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Abstract

Abstract

Due to the impact of global climate change and the greenhouse effect,
extreme rainfall events are frequent in recent years. Typhoon Morakot in 1998
was an example of heavy rainfall events, which caused severe disasters in the
mountain areas of central and southern Taiwan. This event also highlighted the
large-scale landslide and its serious impacts. Therefore, to prevent future disasters
that may be caused by heavy rains or typhoons, it is necessary to conduct a more
in-depth study and analysis on the potential and risk of landslides, and early
warning systems.

In the past, the research team has developed a landslide risk evaluation and
warning model in related projects. The three factors of landslide risk (hazard,
vulnerability, and exposure) are integrated into the landslide risk assessment
model, which can effectively understand the individual factors, such as the impact
of the temporal characteristics of rainfall on the local environment (hazard), the
local environment's ability to withstand rainfalls (vulnerability), and the location
of the protected objects (exposure). In the research of vulnerability, there are still
several research problems to be solved: 1. The previous research model was
mainly based on the data composition of a single slope unit. This may have the
problem of ignoring the spatial correlation between slope units, so it is difficult to
explore overall variation of the entire catchment area. The variation between slope
units may also be ignored in the analysis, which may cause some potential threats
to be unpredicted, or the numerical composition of slope units is relatively
homogeneous, resulting in unreasonable landslide potential estimation. 2. After
the data of stable factors (i.e., spatial correlation characteristics and geological
potential) are established, the role of the rainfall database with spatiotemporal
variation characteristics in the model is very important. It is assumed that the

occurrence of collapse events is in sequential relationship, that is, when the
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rainfall occurs and the scale of rainfall reaches a certain level (triggering
conditions), with the environmental vulnerability (potential conditions), there will
be a landslide. Therefore, this project will introduce time-series and image deep
learning methods to improve the model's performance for rainfall-induced
landslide in the unknown rainfall field, and to extract the key influence
relationship. The improved sensitivity of factors can further improve model’s
ability of landslide prediction.

Finally, after completing the optimization of the landslide potential
assessment model, updating the landslide warning mechanism, and setting
landslide risk indicator thresholds, this plan will implement the landslide disaster
management and design the warning issuing process for disaster resistant
communities. The proposed landslide potential model will be introduced to the
communities with high-risk of landslide disasters, and the evacuation maps and
landslide potential maps will also be prepared. The goal of disaster avoidance,

prevention, and mitigation for a community will be achieved in the end.

Keyword: slope unit, landslide, deep learning, warning system, disaster

resistant
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BAERAEL > T %2 Bl e ki 7 BIA 5 % % (Graph Neural
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-~ ERFRRFATEEEAEIFNE

AP RALF N EAPFRE UL B RA170 2 A
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(Oliver and Webster.,2014 ) m 32 itz 2 FFda s » e 2 &% » £ 5 R
5 Bk Bhend A de s B058 (Webster and Oliver., 2001 ) o ¥+ 72 %52+ 2_ % P da
Mg e Fede g 3 ¥ (Srivastava., 2013) > 9\ bl 4 5l

A Zpiph (T RIE B2 B ez M %) m“’“ﬁ:ﬂ‘] SRR 325 N
®ARE G RI(BLUP) S 8| = 2 chiiis o 9 AMb 25 &
= % (Oliver and Webster., 2014) » < 5 ¢ iz i@ # B LA
CEA ST T e GE R ST ud My AR 2 fRH A
FRAfp I T T RS S A - BRW S gA @RI gA KA
1 (Oliver and Webster., 2014 ) « F|p* » ¥ 5 BB F £ (Gl4cs & ) 74
PR &
Fl AR R SRR R E Y O PE A LAY R
PRzt tad BELfls2 o HrTdad oAl agiis
PR ZE 32k S aR)EFZRP B2 2 ¥ EER G B

AR REFA e EAp 2R TR nE: A A2 b R
FE A FAREE A TR o

o EREMEEgceTE

AREUES IR SRR </ Sa RN RS S/ Rl el B I
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(edge)tio » BB RBR T FHEKFP 285 A > nzfi- Bz
B 27 #Bua 52 5B 2- BEYE TP AR Fes A
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WELEHO R ZRMBEFRE 2L T FLBERIGFAEY B2
HE AR 3 E %4 B % # % (Graph Convolutional Networks, GCN)
TEB G EEgER > 2P ¢ 7 B endd £ 8748 (Laplacian matrix) »
RENEL AR R A L Ntk E AT E S (FRER 0 2020) 0 AR R
AR T  TE - BRlEL LT o A BRI T OuE T B A
f2 o ¥ Bl % G=(V, E)> # Laplacian ' ¥ & 5 L=DA - L &
Laplacian 'L > D=diag(d)4 "8 B L (& &L ) | d=rowSum(A) >
HER P A F kA5 2 BREDR A LR PMBEEL ) 407 F3-20 -

id=4
, I” IIII \\ig = 3
. < [ 3 BEES N
¢ id=s” -
@& id-s / id=1| =
O e

id=2@

W3-19 B kwRBifiFkziT iR

Labeled graph Degree matrix Adjacency matrix Laplacian matrix

200000 010010 2 -1 0 0 -1 0
e 030000 101010 -1 3 -1 0 -1 0
ee.o 002000 010100 0 -1 2 -1 0 0

. 000300 001011 0 0 -1 3 -1 -1

ee 0000 30 110100 -1 -1 0 -1 3 0

00000 1 000100 0 0 0 -1 0 1

W 3-20 GCN Z & W2 €27 4 W
Tﬁ]3-21§iﬁ]3-237—3ﬂ‘*LilﬁE“m?ﬂ,ﬁsfﬁéiﬂ&Ef’uﬁ?ié‘;%‘*
MAER o TS T R B F e LA) s BaEE (D)2 gL H
PREAEE (W)Y Lo B AT BIE R XL SRS 2 b
Q‘;agvgt%g,:ﬁg],\ 0
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2E |-

8%

W3-23 #dodEtels iR
§ 2= % (Long short-term memory, LSTM)#-3]

RS

LA FIT 1 E TS AR AL S DN T

RS > KA L BT AR - FREL & £ T AR 1T

F'B'fL(P\ #ﬁ)a ,,é:'.-\)

5P g r ik df o fIASLE BN RAL BAPERG ARA EHF

A AR R R TN F A 2 BR O RET

TER PR B s T B Bl A P S R LarE A r e

TR, B R E 0 - AR OER ¥ SR ERAAS & P

FHL NP AT RGN T ORI S ML S AR PR ¥
R g mgaborgd
Lnaw 8 Rie ePFZ P HIVES > BHFEAPEE L HSE

B TR AT
VRS RERE 1F B AL A AT A BB T LR A B AT B ts B AR B

oL ikh 26 ZE 2R

A e R DB UL € 5V HF G F R SR

B EERB AR ER TR A P H -
[ *é’%i E '*\'—h 4‘—"}\ "‘tz—\”‘i 2 "E Fg;ﬁ #F] 1]%‘(Imax Rte) 33 :‘% ;%E,%ﬁ. ﬁ;\:;\“ Fﬁ;"”ﬁ ’

BIF Ak SR W R YR A 0 Bl T T E 2 HIBET T A
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SRR B R 32 ([ —Rie)2 W ifua g4 2 FUEE o

Yo TR 3-240iFF ABKAERHB LT ETLFL A ERB A ERE
¥ ¥ ihlmax 22 Rte F > HRMEM I S a LB 5 5 B EupEn s
A E R AL I GBS A S <20 40mm @ Foac kA E A RT3 200-

600mm -
T ELT Lk
1034105 N
103-104 . l
1024103 ... - .
1004101
o899 p— .
oo = s
= ERIBEE
g &8 & &8 g8 & g |m mEmEe |3 g g g
=] = =} = S g = EEEIBHRA
E £ § & 8 8 % |m omammmw )
Imax Rte

W3-24 & &R[HB1E o5 & RHM B

T o »L%'Jféﬁi;#;ﬁﬂ“#grﬁg(;zﬁ,)fgrﬁg)pFa{g,%%{gTﬁjg B (M
SN EE AR EICEREY SOUEBEY T SEEY 3 Ry
RF 0 D AR NS §BPR RIS K- Bl A R
BEEELEEEA I TR BTG 0 AL R
B PR e M EAS S (4o W 3-25) 0 AR RS A T 2 4

% > ~zHE)ié * vhie A & e B (Recurrent Neural Network, RNN) 2 2 £ &2 Hp

e
it

2z 8 #-3] (Long Short-Term Memory, LSTM) » H z‘?j%‘d Foe @k B x ko
BoBY F AR wRas ] v UTERIE G R ARTR §H Rk
ﬁﬁﬁﬁ@{%i%@ﬁﬂij%ﬁﬁﬁﬁ——ﬁﬂ’%J Bin—

N
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=

2B Aimax,Rte x-x+l EE x+1'X+2$rg x+2-x+3EE
2.1001 %MW 4, HABE 2. RARE 4. WHKE 2. mEER
(Imax, Rte) ”ﬂﬁﬁ;}.me) (Imax, Rte) (Imax, Rte) (Imax, Rte)
= f = | |
LEEEEE  3.06108Fm | 1 #EBR 3 09158 1EERE | 3. XaBE 4 FEOBR
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W3-25 HRFFEFEFEIEZEZTIR

1. vExr 49 & 4 §% (Recurrent Neural Network, RNN)

e
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N
ANy
o

B (Recursive Neural Network, RNN) » v £ {5540 5 5
cE RSO B P Bk B wgad] v F UIERIE R
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Re 3 qBa g~ &4 r 241 R0 O 55 (tangent sigmoid) T ¥ &3 p
Gengrid o B Y ¢ 7 1 BaRE oﬁ%]»fé; neti* % F p Wy~ o A F
A xl,x2, . xt> p- FERZY 2 - BT BRI S -1~1 2 F e
B x(hr o B - BEAE 26T 0w E A TERESL T
MERBFETRAR > BERERT (R 3-27)fcE F2ad - o & B e
e B S ¥k W'«r\fﬁf% X F o

net; =Xy, X2, X3, ...y Xt

IS

B ometjt Rt BAEA F B T R B2 R - B
& 3¢ (tangent sigmoid) » #—»—31;,] KIPHEE WA dishe PEE D 5 op(t)
Fiebw- F A ﬁﬂﬁi%lﬂ:ﬁo(t—])%i Wr o B 183 B s S5t 20 18 enlg
/U
netj = fpj(t) =f[WI( j) * 2xi(t) + bj + Wr * fp(t—1)]
ﬁ%lﬂzé; netk - 1 flﬂi%]ﬂz P AR A SN LR BB R R A ﬁv@?l:l',

TP W2k BRITLERBOES -

netk = W2(j) * Zfpj(t)

¥
Wa

[x1,%2,..x7] —>» zf : W;

W

Xe
%4 2 j* https://reurl.cc/Gr7NOW

¥ 3-26 ¥ & RNN #-1]
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fl* FREYHEH B M F D AP L2 #BR T

y Y1 Y2 Y1 Yt
W W2 W2 W2
w W; W |
Zf @ == —ify T D T
Wi Wi Wi Wi
Xt X, Xy Xe—1 X,

%4 2 j* https://reurl.cc/Gr7NOW
W3-27 ¥ % RNN 3555 B

2. £ =3 =% (Long short-term memory, LSTM)

FHEREFE AR AL R M 0 € IR RNN DR R RTFUE
VAR REVREY NRAHAINEBERL - £k RNN mﬁi%] Ak R E
Mo Gt RAEM el A 1A g (LSTM ) % 5 R 47 Hh R ) & 44 &
B OARRREIREBET ORI 4 o

A LSTM B R iFimAzer RNN 224 4p i 0 f2 % o 2 a3t LST LSTM
% el ke sh 50 17 2 BT (Gate) k- R 3e iy 5 2 R
a;%%ﬁﬁwﬁﬁmﬂ,ﬁﬁ—@ﬁﬁﬁi,%%ﬁﬁg%»%gﬁ%
B2 Ct 2547 > %58 "B LR | (Forget Gate) % '_ﬁié?] *~ ® | (Input Gate) »
kAT HET AT
(1) :# X W (Forget Gate » 14 ft 457 ) > 4ok § B nF S A FTIL RN U5 5 F 4P

F s s PR 0 2% ihiE @T; SR BRI F 27 ;;fjfaga}ts&@r%

¥rleRY o B R ¥ A Sigmoid S > Fl5 v A - A gl &

WAPT AL E AL Al e

ft = os([Z—1, X¢] - Wf)
(2) #i ~ R (Input Gate > 14 it % 57) © #-2 # <hfy ~ (Input) * 272 2 gz R =~

(Memory Cell Candidate)®_% 4r » & ¥ 3z fa(Long Term Memory)® > & i R &

Sigmoid n#c s £ 7 & 4 2 2 FE o
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e = @s([Zeo1, Xe] - W)
(3) #:1W (Output Gate » 12 of % 7 ) © i # 7% 57 L% 4 14 21 (Output) » 1%
B Y %_Sigmoid S#ic > £ 7 B4 A B FE o
Oy = (ps([Zt—l'Xt] ' VVO)
6 45 4HE W32 B ALF 4 5B 1 (Output) » i ¥ # * tanh Sndfec » #eid §
AARRIENER Y S5 §

i

F 34 e 5 . %_sigmoid function & Gate %?J B AL ]2 B o Z_ 5
Sk cell RS Lo B X AR KRS e R W W W, 5
BEw g 5w &P 2 sigmoid function 8 fy~ip~0p & /1% 0-1 2 B2 (& o
¥ 3 — i cell ststus:

Candidate cell status: ¢; = @:([Z:_1, X¢] - W)

H ¥ @, 4_tanh function’ Z;_; 5 =t & cell ﬁiaa] ez g X 5 A
ﬁiﬂ/\é; Xz w g K M2 tanh function {8 0 G 5 i 3-1~1 2 B e
B o G i A H_E o ehcell status » E it 7 cell status 3 :

Ct = fe X Ceq + 1 X Gy
H ¥ f, % Forget Gate e1i& s ¢,_, % # =t ¢hr cell status » i; = Input Gate (& >
C; » Candidate cell status °
B fs Cell mﬁﬂ IE 5
Zy = 0 X @(Ct)

0; » Output Gate 778 » ¢, = tanh function > ¢; = # =t 71 cell status °

Ci ~ fixcor 0 Ct Gt

W 3-28 LSTM CELL %4
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oA FAERFEAE 2 26 B BRS04 o
ZA i A R AR S T EERER o U2 Mg
FRLFERZEAFF RS HBT 2 MAE LT Tt a2
KR R MG A RHMEEA RBEES TS TR T
= L = WV “H;E?a;}a‘rﬂ;;ﬁﬁ}; L 1% 5 RN gj%‘l S¥Ho @ NPT

*AOFR R AT A 34 0w > HY TS Ak gﬂ,lg; A

P2

B BF R A A AN LB AR E R
GH R 2ZRBAAMF R o HH G HEAZ 2 AH
FEHLPERITE St B d

FlF+ o a AR AR EEREF]F > H AL eI G EZ§ 1 - RBEER
e AREE BERRBERAZER AT F BN R LR
o AR AR Bl R R R E A AR B R A e
GE B2 ERBn T ETi N2 ApRE A U E NP R EKE 0 4o 93 £
REOVAERFLIOTEREOSERF2Z L& REh Joi 2 5~ " & ficie Y
2O HR NS kB A AN AL L ERY Rk AT 22 B
e E 2 B R AR 02 LR REA Lo R A B 1235
Fifz HEPERFHETHAREZ P EE > AF T R 8 B2 THE
He o FA 2 ERPER EG 40T 27 3-29 7 o

A
4y

Tl
N

%34 FPEWAVRTHEN CEp

- i Fl & A A

A~-D-W 2 R B B AR e
© ad i RS
Soiltype B 0 R E TS
H il R TS
Slope BB TR T
Aspect B Y L
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e SR

G iR i KA
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curvature E RS T
c_section B H oW F FRERER TS
c_surface Lo oW FRERER TS

S0s oo g5 FRERER TS

soa HAE%F iR B TS
elev_var BAARRE #FERE F)F
cut_depth B AU LRR # i R8T S

rougth PR RRER iR B TS

acc IR RE #FEERE TS
flowLength ko E R # i R8T S
upstream_L tHER iR B TS
downstream L | T £ & # RSB TS5

River_d P RRAT iR B TS

E_d Uk BT FEERR TS

N 2 B i TR B T
yl_imax wIERREIEA A E i R B 71+ (Y1-Y5)
y1_R(imax) I ERFFELA AR EHRERIfHAAE kB 715 (Y1-Y5)
yl codel area | w1 & BB #H%4ET & f4 # 5 k5 715 (Y1-Y5)
yl codel_rati I ERTHERT 6B # {8 715 (Y1-Y5)
yl code2_area | w1 &R EF HEy 6 ff i %k 8 715 (Y1-Y5)
y1_code2_rati I ERBEF #SE G 6 # i B 715 (Y1-Y5)
yl code3 area | #1 &R FEF BB FHFL o B fi k8 7]+ (Y1-Y5)
y1_code3_rati mIERFET #SE G FH S5 # fi k35 71+ (Y1-Y5)
yl code4_area wIERFATL N G 5 fE B8 75 (Y1-Y5)
y1 _code4_rati wIERTATA HILE G b R B 715 (Y1-Y5)
yl code5 area | %1 & & B HEAR T 5 # AL %8 7]+ (Y1-Y5)
yl code5_rati W ERTHILET G # fL BB 715 (Y1-Y5)
Y6_add3+4 _area | & & B ATH| M 5 ff i ¥ 2 53 (Y6)
Y6_add3+4_rati | & B ATH] H 3L t B 4L E 1 75 (Y6)
Y6_add3+4 YERT HQ)/AH(0) # i ¥ i 7+ (Y6)
Imax FERT R AP E B 5 % = %5 (Y6)
Rte FEAFEER AR EHERFAE & f % 2 515 (Y6)
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93 94 95 96 97 98 99FERE
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HE(9447)/ 4 (29468)
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bota2 |— 1 1 1 T 7 | P
L D e T e l
v o o
Max(Event(Imaxi, Riei))
DEMEZXRAF A (6383 R (32532)
iﬁ‘.ﬁ HE QIS 9? QT 9|8 9? I?U | 10|1Ef§
- TN S U S L S PR s P i B
mig FEF . S, S S
WERE Max(Event(imac, Riei))
j& F bo] k- NI(6001)/5 M 19(32914)
2.
HERRE ) 9 97 98 99 100 101 ‘ lopze
iR HRE Datat B T 1 | i i : I 5
E P L A P - AR
DEMZKZEF 2 Max(Eventimac, Ried) REE
EER EAR S (7001} N8 (31914)
KRR 97 %8 99 100 101 102 10|3$§
e REEET Sl I N N T R
TERA 8 L
Max(Event(imas, Reei))
(6523)/ % Wit (32392)
JEL N 98 99 100 101 102 103 mmﬁ'
i3 ESE T outas [l 1 I | | I | ra—
rr—r— Tt L L5 '
Max(Event;(imax, Reei)
HI(3726)/F W18 (35189)
99 100 101 102 103 104 105F &
. Dota7 | I I | [ [ | I s
L L L L U M My
[ore e Ao o8
Max(Eventy(lmax, Rtei))
WAH(G187)/F M (32728)
100 101 102 103 104 105 10685 BURIREERN R ERRE
Datas | ! ! (- | ! U =

L L L

W3-29 23FLE2RFFTHALETIE

ARRARREL LT SR FEF LA RE RS R
Toa > R H ~ T2 P ARERFE R (Data Normalization) i&J2 > Fe ¥

P e i) 2 e @ B~ B 12 B > B2 2 5 4o (3-

Data = M (3-9)

Xmax — Xmin

Data : & .1 (S #cdg > X R4sBdptk & 0 Xmax © Ras@icdpic & ¢ 5
< B Xmin @ RAsEPpER AP ] E o

H

J=q
W

COHIEERGE R R
BAVEA RN o BEREAGEFHLABIY AFERET o a5
TR AT RN ER A B R F R R LT

0%

P}
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b % (Wieczorek etal., 2005) » izt G H %A FE QP » AHFF % o)
PFRE S 95 B AL A" A % (Guzezetti et al., 2007) 5 = -] FF'E & 52 & (160 T

LA AEERE ) fod MRS B (SWD) AR ¥ 30 p &z 836 X T chif &
4 $i(Osanaietal.,2010) ; @ Muhammad % % (2015)2 8 k& & 5 & = 24 15
BRBEPRIZHJI* A ERE (T2 ) A gk (115715
PRERAE AR ) frd Bk A dp i (SWID) A 47 4L 4% & 3 F o arig g
1 ; Kirschbaum % 4 (2012)# &7 — % # % 2003 ~ 2007 4= 2008 & 3 # 12
1130 X BT R TR SERTRL > © PHA T RS A 2R
z_ FF cjp B 1 Saito & A (2014)F7 7 7 P & 2001 & % 2011 & 2 4 94744
A G EEIE A ] 0 Mg 4 R0 & Montoya-
Dominguez % 4 (2016)R]3t U #% 7 £.8 5% B " & 2% M3 B % a £ & s
-V 3= mfi#ﬁr’:} 525 % 50mm/-) pF o FFERL 19 3 152 A\ﬁ_@”}ﬁ
F %] 5 Lun-Wei & A (2018)R| 41 * fx & 361941 B H 3% % bl et & 1=
AT P 3 st R s R (U3) AE R B R A A 1A
FRER e a R B 0 24 [ EARE A BRODLE A B FEEE L i

o F AT g A [3-R24 E R et 2 A B B2 AR o Bl
Aty &P "&Zfi-ﬂl;}g P E R E ] PR S R o B R A E A D

Hbe o BELFEEL o p G U gt F 2 T RS ERE A | A
Aao@y-fhggadyr (T i & R(E &R 1997 MARES A
2013) > FJpt A fE o )T % o 48 7]+ S 47 M F) R L G BB ARG
Wit g b -

R Pion FRa a2 A THMLENRBPRE 2 KiE > FE 0T

3-33


https://esurf.copernicus.org/articles/6/903/2018/#bib1.bibx67

f* FREY Hed Ak % A

EN/ RS- W kol

AL 3-5 277 jz%é%w?uﬁ»quh;»% BB
AL uHEAB-CE2D>HY L3-5%4FL | Ly xpEsg

g REED BHRP oy - BAFETEFEEE R A

0:00~6:00 2 T ez
% 3-5 #REEA A 5 R (D4 52 2 (mm/hr)

. H =~ | 0:00~1:00 | 1:00~2:00 | 2:00~3:00 | 3:00~4:00 | 4:00~5:00 | 5:00~6:00

A 0 0.1 0.3 0.4 1.2 0.9

B 0 0 0 0 0.8 0.77

C 0 0 0.08 0.11 0 0

D 0.1 0.05 0 0 0.2 0.3

T JEE iR A T L B A $ R B R (T MR IERI PR

e Y AN S R - TR SR B Y EF SO,

F AR B H (S AR R AL ) 0 RO E S AP A T Ao

2Bk o PEYE A (Imax) 1) % 5 B ﬁiﬁ@@rwﬁii*ﬁ%ﬂvdﬁm

,ﬁ,?;:ﬂ.:‘ s AP AT R TEES R RS RT /Z‘J’g L)
FE(L, 13)% P B Bl £ TR 4L A % o 0 0 S5 10 ATHR (€ L d

4o il A BT R R M R AT R LR A 82
AAF PR el R (7 R Kriging)ik KRR AL PR T g

AT e R RS T R Ry AwmEAT RS LRER R (X

oA B AR ERA S TR T AP ASRAL Y Y
SAAP v AT E A e B e 38 B0 B Y kA (£ & B 1997
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95 0609 % = 7 2006/6/9 05:00 | 25.5 436.4 271789 2676723
95 0609 % = = PR 2006/6/9 15:00 9 529.4 263297 2657263
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96 0609 % = A A 2006/6/10 06:00| 48.5 431.6 213974 2533635
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97 + 3z ek T A 2008/7/17 22:00| 130 382.5 203841 2550331
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101 T E IR h B ZER | HER W A 2008/9/15 11:00| 47 938.2 269023 2657543
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108 3P E R Baw | A EE gz 2 F o, 4 | 2009/8/8 17:00 | 71 1,046.10 217200 2554780
108 Rk BED | FHRR LESNE} g AN 2009/8/8 17:00 | 86.5 732.6 218240 2555745
108 3P E R BEd | 25 ok -1 P 2009/8/8 17:00 | 71 1,046.10 213813 2546466
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110 3P E R - T |2 P L 2009/8/8 19:00 | 70 1285.5 210309 2558594
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110 3P E R BEH | A& s 2 B4 12009/8/8 20:00 | 56 1,271.60 218120 2552950
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95 PR B 2w T Lz 2 R 2 2009/8/8 20:00 | 42.5 1257.1 210455 2554959
95 SRELR I o) B 2w O M2 2 FnECK 12009/8/8 20:00 | 42.5 1328 209757 2556474
95 ERELI I o) % 227 RO |2 w4 2009/8/8 20:00 | 42.5 1257.1 211501 2558913
96 SRELR o) = AR | R &SR A SR 2 2009/8/8 21:00 | 38 786.9 236309 2604535
97 LI o ) BEH | A &R AT 2 2 ER,m 4 12009/8/821:00 | 63.5 | 1,330.70 217010 2550443
97 3P Eh FEH | A& ATE L 2 FBon,m A 12009/8/821:00 | 63.5 | 1,330.70 217292 2551284
97 LI o ) A T %2 R S 2009/8/8 21:00 | 67.5 | 1395.51 210209 2552665
97 3P E R ® 2 RO <o 2 2 Fon,E ok 12009/8/8 22:00 | 42.5 | 1,328.50 203840 2550328
97 SRELR I o) BED | PR gL =k 2009/8/8 22:00 | 88.5 1048.7 224124 2551583
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97 RPN o) ) % 2 2009/8/8 22:00 | 88.5 1048.7 221506 2550485
97 3P E R ® 2 2009/8/8 22:00 | 88.5 1048.7 224914 2551728
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98 PRk B T 2009/8/9 05:00 | 37 1030.8 206646 2545692
98 3P Eh AL P L 2009/8/9 05:00 | 22.5 1506.9 211780 2552632
98 ERELR o) B g SR 2009/8/9 06:00 | 43 1545.1 213479 2562097
98 PRk B 2009/8/9 06:00 | 35.5 | 1,585.60 221973 2555585
98 R o ) - A 2009/8/9 06:00 | 35.5 | 1,585.60 215812 2547379
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98 E Pk B 2w 2 ER,m A 12009/8/917:00 | 9.5 1409.9 218648 2568618
98 3P E R @ Rk 2009/8/18 17:00f 9 45.8 233115 2633038
98 PR R b - A 2010/9/19 18:00| 45 322 213963 2534790
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98 PR R B Faw | AHR ~ 22 2 F Ak 12010/9/19 20:00( 63 460.5 212968 2532827
98 PRI R R BEH | A& <22 g S 2010/9/19 21:00| 22 482.5 214010 2533640
98 TR R b W | A% F Fk2 Eok, 4 12010/9/19 21:00| 26.5 443 217155 2553855
98 PRI R R B | A& A4 2 Fn,E K 12010/9/19 21:00( 26.5 443 212130 2533582
98 0719 %= It N I A G o 2 F 2011/7/18 23:00| 14 97.6 235152 2602755
98 0719 %= B AR G RSR Ak B 2 2011/7/18 23:00| 14 97.6 235152 2602755
98 0504 % E 8 S IR fASl o] L AiS 2012/5/3 16:00 | 38.5 121.4 237257 2618139
98 0610 %= BEH | A &R 2509 B 2 2012/6/10 14:00| 13.6 312.6 216247 2545577
98 0610 % BEW | A& F ATE 2 2 Bk 0k [2012/6/10 16:00] 26 358.6 215578 2547965
98 0610 % = B R =€ FEH SR 2N 2012/6/10 18:00| 44.5 247.1 258340 2649545
98 0610 % = B R =€ & T4 DA 2012/6/10 22:00| 16.5 259.4 270809 2663222
98 0610 % B HER | R ~ it i s 2012/6/11 12:00| 1 359.3 236869 2661402
98 0610 %= AR | T &SR A A g SN 2012/6/11 19:00| 18.5 434.8 236873 2607205
98 0610 % AR | BAESR 2 B+ w A 2012/6/12 11:00| 69 5353 235926 2645592
98 0517 %= 2 ERE | T &SR P A+ DA 2013/5/20 01:00{ 0 225.5 237469 2622644
98 AR B AR | s R 2 g St 2013/7/13 07:00| 73.5 194 243396 2637726
98 T A4 B b BT | LHE " hR2 " 48, 2014/7/23 14:00{ 60 225 203536 2539087
98 His 8 IR (R DA 2015/8/105:00 | O 0 269832 2660999
98 15 45 e b ® 22T | FELE ATk T B 3 2016/9/28 03:00| 51.5 368 194630 2525785
98 15 4% 2 b BED | EETR L2 A L 12016/9/28 11:00] 0 474 186260 2521060
98 0601 H B R =€ SR H B B 3 2017/6/2 17:00 | 20 240 278921 2680009
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98 0601 % BB CEM | HEBH w3 | 2017/6/3 06:00 | 16 300 266760 2658382
98 0601 % FREL| HF 24 | FnE +F g, M| 2017/6/3 08:00 | 23 290 251512 2653137
98 0601 % & BIEL| k2R | Rl ¢ 3 2017/6/3 08:00 | 43 270 236472 2628694
98 0601 F & BB BAERM | PAH 8 3% 2017/6/3 15:00 | 17 430 235029 2622652
98 0601 . 2R | R B IR BRISE) i 3% 2017/6/3 23:00 | 47 605 224659 2623034
08 0613 % @ BE| R | PP & 3% 2017/6/15 15:00| 7.5 275 237850 2659013
98 Ry ESREERR BRE | BERM | FHH i 3% 2017/7/30 07:50| 0 150 239004 2607456
99 0823 # % MR Bad | YRR FoL2 & 3% 2018/8/25 00:00| 5 550 223985 2551542
99 0611 % 3B R | EEH & 35 2019/6/11 09:00| 36 60 236327 2663834
99 0611 %= BN RS | A EH & 3% 2019/6/11 10:00| 45 114 234973 2661094
99 108 # B | FHE | FHL 3% 2019/6/27 05:00| 0 63 216305 2529540
99 14 5 &b Bad (RIFLE | w42 ahes #3%12019/8/11 10:00( 12 337 215845 2567533
100 0815 % @ Bad | AR Fhe & 3% 2019/8/15 15:00| 23 326 222044 2556452
101 0815 % BB R | E¥H & 35 2019/8/16 03:00| 18 258 237463 2664047
101 0815 % @ BB L RR =fedt | 2 Fan, 3% [2019/8/16 05:40| 10 225 220551 2639424
103 0815 % & B AR = E R FEH B 3% 2019/8/17 07:00, 9 154 256557 2645703
105 0522 3.7 FIEL| ZER | ALK & 3% 2020/5/22 00:30| 14 112 268890 2670383
105 |22 Beh F 0605 %7 | s i | =88 | 4 74 8 38 2021/5/30 23:00 3 144 271252 2673935
107 |22 %h F 0605 i |2 ffh| €M | 4 &4 & 3% 2021/6/4 15:00 | 11 75 271252 2673935
108 | 422 Beh F 0605 %7 | s i | =8 | * i 8 38 2021/6/417:00 | 0 134 266488 2663532
108 0731 %.# Bad | AR ¢y 3 F R, M| 2021/8/209:00 | 2 581 214241 2541341
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108 BERA gzt | 2hE | vy 3 31 2021/8/7 03:00 | 49 543 260920 2546954
110 B FRR B | FORE | BEXF2 3 3% 2021/8/7 05:00 | 56 528 230617 2569868
110 BERA Bz | 2 AR | FFLT | 2 EoR,#3m[2021/8/712:00| 9 889 218042 2552030
110 B ¥RR B | &% | ATHE ERy S 2021/8/713:00 | 9 889 217832 2551883
110 b ¥ER Fah | FRE | B2 | 3 2R M3 | 2021/8/714:00 | 7 817 228344 2565172
110 pFEL SHEL| EER | FEH 8 3% 2021/8/720:00 | 3 294 235062 2540445
110 H Bzt | ELE | %2 35 2021/8/8 14:00 | 24 438 193645 2520213
110 H 1 B | FRE | FLZ 4 3% 2021/8/11 19:00| 10 242 266207 2556288
110 H S| BB4 | oz 3 3% 2021/8/14 03:00| 0 72 231563 2635442
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ez ATRIEAL RS PRA F 0806 -k {E & AR % KA PR R
P e E | ook e B (B P ER) | Max(Hi)_12hr| Max(Fi)_12hr | -k ik R FFE | AR R G BN R

2021/8/4 00:00 0 402.98

2021/8/4 01:00 0 397.74

2021/8/4 02:00 1 391.1

2021/8/4 03:00 2.5 389.29

2021/8/4 04:00 0 388.74 0.27 0.00

2021/8/4 05:00 0 386.85 0.27 0.00

2021/8/4 06:00 0 374.29 0.27 0.00

2021/8/4 07:00 6 375.25 0.49 0.00

2021/8/4 08:00 5 377.8 0.49 0.00

2021/8/4 09:00 5 378.88 0.49 0.01

2021/8/4 10:00 3 380.3 0.49 0.01

2021/8/4 11:00 15 385.29 0.70 0.01

2021/8/4 12:00 6 388.6 0.70 0.01

2021/8/4 13:00 4 381.16 0.70 0.02

2021/8/4 14:00 4.5 381.02 0.70 0.02

2021/8/4 15:00 12 388.92 0.70 0.02

2021/8/4 16:00 7 385.09 0.70 0.02 PV

2021/8/4 17:00 15 381.92 0.70 0.02
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2021/8/4 18:00 0.5 372.7 0.70 0.02
2021/8/4 19:00 0 371.28 0.70 0.02
2021/8/4 20:00 0 366.98 0.70 0.02
2021/8/4 21:00 0 363.99 0.70 0.02
2021/8/4 22:00 0 362.68 0.70 0.02
2021/8/4 23:00 0 358.5 0.66 0.02
2021/8/5 00:00 0 354.55 0.66 0.02
2021/8/5 01:00 0 350.89 0.66 0.01
2021/8/5 02:00 0 346.09 0.66 0.01
2021/8/5 03:00 0 341.33 0.56 0.01
2021/8/5 04:00 1 341.44 0.12 0.01
2021/8/5 05:00 0 340.62 0.00 0.01
2021/8/5 06:00 10 337.33 0.63 0.01
2021/8/5 07:00 8.5 344.7 0.63 0.19
2021/8/5 08:00 16.5 353.29 0.72 0.25
2021/8/5 09:00 12 368.95 0.72 0.31
2021/8/5 10:00 375 391.04 0.80 0.35 AT B 46 (Hi>HC')
2021/8/5 11:00 32.5 417.23 0.82 0.41 KER(EH
2021/8/5 12:00 20 436.35 0.82 0.44
2021/8/5 13:00 13 440.14 0.82 0.44
2021/8/5 14:00 255 464.41 0.82 0.52
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2021/8/5 15:00 155 475.94 0.82 0.52
2021/8/5 16:00 12 468.71 0.82 0.52
2021/8/5 17:00 7 479.49 0.82 0.52
2021/8/5 18:00 0.5 472.18 0.82 0.52
2021/8/5 19:00 0 471.19 0.82 0.52
2021/8/5 20:00 0.5 468.18 0.82 0.52
2021/8/5 21:00 135 477.56 0.82 0.52
2021/8/5 22:00 0.5 479.65 0.82 0.52
2021/8/5 23:00 10 485.22 0.81 0.52
2021/8/6 00:00 25.5 509.46 0.81 0.52
2021/8/6 01:00 4 508.99 0.81 0.52
2021/8/6 02:00 0.5 507.57 0.81 0.52
2021/8/6 03:00 3.5 505.88 0.81 0.52
2021/8/6 04:00 12 518.31 0.81 0.55 A% & 4 (Fi>Fc)
2021/8/6 05:00 27 537.89 0.81 0.58
2021/8/6 06:00 16 554.73 0.81 0.67 iz 1(Fi>Fc)
2021/8/6 07:00 8.5 557.59 0.81 0.67
2021/8/6 08:00 8.5 558.47 0.81 0.67
2021/8/6 09:00 6.5 558.22 0.81 0.67
2021/8/6 10:00 18 570.68 0.81 0.67
2021/8/6 11:00 1 552.07 0.81 0.67
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2021/8/6 12:00 12,5 543.91 0.81 0.67
2021/8/6 13:00 515 588.56 0.90 0.67 4= 2(Hi>Hc)
2021/8/6 14:00 17 597.55 0.90 0.70
2021/8/6 15:00 7 593.87 0.90 0.79
2021/8/6 16:00 9 598.06 0.90 0.79
2021/8/6 17:00 8 594.36 0.90 0.79
2021/8/6 18:00 18 606.24 0.90 0.79
2021/8/6 19:00 12,5 618.55 0.90 0.79
2021/8/6 20:00 2 618.29 0.90 0.79
2021/8/6 21:00 11 620.78 0.90 0.79
2021/8/6 22:00 33 646 0.90 0.79
2021/8/6 23:00 155 667.45 0.90 0.79
2021/8/7 00:00 17 668.86 0.90 0.79
2021/8/7 01:00 20.5 689.49 0.88 0.79
2021/8/7 02:00 31 719.98 0.90 0.79
2021/8/7 03:00 19 736.72 0.90 0.77
2021/8/7 04:00 44 760.6 0.94 0.81
2021/8/7 05:00 70 834 0.96 0.94
2021/8/7 06:00 8.5 837.44 0.96 0.94
2021/8/7 07:00 23.5 849.92 0.96 0.94
2021/8/7 08:00 285 870.14 0.96 0.94
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2021/8/7 09:00 25.5 891.15 0.96 0.94
2021/8/7 10:00 115 894.22 0.96 0.94
2021/8/7 11:00 9.5 889.15 0.96 0.94
2021/8/7 12:00 9.5 889.81 0.96 0.94 HLE TN
2021/8/7 13:00 4 866.68 0.96 0.94 L TN
2021/8/7 14:00 2 857.84 0.96 0.94
2021/8/7 15:00 185 863.98 0.96 0.94
2021/8/7 16:00 28 887.26 0.96 0.94
2021/8/7 17:00 15 882.32 0.90 0.88
2021/8/7 18:00 45.5 926.49 0.98 0.84
2021/8/7 19:00 5.5 927.75 0.98 0.79
2021/8/7 20:00 4 930.92 0.98 0.79
2021/8/7 21:00 0 930.66 0.98 0.78
2021/8/7 22:00 0 922.96 0.98 0.78
2021/8/7 23:00 1 906.83 0.98 0.78
2021/8/8 00:00 115 909.97 0.98 0.78
2021/8/8 01:00 29.5 922.36 0.98 0.78
2021/8/8 02:00 21 935.22 0.98 0.78
2021/8/8 03:00 4 934.64 0.98 0.78
2021/8/8 04:00 2.5 937.56 0.98 0.78
2021/8/8 05:00 2.5 910.27 0.98 0.78
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2021/8/8 06:00 1 888.92 0.93 0.78
2021/8/8 07:00 47 916.24 0.98 0.78
2021/8/8 08:00 40 951.02 0.98 0.78
2021/8/8 09:00 3.5 938.54 0.98 0.78
2021/8/8 10:00 9.5 937.78 0.98 0.78
2021/8/8 11:00 0.5 922.26 0.98 0.78
2021/8/8 12:00 0 914.04 0.98 0.78
2021/8/8 13:00 0 895.07 0.98 0.78
2021/8/8 14:00 0 885.36 0.98 0.78
2021/8/8 15:00 0 872.31 0.98 0.78
2021/8/8 16:00 0 859.46 0.98 0.78
2021/8/8 17:00 0 855.4 0.98 0.78
2021/8/8 18:00 0 828.04 0.98 0.78
2021/8/8 19:00 8.5 830.57 0.96 0.78
2021/8/8 20:00 4.5 832.32 0.70 0.78 Z22%
2021/8/8 21:00 0.5 831.95 0.70 0.78
2021/8/8 22:00 0 825.81 0.67 0.78
2021/8/8 23:00 0 812.78 0.67 0.78
2021/8/9 00:00 0 801.69 0.67 0.74
2021/8/9 01:00 0 794.28 0.67 0.74
2021/8/9 02:00 1.5 768.67 0.67 0.74
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2021/8/9 03:00 1.5 763.28 0.67 0.74 B f (% %

2021/8/9 04:00 14 767.1 0.78 0.74

2021/8/9 05:00 21 769.68 0.86 0.74 w1 2
2021/8/9 06:00 45.5 793.39 0.95 0.76

2021/8/9 07:00 245 809.89 0.95 0.76

2021/8/9 08:00 1.5 792.5 0.95 0.77

2021/8/9 09:00 0.5 773.08 0.95 0.77

2021/8/9 10:00 0 762.72 0.95 0.77

2021/8/9 11:00 0 751.67 0.95 0.77

2021/8/9 12:00 0 744.88 0.95 0.77

2021/8/9 13:00 5 734.59 0.95 0.77

2021/8/9 14:00 1 729.68 0.95 0.77

2021/8/9 15:00 1 719.7 0.95 0.77

2021/8/9 16:00 0 709.84 0.95 0.77

2021/8/9 17:00 0 705.07 0.95 0.77

2021/8/9 18:00 0 685.48 0.87 0.77

2021/8/9 19:00 0 679.09 0.51 0.77 Z2%kl
2021/8/9 20:00 0 675.73 0.51 0.76

2021/8/9 21:00 0 674.49 0.51 0.65 AL B (ﬁ’%’% 21 ER)
2021/8/9 22:00 0 670.83 0.51 0.62

2021/8/9 23:00 0 663.09 0.51 0.61
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2
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Potential Evaluation Model Using Random
Forest MethodWater 2021, 13(23), 3348;
https://doi.org/10.3390/w13233348.
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