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All Atmospheric Instability Index

AMI Advanced Meteorological Imager

AHI Advanced Himawari Imager

ATBD Algorithm Theoretical Basis Document

CAPE Convective Available Potential Energy

CAPPI Constant Altitude Plane Position Indicator

CI Convective Initiation

CM Cloud Mask

CCM Convective Cloud Mask

CT Cloud Type

CWG Convection working group

dBZ DeciBel relative to Z (Z: equivalent reflectivity factor)
ELA Extended Local Area

GK-2A Geo-KOMPSAT-2A

GOES Geostationary Operational Environmental Satellite
JMA Japan Meteorological Agency

KI K-Index

L1B Level 1B

LA Local Area

LI Lifted Index

LWIR Long Wave Infrared

MCSs Mesoscale Convective System

MSG Meteosat Second Generation

MWIR Middle Wave Infrared

NESDIS National Environmental Satellite, Data, and Information Service
NOAA National Oceanic and Atmospheric Administration

NWCSAF Satellite Application Facility on support to NoWCasting and Very

Short-Range Forecasting

NWS National Weather Services



NWP

RDT
SEVIRI
SSI

SST

UTC
VNIR
WSR-88D

Numerical Weather prediction

Rapid Development Thunderstorms

Spinning Enhanced Visible and Infrared Imager
Showalter Stability Index

Sea Surface Temperature

Coordinated Universal Time

Visible and Near Infrared

Weather Surveillance Radar-1988 Doppler
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Wolters et al., 2008).
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3

o
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i,
kW)
oY)
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wn

@
=3
—
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&
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12

D d#Fd 75 &7 Aol E-bge iyl d9olM e mAd=d FEoR 2Rd

2) %
3) st = 100702 3t}

a9 278 20179 8€¥€ 259 0300 UTCe & guaZo #4435 Wyoz A=d
TE A3 Ayoltt. 28 2.7(@)E 19 2.6904 EFE tr)oA] mlA%E fLEO
2 #49 IJAES FHI Ao, 2.7(b) = Himawari—8 AHI 13¥ A ¢ a4d o

JS Ho

o,

=)

F1 Ut} o] g FoAE FE AAQ o]E (0D number)S W Al7ka}
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a7 2.7 20173 8E 25¥Y 0300 UTCe| (a) oot CH7|ofM DOl'd=zst L EStAQ #E3t &
ojof| M2 LEZHH WAH(Z M2 M| $MS), (b) Himawari-8 AHI X' 138 FAH

A4 OFeRAE FnFolNE TE AA U a5l Aner I 39
25% (coldest 25%)°l &g

2 WA Mol 75 ARl oldA AAH IR AF Ade] F JFS v,
T 2] 29 3¥e] wel "Wxlyo] Sl vASE E AT oY R AA
7 H71 % sta, BEYAo s o Aoy s FEoR s HYE gk

2.5.3 HF+dA 7HsA 3 AlY (Interest fields tests)

N AAE 2Aze T A

I doz dFeo= 44T 7FsAol = st

1—1 _4
o
N
=
ofr
oX,
)

L AEE AN A die 2 B ARe AAAE (1) T AA 34
W AR (@) dRE 54 BAT 5 U oY AYE A4 WA Aol "o

s},
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=

(1) 8 A4 %3 7y

o darglFels AA A4 &5 AAet HA= A AR AAE 3ot
Az FAs= 7IMe ARt |A @A A e 5 AA HEE RS et
thovbete AR fIRlAM A A 5 AA JRE AR 9 2.89 (a) ok 2
of A ARt & AAZE EAsHA &= BF, (b & 2ol sty 75 ARV A
st BF (o) ok #Zo] F 7 o] 5 AA FEI7F S A9 A (@9 A
= A Al A A 5 AAR Sk 5 AAY AbA Wk Ak
AAA A Bk (b) o] B dA F AAL AAX st A Azt 5 AA

ANE FET 5 9dom, (09 A5 A TE AAYG HF gol AAQ A Az o

ro

rir

ojgigt F4 7|2 ¥= tidol e o® A7 7hed vidd FEol7] wiiel 7t

A2 A7k D AR FEol ¥k oed P4 GOES-RAHE AHgsta 9l
2o}
(a) At current time (b) At current time (©) At current time

At past tinle At past tim

i i
* No cloud object exists!

a3 2.8 ®xfAlZtar ™ AZel 718 M F=H 7Y
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(2) e 2 7t

ofr

4 wEg 9

ro
2
il
i
>

o

75 AAY dRFE 2 ThsA dEe TIE duds 7MY s wEtt
(Mecikalski and Bedka, 2006; Lakshmanan et al., 2009; Izumi et al., 2011; Walker
et al, 2012). tF¥ 2 7 B Al ofdfe] & 259 &o] 2A 752 A

—u A=A SAS st AP Azt WE ols 549 WgE e AldeE

e 5 9

x2

H 25 R2 94 71s/d ©HES fI8t M| '8 =25 Xt A& (Interest field tests)

Purpose of tests BT /BTD Tests Thresholds
1 Cloud-top height BT[channel 13] > 253 K
2 Cloud macro- Cloud-top height BTD [channel 8, channel 13] <-10K
3 & MIcro- Cloud-top height BTD [channel 16, channel 13] <-5K
physical
states Cirrus/non cirrus BTD [channel 13, channel 15] <5K
4 Ice/water cloud BTD [channel 11, channel 14] <1lK
5 10-min Trend BT [channel 13] <-0.87K
6 Weak updraft 10-min Trend BTD [channel 8, channel 13] >0.74 K
: strength
——1 Trendsin
7 | cloud macro- 10-min Trend BTD [channel 16, channel 13] >0.31K
——1 & micro-
8 physical 10-min Trend BT [channel 13] <-356 K
states Strong updraft
9 g up 10-min Trend BTD [channel 8, channel 13] >2.89 K
strength
10 10-min Trend BTD [channel 16, channel 13] >0.90 K

FE AN-vARY BUE B AP TR 1E, T8 g Bun A
7 %z

dolth. WA FEI nEY By, vwe
E €

"Hop B3 o]EA oz 253 K olgteld = YA Al AgRAder =4 i)
27% dxolw o] H & I FEo] 45t &)=t (Hogan et al,, 2003; Wolters
et al., 2008).

5 1% " AR Ad 81 6.2 pm) I AE 139 (104 pxm) o &%
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olF T ¥& F Uk (Szejwach, 1982). HE UL A5 FF7F] WAstEE F
A el Aol (BTDIAES, AE13])7F el 9= HAF 300 hPa 9ol A8k 4
Ted 7hsAel wom wgE S Aew T oskeed fAskE taelth o] €
gl B F5S AASY] Sste] 10K vve] AARS AHgsiglon, o] =
< UEHdhs TES T akeel EAEE gty 24

A 16WM(13.3 pm)> F7F 2 s dFdlM e BAES B8] wie] 139
AL 104 pm)Ho L& AolE o]gdtd T We W F T @A
&3ttt BTDIAE16, Ad13]2 o] wadt 5l disiM= BTD[AE8, AE13]
7 5Ao] FAFetY wASeE FEAAE AEs] o 5A4S 7FITH(Mecikalski and
Bedka, 2006). ARG RE SBDARTE o|&3sto] 3% 2.60] wet o AnE 17
2.9°] et e F59 nk7) Eold4=E BTDAY16, Y1312 WatEe] a1,
TE A 2 fFadA WAl AAFE Ao|vt hske Ae & ¢ Ak F - st
s 4% BTD[AE16, 21319 Aol7} -5 K o]stz yelr] ol AAf=

DAY16, AE13] < —5KZ AA33it),

H 2.6 BTD[*'E16, ®'213] A ZEZ {ITt SBDART SAIHERE DHo| =H

profile mid-latitude summer
surface temperature (K) 300 K

cloud phase water

cloud height (km) 1,3,5,7

cloud optical thickness 0,2,4,8, 16, 32
cloud effective radius (um) 2,4, 8,16, 32
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5 BRSNS T T
- ] ® CTH=1km 4
- 1 ® CTH=3km 4
B — 2 CTH=5km N
= — = 4 CTH=7km |
- = 8§ -
- o—e 16 i
- o—e 32 i
S5 —
-10— —
E i ]
=+ -15[ \.. ]
AL N )
2 L A -
g 20 W
= . .
= 3 [
N
"
25 N
-30
-35
'4() 111111 11 1111 11 1 | 11 11 111 | 11 11 11 | 1 11 1111 11 1111 1 | 11 1111
230 2440 250 260 270 280 290 300

BT[10.4um]

a3 2.9 BTD[X'E16, M'213] AAZ ZE S 9ol SBDART SAIHERHZ 0|83 2FINE(H
Mo =Ahol pEASIEH (R HME A7)0 UE 10.4pum ME =20 CHS 3 =2
EXHBTD13.3-10.4) 22| ZINRC| =ZHL E 260 7|=F)

b 5 AA S E uE 5 el dAdelgtE Zlolth 75 As vl
st7] S8 A9 11 ALY (8.6 ym) T H9] 148 (11.0 ym) 9] I =& % o] & ALg3}
H QA0 FAX < (refractive index) 2] & FH7F
et 7 AdelA F57F tEA dEhe SAS o] g3t AN de5ts
4 Stk (Hayashi, 2015). 19 2.10 ohekst 5 B85 () oF JA-Fa
Are) < e A7 (kA 2 g (uzka) o] BTD[AIE11, Ad14] 25 B
T QT A3 A4S o BTD gte]l <4<l whd
ot AFe AARS dFs7] Y98l STREAMER EARA SR eSS Alg319 v}

i

2

Rl
;O

2
2

>
flo
aleS
&
=
b
i
flo

o

kg

Abolo| = A Aaro] EA)8L7] wjEo] BTD[xY11, :E14] < 1& AA#HCE AASA
=
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(a) (b)

< - = R T T T T T 088 a1 0 T °

et 'eff_4“m w— |ce cloud . ) 0.6« 2.0

E = emlsslvnyo o /a 1
L 9540 0.5\ 1.5 ]

3 4 e \Vatér cloud W Y

o 154 3 « «10um ° .

= ” =2 e e15um

= +8um = 8 @@30um p %54\ 10 4

S : *\ 8 200hPa

T Vet = 12 pm < Ice Phase ]

L3

3 : e Cloud bplical @ ® ob\ o5 ]

| — e thickniess g ®

=5 ot I [= 1.0/ 8.0 . X ]

£ off = 28 2 b . R

o 1.09.11‘\‘ .01‘ Y

g %— "..«=i~'f 10.0 @ R

I Vate = 4l it teiall? ittt = S\l

-t Tege|= 60 pm rfz":: 0 / '““Q

- = 7 = ) olo

i Tes|= 80 um Mo T 210 o = R Thresholds Wagr Phase ¢

c o = T 2+ 500 hPa .

g.& e 5w b gurall g 5 ¢ § g o g g o3 )

220 240 260 280 200 220 240 260 280 300
Band 14 (11.2 um) Brightness temperature (K) BT11.2

13 2.10 (a) Hayashi (2015)0|A 21E +X20 WX ©X| (b) BTD['E11, x{'214] HAZ
AHS I3 WM SOl WEED UXNQEYH T 11.2um MY FEL

[=]
=of| CH# 3| =2 ZXHBTD[XH'E11,%1'214])2] STREAMER 29| Zu}

H 27 78Y BALYS 9T STREAMER SAHTEE mo| =

profile mid—latitude summer
surface temperature (K) 300 K

cloud phase ice water
cloud height (hPa) 200 hPa 500 hPa
cloud optical thickness 0,0.2,0.5,1, 1.5, 2, 3,4, 8,10, 13
cloud effective radius (um) 15, 30, 50

water content (gm’) 0.02 0.2
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2006;
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§913]

and Bedka,
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-

0]
gl

o]
Mecikalski, 2011). 169 49 (13.3 pm) ¥ 139 A2 (10.4 ym) 2] I =% 29| A|7F
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A W29 79l 0.74 K/10min o= siglom et s 4% BTAE13] A
Abo} WERZRAI R S303kR) 2.89 K/10min oo ® AAskqirh vk e 16W A
(13.3 ym) ¢ 139 AAE (10.4 pm) ol BTDIAY 8, AY 1313 /A=
ket 5o A 25WA WS 2 0.31 K/10min o), 2 459 B¢ Sk

90 K/10min o]do= Ageto] daglas s o] AARS A543 it

0.
i RUHYES S8 =8sd ogolt

(a) (b)
Ch13 Brightness Temperature 10-min Trend Ch08 - Ch13 Brightness Temperature 10-min Trend
5 AU L SR R R R I LRI 15 (UL LULL R U UG LU U U L L |
R e nER R T e AP s Y S At O B T 10
5 ~ — 5 - B
£ | £
E L ﬂ I ] E L ]
o | =
£ 5 — 2 5 —
c r 1 = r B
o o
2 L 4 2 L 4
8 -10 — - — 8 0l —|
.15JMHAMMLLLMJMJLJJ—MMMHJ 5 vl bl IllllllllllHHHH‘
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100
Time(0 indicates radar > 35 dBZ) Time(0 indicates radar > 35 dBZ)
(c) (d)
Ch16 - Ch13 Brightness Temperature 10-min Trend 20 10 minute Time-trend
10 LA L A A LR AR AL A AL LA AL W ;' R R R R —q
‘ 15 |- T =
L 4 10 £ =
3 st E
E 5 — _ E E
=] )
g 8ot % l
=< ] 5 =
@ o 1
% - % % % - E 3 __
[T o W I == P N e O = R O 1 O e ] E 3
£ i -15 =
o E =
L 8 20 | =
25 [ o —
-5 0 -10 -20 -30 -40 -50 B0 -70 -80 -90 -100 go bl Liiina [ el 3
S e A BT[ch13] BT[ch08-ch13] BT[ch16-ch13]

Time(0 indicates radar > 35 dBZ)

a7 211 O|LERES njME2H 5 Hslof cist HAIZ ZHYS SIs THEAY ZADL (a)
BT[X{'=213], (b) BTD[X{ =8, xi'213], (c) BTD[XH'216, XH'213]2] A|Ztof }2

% (d) &4 H2AE E 102 AMUEE xtole] ¥Xt 1 (box plot)
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# 2.8 BT[*{'213], BTD[*H'28, XM'213], BTD[M'216, | 213]2] 10= AZtF Xt I8 A
ZF
HA
BT [ch13] BTD[ch08, ch13] BTDI[chl6, ch13]
Minimum —-26.38 -3.08 —4.20
Maximum 2.61 16.35 4.70
25" percentiles -5.98 0.74 0.31
75" percentiles -0.87 4,51 1.40
Mean -4.18 2.89 0.84
Median -3.56 2.89 0.90
2.5.4 A 5 AHAF
BFTdAAEA] A5 UFss AMde 9287 d& 54471 olgtE o
2 Aol glow gAHEE JEE . o] PAAgA tiFEo] ofd sk, MY
2] o vHluFYd FEAAZE §AH 7] "ol olF AAsH] &l FEAAY I

of ARgHEE 13¥W AE9 =L wWskEo] gFolry
BTD[AH€E8, c G131 FELE Wskgol &4l A
TEE S Ee AES UshER AV HJAF T ostuete o] x4
CI AAE AAstth. 1o 139 AL Bt Huel 2AE &88 75 45
ol dAow WdetA] o E G o)A EAHE CIE Al
Astd. BARE #ely 7wt A% dys &8st tiw AA Hio < Bt AA
(False)oll tist gte] ®els wluste] At 11 2,12 2018 8€<) 54
W5 &8st Hit AAQl False AAlel widh Mg 13W19 Ftakyt gk Aol&
&A% (Box plot) &2 WERA A3foltt, o714 Hit= &3] oS58 F-F-olr, False
SPAT AAZ WA 9F2 B¢E LEAE Yekdn o] I®lelA False
Ao A Bk H5gkel Zfol7k 8 K o]stz vt Aol Hit Aol vl &
= & F Utk o] HAER <& tiF AAVE AAEA s 13% AL I
<5 Bk #H52gke] 2oz 6 K ofskel B¢ CI AAZE AAHE =S A3t o]
AEE AdHoA JiEEl RDCA (Rapidly Developing Cumulus Area) AFHEE3}
EUMETSATOA] 73t RDT (Rapid Development Thunderstorms) oA % AF-& Zof
Atk FIH o R AT ARE FEste] 2% T 108 5 ARl wE Ik 5}

5
&, W7 =AF S e aae i S4& BAse dudss HAA3E A

s
—
el
o
=
—3
-,
B

i
—
i<

AA7] HAES
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BT13_avg-BT13_min

N
(@]

25

20

15

Difference [K]

10

_‘]OtL.I.I.I.I|IIIIII.I.|.I.I..I_.:
Hit False

a3 2.12 Hite} False ZHof Ciet xi'2d 13 R=2F FFal
x|zt %ol

o] dueElFe ZYAEE GK-2A AMI AoAQd = 22 2 kn i EZE At
Heh A ClL A dels 2 75 A7 AR #EAE (Interest fields) o E3 71

¢ T AEEQ CCM FEAAS So slow AAd AtE =

T
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H 29 HEot9d 2AS CHR2LMEX MEE HE

Variable name Information
ClI1_CCM « AMI L2 Convective cloud mask
- 0: No mask

- 1: Thick cloud

- 2: Immature cloud (Instability atmosphere)

- 3: Cirrus and Clear sky

- 4: Immature cloud (Stability atmosphere)

CI1_OBJ « AMI L2 Convective Initiation OBJ

* Cloud object ID (Integer)

CI1_BT13_trend |+ Chl3 Brightness temperature time—trend (Current
object BT13 — Previous object BT13)

CI1 « AMI L2 Convective Initiation
* CI score (Number of interest field tests passed)
CI1_prob « AMI L2 Convective Initiation Probability
- 0:Non CI

- 1: Cloud microphysical state

- 2. Weak updraft strength

- 3: Medium updraft strength

- 4: Strong updraft strength

DQF_CI1 « AMI L2 Convective Initiation data quality flags
- 0: No previous object

- 1: Previous object

Boxs 9 AHF
3.1 29 9d¥As ¢ HA5As

o] dmylEe RO gl¥AmE GK-2A/AMIS AR EAS {1 Y=
Himawari—8/AHIE ©] €3}t Himawari—8/AHI A= 05 ~ 2 knm NEE 71X
= 7ML, 2498, AAAdE FAAEHY e B dugFeAs 149 FE71AY (6.2
m), 5702 AAE (8.6, 10.4, 11.2, 12.3, 13.3 m) = AH&sATH(E 3.1, =& 1)
).

AFARZE doly CAPPI 1.5 kn @432 o] &3ttt CAPPI A8& AdH3 1%
ol goly WAL #S5 kS AbEsk A 7HE 7k 1.5 km A EelA 8] RRAMEE
b AlFeke Al 7 fAbeok . sdkE 7] wlEel B duEEe HSARE A

bt

ofo
o
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E 3.1 GK-2A/AMI2} Himawari-8/AHI2| A EM.

GK-2A/AMI Himawari-8/AHI
Band Wavelength Resolution Band Wavelength Resolution
(ym) (km) (um) (km)
1 0.47 1 1 0.47 1
2 0.51 1 2 0.51 1
3 0.64 0.5 3 0.64 0.5
4 0.86 1 4 0.86 1
5 1.38 2
6 1.61 2 5 1.6 2
6 2.3 2
7 3.9 2 7 3.9 2
8 6.19 2 8 6.23 2
9 6.95 2 9 6.94 2
10 7.34 2 10 7.34 2
11 8.5 2 11 8.59 2
12 9.61 2 12 9.63 2
13 10.4 2 13 10.40 2
14 11.2 2 14 11.24 2
15 12.3 2 15 12.38 2
16 13.3 2 16 13.28 2

3.2 A5 Wy

Walker and Mecikalski (2011)7} A&t Clis 75 SASZRE o 2417 ol
dojt] WHALL7E 35 dBZ o] At A lolth. 35 dBZ+ 2(3.1)9 Z-R #AA
(Marshall and Palmer, 1948; Uijlenhoet, 2001) ] 2J8] A7t 2k 5 mm ©| A=
gk Th(E 3.2).

adB=

mimnm _ [ lDl—D ]E'-ﬁ?ﬁ
hr 200 21(3.1)

doly ¥AE 35 dBZ7F #old HFe AARCE AFEEHE AE o)ld ATl
o 7o) o]Fo]x vl 9ltl. Roberts and Rutledge (2003)+ GOESE o] €3}
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storm initiation nowcastell tjgt HZFS WSR-88D2 35 dBZE #H<F3FaL, Mueller et
al (2003)¢] Aol Heg& sudt 3571 Alzkd A57F 3l Aol s s
A AS5 3 o1, Mecikalski and Bedka (2006) &} Walker et al (2012)2] CI < 7-o| A
%= oy ¥R 35 dBZE HASS Fad vk otk

E 3.2 Z-R A Mo 2 THRE go|lH +=X|(NOAA NWS)

dBZ mn/hr Inches/hr
5 0.0749 0.0029
10 0.1538 0.0059
15 0.3158 0.0123
20 0.6484 0.0253
25 1.332 0.0519
30 2.734 0.1066
35 5.615 0.2190
40 11.53 0.4497
45 23.68 0.9235
50 48.62 1.8963
55 99.85 3.8949

A 2 duEES CL g4 AIZHRE 202 & ~ 2237714
REALE A5 10705 E838to] 35 dBZ o] A%t Ao tiete] AFS FR (T
H 3.D. A% A CLAEESY A4 &4 A5s 24800k st2x CI 24 o|F A&
A AT whAE o] i RE A 8-ekar, AR olw] AgSk #lojH REAFLE 35 dBZ

AS U dAlA ATt GK-2A diFF HA g4 A5 75 29

- AL A, HaAAE ol g8t w9 #eoly WAER &Y 5 AAY AF
Festh. o] w wra Y9 gloly wkhAE AAgke] g 75 AA PA o Ik
= sty v oA dlol wkAtE AZAEE 35 dBZ o)X

1o
—
M
)
COR)
=
o
in}

:“.:
o>

o=
b

of ¥ WE WAHA $OW False® FATh TH P FUE Fo o ol wbi
b AEEA e 9ee 4% 99 AsEt. ¥ 2uelFe 45 POD, FAR
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Validation data

10 minute

*_——_——————_—

>
~ 2 hours

Cl
Detection

: 10 minute

% Radar data time interval

a2 3.1 GK-2A Cl M=E8 4
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04:00 UTC

04:10 UTC

04:20 UTC

04:30 UTC

(a) 04:00 UTC

ROR CAPPT { 2017.08.02.13:00 >

(b) 06:00 UTC

RDR_CAPPT

< 2017.08.02.15:00 >

& 3.32017'3 88 2¥ (a) 04:00 UTC, (b) 06:00 UTC 20| CAPPI 1.5 km &
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