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Flood and landslide disaster rolling forecast in China based on intelligent-grid precipitation and coupled
hydrological-landslide model//ZHANG Chuntang'>, ZHANG Ke'?***>%  CHEN Guoding'*, WANG Sheng*>’, BAO
Hongjun**( 1. State Key Laboratory of Water Disaster Prevention, Hohai University, Nanjing 210098, China; 2. College of
Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 3. Yangtze Institute for Conservation and
Development, Hohat University, Nanjing 210098, China; 4. China Meteorological Administration Hydro-Meteorology Key
Laboratory, Nanjing 210098, China; 5. Key Laboratory of Water Big Data Technology of Ministry of Water Resources,
Nanjing 210098, China; 6. Key Laboratory of Hydrologic-Cycle and Hydrodynamic-System of Ministry of Water Resources
Nanjing 210098, China; 7. College of Computer Science and Sofiware Engineering, Hohai University, Nanjing 211100,
China; 8. National Meteorological Center, China Meteorological Administration, Beijing 100081, China)

Abstract: To address the challenges of obtaining driving data and soil-water parameters, as well as the computational load
in real-time forecasting of flood and landslide disasters on a large scale, based on the coupled hydrological-landslide model
(CRESLIDE) , seamless refined intelligent-grid precipitation data were introduced as the driving factor. A soil thickness
model and soil type data were employed to obtain distributed soil-water parameters, land cover information and accumulated
rainfall were combined to dynamically identify landslide-sensitive areas, and parallel computing technology was utilized to
accelerate the computational process. Subsequently, a national-scale CRESLIDE model was constructed to conduct real-
time forecasting of rainfall-induced flood and landslide disasters from 2022 to 2023, and it was verified in long-sequence
and individual disaster cases during the flood period from June to August. The results show that the maximum parallel
computing speed-up ratio of the CRESLIDE model can reach up to 5. 53. Flood disasters are primarily distributed across
North and Southwest China, and landslide disasters are predominantly concentrated in South China, with a notable increase
in frequency observed in North China during July and August. In long-sequence validation, the area under ROC curve for
evaluation of the forecast accuracy of the model is above or close to 0.7, and the forecast accuracy for flood disasters is

higher than that for landslide disasters. In individual case validation, the location and time of disasters forecast by the
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model are consistent with the observed results.

Key words: intelligent-grid precipitation; coupled hydrological-landslide model; flood and landslide disasters; large-scale

rolling forecasting; China
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Fig.1 Spatial distributions of geographical features in China
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MR+ 30 0.11 0.49 18.5 18.0 0.36 0.21
il 40 0.13 0.47 16.5 19.5 0.36 0.21
Bt 40 0.13 0.47 16.5 19.5 0.36 0.21
WEiE+ 50 0.14 0.48 16.5 14.0 0.34 0.19
e+ 35 0.27 0.46 20.0 14.0 0.34 0.21
W+ 9 0.25 0.46 24.0 14.0 0.30 0.15
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i+ 6 1.02 0.40 32.0 15.0 0.23 0.10
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57K, 18 B R O 22 ) AR BRI, 20 1)
P B85 0 B TE R, — e X 1 h BfK
ik 35mm, MR F RS RAL PN, N 18—23 B
& KU XA | S 43 1l X T34 Ay AL
A% 1 11 DRI, A S b DA AU AR g X3, 5 4 1)
Mg B0 FE G BUAR AT , 2% WAL TR B )4 12 ) A% Y
FF SR K3 TR 5 | & T i T A

4 %&£ it

a. JFATHORE—E R E LR TE 7R R
ROR IHATIE Y CRESLIDE #E70 fin st b 5 48 A2 45 2
TEARSCIG AR i LU O 5. 53, (ELRE Y 14 B 1A Jon
SR AZ BR T B AT 03 B 35 ) 5 i R 5 4%

- 90 -

AR UM X X R, RARAEAE N 0.14,
CRESLIDE #5175 ] FH o i v 5 2 — 25 51 i i 5k 1o
SRR Z ISR ARUE TR SR A B e B, A S
BB I A TRECH 39,

b. Wz A b B FE K R E AR 4 TFAE
JUHTPG R —AF | AT 43 1L XA S 4 it ok o A0 Ak
TG R e Y DA DAY 5 B 3 T AR rh A3 A AR
REm X, A BREEREN, Z2REUNF 1
W k% 5 B A AE P R 25k, 12 X B0 B e AR R OK
7—8 AAvJri ¥t in, 5 2022 4FAH [k, 2023 4
(1A L AR e 9 3 =R 35 Pr k2>

c. TERJFHIRE BRI Xof X 3l P Tk 7 i 3
I T RENR ARSI AT K I P8 AR AUC {E Y



M AT 0. 7, HEK U B PR BCR I T 1 3K
F RN R K G R A R EA IR P RO
8 9 A A R [] -5 52 PRl AR AT, BIASE 2R 4l
PEIRCERAFRIRETIHE  BERR AR 70 Hu X H B
(25 e IR, S 22 I 2k S i h) AE e A sk
DI IR , I b 2 A48 30 4 A B XU 1) 7 5
w2 RE T TRORII S A B RO, e T g 2 2 XL
17 IR PR

SEWK:

[ 1] PETLEY D. Global patterns of loss of life from landslides
[J]. Geology,2012,40(10) :927-930.

[ 2 J5em A, SR B, bR 7, 4. 5T 2 KK b & 9K 3l iy
WRF-Hydro #5 1 7 v /N JA7 358 14k 7K T3 42 19 38 A
[T T R4l (A AABRARR) ,2022,50(3) :55-64.
( CHAO Lijun, ZHANG Ke, CHEN Xinyu, et al.
Applicability of WRF-Hydro model based by multi-source
precipitation merging in flood forecasting for small and
medium-sized watersheds[ J]. Journal of Hohai University
(Natural Sciences) ,2022,50(3) :55-64. (in Chinese) )

[ 3] AT, Rig %, iz, SR RE AT 5T 2708 5 R
B[], WG BT IR S PR R AE 4, 2015, 10 (2) ¢ 1-8.
(ZHOU Yuyang,SONG Yugqin,SHEN Huanting. A review
of flood risk perceptions [ J]. Journal of Subtropical
Resources and Environment, 2015, 10 (2): 1-8. (in
Chinese) )

[ 4 ] WANG Sheng,ZHANG Ke, CHAO Lijun, et al. Exploring
the utility of radar and satellite-sensed precipitation and
their dynamic bias correction for integrated prediction of
flood and landslide hazards [ J]. Journal of Hydrology,
2021,603 ;126964.

[ 5] X, B XK. FE M FEIRRE LA TRIRT].
ASRK FE2E ], 2011,20(2) :90-95. (LIU Tong, YAN
Tianchi. Main meteorological disasters in China and their
economic losses[ J |. Journal of Natural Disasters,2011,20
(2):90-95. (in Chinese) )

[ 6] B0, fimud fo] 5545, 46 T LUk S | i ol 10 40 1902
WEFEBAR B PR [J]. NI, 2014, 36 (8) : 43-46.
( YANG Yang, XU Haifeng, HE Yongjun, et al. The
research status and review of rainfall and flash floods
triggered landslide forecasting and warning [ J ]. Yellow
River,2014,36(8) :43-46. (in Chinese) )

[ 7 ] SEGONI S,PICIULLO L,GARIANO S L. A review of the
recent literature on rainfall thresholds for landslide
occurrence[ J |. Landslides,2018,15(8) :1483-1501.

[ 8 ] JIA Guogiang, TANG Qiuhong, XU Ximeng. Evaluating the
performances of satellite-based rainfall data for global
rainfall-induced landslide warnings[ J |. Landslides, 2020,
17(2) :283-299.

[ 9 ] SIMONI S, ZANOTTI F, BERTOLDI G, et al. Modelling
the probability of occurrence of shallow landslides and
channelized debris flows using GEOtop-FS [ J ].
Hydrological Processes,2008,22(4) ;532-545.

[10] ZHANG Ke, XUE Xianwu, HONG Yang, et al.
iCRESTRIGRS: a coupled modeling system for cascading
flood-landslide disaster forecasting [ J |. Hydrology and
Earth System Sciences,2016,20( 12) :5035-5048.

[11] HE Xiaogang, HONG Yang, VERGARA H, et al
Development of a coupled hydrological-geotechnical
framework for rainfall-induced landslides prediction [ J].
Journal of Hydrology,2016,543.395-405.

[12] AL 5RET SR, 4. BT oK TR P 0% J 1l
W AIIE[]]. K 4,2017,43(9) . 1117-1129. ( BAO
Hongjun, ZHANG Ke, CHAO Lijun, et al. Landslides
forecasting  using a  physically-based,  coupled
hydrological-geotechnical framework [ J ]. Meteorological
Monthly,2017,43(9) :1117-1129. (in Chinese) )

[13] WANG Sheng, ZHANG Ke, VAN BEEK L P H, et al.
Physically-based landslide prediction over a large region:
scaling low-resolution hydrological model results for high-
resolution slope stability assessment [ J ]. Environmental
Modelling & Software ,2020,124 :104607.

[14] CHEN Guoding, ZHANG Ke, WANG Sheng, et al.
iHydroSlide3D vl. 0: an advanced hydrological-
geotechnical model for hydrological simulation and three-
dimensional landslide prediction[ J]. Geoscientific Model
Development ,2023,16(10) :2915-2937.

[15] RAIA S, ALVIOLI M, ROSSI M, et al. Improving
predictive power of physically based rainfall-induced
shallow landslide models; a probabilistic approach [ J].
Geoscientific Model Development,2014,7(2) :495-514.

[16] MONDINI A C,GUZZETTI F,MELILLO M. Deep learning
forecast of rainfall-induced shallow landslides[ J |. Nature
Communications ,2023,14( 1) :2466.

(17] BRUGCRE , REERE , 2P M | 2. R I 1) 4 T AGE
BRI B BB BT [ )] KRR, 2016, 40
(3):515-527. (CHEN Yueli, CHEN Dehui, LI Zechun, et
al. An ensemble prediction model for rainfall-induced
landslides and its preliminary application [ J ]. Chinese
Journal of Atmospheric Sciences,2016,40(3) :515-527.
(in Chinese) )

(18] M7 skfu s, VXS, 4. R ZGUK IR Bl 55
TR BEE S PR T]. TG, 2021,47 (6) : 671-684.
(BAO Hongjun, ZHANG Hengde, XU Fengwen, et al.
Progress and challenge of national level operational
technology for hydrometeorological forecasting [ J ].
METEOROLOGICAL MONTHLY ,2021,47(6) :671-684.
(in Chinese) )

[19] 57 A0, AR, 45, 2016—2018 474 [ AE I 4 [ /K
Je Al BB S AL (1], 4R, 2020,46 (10) : 1272-

. 0] -



[20

[21

[22

[23

[24

1285. (WEI Qing,DAI Kan,LIN Jian,et al. Evaluation on
the 2016-2018 fine gridded precipitation and temperature
forecasting[ J ]. Meteorological Monthly, 2020, 46 ( 10) .
1272-1285. (in Chinese) )
] WANG Jiahu, HONG Yang, LI Li, et al. The coupled
routing and excess storage ( CREST ) distributed
hydrological model [ J ]. Hydrological Sciences Journal,
2011,56(1) :84-98.
MONTRASIO L, VALENTINO R. A model for triggering
mechanisms of shallow landslides [ J ]. Natural Hazards
and Earth System Sciences,2008,8(5) :1149-1159.
] YAO Cheng, LI Zhijia, YU Zhongho, et al. A priori

distributed

[

parameter estimates for a

grid-based
Xinanjiang model using geographically based information
[J]. Journal of Hydrology,2012,468-469.47-62.

] R KRBT SR, 5F. TR AN DU kK
g U VAR [ 1], K BEUR G, 2023,39(6) -
70-76. (WANG Sheng, ZHANG Ke, CHAO Lijun, et al.
Assessment of flood and landslide hazard risk based on
ensemble simulation over upstream of the Han River[ J].
Water Resources Protection, 2023, 39 (6): 70-76. ( in
Chinese) )

] GATANI F, SEGONI S, FALORNI G. An empirical
geomorphology-based approach to the spatial prediction of

[25]

[26]

[27]

(28]

(29]

soil thickness at catchment scale [ J ]. Water Resources
Research,2010,46(5) : W05508.
MALONE B, SEARLE R. Improvements to the Australian
national soil thickness map using an integrated data
mining approach[ J]. Geoderma,2020,377114579.
ZHANG Yonggen, SCHAAP M G,ZHA Yuanyuan. A high-
resolution global map of soil hydraulic properties produced
by a hierarchical parameterization of a physically based
water retention model [ J ]. Water Resources Research,
2018,54(12) :9774-9790.
oAl AT, B ERET A TR TOAE KRS 4010 A% K<
PR PRSP T]. 5,2019,45(4) :445-457.
(JIN Ronghua, DAI Kan, ZHAO Ruixia, et al. Progress
and challenge of seamless fine gridded weather forecasting
technology in China[ J ]. Meteorological Monthly,2019,45
(4) :445-457. (in Chinese) )
CHEN Guoding, ZHANG Ke, WANG Sheng, et al. PHyL
vl. 0: a parallel, flexible, and advanced software for
hydrological and slope stability modeling at a regional
scale [ J ]. Environmental Modelling & Software, 2024,
172.105882.
FAWCETT T. An introduction to ROC analysis [ J ].
Pattern Recognition Letters,2006,27(8) ;861-874.

(ke F199:2024 -07 -22 Stk

(LE#% 82 W)

[33

[34

[35

[36

[37

1 Wk, oK E T D s kK LR B AL B0 X B R
[J]. ¥ 7K F, 1999 (1) 46-47. ( YAO Xiaodie.
Discussion on several historical floods of Yongding River
affecting Beijing urban area[ J|. Haihe Water Resources,
1999( 1) :46-47. (in Chinese)

XIZEHG AR, TR e, 5. T 23 « 77 PR AR
IRAL ST 7K S T 3 7K I A 43 BT RO Bk K i i
[1]. TEBFSLE,2024,34(1) :52-57. (LIU Junmei,
YANG Yi, GUO Jinyan, et al. Flood investigation and
analysis of Yongding River, Beijing of Haihe “23 - 77

[

basin-wide extreme flood and suggestions on flood design

[J]. China Flood & Drought Management,2024,34(1) .

52-57. (in Chinese) )

IR R K ) 22 B3 25 YT <23 - 77 G Al R T

JKVEAE AT LM AEST v FE KR K L R, 2024,

] AR N RSN E KRR, ] ek e IR A 2023 45
55 1 %5 kK [ EB/OL]. (2023-07-31) [ 2024-04-17 ],
http : //www. mwr. gov. cn/xw/slyw/202307/120230731
1676775. html.

1 RVBAE 8, S0 A /Ny 28 AR IR A 7 A
B RSB IEATTIEDTTEL) ] EDKADK s B2 i e

—

.92 .

[38]

[39]

Bi2 4%, 2021, 19 (1) : 99-114. (LIU Changjun, ZHOU
Jian, WEN Lei,et al. Research on spatio temporally-mixed
runoff model and parameter regionalization for small and
medium-sized catchments[ J]. Journal of China Institute of
Water Resources and Hydropower Research, 2021, 19
(1):99-114. (in Chinese) )

XNEZE S, T, A5 /N e w1 /K SO A 57K
B 1B S R T ] EUR AR RS
BE2F ik, 2019, 17 (4) : 262-270. ( LIU Changjun, WEN
Lei,ZHOU Jian,et al. Comparative analysis of hydrological
and hydrodynamic calculation method for flash flood in
small watershed [ J]. Journal of China Institute of Water
Resources and Hydropower Research,2019,17(4) :262-
270. (in Chinese) )

SRICH: A1, BRHERR, 45, W3R UK iy — 4 | —4EHE
Gk Bl IR R v L], 7K O3 & B 224, 2010, 29
(2): 149-154. ( ZHANG Dawei, LI Danxun, CHEN
Coupled

hydrodynamic models for levee-breach flood and its

Zhicong, et al. one and two-dimensional

application [ J ]. Journal of Hydroelectric Engineering,
2010,29(2) :149-154. (in Chinese) )
(ki H399:2024 -09 - 08 Zt « follr)



