of urban construction land ex-
pansion in the middle reaches of the Yellow River,2000—2020
[J]. Geogr Res,43(8):2121-2140(in Chinese).

LA RO EE L 552025, 1993—2023 AF g ] Hh i e 2 A I s
AT ). N B ,47(4) : 100-105. Dong Z, Yang G, Deng
R X, et al,2025. Analysis on temporal and spatial changes of the
embankment-line utilization of the middle Yellow River during
1993—2023[J]. Yellow River,47(4) ;100-105(in Chinese).

B0 2207, A 5 2004, 33 9 R AU B I R AR 2 A LT L KR
JK BB R, 24(5) :21-23. Huang G R,Rui X F,Shi P,2004.
Analysis of rainfall-runoff characteristics of Jing-Luo-Wei River
Basin[J]. Adv Sci Technol Water Resour,24(5):21-23 (in Chi-
nese).

R HMAE Kok, 55 . 2015, 21 {0 1 3 300 18 s [ AL A
BIRFFE)]. AR B . 37(10) :1-6,34. Li Z J, Huang P N, Zhang
Y P,et al,2015. Study on spatial combination model of infiltration-
excess and saturation-excess runoff in semi-humid watersheds
[J]. Yellow River,37(10) :1-6,34(in Chinese).

YU VT3 1R AT S R 5L 2017, 38 T 43 A 2K SCRE R 1 1 ok T
M 5w B L) L i R AR R CH SRR M0 5 45 (5) 2 384~
390. Liu S Y,Jiang S H,Ren L. L, et al,2017. Calculation of crit-
ical rainfall for early-warning of mountain flood based on dis-
tributed hydrological model[ J]. ] Hohai Univ (Nat Sci) ,45(5) :
384-390(in Chinese).

X £ 75 P, 2015, 43 A1 3K SCREEL 4 r /il g it 7K

B AT, 7k 3.35(1) : 1-6. Liu Z Y. Hou A Z, Wang X Q.
2015. Flood forecasting for small- and medium-sized rivers based
on distributed hydrological modeling[ J]. ] China Hydrol,35(1) ;
1-6 (in Chinese).

AL B XIB= 5 2000, Hr i AR/K SCRE L H AR i A2 [T 1. 0 i K
FARCHARBIEMD ,28(5) :1-6. Ren L L, Liu X R,2000. Trans-
formation of hydrological modeling techniques in the digital era
[J].] Hohai Univ (Nat Sci),28(5) :1-6(in Chinese).

PG A8 K AT, 2010, PG48 7K SCHH S F LML BN < B0 7K A1t R
#t. Shanxi Provincial Department of Water Resources, 2011.
Hydrological Computation Manual of Shanxi Province[ M]. Zheng-
zhou; Yellow River Conservancy Press(in Chinese).

WA BARE BB 2, 45,2016, 56 B 2R Wl R AR (1Y e /N o] 9 3
G BB ZE[]]. X% .42(7) :865-874. Shen J, Nie Z X, Wu
X Y.et al,2016. Research of critical precipitation threshold in
small rivers based on hidden Markov model[ J]. Meteor Mon, 42
(7):865-874(in Chinese).

AW B Bk L 2023 S F IR AL S 2 T AR I B K K E
TRV WAl ——— DA R 22 37 X b 3 o /N B0 3 ok B LT ] &R, 49
(6):745-756. Si L L., Zhao L, Wei T X, et al,2023. Risk assess-
ment of flood disaster based on shared socioeconomic pathways:
a case study of the small- and medium-sized river basins in the
upper reaches of Xiong”an New Area[ ] ]. Meteor Mon,49(6) ;
745-756 (in Chinese).

EB L2019, TPl BIL ) AR AL 5 G H 0 48 b Al 2 B S (DL R
M B M K F. Wang D,2019. Study on the construction of com-
prehensive discriminant indexes for the change of runoff mecha-
nism in the Middle Yellow River[ D]. Zhengzhou: Zhengzhou
University(in Chinese).

FHR, E L R YL GE L2024, 2 U5 A B KRR RE N A TR 7618
R BOK FAR i BT LT]. KR 5 H BB, 47(5) : 9-16.
Wang Z Y,Wang D,Dong J L,et al,2024. Application of multi-
source precipitation merged products and intelligent grid weather
forecast in a flood forecasting in Weihe River Basin[]J]. Meteor
Environ Sci,47(5):9-16(in Chinese).

FARME  E L S L 45,2025, KL TR T A vk 19 1k R E AR TE
Jrk (1], K4 ,51(6) : 744-755. Wang Z Y, Wang D,Li H,et al,
2025. Meteorological early warning method of mountain torrent
disaster based on fuzzy evaluation method[J]. Meteor Mon, 51
(6):744-755(in Chinese).

B R T5 % B /b 55,2014, 358 50 4R BT | o e g K £ i ] RO iy
FESS LY. A% A8 R BF 52 PR 3(3) :154-163. Xia Q, Wu F R,
Chen S Y,2014. Multiple time scales characteristic of precipita-
tion in recent 50 years of upper and middle reaches of Yellow
River[J]. Climate Change Res Lett,3(3):154-163(in Chinese).

T4 BN AR B R 20140 3T ) A5 G FE R Ak 0 Ll Bt U Oy
HRALT] A %.40(1):101-107. Ye J Y, Li Z J, Chang L,
2014, Research and application of flash flood early warning
method based on dynamic critical precipitation[ J]. Meteor Mon,
40(1):101-107(in Chinese).

FETEVL, w53, 2000, TAREK ST LML AL 50 v KA K .



142 A

% 952 %

Zhan D J, Ye S Z, 2000. Engineering Hydrology[ M ]. Beijing:
China Water & Power Press(in Chinese).

ST e BRE 45, 2016, 36 DLt 307 Oy ik 1 R i B 7K HE 3R
kI [T]. K4 . 42(7) :799-808. Zhang Y T.Jiao M Y,Chen J,
et al,2016. Probabilistic forecasting of extreme precipitation ex-
periment based on Bayesian theory[ J]. Meteor Mon,42(7) :799-
808(in Chinese).

BV TES IR 52022, T REC21 + 77 R i £ 19 TR AR
FEPEFIR 2 K AL LT ], A B R s BRR 2, 52 (10) 0 1929-
1947. Zhang Y J,Yu H Z.Zhang M R,et al,2022. Uncertainties
and error growth in forecasting the record-breaking rainfall in
Zhengzhou,Henan on 19 — 20 July 2021[J]. Sci China Earth
Sci,52(10):1929-1947(in Chinese).

E GRS 2019, BT B & B H /N Ik K ARG RO T A A
QX/T 451—2018[S]. dt. 2t : K 4 i Wi 4. China Meteorological
Administration, 2019. Meteorological risk warning levels of
small and medium-sized rivers flood induced by torrential rain;
QX/T 451 — 2018 [ S]. Beijing: China Meteorological Press (in
Chinese).

rhrAe RS ] I K O R A e R L o D K A A
Z2 51452009, K SCIE M BUAR MG GB/T 22482—2008[S]. 4t
I E BRfE R #1. General Administration of Quality Super-
vision, Inspection and Quarantine of the People’s Republic of
China, Standardization Administration of the People”’s Republic
of China,2009. Standard for hydrological information and hydro-
logical forecasting: GB/T 22482 — 2008 [ S]. Beijing: Standards
Press of China(in Chinese).

e B S = K R, 2018, K U {5 5 - SL 7582018 S]. b
s [ K ) K B R FE. Ministry of Water Resources of the
People’s Republic of China,2018. Signals for hydrologic infor-
mation warning: SL. 758 — 2018 [ S7. Beijing: China Water &
Power Press(in Chinese).

AR G RS E KR #2022, 2021t E K SCAR R M. JE 5t o ]
JK ) 7K B B L. Ministry of Water Resources of the People’s
Republic of China, 2022. 2021 China Hydrological Yearbook
[M]. Beijing: China Water & Power Press(in Chinese).

AR N RS FTE KR F L 2023, 2022 v E K SCAR R M. Jb gt o ]
JK 7K H S B AL . Ministry of Water Resources of the People’s
Republic of China, 2023. 2022 China Hydrological Yearbook
[M]. Beijing: China Water & Power Press(in Chinese).

AR N RS FTE KR FE L 2024, 2023 v E K SCAR R M. L5t ]
JK 7K B 2 B L. Ministry of Water Resources of the People’s
Republic of China, 2024. 2023 China Hydrological Yearbook
[M]. Beijing: China Water & Power Press(in Chinese).

rfr A AR 3 E K ORI L (2024-06-18). 52 B 4E K it /K Tl 00, 101 i 45 25
RS UE BE A48 — [ EB/OL]. https: / news. cctv. ¢n/2024/06/
18/ARTIbOQXE32ZiHNv70uUCjPR240618. shtml. Ministry of
Water Resources of the People’s Republic of China, (2024-06-
18). Unifying the Extension of Flood Forecasting Lead Time
with Improved Forecast Accuracy [ EB/OL]. https: // news.
cetv. ¢en/2024/06/18/ARTIb0QXE32ZiHNv70uUCjPR240618.
shtml(in Chinese).

rr A AR S 0 T KA K R AR S G, 2016, H /NI L ik K TRUE i AR
i 5 BUHRBRBFFELM . dbat  BL2% kL. Water Resources
Information Center of Ministry of Water Resources of the Peo-
ple’s Republic of China, 2016. Research on Determination of
Early Warning Indicators and Forecasting Techniques for Floods
in Small and Medium-Sized Rivers[ M. Beijing: Science Press(in
Chinese).

Jar e, R A5 2023, AR R M sy R AR AU 5 K SO AR AR B HG B
XFLJ]. K% ,49(3):257-266. Zhou B Q. Zhai P M, 2023. The
future projections of extreme weather,climate and water events
and strategic responses[ J ]. Meteor Mon,49(3) :257-266(in Chi-
nese).

Abbott M B, Bathurst J C,Cunge J A,et al,1986. An introduction to
the European Hydrological System-Systeme Hydrologique
European, “SHE”, 1; history and philosophy of a physically-
based.distributed modelling system[J]. J Hydrol,87(1/2) :45-
49.

Gou L F.Jin Z D,von Strandmann P A E P,et al,2019. Li isotopes in
the middle Yellow River: seasonal variability, sources and frac-
tionation[ J |. Geochim Cosmochim Acta,248:88-108.

Gourley ] J, Erlingis ] M, Hong Y, et al,2012. Evaluation of tools
used for monitoring and forecasting flash floods in the United
States[J]. Wea Forecasting,27(1) :158-173.

Jia Y W,Sun C J,Wu H X, et al,2023. Spatiotemporal distribution
characteristics of land resources in the middle reaches of the
Yellow River in China from 1980 to 2018:an asset perspective
based on multi-source data[ J]. Nat Resour Res,32(4);1823-
1838.

USACE, 2001. Hydrologic Modeling System HEC-HMS User’ s
Manual[ M]. Davis: Hydrologic Engineering Center.

Zhang Y J.Yu H Z,Zhang M R.et al,2022. Uncertainties and error
growth in forecasting the record-breaking rainfall in Zhengzhou,
Henan on 19— 20 July 2021[J]. Sci China Earth Sci, 65(10) ;
1903-1920.

Zogg ], Deitsch K, 2013. The Flash Flood Potential Index at WFO
Des Moines,lowa[ R]. Glasgow: WFO.

(AR ICTT 20 - AR



