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Fig.1 The Nangaoer small watershed
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Fig.2 The Liubudong small watershed
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Tablel The parameters after the model calibration
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households elevation along the line



4 K X

40%:

=, HE TR ITRR S R SRR A OK IO R,
B AN R KOK T 4R T R R,

L 042 1 DB TR 1 A S E R X, HEZKOK T 2K LU R
k, 3 e B A5 (X, Z) BO/K T2 R R

Z-Z;=K,* (X-X;q) (5)
A 7% i B P SR R KK I 2R
AZ= ZJ - Z(XZXN):ZJ' -k, *(XJD_qu>_ZdD (6)

(2) I AR LA AR T T J B P S5 ARl
RPKOK LG FR, i VT A e 25 5 52 9 1Y)
JE BT Ak R i T T 114 B KAV

WIEHAKOK IR LU, KT o R P m AL 1k Ry
Pl Wi A AR, SREUITAG VA B AR X T4 i
TR TR AT

W TG s B P iR AR K T B R A A s i i v Ak
(TR e «

Zy =Ky * (Xag=Xiq) +Z (7)

VEWUTT A Z, B985/ IME min (Z,0) V8 42 i i T 4k
() BRI IKAE, FERG FLAE KB A& 1 BT K A, FHIVE )
JaE B WU A VTR B 25 5 2 R TR R

Z,=min(zy) (8)

Ze, h A ) B T Ah B AR AN, R B ISV
GEIKAL,

ZEVT A B ALK A A 242.016 m, MR R RS
B IKA Ky 202.208m,

22 BRFBEITE

KRS T AT ARYE LR BB AE 2RO RK AL

HIER B RLIIKAT A A B T
Q=A-v=A-%R%-f (9)

Ao, Q ST (m¥s) s A A it T AR (m?) sv Syt
DT P-4 (mYs) sn AR 5 R 7K 1248 5 kit
KK I FER%

Hor ks R B E, ARV T FRAE , 7% (K T 5%
Py 5 HE R IR ) (SL537-2011 ) i , AR T i i |
MR ZR P AV AT V& B IR R, e I T A A A I
B YRS er B R B P R K, JCRH R,
F Al R R L 0.035~0.04, 5 2 Al R HL 0.03~0.05, i1 ¥
i 2R I 0.05~0.07 5 A5 AR Al A 5 A ot B, Py VR 4
T 900 AL I 6 5 JC A v, A R 2,
T R 2R 1 0.03~0.034, 1 32 At 2R L 0.026~0.038, i1 i
K41 0.04~0.06, i i 1545 B —ZH KA i oS &
2R AT A SCHRBUK AL 2 G FR i 4 A -3

2%, SRAS R e T A4 I D 10.9m s, I AR £
JRR it Sy 78.5ms,, B e T MR AR S HHRT V FY
i Ve 1) SR G 2R LI 6~9

2455
245 s
2445 ~
244 ‘
I 2435 ‘ —
7 243 L [
2425 |
242 ‘
2415 .
241 —
0

2 /m

5 10 15 20 25
BEES /m
Vel 6 e v A i D T s R 1
Fig.6 The control section of Nangaoer

206
205l
2204} \
fﬂ% 203 | I
202 | ,,
201 /4

200
0

5 10 15 20 25 30 35 40
B /m
7 WS AR s R

Fig.7 The control section of Liubudong

242.6
242.4
:
242 ) n
241.8 MINn
2416 / i
2414 Y
241.2

241

2 /m

h=n
=y

O

5 10 15 20 25 30 35
Wi/ miest
P18 T e IS 428 il T T /K AR 97 e O AR il 2k
Fig.8 The relationship curve between the water stage and discharge at
the control section of Nangaoer Village

203
2025
5 20 n
3 2415 -MAXn
G MINn
zoo.sl-
200 : - : :
0 50 100 150 200

R S miest

P19 MR AR A 42 il i e /K o 3t e O R il 2%
Fig.9 The relationship curve between the water stage and discharge at
the control section of Liubudong Village



4l FNEE TS AR SR ISk L S B 5 5

3 TUE R EAER SRR

31 HEXRAE

AWFFEIETF BRI I, R BRI | 3 BN ]
WG 38 SR 3l A AR BT A, RS 203
DT T 6 St (7K A7 ) B s S R

(1) AR B 9 X G2 g b B B R SRR AE , LAY
B R B, e B A R B el R A S B AR A T
(2) %t R I — 49 7K i A AN [) R R SO o ) B
FRAMEE , I 53 A5 2K SRR F A4 il i e 14k DA
It ()WL I S I S R T L, WA AR AR DU E R
T BE R TR B, T 2R A% I Sk R IR R i, (4) 1
SEARFHIHA S KR, B UL AR AR
ISR R I AR o SRR AN 10 FTR

T v S L[] %
ERAFR A} By
IHFR S

koK k- AR K
WmE e | [ B
mifpEn |

T

AR | [ agenier
KA B B

I 5 it fak

P10 BT oKk SOl AU A
Fig.10 The process of the critical rainfall calculation based on the

hydrological model

3.2 HARFRIIEHERFITE

SRR R IR AN I SRR o
U I E KRS 5 20% ,50% 80% , [F]— il A B
515 AN T b I e Ko 7 P R o T A A o T S
N R FHRE 23 A 2K SOREIR 33 s 1 o e ) b e 3
W T UG 37T i 5 00 L R AR AR I Ry i - K
ST P S, AN A A DU B B AT A AR
ik, gk 2 s,
3.3 NMARWKIE

FRAE A B I U 2 R, SR 1995~2014 4 i
RUTR SR IR 0%, AR 3~5 WML ,

I 75 35 W IUESR AR T T YAIE, W3 3 R,

SERARW] 75 lERT, MR A4 T 20 il
IS A9 1 S A P R 32 UK, R FR Y
TR 85.3% ; MR AR A T 24 Ykalit i B Uckk 33
U, FEPRIITERGR 88%, JrHIFFAE 11 1K 9 i1
O, SR /N K 2 25 K A TR A e B, T T 3P 354 1)
SETIE IR BRI, DERAAE A AR R 5 Bl S
SRR /D o £ AN T2 S b A
e, AL T P v ALt O U AR

FR2 EANEIRFEFEREAR(mm)
Table2 The critical rainfall indexes of the villages along the river

TR T Bt /h 20% 50% 80%
1 52 44 39
Ak 2 8 2 o
3 104 90 75
4 112 9 79
1 54 43 33
Ik 2 73 57 45
3 87 68 53

3 IR BEIIREIE

Table3 The verification of the critical rainfall indexes

RIFILTE  IRIRIUE

BER R MR
L5aTR571/8 Bk Bk RIRK fERR
[Ear=0) 75 21 32 11 85.3%
IR 7R 75 24 33 9 88%

4 HEie

(BT T — BT 2001 2K SRR L
Fr /NI 9 X G T e U AR TRk, B
i R T IR AR T A [ X 4, g S 2 43 A 3K SO
T 556 Uk 2 TR RS AT S 5 R kK K T
28 - WY B P v R A s AR LUK L, R
SN E R . BT IR A T T
B2, A AN () b 98 5 7K i G A8 AR 3 B 1 S AR O
iR, FF R 1964~2014 4F () 75 56 AR REHE
SR TN 1L SR e SR 1 AT T 0E

(2) M 415 37 181 25 11 1 sl 7K R B als | R I ZK
AL e G R TR IR | BT R 5 VA AR AL ot
T A WAL L 8 R I8 MR Ak ik AR SR 30 137 vk e
IR PR XK SRR SR kAT T, TR
ARATEAR TG R GERE, X S H0KG B2 Rl 7 T
AT RE P R —E R



6 K 3L

40%:

(3)WFFE I AL I [ P e R 2 S Bl P 9
RAEREENZR, I LA Ry Bl E T 3 4>
PR BE (RSB 2% 7 U R R 5 2 AN ) T 3T T
SEANTFIAY o PRI, A 0 BRIy S L o R S i B
WEFTBORE, 20 Mr5 1Lt 9 3 e AR s DI I R R N B
YENTERT B

BE IR

[1] JESCM R DR XL BE. JET R ML RS A A% 1 33k 7 35 w48 = [J/0L].
JKRFEVEE, 2019,(4):1-13. (YUAN Wenlin, SONG Hanzhen, LIU
Meigi. An early warning model for flash floods based on random
rainfall patterns [J/OL]. Advances in Water Science, 2019,(4):1-13.
(in Chinese))

X2 1 A TR LT, A R Z b X L 3 O 3 I R e A <
B[] K FIK B HE AR, 2014,45(8):15-17. (LIU Yuanyuan, HU
Changwei, ZHANG Hongping, et al. Hazard risk zoning of mountain

2

flood for data deficient hilly region [J]. Water Resources and Hy-
dropower Engineering, 2014,45(8):15-17. (in Chinese))

FILIE fp iR R 2505, 55 FETREmT LI C 22 M 4R A v T AT 3 T4
PR E [J]. 7K 3¢, 2017,37(2):36-41. (WANG lJiangting, YANG
Tongchun, LI Wei, et al. How to determine early-warning index a-

3

long river based on rainfall flood peak curve [J]. Journal of China
Hydrology, 2017,37(2):36-41. (in Chinese))

[4] BEFH. HE TG SR LR AR G/ B L LR F BUE ST [D]. MK
“#, 2016. (LU Yang. A Flash Flood Disaster Warning in Small
Watershed Based on the Critical Rainfall [D]. Lanzhou University,
2016. (in Chinese))

(5] oz, ke T SCE, A, FETlm S B kR DX ICHERh Nl it
P EWEHFE[I]. HELFKFIKHE, 2017,8):92-95+102. (WANG
Yun, ZHANG Xin, WANG Wenya, et al. Research on flood warn-
ing based on critical rainfall in small watershed of ungauged
basins in the south of Shaanxi [J]. China Rural Water and Hy-
dropower, 2017,(8):92-95+102. (in Chinese))

[6] F2 L. Lt FIRA W EMRLEE [J]. KEHFIERE, 2013,24(6):

901-908. (CHENG Weishuai. A review of rainfall thresholds for

triggering flash floods [J]. Advances in Water Science, 2013,24(6):

901-908. (in Chinese))

AR TR, AT 5. FETRER AR I ¢ 3 M 44 (75 09 Lt i

UM BRI b E B RS, 2015,25(6):30-35. (XU Shaojun,

JIANG Yansheng, MAO Beiping, et al. Method of flash flood rain-

7

fall indicator determination based on rainfall-runoff charts [J]. Chi-
na Flood & Drought Management, 2015,25(6):30-35. (in Chinese))
A B NAM BURLEBRVT 0 Sk (3] A RZRTL, 2005,
(3):34-37. (SHE Yougui. Preliminary application practice of NAM
model in the Pearl River basin [J]. Pearl River, 2005,(3):34-37.
(in Chinese))
[9] BAZEHE, AR AR SR, 5. NAM BB/ VT 37 3 it 7k 19T 48w 194 i
FH[I]. WivT K FIBE B, 2015,43(1):87-89. (CHEN Zhiyang, BAI
Bingfeng, ZHU Yongquan, et al. Application of NAM model in

[8

flood forecasting of Minjiang River basin [J]. Zhejiang Hydrotech-
nics, 2015,43(1):87-89. (in Chinese))

[10] Ziakel il 12 45, Db E AR e 5 R[], K
K2R, 2018,37(11):1-14. (LIAN lJijian, YANG Weichao, XU Kui,
et al. Advances and prospect of flash flood forecasting [J]. Journal
of Hydroelectric Engineering, 2018,37(11):1-14. (in Chinese))

Calculation on the Critical Rainfall Indexes of the Small Watershed Based on Semi-Distributed
Hydrological Model

SUN Jing*, SANG Guoging®>, WANG Weilin?, LIU Changjun®, ZHENG Conggqi*

(1. Haihe River, Huaihe River and Xiaoginghe River Basin Water Conservancy Management and Service Center of Shandong
Province, Jinan 250000, China; 2. Water Resources and Environment, University of Jinan, Jinan 250000, China; 3. China Institute
of Water Resources and Hydropower Research, Beijing 100000, China; 4. Shandong Hydrology Bureau, Jinan 250000, China)

Abstract: This study proposed a rainfall early warning indexes calculation method on the disaster prevention objects in the small
watersheds of the hilly area based on the semi -distributed hydrological model. Firstly, NAM was used to establish a semi-
distributed hydrological model of small watersheds, and the model was calibrated by combining the storm flood data. Besides, it
established the model of the flood water surface line-the households elevation along the line based on the spatial distribution of the
rivers and the households along it. The weakest flood control capacity of the households was located to determine the water stage,
and the reverse calculation method of water stage and discharge was used to calculate the disaster prevention objects, and the
model test algorithm method was used to calculate critical rainfall. Taking Nangaoer and Liubudong small watersheds as the cases
to calculate its critical rainfall, and the calculated rainfall early warning indexes were compared with the observed rainfall based on
the verified data series of 75 rainfalls during 1995-2014. The results show that the accuracy of the critical rainfall is above 80%
that can be applied to the early warning of the flash disasters.

Key words: distributed hydrological model; disaster-prone water stage; critical rainfall; early warning indexes



