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4) Weather Underground
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19 2.1.23 Azure Machine Learning® X =2 A2 (71434, 2017)

O 71734, deAs 7178 Bapd

Winds Dow Foirt

(] - ol

1 I il II.
Gaspotartial Heght Tempratee

BE - ovmmiee B B Typical Prediction Mocel [ © Deep Hybrid Mods

|I h:

Time Step

Wloalel

RAMS Ervor (in knots)

A ' Civerall

G honrs

Decp Hybrid Madel
Kapaor of al, 2014
NDAA

2.29 | 1.33 1.81
3.04 | 216 A.005
308 | 3.4 3,31

12 hours

Deep Hybrid Model
IKapoor et al, 2014
NOAA

4.44 | 2.59 3.506
303 | 393 1.48
3,13 | 4.4 4,58

24 liours

Dieep Hybrid Model
Kapoor et al, 2014
NOAA

6.57 | 3.82 5.19
B.A3 | B2 708
B0 | 64T T.55

a9 2.1.24 v

Ase ok (7144

ulo] A2 AX E 9] Deep Hybrid Model
, 2017)

hstae A

2019955 2027974 3&A S A 714 vldolEH & A <l
S §EE AFAS(AD 7| R 2y dugy’ E uE o o)
A ofoltjo] FHAM HF AAH

= 57 SR=!
T A

)M = STzt AR of B4k}



glo] OB to] VISR, VAR E A&Gstn gaF s P4

E EZRIRS NEsta, 29 (2022~2024'A) ol = A AEE teksta S3td 7]
A 17 7Ess ‘98] B AME 3EY (Smart Partner) €39t = g
o idoln, 3A (2025~2027d) oA = =1l AARJE 9d 4B el Y=
NAEARE A3 F P U9re) AntE 3 EY (Smart Partner) &3¢y’ =

TE8e] A wEY VS RE AT AFS 7HA I QU

fel
e

SH T, UL 1200 KR $HA 201 4BE
oxMl u?ﬁﬂ&' L= =10 ‘:“llﬂ

¥l 5
2 HWF 2.27TB (2F 360210 D’E}>

pa
-14
.~\..

|
[
[

a9 2.1.25 doHE f& 7V BAA 3 (A ok, “Hldlo]E ek AlR AlE 8k
AABEE 73R! 7187 ey’ e

O d3As 2

2
-

o FTH7]

oy
5

of B Fof
5} 7)= dist
daddr Arvs o
LSTM (ConvLSTM) & 7IRte.2 3 34l 4 WEYRAS AbeAvh(LH
2.1.26). Convolutional LSTM (ConvLSTM) HWIE A7} Fully Connect LSTM
(FC-LSTM) Bt} Al g3t ZadAE & 23383 45% 535 9% ROVER ¢

=
1EES 71t Aoz et BEXxEE Moving—MNIST Dataset

ftlo

AEF 297

-

N
Oy

10

Xing Jian Shi 97 8H2 AF3 A5 7=

Z83ta. Qtl. Shi et al. (2015)-& Convolutional

ot
&

e

2011 {FF¥ 2013 d7HA EFolX 4 ¥ Radar Echo Dataseto]™, 47|
2 Fully Connect LSTM (FC—LSTM)oll 714Hka}o] 7l2t¥ Convolutional LSTM
(ConvLSTM) Y E ¢ Aot}
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HKO (Hong Kong Observatory) —7 dolf A5E AL
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Figure 3

AREEFATH(LE 2.1.28~29).

Prediction accuracy vs prediction horizon
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: Selected links of TrajGRU-L13 at different frames and layers.
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We choose one of the 13 links and

plot an arrow starting from each pixel to the pixel that is referenced by the link. From left to right we display
the learned structure at the first. second and third layer of the encoder. The links displayed here have learned
behaviour for rotations. We sub-sample the displayed links for the first layer for better readability. We include
animations for all layers and links in the supplementary material. (Best viewed when zoomed in.)

a9 2.1.28 TrajGRU 9] gt&5+%

Table 4: Confidence intervals of selected deep models in the HKO-7 benchmark. We train 2D CNN, 3D CNN,
ConvGRU and TrajGRU using three different random seeds and report the standard deviation of the test scores.

CsI HSS

Algorithms P05 P32 F>5 P10 F>30 rE0E #>2 p>6 #2310 r>30 FYOE BMAE
Offline Setting

2D CNN 00032 00023 00015 00001 00025 00032 00025 O0ODI8 00003 00043 90 95

3D ONN 00043 00027 00016 00024 00024 00042 00028 DODIS 00031 00041 44 %

ConvGRU 00022 0008 00031 00008 00022 0.0022 00021 ODOM0 00010 00038 32 81

TrajGRU 0.0020 00024 00025 00031 00031  0.0019 00024 00028 00039 00045 18 32
Online Setlling

2D CNN 00002 00005 00002 00002 0002 0.0002 00005 00002 00003 00019 12 12

3D ONN 0.0004 00003 00002 00003  DO008  0.0004 00004 00003 00004 00001 23 7

ComvGRU 0.0006 00012 00017 00019 00024 00006 D002 0009 00023 00031 30 89

TrajGRU 0O00R 00004 00002 00002 00002 00007 00004 00002 00002 00003 10 0

1% 2.1.29 2D CNN, 3D CNN, ConvGRU¥ TrajGRUS] CSI , HSS #H|u4 3}

42

Flo
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Figure 2. Scheme of the Sparse model.
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Y 2.1.31). A" Ay AW ® 9 (radial biasis function network;RBPN) 2}
Multi—layer perceptron(MPL) F+ 7| 9] dSA 5= HAAwH = o] &38to]
wate] MPLEE ] A-so] RBENXET A so] £t 2000~2010d AEE A&
ato], 201193 2012d el =solAd FH9-(10mm/h) & oS53t o]2fgh AJA¥lo]
Aol AEsH ¢S5 Ttest, wAF 95 A5 Thed RS AAREIT
(Tomoaki et al.,2017). &AAEE A&7 s Aol EA7INMS

MPL, RBPN 7|% o]t}

Table 11
Total prediction results in 200 2.
Obs. point Maodel Result Evaluation index (X} A number of events
THR HEP HREN s of SMR A B C D
Sappors 3L Result | 758 61.7 BE.T B13 b3 169 100 13 B2 181
Result 2 a0.1 740 B24 BLE 126 T4 7 46 7 215
REFMN Result | 626 46.1 782 B6.7 1.2 29 2 B2 41 a6 147
Result 2 633 Lt4 7.1 203 238 36 87 20 214
IMA - 800 550 2.0 76.0 5.0 I‘ ] - - - -
Matsuyama EliY Result 1 332 b6 o0.1 &7.9 74 93 57 27 34 245
Result 2 g24 0.0 B4.4 41.7 135 4.1 35 40 15 265
REFMN Result 1 684 B3 857 607 o1 125 51 i3 B2 108
Result 2 77 53.1 BlE 31.0 1549 6.3 26 58 23 257
IMa - 90.0 B5.0 040 B9.0 5.0 G50
Maha iy Result 1 738 556 841 667 101 161 74 37 50 196
Result 2 73 06 789 432 172 55 48 63 0 235
RBFM Result 1 743 579 81.1 55.9 124 123 B2 40 45 210
Result 2 T43 66T 756 30.6 210 46 34 7 17 238
IMA - 5.0 57.0 a5.0 B0.0 40 1.0 - - - -

a9 2.1.31 20129 % oS5 A9, ndd s Ay

Du et al. (2018)& Deep belief networkE 7|50 7 3t g3# ¢l 79 o=
2aS Aok (2¥ 2.1.32). Deep belief networks & A5S
Yot 7lss 7HA 2 Y ¥k = dlolH e 3 TS AR Ao E i3

of A A4 IRk dHelElola, AV

O

stt), BEAzte= 19

o

o= Aok B=vt 7] A (multi—layer restricted Boltzmann machines, RBMs) ¢l

7149k8te] 7 El deep belief network (DBN) o] t}.



Import Data
Reading data from the Data format conversion
database
Build DBN model
Initialization model Pre-training Fine-tuning
parameter model model

|

DBN model testing
Test Data = Test DBN model

Figure 3. The flow chart of the deep belief networks model.

18 2.1.32 Deep belief network Relo] 3 5%

o

a ol

Karpatne et al. (2018)2 &3] 229 33t 2|23 AA YEYJAE A3 Al
2L =T 939 physics—guided neural network (PGNN) S A7)38t1, 4174
HEYAEY 743 ghsFoll 38t A 25 AFgdte s Ajtd Tl a7 239
et ANt ofye; o U2 dubksl ThsAds BASTE AS BoFolY
% 2.1.33). PGNN< =2] 7|8 ey A HEAS] stojugls 23 A5
£ Akt hybrid—physics—data(HPD) #Hg¥ &2 7|9k &4 &
O wM B XA S ALRste] A7 WEYAE shashe 349 2719 9 3o
AT PGNNE o] g8t = vjd|aere] =t (Mille Lacs) o
A =eF(Mendota) &2 & EE¥ S AASH A3, 37t &30& Wy of
=l A A3 deAdol Sl A3 e tH(aE 2.1.34). 7=, HE, 7
HAE 1E3 =g7at &4 g AREREAT. B4 2 FHEAEE 9
(81/06/17~16/01/01 7,0727F A=) ¢k WI=ER(B0/04/30~15/11/02 13,5437
A8) 2 a4, GukEAL AuEAN V)R, AdssE, v, Bl Growing

Degree Days, AW, A A5, Tdo 3,0007) #AzolH, BA7]H-E General

N

=

Lake Model (GLM), Neural Network (Keras package using Tensorflow
backend) ©] t}.
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Figure 1: A schematic representation of physics-guided
neural networks in the context of other knowledge
discovery approaches that either use physics or data.
The X-axis measures the use of data while the Y -axis
measures the use of scientific knowledge.
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Rasp et al.(2018)2 7|2 d 9] H]X A sub—grib I} S X33}

31 9l= Cloud—resolving Models (CRMs)©] zZte= W Axleko] 2]t

o] = thA] & 5 9= Deep—leaning 71¥F B8 253} 7S 2708 7]
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superparametrized Community Atmosphere Model v3.0(SPCAM)©] 1., 4171

2 Neural Network©]t}.
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18 2.1.35 SPCAM(E A, 715=29)3 NNCAMCH A, H2d7]H), CTRLCAM(:A,
AsA R FF 715G w At wla,

David et al (2019)2 A= o
U] NWP nde] e Fio A8H= 7|4 o
=)

=
£rg st Egol

Y
il
A
=
o,
=
%
A
9.
]
=)
By
e
A
A=)
o,
1o
M
Hdl
mlm
An)
=)
X
ol

ZY2E ¢ #ZF FAE 4 A}k 93714 Monin—Obukhov Similarity ¢]&& %9 &
T g oy AAst=d AFRE T B2 E = KNMI-mast at Cabauw (MEgE,

203m EFY, 2003~2017), FDR E}Y (ofoltta = A3 QI 2015~2017) ¢ &
e WY XYAE,

Monin—Obukhov Similarity ©]&, 4744 UE T vl So|th (1 2.1.36).
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surface temperature cooling—SSTC) & A|F3}o] oS doA 7l e+ Ef 3ol
o8] §uHE SSTCE F &3] dZa gt BAxRE 199295 AA4714 9] A
A deF AR Azmola, FA7|HES 2 S5 (S-L) I} AF 5 (D-L) &g

Folth(2¥ 2.1.37).

(a) INPUT
1x5

5 Neurons OUTPUT

8 NEGATIVE

1]

L5: layer

Cifeaturemaps  C2:featuremaps  Clfeaturemaps  Cd:feature maps 25 _Full connection it
5 UTPUT
INPUT 5@1x5 5@1x5 5@1x5 @15 / )
1x5 r
Convolutions Convolutions Convolutions Convolutions w /

Figure 1. Schematic representations of the neural networks: (a) three-layer structure of the S-L neural network; (b) multilayer structure of the D-L neural network. The
bluefyellow dashed lines in the S-L algorithm represent negative/pasitive weighting coefficients, with the width of each line indicating its weight

(b)

a9 2.1.37 (a) S-L 21489 3% 7%, (b) D-L 4% b5 7=

Z=ro A+ evolutionary genetic algorithm(GA) 2}  Artificial neural
network (ANN) & 7]Hto. 2 3 A 2¢ v|AE AdFA 5 F4E o= (GNNEP) &
a5 Jdeto] HlE FE A5 des FHAIHT (™ 2.1.38). GNNEP RE2

=
Hs=alel  HEAEe  d@rldses ARgstw,  7]E  Climatology and
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persistence (CLPER) EEHT} U3t o F5Ax2} T EAHE AFE3S
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flo
it
ofo
2
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ol
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e
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o aydow A9 thUin et al., 2008). EAAEE CMAY 1960 H-E
20053d7+4 2] South China Sea typhoono| 1, #4178 GA S ANNo| 7]qFst
NAIEP 24 (GNNEP) o]t}

Input variables for GNNEP model
(Predictors for CLIPER model)

A
Set the coding method for genetic individuals, search space. evolutionary

gencration number(V), genetic populations(m)

h

Randomly generated initial genetic populations (generation number k=1)

/\ No
p< k<N

+ Yes o
Computation Deeode genetic
individuals to generate m
A
Selection A4
Build the GNNEP model
A for s ANN individuals
Crassover
A
Y Successive prediction of
Mutation independent samples
¥ A 4

Output prediction results
End of computation

New generation
k=k+1

Fio. 2. Flowchart for GNNEP prediction modeling.
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o] g3t FHY HAEE T35t | 7wE UESL
slet= HAs AAHS H3tEt(John, 2018). EAAHE =
Convetion Allowing Ensemble ©]3, #417]¥ 2 Convolution Neural Network

o]},

Machine Learning Procedure

Normalized Input Data
Input Variables

* Geopotential height
* Temperature

* Dewpoint

+« Zonal (u) Wind

*  Meridional (v) Wind
Pressure Levels

* 500 mb

= 700 mb

= 850mb

Randomily split data
into train and test days
30 times

o Y

1= NOAAOIAM & %

= A7

Smith et al.,

stelvh. A9 dlold Aag AHgstel BHS

Forests, Gradient Boosted regression trees(GBRT), elastic nets A 7}A] 7

o) Y 58 Y

Remotely Sensed Storms; MYRORSS) o]

R

=
How

g o U

Ca]mlate spatial mean uf
each field

Principal Component
Analysis transform

Encode data with
Generative Adversarial
Network

Convolutional Neural Network

Validate different combinations of model
parameters and pick best ones

a9 2.1.39 99 d5E 93 ZASs 7Y 33

o B Eof

TRAAHAANE T8,
Ql

A&tFt (McGoven et al, 2017).

e, BEYlol =, gAY T2 2137
Al Multi—Radar Multi—Sensor (MRMS;

F2 At

=%
A% FAARE

Output:
Probability of
NWP-simulated
hail > 25 mm

of thgk oK A%

AF3tod, Random

% 2.1.40% o] GBRT 71

H/\-]]-

— MRMS
H ZZ99 thd AEAAHE (Multi—Year Reanalysis of

L, A7 GBRTZ]H o] th.
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Chattopadlhyay. et al.(2019)& o}dZ 1 o= (FA FAF HES AFE3E o
e ZIRe sty MRS HYd " 1A Vs G AA HEHAZ,
CapsNets) 2 & 7|9t 2bg el s deks ARGk dHloly 7|vk 29 935
Akt (2¥ 2.1.41). k—means 7]'HE °o|&3sto] dFA R <3 A9
(Z500)= Fotrlg7he] 1 2= =3hghe] SAofq 9l XA ol whet 0~4
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Training

Samples from 5 clusters

surface temperature map
lag=0days

pressuremap at -Skm  [RCp e — |
lg=idays E__=x M\

CapsNet

convolution convolution secondary capsule (encoder)
i3

32 filters @ 5x5 64 filters @ 5x5 st ¢ : <
S e Did
Test Prediction result
cold spell in 3 days? region? cold spell in Canada & North-East US in 3 days
w3 N\
~5km pressure map, og=3days "":"B"“" ﬂ == . n-:wf:{:':‘;'
S R SRR e
13 2.1.41 CapsNet7]dt 33} o= mdo] 555
g} o B dg o] Wst
[ 2utd G of Zg| Aol 71
olerelo}, M3, A Q7] Y= FA oFal Aol 17/ (E 2123)F ¥

28 A} Aul o]4o] 10~154 =&
t}(Zabini, 2016). 4% ofZgAlo]A L 53 & 3 71A] L8 3 FA
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5ot 7ol wet vrhE A thgt R A Al

— Table shaped : JRIE IR E 7|5 33 7|2 JHO 3 55 FH=ZE Al¥

— Map—centered : & 7}4] #o]ojE Sl AA FHE A= AT

¥ 2.1.23 ol&glo}, v=, =] 7] GM Y HF (177]) (Zabini, 2016)
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AT 713719 B A A7) AR @] o Fo] FAEASAE FE)
A 53 At VAN (EAE, AE ATES, 7, AL s2E 96
S)el 71dgk 1 "l Ak T ARE A - AAA gl A&H o ® Fhskal gl
O 2.1.43% o] BAAR(2015) ] gskd 2011~2014d7F vkl 7]
AR Qg AP AL T AL oF 5 5P R FPH, o] 2001~
20109 (¢F 2% D) din] oF 29, 1991~2000 (oF 7x9¢1) diu] oF 74 o]

& S7FsE Atk (8h=71738t3], 2016).
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A AAACRE o714 9 el 7)o SR QIS I AA Frkskar
e Ao=r HyuHEIw Qi 20139 AMAIZIE7]F(World Meteorological
Organization, WMO) K1 Aef &Jsphd =3t 7|AS A7 v 719 H= (L3t
(Heat), $t9}+(Cold), 7F& (Drought), %3 (Storm), &5 (Floods)) & 38k 1L,
2001-2010 713t gk =3t 7)7del o3t APdA 7= 1991-2000 7)13F &<
o] AP FRT oF 20% SUHSE Ao ® yEhuth(sE7]4eE], 2016) (19
2.1.44). o717 @49 Sk =wEe] 714Anl A
T g gstal AEsk o BUF o] Foi XA ok AT

ZhA Hop AzshE o HAIARE T H3ke] Al4E)



400 000

B Casualties 1991-2000 +20%
350 000
B Casualties 2001-2010
300 000
250 000
200 000 - o : —16%
100 000 =43%
50 000
o . 189% —66%
Heat Cold Drought Storms (all) Floods Total
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Day 4-8 Severe Weather Outlook Issued on Jun 24, 2019
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