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An Intelligent Method for Discriminating the Reliability of Multi-Source Heavy
Rainfall Disaster Information
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Abstract: The real disaster information is an important reference for preventing and reducing heavy rainfall disaster
losses effectively. Taking process rainfall intensity as the index, this paper constructs a heavy rainfall disaster event
database matching the multi-source meteorological disasters and disaster-causing processes in Hebei Province during
1984—-2020. After manual quality control, 2305 groups of real disaster information and 263 groups of false
information are obtained. In this study, correlation analysis was used to determine and select the rainfall eigenfactors

that are significantly related to the disaster degree. Based on the One-class support vector machine (OCSVM) and 10
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folds cross-validation method, 10 samples were randomly selected to establish the meteorological factor disaster
discriminant model and test and optimize, so as to explore the intelligent and easy-to-use intelligent discriminant
method of multi-source heavy rainfall disaster credibility. The results showed that: (1) there are eleven rainfall
eigenfactors related to disaster degree at 0.01 significant level, which are maximum rainfall, minimum rainfall,
average process rainfall, average daily rainfall, average hourly rainfall intensity, hourly maximum rainfall, 3-hour
maximum rainfall, 6-hour maximum rainfall, 12-hour maximum rainfall, 24-hour maximum rainfall and rainfall in
the first 10 days. (2) Ten models (M1-M10) were established using 11 rainfall eigenfactors. According to the
identification accuracy of the real disaster, the optimal model was determined to be M9, with the authenticity rate of
96.4% and the falsification rate of 67.6%, which indicated that the model is one-sided in determining the authenticity
of the disaster situation and should be further optimized. (3) Through the autocorrelation test, maximum rainfall,
average hourly rainfall intensity, hourly maximum rainfall and rainfall in the first 10 days were taken as input
factors. Ten models (M11-M20) were reconstructed, and the optimal model is M20 with 96.2% proof rate and 82.9%
false rate. Based on comprehensive analysis, the model established by 4 factors is more reliable than the model
established by 11 factors.

Key words: Heavy rainfall disaster; OCSVM; Correlation analysis; Disaster-causing factor; Reliability discriminant
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Table 1 Source and quantity of multi-source heavy rainfall disaster information (piece)

MEERHITR  ARMITREE

@t iNpe s

CHEARRE R
#5475 Reports of i Reports of 7Y Disaster survey o WX 488 A
GAAts) China HEH
disaster from the disaster from the from Networking

Meteorological Disaster Volunteer
emergency meteorological meteorological medium

Ceremony(Hebei Volume)
department department department

4 Quantity 317 360 1341 178 524 41
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Table 2 Eigenfactor statistics related to one-time rainfall process
B 75 et b AR ALE R i
Categories Order Eigenfactor of rainfall Caption
[ FY IS 7] Rainfall time 1 JE 46 B A (4E- A - H B )Start - B T I AR P e it I P R A ] Thee earliest time of rainfall in one
time(YYYY-mm-dd hh) rainfall process
2 iAW (4E- A - H M )End - RBENTIE AR S5 AU KR [R] The latest time to end rainfall in
time(YYYY-mm-dd hh) one rainfall process
I FE P4 MY & Rainfall 3 P B B W B Average BT A i s R FE Y Z FIBR LLFE MY 554 Total rainfall of all stations
rainfall(mm) divided by rainfall station
4 e K% & Max rainfall(mm) - VR 5 TR 3 A2 AP B RN & K {E. The max. rainfall in all stations in one
rainfall process
5 /N N & Min rainfall(mm) — R[N FE P B Y & 4 /ME The min. rainfall in all stations in one
rainfall process
6 H % B W % Daily average —KFERIREH 4 H FER-T-#ME Daily average rainfall in one rainfall
rainfall(mm-d ") process
f% M B K Duration of 7 FF4L R H Duration(d) - YR % W 3k A P 4 R4 H 44 Duration days in one rainfall process
rainfall 8 FFS: NI Duration(h) — R WY I R P Y 42 /N2 Duration hours in one rainfall process
9 Z {1 I Total time of rainfall(h) FES: N B 5 % N (R BB B 22 {6 The D-value between duration and
rainfall interval
[% W 3 /% Rainfall intensity 10 I AR % 985 Rainfall intensity (mm)  #3X(4)Formula (4)
11 SFH4/N Y 5% Average hourly rainfall — — VR B WY i 72 A /NI B R 9 29 1-hour average rainfall in one
intensity (mm) rainfall process
12 1h 3 KRV & 1-hour max. rainfall(mm) 3 /NFF PR R AE 1-hour max rainfall
13 3h % KR 3-hour max. rainfallmm)  {¥3)) =11 3h B# N5 K{E Sliding max. 3-hour total rainfall
14 6h . KTV 2 6-hour max. rainfall(mm) &3/ &1 6h P& i K{E Sliding max. 6-hour total rainfall
15 12h fRFIEE 12-hour max. rainfall W) R il 12h [ERYH KA Sliding max. 12-hour total rainfall
(mm)
16 24h H KW 24-hour max. rainfall 1§32} Rt 24h [ K {H Sliding max. 24-hour total rainfall
(mm)
[% W ¥ ¥l Rainfall range 17 [% W 354 Number of rainfall stations  — X B WY b F2 H H IR 9 1) i A5 L 5 45 Tottal stations with rainfall
in one rainfall process
18 7 T [ Coverage(%) [ W 3 0 5 2 0 2 H 2 LK Percentage of rainfall stations to total
stations
B 4 F% W 1% 0 Prophase 19 I 10 H F# R X% Rainfall times in the  BUK BRI FEITLEHT 10 H N FFERAIREL The first 10 days rainfall
rainfall first 10 days frequency since the beginning of the disaster process
20 HO10 H B W R iF B K Rainfall Sk FEWIEFRIFERT 10 H A BERIES (A 205 The first 10 days
duration in the first 10 days (h) rainfall duration since the beginning of the disaster process
21 Hi 10 H P 24 Rainfall in the first  SURPENIIRERT 10 HASRENEEE T HENE 2 A The first 10

10 days (mm)

days rainfall since the beginning of the disaster process

e RAEARL BN RN, HERE Gt B s B Sl fX ks .

Note: All the data in the table are based on the county, and all of the national meteorological stations and regional automatic

meteorological stations in a county are counted comprehensively.
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Fig.1 Procedure for discriminating the reliability of heavy rainfall disaster information
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Table 3 Grading threshold of disaster degree and number
of occurrences at each grade

21 9 T (BP0 gL

Grade Disaster degree Times(county-times) Ratio(%)
R Extra strong  (3.82, 7.40] 70 9.7
158 Stronger (2.30, 3.82] 186 25.7
14 Medium (1.09, 2.30] 247 34.1
&5 Slight [0, 1.09] 222 30.6
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Table 4 Correlation coefficient(R) between the disaster degree and eigenfactors of rainfall

R R RHAIE R T FHR R EL
Eigenfactors of rainfall Correlation coefficient
% K PN & Max. rainfall 0.365"
I /N RV B Min. rainfall 0328
IS FEF 5P & Average rainfall 0.415"
H #4F% F¥ & Daily mean rainfall 0.348"
157N Y 58 Average hourly rainfall intensity 0.137"
1h # KW 1-hour max. rainfall 0.162"

e W A R T FHR R
Eigenfactors of rainfall Correlation coefficient
3h 5 KW & 3-hour max. rainfall 0.266""
6h fx K & 6-hour max. rainfall 03217
12h K& 12-hour max. rainfall 0.366"
24h #: KW & 24-hour max. rainfall 0.388™"
B 10 FI 4R 48 Rainfall in the first 10 days 0.291"

VE: T T BIRRRHISE REUEIL 0.05. 0.01 KT B VRS .

Note:” is P<0.05, and ™" is P<0.01. The same as below.

NGB
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Fig.2 Procedure for establishing the model of

discriminating disaster
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Fig. 3 10-fold cross-validation of the real disaster
information in 1984-2020

233 BALAL

ST EHAR R BRI, 5 A O E R T
KW E. RN E. HYBEWE. Jf
PRI R 4 PhEIRRAE R 143 3 S B T e B
RSN, HETEREENE T, HAHESKERAF
TELVERI R R, X2 S M i A AR e YA
ocael, sk, @it RE, SELERE
5, mAEFRRKENEERNERRE T2 —. HAil
DR A3 5% 2 BRI P B RO AR DG R 7 1 s e A X, R
WA A A5, 456 “ REGR KRN Kk
M S, WE TN SR, 1h B E
JHT 10 HEEW S EE AR E@EBRET. K, P
/NEF RIS 1Th B K B AE D¢ REUHEXT RN, BHAR
RE UM, Bk, 786 HAEEEE T S0 B
B K SRR A 24h SR T 5155 9 P8 A AH DG M B e,
1B 2% ST AL A Hb i e R o A RE A, B0 B Y e AR
P KRR RN, 2 MEERF, K,
PR Th I KN EIE MR E R RRE 7. R4
ERKPFENE . P/ WS Th K& LR 10
H B R e B 4 MRAIEEE AR B A S R R A B 7 o

W A 0 0 1 % W AR 0E R 1 5 R T A A
B MI11-M20, AZ50nT WL, LS5 1 H0 0 ERf 26 B v
I8 M20 (3% 5), HEWIFN 96.3%, B M9 HIAEH
FAL 0.2 AR B R HIRIAER 5 82.9%,
MO T 153 ANE . A HERTR AL 89.6%,
PEFF 7.6 AN A STHRBL, N S5k A B3
R T 5, BRI aE I ST, RUZER
T T VPAR 5 R 5 T AE R




i3 A AN 20 Yo P R R R A R RE A s vk ©235-
"S5 1984-2020 FELRIBFHIHIEMHE
Table 5 The results of discriminating real disaster information in 1984-2020
et FIAIER (% FIAE R (5% ST R PR
Models Accuracy(piece) Error(piece) Accuracy rate(%) Optimal model(V)

Ml 216 15 93.4

M12 218 13 94.2

M13 216 15 93.6

M14 219 12 94.8

M15 220 11 95.1

Ml16 220 11 95.1

M17 220 11 95.4

M18 216 15 93.6

MI19 217 14 94.1

M20 222 9 96.3 v
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