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Using Deep Neural Networks to predict afternoon
thunderstorm and initiation under weak synoptic forcing

- model development using WRF ensembles
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Abstract

During Taiwan's weak synoptic summer, there are often unpredictable and
disastrous strong convective events occurring in the afternoon, making it important to
rapidly and accurately predict the initiation of convection (CI). Due to the non-linear
characteristics of small-scale strong convection, and the ability of Deep Neural
Networks (DNN) to fit non-linear functions, this study focuses on weak synoptic
strong convection events using the Weather Research and Forecasting (WRF) system
and adopting an Observing System Simulation Experiment (OSSE) framework to
obtain various variables. After detailed case analysis, prediction target definition, and
data processing, DNN is used to forecast strong convection or CI for one hour, and
various analyses like SHAP (SHapley Additive exPlanations) are conducted on DNN
to determine the importance of each variable, leading to exploration in many different
angle.

After extensive discussions, this study provides guidelines for the establishment
of DNN system parameters, data selection and processing, and uses various validation
methods, including objective scores, graph overlay analysis, performance diagram,
SHAP analysis, persisFail experiments, coordinate system testing experiments, and
sensitivity testing experiments. A series of discussions were conducted on the model
performance, prediction tendencies, and variable importance. The analysis of variable
importance is consistent with previous statistical results for the CI, and methods to
enhance DNN forecasting ability, such as adding spatially-related variables and
solving problems with mixed training, were also considered. Although the prediction
performance of the DNN cannot be compared with fuzzy logic, the results show a

significant improvement over extrapolation methods, and can be quickly applied to



actual data using only pure station variables. When using central weather bureau
standards and considering the smallest forecast units as townships, the ETS (Equitable
Threat Score) forecast scores for strong convection and the CI are 0.338 and 0.333,
respectively, and the ETS and event occurrence frequency only weak positive

correlation.
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1-1. ¥t & 3>(convection initiation, CI)
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1-2. ;R B 4 & 3§ (deep neural networks, DNN)
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Bg¥c 5 R (XLONG) -~ & (XLAT) ~ % 4 & & (RAINNC)(#* ks * %
Ll pER A A ) Bk v (mdbz) s B X $HR T * i (MCAPE) ~ B+
Hindrdl it MCIN)~ 8B4 3288 R(LCL)~ p d /53 R (LFC); H @ 2
i %fchost B (slope) ~ PF ¥ (time) ~ ¥R 3 & (windward) ~ 542 & (div) ~
K § 547 R (vapor flux div) ~ J§ & R3%E & Z (T sub Td) ~ s £ F 5

$Hin(persis) > F M R FECE A L2 4 0 PHEADT R AT AoL R 2 97T o

2-4. FERIP A

&

LA P RN 0 A B AR L s B B P R 0 5

2=

W P R P L TR A T D POk o
(1) s (C)gh Tk -
1395 linetal. (2017) ~ Roberts et al. (2003)12 3 F % kb F_& > A 7 € #-H0

Nz g+ w ik mdBZ 4 3t 35dBZ 2 PR BEARL L R A EE 0w kA



()

(3)

JnEoRERE A RAA T RS FE G LE oM ALY 1
CORf A
i E A (CDBE A -
Wi K2 B H TR G- R k4 A ‘T*ﬂ-\ﬁm VS =gt A
R PR G T ROHIEL TR RIE LR AR BT Aetg 2
ek S E PTG cold pool front 53 18 #7 3R ePRT— L I A 4
EENA PR TR A O A SR BTN R S e
RN I, IS L W SR TSR B I S B A
P& 45 B > 1345 Mecikalski etal. (2006)s1:% » § % 8L 5 7 =0 D3R~ 3
35dBZ v jhk g R P> IR G UL EAE P A AR Y Y RE A
Dk (C)BLTA ¥ B 2R BEH 2 /) BEenw L 38 B > E M 35dBZ BT
THERGATE NG CIg o 257 ¢ ECIf I AL -

BT EL(P2p) & 4 BLIF W (np) Tk

“,f 7 C ¥ Clens 4 linetal. (2017)F #R4p 2 B 4 %7 ' 14 false alarm
ME miss FHES 0§ BAANR A IEAR R R R Tt R ~
G FHEHGF DT BB AT A D27 v §RE B BRI A
BRRriims FRBEFIFHLT > AFLHES D HHLL 92
T ARR MR EFBRERGD] CRFER -

ARG BT LR L HRE T SR A L AL B A R R
BT MR LR T S BRA AT g 2ot
DNN 2t %) 4p B 55 Bod ik

FTERI P e s 0 A HF ClEg T & enite g ¥ 253 5 b i#

SH e s TR G N R Rk Sdrdt g B Rk B oo



=% i

3-1. DNN R I2

7B A 5 e B (Deep Neural Networks, DNN) » * % % & & +% » § - i
dpa g isaidl > BgtEe ke g A A H A Ao@] 3-1 e i~ K R
FOR SRR D R R Bk Rt o DNN L B B AR Y
P 4 o B2V YGEARL & & 5 % 48 (Feedforward) ! 2 i3] & vE(Backpropagation)
PR

AR E BE A SR R BE B S Ty (B

SRR S B LR EEE SR

p

vj = Z(Wji “Yi —6)) 3.1
i=0

yi = &) (3.2)

By jiign mﬁiﬂ 3 ¢ & iF 1 Sdic(activation function) » P & ¥ T 3% A 2 4

EAED owy s BE 65 BEME > RS T RN

MR I 2 m T RN AL Slie 2 R A

£ = EXI&E‘&["T .

= 12 e? (3.4)
2447 '
jec

H ﬁﬁp %141,4,1; F2V0 P> Achl i jﬁ%m%zé@;@;%,;ﬁfu#
>4 uﬁ:‘f—‘;:l eﬁ‘_ = g;;img 4v i@ DNN : -}-5;); fﬁ'%;\ijwﬁv BEZRBE M > @ +Q%;¥_Z}L
B 2V RERHWEF BKA(RLAEFREAFALA DA T )T EFMYE E

(chain rule) % #% :



0E 0E av]

ow;j; av] awﬂ (3:5)
THEEIE
s _ O0E(m) 26
i) = av;(n) (3.6)
d Q. )F » -7
gy, 0 i )
= W . . frd . .
aWji aWji - ji * Vi Yi
Fltwy 2 R Awy; &
Awj; = né;(n) - y;(n) (3.8)
HenszH8¥ 5 a Wﬁ@ﬁ SR E
CRRAES S SO
s _ _OE__OE 0y OE 0(o(v)) o @) @310
a dv; B dy; 617] dy; dv; B dy; ¢y (3.10)
%”éﬁi%l:".fé;z‘d g RKEG3EGCAHETERT G
8= =5 [y 2@ = %)’ 9(31) = (& = )¢/ () (3.11)
j
jEc
FaERkA g PIEER Bkt Y
0E OE vy, 0E 312
0y, £udv, 0y, Ladw,” (3.12)
2 e S B ».éﬂﬂ' Ao FpE R (3.11) ¢
OE )
Fr =6k = (di — Y1) d'(vi) (3.13)
Uk

£ 1 (3.10) ~ (3.12) % (3.13)7 "L F A S,
6 = ¢'(Vj)z Op - wyj = ¢’(vj)2(dk = ¥i) &' (Vi) - wy; (3.14)
X X

AT BB S BGTE 0 B Y O ST s 2 Sliche
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; ReLU(x) = max(0, x) (3.14)

Sigmoid(x) = 1T o"
H ¢ ReLU ## ¥ fich At * Sub-gradient f%i4- » "f PP AR § A g
SR GACEEIE R E D DR RRE DT T E T o (FRAF,2021)

M2 T I ERH f§ H o DNN & 2bded & fduie i GAN 2 3 ff & &8 o R R i
consLSTM % { s ervE R B AINA] > A & £ 75 A7 W5 44 ghie 70>
RFRPIFRLIFHPLAAFZRIFFEDNT > X2 DNN ¥ > 7

fepn g T RERE R R SR Ap R -

3-2. DNN # 3% %

EAFT T P E* T python 3% 3 citensorflow B R E & (7R k& 5 24.00
FODNNRY AP ZRLITEL T 4o lE ~ 5 ST E A S
FESACEYFIUEH2RE R EE % DNN 7 U 5l M ang £ solic > 1Y
PR &AL A FEGE G AT S Bi(hyperparameter) o @ 14T G A P4 S Bk T

(1) %% Sfc(loss function) @ 4 #F & 42 % 2#iE binary cross entropy(BCE) 2 2

categorical cross entropy(CCE) » # = 38407

OBCE z":yl 1-73,

BCE = —Z ylogy; + (1 —y)log(1l —¥) —= = (2.15)
- dy iy 1-yi
no ICCE Vo
ylm
CCE = —zzy\logjw - ) — (2.16)
¢ Y Y aym =1 Yim

b —‘ﬁ FRpae 4 & P & L B e binary cross entropy 3" RiE B vk B-F] PR o

(2) B
Momentum 1§ 1438 » 1 % AdaGrad = i ZR{-AH N EFAE -

W

(optimizer) : $ * adam > ~ 1} A AR R T REZ Y b r

(3) = (validation) # @ & FAL 4w §4 "8 A 153K € validation_split=0.2 » 3"

BP e 20%F ALY SR E DSBS o
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(4)

()

(6)

(")

(8)

(9)

A B =t fi(epochs) 1 AR T ¢ € BLEACE] 3-2 cnFA Sdic loss

TR o h S loss AEH TR TR S loss £ F BT

-_

TRCE T 'E > B ¥ 1 100 epochs 1F S PTRF AL N i o

AP~ /| (batch_size) © ¥ g PR L 0] 0 & =P batch_size
* A 1024 -
ﬁiﬁﬁﬁ@wﬁﬂ@%ﬂ:%ﬁk@ﬁ%bgﬁyﬁ%m’ﬁﬁﬁﬁ
carlystop ¥4 > % Sk & loss & 10 & R WL 3 P AT FEE il
B Fp b overfitting ©

/& 1t 3 fc(activation function) : # & *E& K W % ReLU Sofice ¥ 5 F &
BB S B2 PVR(TRP R )R L o

3}?] M Bte - K G2 BA S PF ) Y softmax SficiE (7 IR RIPES

RN ji‘ﬁg’?i:” » H ¢ goftmax & #k 3

%—ﬁ%&éKﬁﬁﬂvﬁim§#%i¢ﬂ£P°Z&%%%

DNN /FRE L AA S ~dp XTI AT FIFRZE R R OB 40 £
3erm o B0 N R Af > Bl o a BT d bR T AL L RMH LA
P oo 2R ReLU S 45 1 & *+§1%J D F* softmax S fic o B KR H
F MBI ENEFEIVEEA > TiREN CAEP RL o ¥ - ERE G 64

S o
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Sr i HR#E

4-1. IERDRAZKE

RAET R L BRES N o

4-1-1. ¢ 37| pattern 4 B+ &

tE2 BRIBAES R E BRER 7 UHE Bk E}}.J’Kxa‘_ﬁ??,ﬂl

57
ISR £ BBV RGEIERIBIEIAE R P 1B o pattern > » € 1B {7 BT
B8 TR~ 3RAR ~ AR DAEA AR R > 001 2 % DNN AR
P ek 4 o
4-1-2.

2 T 3f ¥ 17 & (Equitable Threat Score, ETS)

X Z

. 7

Gilbert skill Score (GS) » #_# Threat Score (TS)# Z Critical Success

Index (CSI)ez- 5 = ;4T alr“f SIS

B TR IR
Aldg M R eTER e 4 0 B F B E gl g 2§ 2 0 TP, FP,FN 12
2 TN>H® TP L @34 v 35 4 ~FP 2@ A% 4 w3gp/s 4 FN
SREE A eIppAEA >IN ST 4 2 Ipipls AE 4 o BTS gt
_g—r Ao o

— TP — R
" TP+ FP+FN—R

Bd RGP HERIE > LIER

SEEEFEF AR IR
_ (TP + FP) x (TP + FN) 12
~ (TP +FP+FN + TN) (4.2)

ETS @#*-133 1 B/ »-1/3 S 4550 5 5 % 35 >
S R

0 & & Eirldp 4+t %
) 1 A TER L R £

it -
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¢ 1345 Wang < )I% g ik BETS fa® ¥ 23 4 b B (positive rate, P-rate)
P 3 MG IERlE 4 A R g AR kT S Prate 202 =+
Flt g R FH R PR hARRY L ARSI H AP S
fS¥RIERIE 2 €3 RAAELE T E ¢ correctrejections cHfFi > & ¥ ETS
F g ETACR 0 Fla B4R E A4 N BRI A

Biso b AIERIEAD RIAERIA A P E A BRI E BRRE LR
>R B RLIER P R ETS &1 W 02 Bt g BRI A F B
BEBEAEF BRERFEROETS s 5 o i2m 28 I ETS 255 » b iv

?ﬁ?? RIRCA 2o B HRE ¢ B v BsE R R =
4-1-3. |+ s B (performance diagram)

SEBN LT LA 71 F B EF HF 0 1-FAR (success ratio)

g+ = s 5§ g POD(probability of detection) s b = 42 & 12 2 TS & s #

A5, # v
TP

POD = v (4.3)

FAR = % (4.4)

TS = ﬁ (4.5)

BlP v L TSAHEEEHR »d 2 T3 EMRKN00IBBLLF3en1.0;
B AR L POD 4p%f 1-FAR ét B4 » 2R Z L3t al X | 8 Mens + 2
PN AR RE 3 G AR LT3 AR LA RED MG %E

Gy ’ﬁt%’\frf}q' ?F‘iﬁﬂb 3 mﬂ:. ﬁ%*ﬁ%}ﬁ‘:‘ijrﬂ]’?rﬁ' °
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4-1-4. 'f?i"f{‘%f Fe 1T Hcd 2 (Receiver operating

characteristic curve, ROC)

PARES AR > A GBS (FPR) RS o BB

F(TPR)sn: 242 » H ¥

TP
TPR =15 7PN (4.6)
FP

TPR FPR 83555 403 10 ¥ f— = 38p| ¢ 4 41 b .2 1 :6(0,0),(1,1)
P RAREIT(0,)A%EF > AN F FPR S S TPR P M { % >+ &
F L BRendg o ¥ b E I AT 6(0,0),(1,1)0E S F O R B 3R

BIRE EPIBLGITE RDIPR) 0 B AT P T AR R M® e

4-1-5. SHAP 4 #7(SHapley Additive exPlanations

analysis)

A4k A B 0 f2 A DNN ehif Bl P > P A Bs 20 5 4 g i

HREi & R34 lF?‘ 72 25 ch Shapley & > 325 2 ;44T ¢
1 R R
Bi) = Nl,Z[v@ U D — (PP (48)

He @5 Shapley & > N 5 BImfB(r 7 ¥ %ﬁﬁ%%&) » PR 5 =
*ﬁ)%ﬁ;él’v(PiR)p BB L= ?\Eﬂ?fl\‘lg"v(PRU{l})a BB LT pde
- ’?\_m?‘}“cmo B oU oo AP E -@“"‘B”TP#EJ'J.E’_ T X

FLRE) e~ 1M SR R TR 0 BB AT SRR )T

JrEgfrs 1
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mod AR G E_DNN> Flpt R E s BF € £ % DEEPSHAP - i3 »
i¢ * DeepLIFT(Shrikumar, et al. 2017)12 % Shapley &3+ % DNN ﬁ%l » 1 5% B

PR -
4-2. persisFail ip| 32§ %

AT S R BRES AL RFT - BREB SRET R
A5 persisFail : ¥ - e iy » dgc? > MR EF 5 $H (persis) R BB 4 S
- PP A E R HRGERI P HR) T H Y - B RET S F R JE s % DNN
R B AF R T AT A B T B B R eI R o P B AR A ] 4-1>
epochs %) f. 2 P loss i 34537 0> % IR 2E% Hig e loss Jeacy @ v iE 1.0
i FE R 0 4 Al FHREIFE T 1.0 (0 ETS » #ic i = % 770 » SHAP & 4%
4 RIRHIERIA T A F M apersis HBE o TN A FEH/E SR
DNN 7 A2 3(¢ £y & & 043 chafp » & 7 B3P £ eh SHAP A 454 4t

BELA P E R B PA T o
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hy
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¥
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5-1. % BcAp MRl

jx—_g_‘”‘ §EE }i”"‘)"éﬁt‘ @J)\&ggtua J PP AR B # ﬁ\ux y IR X fé
RUKTR DS 0 ¢ 5 RHR BRI D RE A PR PRI e
2= :'F;A\ 2zt g &2 SHAP 4 45 -)

5-1-1. BPHEEELIRRP FEHE

B AR R A WRE 5 S BRI R ¢ A ET B (T 5 B Bk

=

R R Z ERHT DRI AT G ey g - B L e .

BB HCINA B g fiche 2-3.% (4)u ¥ R 2 o - @ WRF 2 i @ g
BT R ASETAAILEL A ® % 0 5 = WRF 2 48 0 4RI F R AT
L AVIB AT G P PRdE o B 5 ERAERET B A 000~ 925
850~700~500hPa)’ & % a BRI BB AR G - B AR T E e BRD
PIP S NS w[ BTN L SRS eta T G A B o

S ERIR S 0 B IERRIE 0% Bicde omega, avo F IR RIA 4 £ 7

o FIPLA R Bt T PR T L E RIS eta NP #c ! [z, P, pressure,
dbz, ua, va, tk, rh, td, theta, theta_e, XLONG, XLAT, RAINNC, mdbz,
MCAPE, MCIN, LCL, LFC, slope, time, windward] » % 2d % F B{&-T &
@ engEce £ 4 W5 Isobaric 2 Iso-eta ©

7 41 Isobaric # Iso-eta % fAFER|IP & ¢ ETS » 11 % Iso-eta 2 3¢
Isobaric e ETS ¢ 544 $ 4> [so-eta e%¢ fclic & & ¥ - >t Isobaric > /& p 3%
t 3D % #P~* pF [so-eta © B~— K 3+ 6 £ & Isobaric B~7 7 B BE > T T

TP A 3] fesk $n CIERI L Iso-eta € 0 6%:P ETS » iv & CI SRR}
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TR Beta BEFTHL A 44 S 5 IRl 4 @ o) 5-1 FrT
fF 40 % B 1500 RS B B 0 pattern b B 8 e & 6T IR 5T R
PAARIT 5 3 RO RS Y L EIER B p2p RF 5 FERIE
r kxS ﬁ&:%%;_?& false alarm ' % miss &g % + = » @ ETS * % ; & &
np 7 EAF RS 8 Im L R R ) > B F B 4 hits iR E i@ false alarm
"LE miss SWEZ T > ETS Fla AE F 2 0 & [ & I ETS § B85 4 5
RITL G ORI R B AR A REREE P T A REE R R AT
FR AP & Liks e L p2p B Lnp R A false alarm i
Bisd B 52 M BT BB it fdcens R T DNN endgipl e
#4R > § # § o false alarm % o

FREOTHORT KRk £ Feta RRT G BRI E Y np I

RIP R F L st ehikdg o
5-1-2. REACR LR

L SRR E LN R EGRE T A TR = LR ETS a7 ff i

GF
S
A5
——

M R R B E & R AT AR A -

BANPELS-1-1 ¢ ¥ Srlso-eta B gl £ gl e & gk
BAIE % A3 do

® 2 %43 [MCAPE,MCIN,LCL,LFC] » & 4 %% " pip| i ¢

EHFEZ A T2 o
® v FHcH [ [dbz, mdbz] 0 & FEEPIw AP Fh o
® ¥ R HCH ! [z pressure, XLONG, XLAT] » ¥ & ¥+ H herp|ab k30
KERFR ST R el O 005 SRRl d & p ek KR

B F AR T N A P IR o A T A o
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® & I@ FHcH ! [P ua, va, tk, rh, td, theta, theta e, RAINNC] » & £ %
Pr2iEArs RB(F %ERT ¢ 7 slope, time, windward = i 4f © % #c >
etz B PHch SHAP A 473 R 2EY Mehd B 4 %)@ 7 Fx3t
AT
LR R £ S AREE S SR 5 & SR VR ROELE E S
CREUER L3 SR S S SEELELRE S SR EIRNCE S DI SR

CR LIRS R PN 2 F 5 ETS 2 B 1 2 gk £ 00 et
ded e S T AR S R A B R EHHITRARE & 0 AR LART -
L ll—g I # "f%ﬁg_%ﬁigi’-(‘?’,ﬁ\ﬁ-# HotiA $ 1218 ETS Ap >t Iso-eta(#8 5
T AT G T  ASF I HIRE R RK LB
FRCHE 1 (F Bt P m)Ap RO (¥ Bt )T g B ETS 77 %
it 6%1 5%=+ 0 B2 g CHEpRsR-s s i&—&éﬁﬁf%wﬁtﬁem
AR EIRRG Y W CLT i) - B A H AL R e (W
PI )i (F Bt $m)is 2 BTS 0™ % C 9% 15% > CL 4 5 26% » i*
FE I B ACHIERT B E R TR R FB TR EG 0 4P ST Tso-
eta(3F 2+ s+ BrB L) G K T0%H ETS » # 457 F %% =+ p)
(¥ Bt 3P DNN § it 4 7 0 e B R TR A et 2 fode
T2 Ap M R B {4 AR o
1 iE- HEHRFE DNN £ 3 FSEHme LA i 2 T g E W § %
P BRI A Bl T b A R Rk Rl f 0 ehi L R i
I FEBEANEAVR TR BB S RAc R R 60 T UP A
P ¥ BRETER A RS L G B REIFR AR E oA FALE
BdTE k2 F Gl YA BFEN G o PP DNN G 4T

Ve P R b TR SRR A B frde AR B S B { 4 enTER] o



* ] & F PlRE 0 B8TE O NS EBGEF AL T IT A DNN%J »F

Eoood s HF| R E A o
5-1-3 4e 2 p*g‘.‘_ [—??‘C—z‘m,y{é

ool ARt R A enE BLE PR IER - R R i e L

k

BB A LA % - fEadd time EiEPH 8L 5 BER (L A )i
ik Bl 4o B FER] 1300 3Z BT 2 TR PR EE 1200 i S iE PR R
0800 ] 1200 s, BRFRFEL2 PHc> T IS EFIRRIFEF w18 » HEPN K
FRP s afFn 4 B FRERHEE TR S A % = f8 add space P £ iE
Pof S ARTR AR Rl Ao B R IR T T 1300 (R ELOE 20 R E B
2L 1200 s 5 3EP3% B2 RAT N B BE 1200 2 oo Mt A 3 5N A Wik P
R E L ahEsn o TRBERG 4 &F ek -

e LT ARE RSN R H BH PP (no_add) ~ add_time 12 %
add_space 2. ETS 12 2 H §¥ no_add 1" st B4 .77 g P4 » BB 3
32U $ ETS § #rB4 § o e » 2 B 530 Bk ¥ it > 4 ETS i 2
C % 20%  CI % 18% ; 3P| pattern * 4o 5-3 #777 > tp#>t H gL ¥ pF
FER A R E ZEAFFT ML A EEY B falsealarm (R

EREL ABEHI A A 2 FEF T E F RP R 5% falsealarm

Fp R dob AT B dor ZEFRG (P EESETS: @ d B 5-
4(a) ~ (b)¥ +r no_add ~ add_time 4 % add_space = i #-3] 1T 35 ETS & 28 4%
#_add space W ETS % » e ETS - E X 4p%t g » 2 n s SR ¥ &
52-1 F 2 Efaf i ad (o) (T4 IS B AR L O BREFLE 135 B
R o = B A e ETS 2% % 5 " H % 4 & add space B~{8 T = U b gk
F 5 Eis(e)» (HROC ¥ s+ ¥ 7rno_add § Fe L& R > @ & 0.4FPR 1

T add_space (7 TPR 3 ** add _time » = % 0.4FPR 2+ Pla P dg £ %] 5 B (S
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d B 5-5 i BT Ao e 5-1-1 3] 5-1-3 0 % ® > DNN + 5 phife
AR DT L GRS JRA constphy RERT R L AR Y 4T 1

2B ATHRESDNN TR £ F P AR N LB AR enfiR o
5-1-4. SHAP 4 #7

Lol &% 1 SHAP A7 i Ef st F sk & B N E B 3 ke
#-%F 5-1-1 12 5-1-2 & 312 DNN :£ {7 20 =t SHAP DeepExplainer 4

{5 B9 fET 2 < 4f SHAP B3 %2 3 £33 = 242351 /sqre(N) » £ ¢
N ZPfteAdic ek T 553 1000 #2278 anG S FEILE
FTANEL R d B S-6F wERE D eta BTG A2 hRIEL L
H2AF T B S-TRERELEPEEs 5 0 vl $omdbz & 5-
1-2 ¢ BRE T RENIFRP REE ; ¥ HFEELTRE lon A lat~ 3
BzME F Ropressure » £ E Bl RAMTIEFHIEEE DR &
Pong fiE 2o 2455 €5 973 B o &+ 4 Linetal (2011)3% 3] 5 4
A FFL AR - BFF ELEA P ¥ CAPE~LFC -tk 12 %
K § AnBE % B QVAPOR ~theta e~th: £ & # 4 fphf ¥ ¥ F va~p- T
PREERBET G RET g AR 4 Ry 1P Mk 850~700hPa A
1o BEFE & R4 H  [mdbz, z, lon, lat, pressure, CAPE, LFC, QVAPOR,

theta e, rh, tk, p, u] °

52. RRET AV R

=

AEEP A RIFF DNNFER| > 2 Bppd s H @ 3pip| 3 22 V2 BB
Ty 4 0 IR PR mﬁg\:—}:@w—»—\ ) ég_ﬁagfgﬁggbuﬁi‘ﬁ%sfgﬁgg

BT~ FRAET R ETS 2 H s p3E) & o

5-2-1. 2 5 8 FEplE L R
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PG A R % ) PR 0 CLIT4R 3% & R &
fRE g i g A R T C/CTAER S 2 enigplic 4 £%] > & 4
PO B2 e A 1 8 At 0 XTI L B E S (BRI F R R
FRFA B oF EAEFEFTR S A3 DNN R * OSSE % & H# 7
B R F G TR R TR A I (F AR T o 4R T
A LH@EA TSA P22 TSA p)asp e b e Ft AP % ¢
i ® thagjE iF 5 persistence-base 77 ;2 iF 5 baseline » P =5 L2 DNN 42

4} baseline 3gRfE s > DNN € £ = 4 *h 4 % G0t #2 > 4 %[ E_ constant
Lucas-Kanade(LK) ™ % Variational Echo Tracking(VET) > # ¢ constant & iz ¢
PR OER RS LT Bl R RSB PR 2
BAp e B d 3 ¥ xBESGHFHE P t+] PFF hw b Lucas-
Kanade(LK) & 7% B]33 * openCV rk jiiE » &R T_b 3RTRiT 8 & -5 2t
T M) T3 Rt E BT eam@ de 0 R f * AN S pixel udds
£ {4 Variational Echo Tracking(VET)E j# P & 8-t PR w t fFin g T #15 e
RSN SLS R S SIS = S S AR NeT S S8 ) o o
ob 3t o

a1 R RS R FEYAFTHOFEFRIIN FFE
FENERS T RLERF LT L IIFRIFTI L g Y - ) D
hag k% > T ARYRIER] P AR | EiE ] 2 A A FE S C& Cl B8R
TR P &2 2 DNN FRR[i2 (7 b g » @ F % 8 2 F B4 * Pulkkinen > 2019
Z # chpython B/ 2 i pysteps (Pulkkinen, et al., 2019) » 28 m Atttz ¢ &
o g NI F A EE R T y EiEF e Ats A AF kY AT
WMAEEREEN R A T LA EFE S .

g H B ARRE R S Aol 5-8 0 AT IS ETS 304 F 104 B ¥ Bt 4
72 DNN #7 3 6 b 2 % eh— B R X errorbar> 22 5-1-3 /) &4pk ¥ 49§ < -

HAF kD BEpplesdmip e t b L Fga® 28 4 47 3(P-
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rate)# — > * - DNN $+% [ P-rate ¢4 B8 (7 FE4R { § 7 ¢4 + ETS
A# 2% dBZ P C ik M 2 L v o Cl & R0 §PAgan®E i
FREEFA O EEE & TR ofalsealarm 12 2 miss s &
~ % Hi e ETS chdiclt o @ & b Ln 8 T35 ETS 22 %% + DNN
A EFE 0 EP L U APROY A 0 B L BT AERI P HRT DNN $R

i it

e (7R -
5-2-2. B & IR BRI
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