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Abstract: Flash flood disaster ranks top among the natural hazards in China due to its frequent occurrence and
high mortality. It has posed a severe threat to national public safety and water security. The optimal design of
hydrometric network helps to capture the spatial and temporal variability of regional storm events and flash
flood regimes, which can significantly improve the accuracy of flash flood warning and strengthen the flood
defense capacity in small and medium catchments. However, the quantitative research on the optimal design of
hydrometric network is relatively rare with consideration of flash flood disaster prevention and control. In this
study, a flash flood warning-oriented method for the optimal design of hydrometric network is proposed, and
Shunchang County in Fujian Province which is frequently subject to flash flood disasters is selected as a case
study. Specifically, the optimal design method for rainfall station includes the Cone method and the correlation
analysis method, and should further consider the characteristics of historical storm events and flash flood
disasters, and local social and economic situations. The optimal design of water stage station should
comprehensively consider the occurrence frequency and impact extent of historical flash flood disasters, flash
flood warning requirements, and local social and economic situations. The current densities are 37 km’ per
station and 76 km’ per station for rainfall stations and water stage stations, respectively, while most of the
stations are distributed along the main streams in the plain, and the monitoring stations are insufficient especially
in the key prevention districts for flash flood disasters. Thus, the current monitoring capacity and early warning
capacity are rather weak in Shunchang County, which significantly weakens the warning and forecasting
capacities of local flash flood disasters. For addressing those above-mentioned problems, the current designs of
rainfall station and water stage station are quantitatively analyzed and optimized according to the spatial and
temporal characteristics of storm events, the historical flash flood disasters and the forecasting requirements of
flash floods. The results show that three new rainfall stations and three new water stage stations are suggested to
be established in Shunchang County, in which one water stage station monitors rainfall process meanwhile. The

three new rainfall stations are evenly distributed along the densely populated mountainous tributaries with rare
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rainfall monitoring stations and relatively weak flood defense capacity. Their establishments can improve the
forecasting accuracy of local flash floods. The three new water stage stations are evenly distributed along the
densely populated mountainous tributaries with relatively weak flood defense capacity, and their establishments
can guarantee the forecasting requirements of flash flood disasters, and the safety of downstream villages and
water infrastructures. After the optimal design of the hydrometric network in Shunchang County, the density of
rainfall station and water stage station arrive at 34 km’ per station (31 rainfall stations) and 68 km’ per station (29
water stage stations), respectively. This study is expected to provide scientific references and technical guidance
for the robust and quantitative design of hydrometric network in regions frequently hit by flash floods.
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Tab. 1 Hydrometric network of four main catchments in Shunchang County
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Fig. 2 Spatial distribution of rainfall stations and

corresponding Thiessen polygons in Shunchang County
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Tab. 2 Correlation analysis of rainfall properties among
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Fig. 4 Spatial distribution of new stations in Shunchang County

ARSCHET Py SRR I 23 RRAE , 45 6 Lt R 5
Ml P 55 M3 L P73 B e A 1 S S B O
AR Lt TR T 2R e R ) T R, AR S
i B Ay 5], %ot B P B T sl RK A 3l EA T T
HHEA TR ETIT

(1) A R T R A DG 4 55 R T B Tk B
F 5 HN 185 R B0 2% 11 1Lk e 5 T S B i IX Y
B SE RN R 3 AR, SR KA 3 R T T B Bkt
G AT K

(2) XF7K W 3l W AT 25 A Ak i e, BN
HAGRAG 31 JE TR 53k, 29 JE /KA 3l , T H2 3 1K o7
il 25 B 3 530 R 34 k33t 1 68 K/, 3 ) 25 FEE 4
ST 8% 10%.,

(3) 3C 4R HH A 7K TR A7 3 0 A 3 ik SR AL
L E LT A T2 H AR, n] HF /N it
K 5 0 18 3l O AR VBERIE S o AR, A I g 1 — 2 Jin
AL 3o s T RS #4822 TR 15 S8l T A 8 i B
Wi AT

%% X Hk(References):

[ 1] S, A 4 b e 1 L ik 9 55 By IO 35 K By i % 5 ).
N R K T,2005,36(6):3-5. [ Ma J H, Hu W Z. China’s
flash flood disaster and its control measures[J]. Yangtze
River, 2005,36(6):3-5. ]

[ 2] B P sy A v [ Lt R S B P AR (0] K )
2#412,2016,47(9):1133-1142,1152. [ Zhang G, Pang B, Xu
Z X, et al. Assessment on the hazard of flash flood disas-
ters in China[J]. Journal of Hydraulic Engineering, 2016,
47(9):1133-1142,1152. ]

[ 3 1Miao Q H, Yang D W, Yang H B, et al. Establishing a rain-
fall threshold for flash flood warnings in China’ s moun-
tainous areas based on a distributed hydrological model
[J]. Journal of Hydrology, 2016,541(Part A):371-386.

[4] 5K it 5 F B 6 15 -5 R3] K F K LB,
2016,47(1):1-5. [ Zhang Z T. Mountain torrent disaster
prevention and control measures and their effects[J]. Wa-
ter Resources and Hydropower Engineering, 2016,47(1):1-5. ]

(5] &P R, 548 1. 1l ik 9 3 W 0 R 6 3l 1) 2 J3E 0 BT R
[J1.7K 3¢,2011,31(5):64-67. [ Shu D X, Han J S. Discus-
sion on rainfall station network density of torrential disas-
ter monitoring[J]. Journal of China Hydrology, 2011,31
(5):64-67. ]

[ 6] faf SR, ™ g A 1Lt /K o7 T P A R[], v 6 B VR 5,



123 FEIGEHE A5 THI ) LA FOUER (14 7K 7 M) s P 473 15 75 A PSS 1641

2016,26(5):61-63. [ He B S, Yan J H. Recognition of wa-
ter stage warning for flash flood[J]. China Flood &
Drought Management, 2016,26(5):61-63. ]

[ 7] Marra F, Zoccatelli D. Design of rain gauge networks for
flash flood prediction: Assessment based on spatial mo-
ments of catchment rainfall[J]. EGU General Assembly,
2012,14:14480.

[ 8 ] Johnson D, Smith M, Korean V, et al. Comparing mean ar-
eal precipitation estimates from NEXARD and rain gauge
networks[J]. Journal of Hydrologic Engineering, 1999,4
(2):117-124.

[9] WMO (World Meteorological Organization). The guide to
hydrological practices, Volume I hydrology- from mea-
surement to hydrological information[R]. WMO Publica-
tion No. 168, Sixth eds, 2008.

[10] frf 255 v 7K ST W [J]. K Bh 2 E J7¢,2010,21(4):460-465.
[ He H. Chinese gauging station net work[J]. Advances in
Water Science, 2010,21(4):460-465. ]

(117 ERBRGTT BHE EIn 2 Ax bk 3 Biia 2 4
JE TR b 2 B LR A5 4 [R]. 2013,7. [ Office of
State Flood Control and Drought Relief Headquarters. Re-
port on the implementation and management of non-engi-
neering measures at county level for flash flood disaster
prevention and control[R]. 2013,7. ]

(127 H JRURE K St I BRI M. 1 3T 2 i, 1993.
[ Hu F B. Hydrologic network design[M]. Nanjing: Ho-
hai University Press, 1993. ]

[13] BlikEAe, S o0, 5 RUME /K Sl R 55 A A [M RS M
HEYH] 7K ) HY BAE,2001. [ Lu G H, Cai J Y, Hu F B. Hy-
drologic network design and optimization[M]. Zheng-
zhou: The Yellow River Water Conservancy Press, 2001. ]

[14] Mishra A K, Coulibaly P. Developments in hydrometric
network design: A review[J]. Reviews of Geophysics,
2009,47,RG2001, doi:10.1029/2007RG000243.

[15] Eagleson R. Optimum design of rainfall networks[J]. Wa-
ter Resources Research, 1967,3(4):1021-1033.

[16] Dymond J. Raingauge network reduction[J]. Journal of
Hydrology, 1982,57:81-91.

[17] Morin G, Fortin J P, Sochanska W, et al. Use of principal
component analysis to identify homogenous precipitation
stations for optimal interpolation[J]. Water Resources Re-
search, 1979,15(6):1841-1850.

[18] Basalirwa C P K, Ogallo L J, Mutua F M. The design of a
regional minimum raingauge network[J]. International
Journal of Water Resources Development, 1993,9(4):411-424.

[19] Basist A, Bell G D, Meentemeyer V. Statistical relation-
ships between topography and precipitation patterns[J].
Journal of Climate, 1994,7(9):1305-1315.

[20] Skok G. Analytical and practical examples of estimating
the average nearest-neighbor distance in a rain gauge net-
work[J]. Meteorologische Zeitschritt, 2006,15(5):565-573.

[21] Moss M E, Tasker G D. An intercomparison of hydrologi-
cal network-design technologies[J]. Hydrological Scienc-
es Journal, 1991,36:209-221.

[22] Bastin G, Lorent C D, Gevers M. Optimal estimation of
the average areal rainfall and optimal selection of rain
gauge locations[J]. Water Resources Research, 1984,20:
463-470.

[23] Wei C, Chiang J L, Wey T H, et al. Rain gauges network
design using discrete entropy and Kriging approach[J].
EGU General Assembly, 2010,12:10421.

[24] Husain T. Hydrologic network design formulation[J]. Ca-
nadian Water Resources Journal, 1987,12(1):44-59.

[25] Yang Y, Burn D H. An entropy approach to data collec-
tion network design[J]. Journal of Hydrology, 1994,157:
307-324.

[26] 2RI, AR, b T B 00 2 H bR K STk ARG
AR [I]. 58 B0 R 2= 24 (H AR B2 ),2017,53(2):326-
332. [ Li H S, Wang D, Wang Y K. Entropy-based multi-
objective optimization for hydrologic networks[J]. Jour-
nal of Nanjing University (Natural Sciences), 2017,53(2):
326-332. ]

[27] BEIK A Z2 B3 22K SCABIFSE 28 FEAS TR A5k 3 ) A1 80 85 2
B A3 AT 5 v A v [0]. 7K 3C,1965(5):36-38. [ Hydrolo-
gy department of Yellow River Conservancy Commission
of the Ministry of Water Resources. Analysis of basic
rainfall station density-Cone method[J]. Journal of China
Hydrology,1965,5:36-38. ]

(28] FE 28 {5 TR o 0l 100 85 2 23 M LA 7 ik 2 He AR [ L g 7k
F,2002(3% T1]):48-49. [ Cui T C. Comparison of methods
for rainfall station density calculation[J]. Shanxi Water
Resources, 2002(supplement):48-49. ]

(297 ¥ AR /)N JAE S R 53l ) 285 82 A [0 D 1R K 22
W OCTFEREMR),1998,2(2):29-33. [ Pan J G. Analysis of
precipitation station network density of small watershed
[J]. Journal of Sichuan University: Engineering Science
Edition, 1998,2(2):29-33. ]

(307 “T AR A £ 1 7E JU TR /)N i R A3 P KR e g
N FH [T 7K 9 A 9E,2013,34(2):16-17. [ Ning D L. Ap-
plication of cone gradient method in rainfall station net-
work design in Jiulong Watershed[J]. Journal of Water Re-
sources Research, 2013,34(2):16-17. ]

(317 SEral iy A/ N E i R AR S P[0 AR AR I,
2016(6):23-24,80. [ Shi X Q. Design and study of rainfall
station density in small and medium watersheds[J]. Techni-
cal Supervision in Water Resources, 2016,6:23-24,80. ]



1642

LU ISR 20174F

[32] SL34-92. 7K 3¢k R4 A WIS rh A A R AT 7K

F) 36,1992, [ SL34-92. Technical Regulations for Hydro-
logic Network Design[S]. The Ministry of Water Resourc-
es of the People’s Republic of China, 1992. ]

[33] L ARz B AW BT sl K DRt e N R it A1

B 43T (0], N R ¥ 70,1995(4):22- 24. [ Wang F G,
Xiong Y F, Bai Z G. Analysis of rainfall station density of
soil and water conservation watershed in Yellow River
Basin[J]. Yellow River, 1995,4:22-24. ]

(34] E25F X0 5 HE A 2 R A R ki R A e P g D).

JKBFE 5 T REH AR, 2008(6):10-11. [ Wang Q P, Liu K Y.
The application in precipitation station layout with cone
gradient method[J]. Water Sciences and Engineering
Technology, 2008,6:10-11. ]

[35] YL V4 k3l X T 2L VPG 2 o ) 285 3 ) 20

BT [J].7K 3C,1987(3):34-37. [ Analysis group of Jiangxi
rainfall station network. Preliminary discussion of rainfall
station density equation in Jiangxi province[J]. Journal of
China Hydrology, 1987,3:34-37. ]

[36] TR XSS VR TP Hh/INT R b ) 5 BT

BE[I].IT VUK R, 1990(4):5-15. [ Zhang G J, Liu X Q,
Liu Q S. The optimal design of rainfall station network of
small and medium watersheds in Jiangxi Province[J]. Ji-

angxi Hydraulic Science and Technology, 1990,4:5-15. ]

[37] AR, Fe 7T A A R i IO 2 2 43 BT (1] 7K 3L, 1997

(3% F)):41-43. [ Shao J M, Qiu T M. Analysis of rainfall
station network in Fujian province[J]. Journal of China
Hydrology, 1997(supplement): 41-43. ]

[38] E AT R, A AR L T B0 Ui 1l 14 T 3l 0 25 1)

A B AIF 5 (9. 00 ¥ R =72 4l (A AR 1), 2003,31(2):
196-199. [ Wang M R, Ren L L, Li C H. Spatial analysis

of rain- gauge network based on digital basin[J]. Journal

P BRAT AR R K 71.,2008,39(6):36-37,76. [ Li
S K, Yang Y, Xiao X L, et al. Preliminary discussion of
flash flood disaster and hydrologic station network in Ji-
an city[J]. Yangze River, 2008,39(6):36-37,76. ]

2 AL SO, A — L 3 5 I A 3 A
BITENACLA 31 i AR A & 4F 2 S10 43 U
RGNS KR IE— 4R K SR R K K-, 4
BRGNS Kk, AL 5,2014. [ Li J, Deng J, Dai
W J, et al. A kind of setting method introduction to the

[a—

rainfall stations of geological disasters from mountain tor-
rents[C]. The 31" Chinese Meteorological Society S10
The fourth Weather Service Development Forum-Improv-
ing hydro- meteorological disaster prevention and reduc-
tion, promoting social development of meteorological ser-

vices, Beijing, 2014. ]

[42] 4= bR B in LRI /N 20 . A Lk e

B v L) L ik 5 Bl 3R XK ARG il ) A 15 Dt D)
[R].2004,10. [ Office of National Flash Flood Disaster
Prevention and Planning. Design principles of hydro-me-
teorological station networks in flash flood disaster pre-
vention zone in national flash flood disaster prevention
and control plan[R]. 2004,10. ]

(43] E KB IG5 4 L B iR 1

0 77 g i K 4M[R].2007,8. [ Office of State Flood
Control and Drought Relief Headquarters. Outline of im-
plementation plan for national flash flood disaster preven-

tion and control pilot county[R]. 2007,8. ]

[44] R BB R AR I A R EBRA EHRAR T

At 38 9t ) %2 [R].2010,8. [ Office of State Flood
Control and Drought Relief Headquarters. Implementa-
tion plan of non-engineering measures at county level for

flash flood disaster prevention and control[R]. 2010,8. ]

of Hohai University (Natural Sciences), 2003,31(2):196-199. ]
[39] ZEAFLL, B b 15 7K AE T - VT B R 3l 9 43 BT 1
[J].7K e [ 34k 5 K 3 W i,2008,32(3):74-76. [ Li C H,

Luo Q B, Feng Y X. Demonstration of rainfall network in

[45] Yao J Q, Yang Q, Mao WY, et al. Precipitation trend - Ele-
vation relationship in arid regions of the China[J]. Global
and Planetary Change, 2016,143:1-9.

[46] Ding B H, Yang K, Qin J, et al. The dependence of precip-

Xinfengjiang drainage area[J]. Hydropower Automation itation types on surface elevation and meteorological con-

and Dam Monitoring, 2008,32(3):74-76. ]

(401 25T 4791, F IR Bk, A5 315 22 i 1L 9 T A e K A o

ditions and its parameterization[J]. Journal of Hydrology,
2014,513:154-163.



