530 4% 5 2 )
2019 4£ 3 A

VAN S 3
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

Vol. 30, No. 2
March 2019

AR X TS L L S R R B R TR B BT A

DOI: 10.11898/1001-7313. 20190202

AR S 253, 2019,30(2) :142-153

PEREM R REMM T EZHRER

BROCERY Rk

E R IRA"

VO E R SR AT B, bRt 100081)
D ([ K A KRR BR ST BE . LB 100038)

i

o
=

T e I T 28 34 i 9 3 T R 0 2 9 AR A R0 s . % SO T Y R 2Rt B R AROAR O M A Y R Al L
S ENITAH MR, RS T RS BEAL 2 g TR 0 5l g A5 7 45 [ T 7 4 T 0 TR A R Y
PR AR 2% P o 3 JLAF DX S8R e 9 25 3t 57 5 190 T B2 AR BE A AT B R A T B R S H A 8 e B
— B BT AL A SR 1 AR RGeS BY L i — 20 S Jre 7% S 3t 5 L 3t A 25 S TN T A S O R TR A 5 3l g R
FY 3G T2 A S R A 00 3R R AR R TR 1) 5 T K R S WL A S S TS 2R R R 5 IR T 2R 5 9 Al 55 TR
U 1) A% 0 SR b BT R TR B (AR M AL S AT L R B g B T AT BRI i T IR 55 TR TR Xl 55 TR TR R
Gt. S50 2 TR TR MR T T kL . 5 2k oK b R 5 BT A I T 28 e R R S TR B R G R R R T RE Y R R

J7
KB TR E ; BURT I KA

5 5

i 5 U 5 O R Bk ) &R E A A AR v, 5
Tofr i S5 AR I B 19 9 3 b o = . e SOk
B AR S S 3500 b BT — MR A B A I R
AR S A5 . R I R AR A A R ) B AR K
FU S RERR Y b T b AR RS A R e T 2
T b2 R W I A TR S ™ T Y [
KZ—., W 2009—2016 4F( 4 F Hb K 3 w4 )
Gt 3% O35 A A AR LT E 14000 A, Ho
93. 4% 1 H AR K (RN b= vk S Rl ) 5 &%
AR HEG VIR 48,4 /20, H 5—9 2T
] g = TR o o T i b o R AR e R 5 R
Ko A I M T U & AR B B R RN M 5, AT LR
KW NG AT MW =55k . KWK AT R
bl 5 I ) T AR T O i O AR O R M

2018-11-12 Y #|, 2019-01-18 Wi F| - e .

0 30 35788 A LA R RS R AU 25 5 ik E A AR 22 1 PR
F1% ST 5]+ {ELA% 8 Ml 3o SR 100 38 149 B S P o A
T PR E 2 Bl Z A KRB N1 1.
H T R T B K H B R AR A T R R R
R A T TR AE DX R B X A 0 T M
W TAE . B F R DX 3 B R 280 55 9 3 o4l O
TEAIETE P (AR IS [ 0 23 [8] b P4 249 5 o oE 1 11 IX
Sl 3t o TR 7 i e T U K AR B UL HL
SRR S N

[ S 2 25 0] e T R b 5 1 AR O 1% LA
Geit gl R IT Ik LA K 3 59 AR BUE &R S8
KT SR AT AT T RGER M B A E N
B0 T R I AR SCRIE S HEAT TR Bk
PE o TLAR DX T R b 5T K 1) TR DT IR P A
PATR PN w2 5 T G TR0 A TR O7 36 )™ 42 1t
T 55 WA 52 2% 3l T3 B RO 5 0F 58 R B
9 PR AR SCER A 5 T T B BORT 9 BF BRI

FHIE - E R E SR TR (2017YFC1502000) , [ 5 5 SR A 58 & & 11500 (2015CB452806) , H [ /T 5 B 2 BF 5% Be 5 A Bl 55 9% % I

%4 (2017Y008,2017Y010)
* WIEVEH . ME4 . zhaoln(@cma. gov. cn



el

I 58 T 45 < I T 28 3 i 9 TR O R T O 143

I B3 25 JE AR 0 o DA B3R T 78 3 J5 3 ) PN T L A
TR0 2y T A8 R 1) Sz Jo 55 00 P LA B M Jo K TV R B
eV 55 H R A5 4 AN D5 T 2R AT A B DU Oy X8
IAE T 25 . S 9 AR 5 3 F 5 Ml 5 I 4 AL £ 4
5%%,

1 b5 ¢ 3 Wil N 4 B sk g

R A AS 5] 1 1 B2 55 4 o L b T K A 2oy &
. SRHBUHI S . EE B AR S B0 T K
EFR G AR T L F 2t N AR A k1 b 5
SRR N kg 1 S5 9 . AR T A 5 B A AR Ak
BT AT 43 58 & Pk 1 5 0 5 R % A8 P b o K
PIRZE. 1984 48 T 1 [ PR 1 3 AR 230 E L & XS
T S Al 43 2K A R AT T 3, Varnes ! ARG 32
B TG W Y 43 O A e HE BB W Sl 0 4 B
ME AT X KT kA5 8 T 4 B R 2= K
A AT o ] BR R T A 4 W b R 51 st R OR
Varnes $& ) (10 3 P 73 28 07 g 0p g e ik A7 0 250 b
e N R R ] b ST 7 A7 A o A B il TR
A GRAT) ) (DZ 0238 — 2004) v 1y i K F 1
FE SCA L ERTE N 3l ) LA 8l 0y 5N AR B AR
TR A WG E NS AR AR T AR T Bl SRR
N DA AEAE 5 R R BI85 PR B T A 3 1) b o g
PR, EBALFE AR Ll A R T b T B
a0 IE K AR VRERE LR E K B
+ Vb AL IR AL R B KRB
Horp ¥ W E e A R B R e ) A T R AR
PR W 6 N2 A A T 7 RN A5 A 2 e IR B D
T A B R Y I . B B B A B K A 1Y
(4 ] b J5E 2 367 38 9 ) oo b BT 0K 43 Sk L 4
V& A Ui M T 35 B L 2 A% R b i DR A . ]
A E AN F R SCBCR SRz )T U
T LK U8 A7 T T8 3 9 48 45 B O R AT T ARk
X 43 — B4 B SCAY T 3k, BRI b i R s A
A SZ T MR b K Bl KR I R N T
VI R 5g i AE | ER T A — 2 K55
Bl R AR B IO B 1) R W B i AR B
L L3 A NS e o S P NS T N
DAY AT = S 0 455 e S5 R b A5 45 PR R A0 DR A0 456 R T L
KRR ARG FE R R, Hh 4k 250
JoT G 6 2 pR I s I R R R R Y

S T AR FRUA A SC b T R A R

W51 & MR s () (G 2008 3K 1) 25 1 w5 e
W EER Y. MR E R R AR BA S 2
TR LA T A A ARG 55 1 T R A SRR R
DX 50 4 I 175 & TR ) b o o TR O U R T ALA

b SO 1 TR T B S 7S () S5 | B[] R
BESETR L S A WO A 2 E R T RE R
A I R S . T Y Ah R R IR TR IR AEAR
Z X T J T M5 U 5 S M XU R AR,
b5 9 4 A B XU DA 0T LATA R S R A
TR P ) S [l B . R K E &R
PEATL & 2% o ¢ T i B 0000 45 Ay PRI o i AF 9 A
O T fn] A b 5T U R AR B ] R . PR, AR
SCHR S AR T 1 s SR B R X
5 AR T 1) 5 5L BRIV R X SR e B AT
243 (V0] T S RF 95 7 £ 5 A 2R A7 B[] o 4 A 990

A H ] I P T T S R TR
7 A S R R AT I R [ B 4 SR B LR P 2 O
et 245 J 5 b T T TR T B R % U AE 56 i SC
T, ARG SCE Y & R R HEAT TR ST (B D,
M & 1 A RLE F], 2000 4R R 56 T M5 9 E R O
T A 4R850 R 2 o BRSBTS TR O ik
2000 4 Ji5 o 5T K F R O IS AZ B T R H
FN = HH OG0 55 T AR /Y N B3 56 7 L Hb 5 ¢ 8 T 41 2
WRIH AR AW & J& 3% 1 Ak 2 X 38 57 T AH D Y
b T Ol 55 TR UE R G . K E TR T 1 M
HAEH IR KT, FEIET 3 AHE: D Web-
GIS AR RN 1z A 2 Tz H AR il 7E % ol IR 55
P AR AR E Y . QRN AR . 2R
GERE I R 7 T W TR ORE I A5 A BE L B TR A K
R A ) H K E) R BT BRI A UE R 0 T
R ERR TS LA RER XY, nE AR
SRk TR UL TN [ T % ) | 1 SRR B TR 9 RL DL & GRAPES
B R IR AR A TR 2R 11 B T i 1
25 R RE A T4 1 20 o b R e TR 1k 0 9 RN
b 55 BRI T OB S . O Ml T TR AR
B Pesl . M R U E TR B TR G
B G RARL N B  E A A, o R S A
TR A I 8 FR 0 0 1 5 8 e A 8 ) R 2 R
T T A EE R R AR S R R R 2 R A&
SO Tl N7 ) T R R sl o R R U] R
T PR R FHOK SCAE 85 S 52 B 3 2R AR i) o R A
L



144 Mo ] % ¥ it % 30 %
100
81

80 1
€ 60 58
i 52
il

40
A 31
20 5

8

2> m N

O,

1986—1990  1991—1995  1996—2000  2001—2005  2006—2010  2011—2015  2016—2018

SEO

P 1 e e [ A0 SR ARy R AT AR O SR R R e i

Fig. 1 Related articles about geological hazard forcast methods based on

China National Knowledge Infrastructure
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Fig. 2 Geological hazard early warning systems all over the world except China(from Reference [3])
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Abstract

The classification of geological hazards is very complicated for there being different methods according
to different standards. Factors triggering geological hazards are divided into two categories: Internal and
external. Internal factors mainly include geological and geomorphological factors, and external factors in-
clude precipitation, earthquake, volcanic eruption and human activities. The majority of the geological haz-
ards are triggered by precipitation, especially heavy rainfall. Geological hazards including the debris flow,
landslide and collapse triggered by rainfall are discussed.

Geological hazard forecast plays a major role in the disaster risk reduction paradigm as cost-effective
method to mitigate disaster damage. The geo-hazard forecasting mainly refers to the temporal and spatial
warning in specific areas. Based on reviewing literatures related to rainfall-induced geological hazard pre-
diction, related concepts are formulated, and previous researches are sorted and summarized. Afterwards,
characteristics and application of the rainfall-induced geo-hazard prediction models are summarized, inclu-
ding the implicit statistics model, the explicit statistics model and the dynamic models. At present, the
first-generation implicit statistic models considering precipitation characteristics are further developed into
a second-generation explicit statistic models which consider rainfall factor, geology and geomorphology fac-
tors. Statistic models are widely used in the operational forecasting for their conciseness and convenience.
However, the accuracy of the spatial and temporal simulating is limited because models can’t simulate the
physical mechanism of geological hazards. Geo-hazard early warning systems based on dynamic model can
provide a better forecasting product with higher spatial and temporal resolution. The dynamic model is
gradually developed from a slope stability model based on the theory of vertical infiltration to a coupled
hydrological-geotechnical model.

The geo-hazard forecasting model is the key of the early warning system. Lots of rainfall-induced geo-
hazard early warning systems based on the statistic model have been set up in China. Meteorological mod-
els are used to forecast the rainfall in order to issue a warning with a given lead time. A complete geolog-
ical hazards forecasting chain include the rainfall predicting, the disaster model, model results displaying,
and the early warning releasing. The research foci of geological hazard forecasting have gradually expanded
from the prediction model to the input of multi-source precipitation data, the display and release of early
warning. Based on previous literature reviews and analysis, the coupled hydrological-geotechnical frame-
work combined with multi-source forecasting precipitation data as an important direction for future devel-

opment can be considered a useful geo-hazard risk mitigation measure to employ over widespread areas.

Key words: geological hazard; forecasting methods; coupled hydrological-geotechnical framework



