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Research on an effective rainfall model for geological disaster early warning in Fujian Province,
China

Abstract: Rainfall is one of the most important external factors inducing geological disasters, especially prominent in
China’s mountainous regions. Many group-occurring geological disasters induced by heavy rainfall occurred in southeast
China’s middle and low mountainous regions, causing many casualties and property losses. Taking Fujian Province as an
example, we carefully examined the actual rainfall data of historical geological disaster cases and conducted correlation
studies on typical rainfall processes inducing group-occurring geological disasters based on quantitative rainfall estimation
with county-level administrative districts as the statistical unit. We also carried out a partial correlation analysis based on
quantitative indicators of the geological environment for verification. The result shows that the occurrence of geological
disasters in Fujian correlates with adequate rainfall within three days, and it is reduced by a reduction coefficient of 0.79
daily. Based on that finding, we established an effective rainfall model for Fujian Province and verified it through field
monitoring and early warning applications. Applying this rainfall model to geological disaster early warning in Fujian can
reduce the warning area, lower the warning level, shorten the warning duration, and improve the accuracy of geological
disaster early warning by maintaining the hit ratio. The results of the study can help to characterize the rainfall accurately
and can provide a scientific basis for the reasonable assessment of rainfall factors in regional geological disaster early
warning.
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Fig. 1 Topographic map of Fujian


https://doi.org/10.12090/j.issn.1006-6616.2022090
https://doi.org/10.12090/j.issn.1006-6616.2022090

%14 WAl

AR MR T A TR 5 101

RN 3R (b b 2R ) M 3 8 A o 4 500 R
) PG G . P R A AR 3 4N MU AR (B2, 1997,

2) . Hb IR Z2 50 = AR R R N B, AR R
AR FE T2 43 A1, Wi b X FR AR | 5% 33 R 4 i 1
PR KRR E, IR T & AR )Z it
T YR IR (] 7k 42, 1995; £ %55, 2003; Z5fik, 2006) o

gt
4\) fJR .
S // NP
4 ﬁ/i/?/i m% |
= N

o BUAFHL
o HYLTTATECT L
R

i

— Hadt (B)
0 20 40
M2 wBaRAMESRKE (FELF, 1997)

Fig.2 Tectonic zones in Fujian(Wei et al., 1997)
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Fig. 3 Contour map of annual rainfall in Fujian
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Table 1  Group-occurring geological disasters in Fujian ( 2010-2019 )
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Fig. 5 Distribution of the rainfall-induced geological disasters in
Fujian(2010-2019)
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Table 2 Summary of the effective rainfall calculation models for geological disasters (Crozier and Eyles, 1980; Li et al., 2011; Tang et al.,

2013; Dietal., 2019; Liuetal., 2019)
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Table 5 Correlation between the number of geological disasters and effective rainfall

EERV A TEY £=0.77 £=0.78 £=0.79

+=0.80 k=0.81 k=0.82 k=0.83 k=0.84

X Z L 0.53404%* 0.53408%* 0.53409%*

0.53406%**

0.53401%** 0.53392%* 0.53380%** 0.53365%*

Tz #*—7£0.01 ZKF-(OU) - 25 A1

oS PO R R, mm; i AT H R
RERE ], K5 R, AR HATSS @ H Y H W &, mm.

3 3 N 5

Shy 9 I e TR DG 3 BT ST B A R R T A A Y
T, 38 I A A b M X R Y R A B B
AW 45 SR LA I o W A T A R G
WX A G & RIGHR, fE R R )Z B 5B+
FE 4% W D0 R BT OA B B W, W A
2020 £ 9 H—2021 4 8 H, Wil 45 A5 60 55 B W & | Hb
KA SR R BEARITREE AR TR S K (8 7) .
HR Al E A 1 5% 45 2R, A 02 i X R 375 & b 5 ¢ 5 DA
2 L YA T, G A R KA W AT R e
T (f] 7 42, 1995; Vi LR 4, 2005; T 58 745, 2011;
TR 5, 2013; [ 5 WA %5, 2014), 3 5 44 3% 1 T K A7
() T — T 75 15 [ T 7 910 %) i 7 03 A 455 o T AL AR

ok T A 00 S 7, ) A0 PN R T O ) SR 197 R, HE

MELE

WHE/m 7 e W

() M=

1 =

) =

’ | w

I~ B

4 Tk L
5 I T

6 .

i

K7 BWANSAGENTEE
Fig. 7 Schematic diagram showing the site monitoring of rainfall

infiltration

HO PR RN 11 W, KR 8 W, FEFRAE P i BAE 5 H —
8H, 20214 8 H Bil Wi W & F L, k8 T
645 mm. — UCAE i B I 5 B0 D0 M R K A 58
B, BT 15 1k MR KA AU R R A7 R AR A OK
SCERBE R, AR RRE R R K o7 S B R A £
THB(9 A—&FE2 A)MEFB(S H—8 ), 55
T—F R B 8),

H 11
<t o [=)) — [ag] 2] [=} [ag] ) N —

T o 4 & 77T 7T g g q 9

A =~ —~ —~ = N ¢ W O ~ ®

L A

[\ [N} [N} [\ o o o [ [ [} o o

[=} (=3 (=3 (=3 (=3 (= S (=) (=) (=) f=} [=}

O(\l (S} o o o o o o [a\] [a\] N (\lo
£l 120
% . 440 =
R4t 3=0.0115x-500.24 160 =
= 5r R=0.921 180 &
jind) 6 k
= e {100 &
& 7
% gl 1120

ol y=—0.0435x+1938.1 ] | 49

R*=0.8056

K8 MW T A RHE

Fig. 8 Diagram of the rainfall and groundwater level

VeS0T, 5T WA RN, B5l& T K
(RTE 335 Ri] A TRUN ST TEU S L N & VA ) et =
BRI TE A A% A R VR R . 2021 45 5 H 8 H [ 66
mm, 8O T KA F K 0.93 m, i% H AT 20 H N E K
H B i 13.3 mm, HLAT 2 H JGFE, 24 B R4 1k
JE KW EE3HE(SH 12 H) W 24 mm, {HR
g1 N KA P B, AT HERR AT . S SLRE T .
U BT B M KA S 2 b T, AR 4 s AT [ R
ST M R KA, BT JE A 3 RSN R KA
PR AL G, S A IR A S (E9), Htk
| DT BRL B TR S e P B CR BER 3 HON, 5 B SR B
P47 83 % TR S W) 5 B W 5

PR A A 20214E 7 H 26 H —
8 A 31 HHEATHUE, i T LAy 25 H 4 JC i & FE W
(TH2H—7H 26 H)WHBRHET P BER 20 .
7 H 26 HWIZE HA 35 3 H N B3R 58 3L
WA (2)), AT WA R FER A 3 H R Em S
R KA F kB S a8 EoR A K (2) 1
) A 20K % TR o B i A B B B b K ST v, 8 H
7HL8H 21 H, B — H A5 T K AL B 3%



51 PRAF, 55 R g4 b B K 3 R U A R T AL AL 5 105
2] 200 -
m m m m 180 |
- - = = a @ 160 -
I S S S E Nl
vy wy w w) v v et
6.5 : : : . 0 g 100 +
2 80t
F 60
g 7t 120 2|
i = 0
K g janiungibundilundibun g undiunibun sl un i un b un il un s S uni
ot {40 = NEAB8&RERRI -~ w
5 _— 2 ungiunglnngungli g g
5'31 - e S 4 ©o e wvwoewoeoe T oEE
2 TR )—0.04350+1938.1 160 H
R>=0.8056 -~
B11 202146 A28 —7A3HBEHFHEKE
SR —— S (YA y iva
g 5 L= MoK AL ALK o 4 E

B9 T AALH % i &

Fig. 9 Fluctuation curve of the groundwater level

T B0 A S T R B B RS B ORI R T
3 H BRI AT RS AL s BL/IME T (5] 10),
AT UL SR AT R0 R A B R % I R R R 3
R H .

H 3

IIEEHDI]I[]IEEDII[I]I[DIE[E[
O 0 O — NSO — NS Oy —
AANA — NSO — — — — — NN AN NA N

I I £ 1 1 1 1) O £ I O 1 O O £ £ 1
L S R R R T T 800
{700
1600
{500
1400
1300
{200
{100

mmm

IR I R B /m
[ R £ /mm

~N O R W N = O
T T T T T

—— AREFEN —— B — HR KA
H10 T AM-BRE®BLXZHA

Fig. 10 Response diagram of the groundwater level and rainfall

4 T B B E

A ST A7 A4 e T AR R (1 R G 1 40 BT SR FH A A X
I 10 4 (2011—2019 4F) BUREAS, g iff — 20 B0 RS2 4
5 M, K 2 A R TR L N T 2020, 2021 4R 1)
Hb g H R G T X i R T A ) ML R
FHEAT IR, HEHE 2021 4F 6 H 28 H—7 J1 3 H A &
T - DX o R 3 AR AT SR TE A AT . R R R
WYt R AR 2 5 K, B TR F i i 300 mm, ]
FE R T T R S & b R E 48 (B 1) . ik FE
M FEAT 4 H CRE MW, 7 H 2 HBEM S50, JoAT .
J e B T 8 0 B i, A T A X B 43 BT I o
Wi I 5 IX K 43 R K B Oh S kem B T4 ) 4% 26, SR

Fig. 11 Rainfall distribution in Nanping, Fujian from June 28 to
July 3, 2021
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Table 6 List of geological disasters
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Fig. 12 Warning results of June 28

(a) Results of the original model; (b) Results of the new model

S 3505k /N 559% (&1 14) . 6 A 28 H, SR A AL fn
Jir A TR DY Ak A A0 TR A T 2 SR 34 Ol JR S R € T
R TR T T A AR R Y 9 X FR R
VT, 52 PR AR Y M BT R AL T B A T XN

lllﬁ»%': e GG
o WgATECL
o HYATHURG
BT [X
(0, T4 X
o BT E AL

T IX

o WgATE L
o BGATH L
AT X
X
o MBI E

0 10 20

km

a— JFURE Y T5U% 25 5L 5 b— 3 1 280 1904 45 2R
H13 7A1BHEER
Fig. 13 Warning results of July 1

(a) Results of the original model; (b) Results of the new model
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Table 7 Comparison list of the early warning results
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