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2 FENEHE

\

— EBRRXREMIEE
IR R (lapse rate) BN F3 7E (instability)

FERAS > BEEh AR B ¥ RAYIREN /27 I (buoyancy) » [ TR RE
22 SRS (air parcel) BLER IR 22 SR A S 7 5 IS SO S B Y Iy E N &R
PRI J7 AT LGSR/ 2 R IR B 2 SRR RS 72 1 5 [REAY SR B )

B=—p—g=

p Tenvironment

Tparcel_Tenvironment (E 1)

g

EITREED D » B FRTS » p B > T AOREE - g By S ST NIERPE © FER R
A S B AV R IR i (Parcel theory) » BGEE RIE A BLEREDR & » R L S50
Al RFF4E F(adiabatic) 7R - A SR SREH 5w T > SRBLIR /NIRRT  RBR & | AR

S B R A R R HI ) R

ATHE AR SR o SR L TR R T S
B RS BALIRIIEA TSR - PRI R BR A f (potential temperature)0 VA &5 4=
e

o

S=0 (E2)
FEMLRASERNRT T > KRN f RS e s b
= —yq=-98C/km  (E3)

Yo BZAEBIE A (dry adiabatic lapse rate)  HIEZZ8 SA7E FFHISBERIIE T HA i
2o FIRBTIR R Y>9.8°C/km » FoRERES By 4@ B A F2 2 &L (absolutely unstable

stratification) °
NI ={E AR SRR AIA

(1) _EFEENECE 22 R (stretching)
(2) ZERIVEE 5 (differential temprature advection) °

(3) FE4EE(diabatic)#EFE - BIhHZEA -



2. 7K5@(moisture)

FERESAUE HY7K 7R (water vapor)?@ ¥ (absolute) 5 & 17 M E 2 (convective
storm) Y £ /R ACR © 111 {825 it 7K SR 2 HH 1L 3R 75 3% (evaporation) ~ 75 HR
(evapotranspiration) » B2 ZE 1P ft (advection) [ HALH 5 /K -H2k - KRS
GEAT ~ BEE| SAEERYEERIN S - JRAEEVETR (moist adiabatic lapse rate) Fy a5
G5 e /K 2R SR SRS R U BT S 22 SR SR M = FE AR B o DR B ym

Ym = 4~9.8°C/km  (E4)
M REA IRy PN i B PR B EUR R 2 [ - KR AR RE

(conditionally unstable stratification)f&1L; °

Ym <V <Ya (ES)

Z~ HR=KZFER
FR#% Johns Eid Doswell(1992) » ¥ 2 4A(initiation) P EE 32 = KB ZE A

(1) 4&¥7K5 & = (absolute moisture content) : 77 JEl F&(convective storm) AR
(inflow)HV4E KR & & - RIMEEREI/K R hEE -

(2) RS - PEREEEDRE A  TRENRECRER - e
R B A TR E (instability)

(3) BT1(lift) © A ERTTHYRERIE & AR -

@S/ KCR G B T R FERS R IR R T SRBEF YAV REERAERK
B HLRR T EFTIHIRN ©

~
7N

po i

= KR~ FRBEHEER A FHALEE(CAPE, convective available potential energy)
1. $ERa] HALRE

HKRBINTRERIE T3 TIHIRIAN » 2RTTT T G Ha 22 i R L e A PR Y o T 72
REEMAEE( L > MU EHEE - EER (updraft) @827 77110 [F_EAERFTE
NEVBIREREE AR - ARERVZE R & EEREIRE - nI VAR E 22 R ATRE
BFNIYALEE » ILALRET) CAPE » BIVF IS SRRy -



CAPE = [*" Bdz (E6)

LFC

CAPE & H ¥ =% (level of free convection, LFC)E(| -7 = 5 (equilibrium level,
EL)R/F 1097y » IS SRR ATF T > CAPE BLg Rt 0 -

2. FIF#LEAE (skew-T diagram){i B CAPE A/

R E ] A HE(S CAPE A/ » 4@ 1 - 2275848 = /% (LCL, lift condensation
level) 2|47 &= FE (EL, equilibrium level)[E/R4EEAR (R () B3R FE 4R (4L (2) AT &
& (S5 0)E[1 5 CAPE - Jy4R (s 5 B 1 IBE(CIN, convective inhibition) » &
RIS ~ TRIBENME FORE RIS PTEIEAE > H CIN (IR S Ry Bt 5ess
= J% (LCL, lift condensation level) - CAPE £ CIN (9% B B LFC > L fE DL -
A EL #YE R A IR I3 Bin#)iy s EHiE - &R -F2] EL B > EL
FRIEAIEA S (N hER) o NS ERER » EL>LFC>LCL -

200
Equillibrium level

300

pressure
(hPa)
w
=}
=)

(=]
o
o

700
Level of free
“\ CIN * convection

800

900

1000 8 1246 20 g/kg _ '
0 10 20 30°C

temperature

1 FIFREGRE (55 CAPE K/

Gt EAGR - KRB ~ IREBOR - CAPE REEEHRON - AlE 2 - f
AR Ry e ST Y B2 Bl E (dew point temperature) » VKRR > He AR Ry &
FIR IR - HE L - AORERS  BRBCRARZIRA > 57837 LLIZEE]
fREHY CAPE » IEFRITVKRS » 2RSS IRIIVERS » IIERIRE L7
77 o 7K SR BRI L 4l -



2 : CAPE HU/K R =

3. CAPE -~ e

REREM ET1EE LFC 1% » ZRAZMIE A0 - W BAE EL A iKY b ERT#E
(speed) » AILLAERGERIRAE EL BF 4SRRI T FTEHY CAPE »
RE o HIS REDRRSAEEZE EL Frp K - @IEEI T EL DL ERISZE0% ) - J0kE 3
Bl - IR EZE EL S REDR BRI A EIRE - R — BRI~
FulE EL AE st OB EEE -

FIEL - bRz Rz

800 hPa to 600 hPa lapse rates (K/km)

|:r

+ CAPE < 500 J/kg

* 500 =< CAPE < 1000 J/kg
* 1000 =< CAPE < 2000 J/kg
* 2000 =<
* CAPE >

CAPE < 3000 J/kg
= 3000 J/kg

R 1 Y L
0 5 10 15 20
50hPa average dewpoint (deg C)

25

LR B TR 2 Bl

75% JH(overshooting top)

AR TR TPEEIRE (anvil cloud) » 4IEl 4 -

11747 Prostejov
100

200 b ; < k
vayr B
s00 K XX SKORSSIA K )
S KT
e S XX T
A2 “APE/ 7>
500 laéie. NAK S 2 PS
N PN ALK
- T X AT
\ V7 A A
00 Rt ST 25 y N~ LAV A
2 X 2N ESH 7177 F
800 p e KX i s 17 EE
e e i e = wmaa UL
900 [é5i Y A . W . V 4 V4 /0 4
1000 ffrtn LA T T NS TR SH PR
-40 -30 -20 10 0 10 20 30 40
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4 blikE

FrARIEIME R 2] EL > e HIREEETE - [HN RS E TRk
[T EL A /KPR AN R > EIER M S B IR EE (heat bubble){E EAZ ST H
W R BRI 2 T AT e A e DABER 2 - SEEROR B s A By &
ETAA G 2 BNE - W s -

5 BT BEETH

4. FEDR /]ﬁ};
R R S - AR KRRy
Wimax = V2CAPE (E7)

BEE b B KRR A ERE wne 09— [RAZ RS R T ER4E
ZEFE (pseudoadiabatic process) iV EEY HEH —LEEH]

(1) 2% A{FFH(entrainment) * @8R 5] _E A FHE 27 (wake)i® A (XIIE 6)iERE
BESEHKHEE 83 - TEHR gz - & NSRS s s
[E AR B S Y ) -



£

@8

“wake. entrainment”

O = N W H 00O N

I
wm

-0 -5 0 5 0 15

&l 6 - FEHiE s = AfEH

&l 7 RRitHIRZZ B - ZEE T KRB AR - LRI E i 2758
EIRERREIREE EL AENAEZAREN - RIUNRERG Tt
Fl—EmER OnHZERER BT Nt e e B A AR -

[ 7 I ACRR R R R S

(2) SREEHEE) : EIHRSERIEE AR TS - EJ7 RAHEEEE - T R
RER > B RSRE ETT R -

(3) AE&H/K(condensate){VEE & © EFHEIET - RBE— T BIRE G (A AEAE
REVRREK > BRERTBIRE -

EEy = (ENER T - R ASEREREYEZREE EEN  TLE AR R /KRAY 2L
Fiip ooy il
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5. ZETESE (cloud top height)AY FEH

EHEETHERRZEAEERTEN " ETH ) AhbRE (anvi) B 2B EETH - bk
Ea R ERGIN EL - B EETEE SR o CAPE K/NIE » 400 8 -
CAPE(fE L) & & (BE AR A/ NMEE » HIF R AR S Z (MPL, maximum
parcel level) B[l A5G 0 M@ E = TH S S

Determination of Maximum Parcel Level (MPL)

©The COMET Program

HIRH R R G/ NP IR > 206 9 ﬁﬁuiﬁ@i%ﬁﬂﬂ’ﬂi@@i
EIHE J*AfF /NS RSB R TR MPL - 1 —HY IS NEEE A B (supercell) »
R EEURURREE KPR - bIREESAIARZ EER B E R TN Z EL 7FEI§J °

¢ T e T R TR TET RTLATRAL 9% I ) Y
[ | IFe -
7’
40 - ,I ® —
L Parcel P L .
=5 Theory .~ L
@ 30  Prediction .’ ML 3 .
£ - . & - -
= L,/ .
E 20 |- // .' -
; ~ Il’ n
10 b in
I’ . -
0 L O TAMOATAFIAO )0 SRRl AT T A AL ol
L] 10 20 30 40 50 60 70 80

(2 CAPE)'2 (m s1)

9 @ FERUER

HZ o BEETENEEE MIWE AR

(1) 7F EL {y_E@REE=E -

(2) EL DL EAYEFEfE{L(temperature stratification) : )5 #l o4 it
11
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N A0 10 - GEEt LEEETERREEE 1~3 AE 4 AHD B
BYE TR

50

Organized
401 Discrete Ordinary 1
Discrete Supercell
30 r - Tl
20
o l; q—__l
0 — [

0 2 4 6 8 10

Frequency (%)

(Homeyer and Kumjian, 2015)

G

10 © iBEEETEE FEAVRER A

6. (RFFBLEIE « HFUIAREUR EIHY CAPE

FE—figHy CAPE 5H5_E > il 5 & e m e & ATt R pAIG L B2 2]
LFC 1ZBHARIERTF ] - 2RI B IR L AR nTBR 2R BRI L2 A PO T A AT it
BRI BRAEEBFEIEY | - CAPE RIE RIUERII EBHENRE » 72
Ty Ry =R :

(1) HrF=#E4A(surface based, SB)CAPE -
(2) J&& /& (mixed layer, ML)CAPE : FHITHIEZERY RS T BL/KE q °
(3) iz~ f&7E (most unstable, MU)CAPE : 4§ CAPE i KHVREA S E -

B R SR A R R I SR SR A A (i B CRETE TN = FE P da 1 28 H))

(1) HZF#E4A(surface based)E Z(storm) © 1% I RIBICIE T & NG EE) -
(2) =i (elevated)E 3 - NEETEEFEAFRGESIAT TR

B 11+ ()R RIIBERE - R ARG L7 - BRI MUCAPE
B1%5 SBCAPE- fi— i € B & 3 RE B K SRS 13 CAPE - B LA (R
PRIt 714 MLCAPE HUf% SBCAPE - (b) 75 SRR - T LA SS B BRI SRy
2% R CAPE - T 4 F TEBR 4 L7192 SRR B BT DI LFC - PRt
MUCAPE>0 - [ff MLCAPE=0 -
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Parcel starting at the surface vs top of the

M, () cold layer )

'\
Moist adiabat 1 ‘\_
‘\l AY
b MLCAPE=MUCAPE>0

\ Moist adiabat

<. COLD AIR

11+ Hr R AA e % B i i Jl S R 2 1 T PR

AR N CREERESERS - BE 11 075 HR R ETHEEBRAGRI
BB NIt S B RO Bt R B g TR 4 - ik
FEAG IR N B R 3 4 - N SRR AR g 251 T2
JEREZ AR > PR b v B B\ R B RS Bl R L I SR 4R SR RS B B2 R 5 [EYMN 2 B
JEDIEEs FRACIR R FR TN - A& 12 FEth 0~6 ANHED) Ry 31.7m/s » SPEJER
14.8m/s » (HSEEZEEE DAREAELE 2.5 A8 B KEEEE 2.5~6 AHAVE
REEE 13.9m/s » S EZ#E>20m/s o

100

200} 12km

sure [hPa)]

Pres:

500

- 4 km
700[~-3 km
~2km

-1 km

1000} Sfo (147 m)
T

P EFEERRRRX TRETCeeeest ¢& KK T

T T T T T T T T
-50 -40 -30 -20 -10 o 10 20 30 40
Temperature [°C]

12 © S A PRz El
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SR AR > miaEFEAY LFC 2 HE e TER R E - 2800 LCL 178%%
ARG TR - N RZE R Z RS sERT EIRF R AEEH R EsEZ LCL
LFC RISl i SR BHaa B 7 IR - 555 MER ceiling)m 8L LCL H)2 A R
o INRIP B RV E & v e AR B S N E (stratus) » 4 NE i MR H &
SEEAEAR R EER T (large-scale lift) FYERER [N L (- BEF ) (embeded)CB H{F -

7. RGN R R G A
S B R REEAAERAE E (risk) ZRI20 T -

(1) KFR - A

(2) K& (hail) - fEZE -

(3) HAIfEH E(wind gust) -l Ryipi/D o IR Ry MEDREZF I BTG A REE R R
M FRFLLEENR N ERA S g B -

(4) BEFRE © SERfERR - FEFERVE IR RFTE R RS - =mEEERAIA
TR ERAE -

7O~ R AT

AT FHILRE CAPE BEZRDVE T _ETHEEIHY S (HAE A E MR &
L DR EFRELNEE - HREIGHFER —EHIERTHRE] - BBRTHRHILE
(RS iR A REE (Y I A E)ZTH IS LFC » AIRFFE LU MR

(1) B/ N EFERE (Convective Inhibition, CIN) e

(2) ALbiEny 8 ¥R & LFC -

(3) LFC Z b2 %l s LU Sz 22 WA iR AVE R » FIERTHE R R 58 m]

LI il 2% -

FRTIHEH AT DA o3 R &t RURE Bl op RS A + 47t RSV SR TP s EL 1
THRERETE AR RE » A e EREFEAE - (H2E5EE R EAVE TR AT
DIGRELHS X R NDE » IR REREEAT AN « SRE R ERVERT ST JAYA
FEPREYEE A2 5 » AR B B B TR REER AU S R A B T T B REERA -

R SR ie(Mesoscale Convective Vortex, MCV) 3¢ A4 1 1 it BRI
B g 0 FEEIHY MCV FIJTEH SR - TSSO R RS EAE
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MCV #yAap il a] LR — KAV RUE - (REER s B m B 2% - B S
K EITHIE EASRBHAARE 85 > tHER e s R R b o 52 > ] DUE IR
SRR SR -

H RUSERVERTF AL 2 88 T ~ BRGTHT ~ P RO SR S - Gl Esth
HEAYSNAUEST B m] RE BRI R MG G A BT E S ey R R R L
R HHRF % - Lol P 3r 2 R AR A = oo R B A Ly e (U R IR 2K
KBTS AR - B B E Rt [ 45 2 BB BB — - 554D
I I RV RZIE 22 SR ] DAER TS S KSR 22 SR - B B 7K e ikt e g 5 0 v A
fIrBE -

AEEAGER > SR RUE YR ERTT - et T AR S A ERER - 1 K%
ARSI RS LISE4h - 40 13 -

moisture instability lift

P i

Moist air delivering
CAPE small CIN above LFC parcels to LFC
synoptic advection synoptic éscent mesoscale ascent
\— VAN J
Y Y
priming the environment initiating storms

Slide adapted from Matt Parker
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& o E BB P EHIRE PGS - SR RGN - B3 & AT ST &
FRANILHESAE - ATV AIREET AR - HIHIE A RkSS  RIRCE S5 oK
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Strength of forcing —

Strength of convective inhibition EE——)

Figure adapted from James LaDue

14 AR A el Y S B R AR AR R AT 7B PRV (&

[E— B R TR - HR LT =M ERE 15) © 5—fEiE5RE
FHEHIELESS - SREEIR/NVEE » TN GEEAVEIR A - 55 IS 5RETT
P mS - (BA PITIESRAEREEE R - RO ATERAREE o] LLE L
SHIRHVES AT 5B = REIER AR BT (m s - SRS GRS
FEAARGIRZ T AIETE RS gL A -

AR TR SRR S 5% FE AR 2t - PP P R SR K - S5 R R IR —1%
GELMEH IR RBER - SIMERE &K —EfE(F Tail-end Charlie HYlE&
i GBS RS RAEfE U © 5B =SB EmELRY) > £2871HE
Ft ERKE KrEfe MRS - BEBRERTTE R RIA REre R E by -
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m European Severe Storms Laboratory

Initiation scenarios along the boundary

/ 0
/ ¢
5 0

Isolate ceIIs
Cold pools merging

Squall Ime Isolated cells

15 © A EERE RO R B s

FIEEIEE R AR R A R Ei = g A Ll TR

(1) BALEASE /KB -
(2) BRETEEES -
(3) R EFEEE - WRMREBIEIRTEE 58 > FoREIREERIT -

AN~ HE

PIEE R HERESR R R AVEE KR EAN TR EH & HERERIE -
ERFEARE T - 27K R AKCE (Graupel) 202 /K i (Ice Crystals) F AL
E s o IR RS i > Bo St E PRy E B ES) PR E A EA B
B AR ALIE] 16 ©
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(a) Multicell Net Charge 1e-9

16
1.0
14 -
12 - _
T
- 01 E
10 -
£ Q
] )
g 8 a
© [
z o
k= [
N6 01 %
£
o
4
2 9 T T T
0 + P .{ 0y | ! ! B
10.0 125 150 175 200 225 250 27.5 30.0
x-distance [km]
6 (c) Supercell Net Charge 1e-9
1.0
T
= 01 E
£ §)
5 —
>
o =
g 2
© [
b o
3 ¢
N -0.1 5
£
o
-1.0
0 r - . " . T -
15 20 25 30 35 40 45 50 55
x-distance [km]
(Brothers et al., 2018)

16 © FRPRSE TP HYER ar AT

B E T B A LR I B B A A RS - (T AT Y
FulZ AR ZR - PIE AT RE G %4 - BEARENINIZREUR > IIEHE
AR B BT SRR e B Y A FHRE - B R AR E WA S e (At LCL 38
HER-10°C » EL FE{KHY-20°C - 5% EISkHY CAPE FRZAfL 1000/kg » iEkkHVER
BRI RN 5 33P0 - e E A R RE RS

FZEgs 25 S PABRYACR 2 — » TRIEIVIK S ~ R RERER S A B
ZER RIS (A 17)- RAR R (iR 8 FOR fr R AV B I8 BI04 $1% 07 /K
FEREREPE EL ATy AT RESR 55 PARE » IS B B -
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Corona at extremities

el

/'

Bi-directional leaders &

|

Natural leaders \

Cloud or Ground

(D. Morgan et al., 2012)

& 17 * ffizEssah B s R E

+ - Eff(single cell)[HE

B P O R SR A A R Ry B —4H R B DR - W 18 FEREIATR

% (towering cumulus)Hf » =N A EER - FEARE 2HE - pPIEEE RiEr

£ EEWJ:@ i (updraft) 81 #7577 (downdraft) SRS {EAE » [B/KTE B3 - H ks

HERr 15 gt - MHERE - (B - BRENDE LR - EAE

7f< ﬁ%é’é%ﬁ AREEK - BN T EAIEK GRS SR - BEREIRER £
F Ry KPR G5 AR S AL B4 ) B Ty 5 P Jl (N @ R -

a) [Towering Cumulus Stage| b) |MaureCumulonimbus Stage|
Rising “Bubble”
Anvil
O[O Rising “Bubble"
Cl.oud "Walw
Cloudy “Wake"

18 © B AL S e i o [
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/\ © THEMER
. EHEFITE

dw _la_p' Ty =Ty
- ;T8 4 (ER)

AR FR iR B N R RN EEE TR AR TR B R
jj(perturbatlon pressure gradient force) » 55 TH By % JJ(negative buoyancy) » 55—

TH By7K & i & (water loading) e

BUF 7R H SRR R AR B E R/ K AR S L SRR E B L ATIE R - & 1g/kg
AR AE R LA E T kg Z25RATREEEE

® lg/kg R/KFEE =-2.5K
® lg/kg KEHZE =-2.8K
® Igkg KERIE =-0.3K

K B B IS Rl Y B AR H R 7K BN 7 35 22 SR A SR (drag) i Y [A)
TEFT] - 10g/kg Bk Sk EMERT kg 225858 E-3K JREHEE) -

NMERARBES N EELOE 190 NETE S 5 T O AL R S B g
HLATIE R RSN RBE BRI & i NEAURER - HILSEIEAHEE ] -

19 © RS 3= B E

AR TN EATAY R N R PR R LT3 22 SR A B D B B BB PR 23R
PRSI RIF ST > MEE % MERTIIZR
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2. &R (downburst) EEFHE 7 (microburst)

R (downburst){1[E] 20 iR - S AR EUR T ERAES Nii (outflow) # HE
FE i/ INGE > Ati(cold pool) iz <R HERAE /K 2 & fig(horizontal vortex)EE © IR
HIMEZERITHRAINIZE BB - TERR R MR e e s E N
2 PR TH U 2 VA AR - 5 [RET T IR B B 5 e (Rl - TRIT B SR A
HEE N AR S » (£ AR E(tailwind) @B R TR B S E R &
Syig st - i 21 o R e IR/ NRERY MR - —RRIEE/NR 4 A
EHHY TR -

Cloud Base

1000 ft
o
— Downdraft

Outflow

Approx
Scale
1000 fit
—=

—

20 @ NIRERAGEE R EE

Headwind Downdraft
Slows and lifts plane
above normal pz
above normal path Downdraft
While pilot
compensates for
headwind by dipping
nose, plane enfers

Tailwind
downdraft s I Tl
\ Dangerously reduces

plane’s speed

N

g SR "“;"/’.
. . a® S LG !
- a® &
\--- // Airport
———
— .
Q.::..

e, A
) >
e “Ornmf I.'mu'.‘r!t} alig \ . i

s € path \ -

21 © fifizE sl R ERAC A NI ER S N H RS O R
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3. EZFRUEA (dry microburst)

A - FEFMAECNER > MERAVKERS - BEEIERCRECR
NMEURAVESRECR | E SR BN - MEURAR G N - 206 22 0 NMER
A7K S B > £ TR 58 2888wl P R REZ VIR - R/ NRUEERY @R - H
FERMTEN A KSR AL - U 22 SR MRV ERR m DIROK > B sE H R 5s
AR T ERSY -
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RAINFALL RATE (mm h™')06 17 31 es 152 a2 10
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RAINWATER MIXING RATIO (gkg™)
(Srivastava, 1985)
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4. TMEDR ¥R A] i 8E(downdraft CAPE, DCAPE)

DCAPE [yl i SR 8 H H YR /K 25 32 S 2 S F JJHRR ST & - DCAPE
AYREEE > Escr BRAAD N - B NENRBAG Ay ] R K
i (precipitation loading) il { BB 5 22 ([ REHE fy AR ) A Y SRR 2 4 -

WlE 23 > FH] 700hPa S 5 BLESRER E4RETR 700hPa JREORE R - DUHEL
R RGERR NE 2R - T 2 REEERYEIERLZ R TS5 F 700 hPa
i DCAPE - {{-I& DCAPE £ » #8585 HiZRryERsg - 48 24 - T B Td
JER T E] V JP(inverted V shape) | HUIRML » #oR DCAPE A » J2 BAFHY MRS
AR o SIME(R CAPE ~ (REDEREE S - MR A DAAERE I EAH
(disorganized) 3} it (41 B At E\ 22 8% 2F -
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downdraft CAPE (a.k.a. DCAPE)
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BRE S, 2 KNS
& & . /‘- 7~ "é"; ” i, > ‘l
S P R AN R Ay 1, Compute wet-bulb temp Z‘
SRR IS R X 2SS (in this example, at 700 mb) &
S e ' 7 2. Allow parcel to
RS T A BOUE NS - descend to surface
N 2850 205 : remaining saturated
fom, i =g~ I e "t v
5 DCAPE : N; = z(‘x;ofg'm
& - (here, computed from 700 mb) & b S
&M &%’x K«"Q\ i s 7 RL AT

7

% e e R
S m,;‘mwn X Siide cBurtdsy of Matt patker
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\ SEov 7080
s i SHOW 123
N LFT 15§
RSA L Ae B
KINX 3110
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0 156 A ¥
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( % & oous
Q CINV 281
300 fé : > & ar
X XY XX ’54/1:2 G
100 B XK K NN il
X O XA X RN T X LT enus
500 lsteor NI X AL KX 7 AXANALY 5 WLTH 3100
NS X A FAESL PN 7 A, ik s
600 DaV/ AN BT TR X AL LN S~ ewar 20
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900 1t T2 Z X7 AL 77 B
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5. AMitiE 5 (outflow boundary)

MR REE R E R \JTEGE - TEESNRUES - AE 20 A
HZMREEEAUZ L » FESNAUE SR AT DU e o 2R 2 82 B e (squal ) HY
4 o SNAUBSALIRRIR AT 5, - 0 R B 2 (B 2 SO U5 At I A2 B
HE > e 25 -
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rrdar site nea
Bluz HIll, NE

Nuckolls County

25 D SNFUE S R =G

Uy EHEEVEEEEAIAE (convective type/mode)
2 V) B i ) R\ 2R 1= P Y 2 SR o

1. FEEEDRGE - SRR ERE TR
(1) E A= aniisg i -
(2) ¥ EE4A(initiation) BF R & -
(3) S5 5 58 H a0 [E B oRHY EAR -
(4) EARHIE REIVEERZE -

= H RS 0ES B 0 B FAH £ 7 (storm-relative flow) > Z11[E] 26 > &5 (1775A
Ry FREEN R PH R > B ERTEE Ry b N B2 SRR » ALERTEE R B T g
ZE SR AR © B sy i o e A R R KL B 2 N &R -
FRIEKCNERROAL B 8L EEE /KL E By - NI EEDR & 558 - suEtE
J&& o BEEAMER R EE BRI YA I A S o Y B (RS A I
W& 27 Fr
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WEAKSHEAR STRONG SHEAR

S| T
| CTED
T R
WEAKINFLOW STRONG INFLOW
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2. 7 [E(coverage) SR P B ARG

WkE 28 8129 > HAMRFORE A HE  MRFIRARGROR > BRI A EH
(cell interactions)Hy 85 & 34 Il - e AL ARFROR T FLR\ D)) UK TR A A dH A PR ey
A5 S G S R o R S A R e R DR 1 RO A R R - A
28 SRR S 2 e A 2 W 7 b 1 B e DR R AR A
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Coverage

Wid d |
ldesprea Bow echoes
Typical convective mode transition during the day
Supercells
Bow echoes
Isolated single cells Supercells
20 m/s 0-6 km Vertical
} wind
15 m/s 0-3 km shear

28 : FEEE ~ R U)A N A RG]

Coverage
Widespread
INCREASING RISK OF SEVERE
Isolated
20 m/s 0-6 km Vertical
; wind
15 m/s 0-3 km shear
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YR REHIBIZIR SR B ENER -
® KR ~ SHIRIE0R ¢ SRR KPR>IKE>HERE
® HERHN ¢ K> E>FEFE > AR

+ - ZiE(multicel ) ¥ ERE RKW Hin
1. ZHIEOR MR

EZ S Sy REaE O ST SRR e & A 2l Sy e I i by N G R SR A S
T [F] 5% S ERH A - B R REEr URTHY > 201E 30 -
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ﬂng
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30 km
i
B) i
= g |
p. s Pﬁm A
cell motion . - 2 i TR -20° C+
[ \ A | b < A
shear i A\ '
\ i % t .'.\‘\ 0°C

&l 30 : ZREEIR M AT R EE

2. ZREEIREFENTE R E R & (upscale growth)
F IR AR IA (BRI 2 AR B AN - 5830 1E F (forcing) A LR A
BT

(1) ShafsRiE - Q8% ~ $8e7y ~ AgPEEEST -
(2) PRG3R0 - PS4 i (gust front) fe HLHsE E R DIAY S A IEH -

3. RKW Hgg 4 EfE ]

AR AR AR R B BB 81 SR/ (cold pool ) &k HA i
B A SRS FE AR R SRR T - SR S TS MY 22 SRR T E LFC > 4l 31

Is lifting at the cold
pool's gust front
sufficient to initiate
new storms?

31 RAERGRIRER T2 LFC R E

27



o H DRI > & R B T RE S A BRIV ERTT - AlIE] 32 > BB Ry
e 2 i 2 A2 Y JEE (vorticity) > B AT LUB RICK P E © 4L A2 A HY
e H R ER TR TS - FonERaREERY)FTELAEE - 12
JE\Y)) - J\ {1l (upshear flank) PR /5 = FL DI RS LG4 T s FEE (R S (L R 55%) > 1RZEEAH
IRzt 2t 22 @8 > AFERT o JE D) T JE I (downshear flank) I AIE A [F]
5 BZULADE > (EFSAHS & A (storm-relative inflow)BEHTfI1AEFHE S T - AL
B ZRAYERTT -

Vorticity generated by the density
gradient along the gust front

Vorticity generated by the vertical
wind shear
A.
—_—
e
= =
N,
] =

32+ ffm g B HE( V) A B E AR R E

AR ARy RKW BEEmevfz e - a2 2 AR E UIa P - w1l BUe
AL P AT _EAY DR - RKW Bem P it 2R D) osfd m SE m e iy sts
WlE 33 Fow o 3 E RV e IR _EHERTT - AR AR
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(a)e (b)<
No shear Z No shear
- N Fan
':) Cold pool 'i*,' i Q Cold pool g/
Shear Shaar
_ Storm-relative _
- . winds B a—
. —~ —~ - i I -
0 '\_) Cold pool ] — -y \g Cold pool o/ N
]
Upshear flank Downshear flank 3 Upshear flank Downshear flank
(c)< (d)e
Z No shear z Mo shear
™ Fan Ty Fan
(2 Cold pool Q) I (@ Cold pool )
Storm-relative
Shaar Vorticity along gust front and Shear latw:rf::::s
—_— verticity from vertical wind shear z g“.
- cancel each other Shallow lift Deep lift
1= ) ) - l C "‘ -
- \ Cold 1 ) Cold pool
FO O poo QO Q. - O10_-
Upshear flank Downshear flank 1 Upshear flank Downshear flank

33 © RKW B G BRI EVAIEY 20t ) AR 2T

SN AR R E YA SRR G o e R e T R AT AT 1 IR AT
L o HEl 34 -

Weaker inflow Stronger inflow

surface winds and SRF at1= 300 min surface winds and SRF at t = 300 min
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4. SR P (elevated multicell)

S A M EFRHI P S AR UGS - NS E B SR TRAI R A RIEEHY
EENEORE) > ] DR ftERTT - B SUE EITHYZE R ] LIBRTT 2 LFC » 5|38 %
JE\ 3% o FRE RS E AR B EOR B T RE2 B HANAYENAR CMEDR) - A A0RDKE
EAYRER - AlE 35 -

35 REESUE TRV IE B EO BN R BT RS [ 38 S R B

5. i REESEER 478 (Mesoscale Convective System, MCS)
MCS £y /b H—T71m)_FfEaE 100km #ERYZAEDR - & RAVALL NP
(1) HE&R(squall)

RELRAY /K PAETEANE] 36 - RESRAIHE T E > ¥R E > RITHIR
JeiRTEEK o

Leading convective precipitation

Trailing stratiform precipitation

36 : LRI PR B A
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(2) SiR[ELK(Bow Echo)

SARECE R A EE JT N ME T (Rear Inflow Jet, RIDAYIZELIMT IR »
Fy B\ TR FE 43 AR R AT » W&l 37 o RIJ Ry 240 th B BRI L T~ 187
uruvﬁ‘ﬂﬁﬁﬂ%[?%E@%T&@fﬁiﬂ?ﬁ FEA: Z RBRA E S A2 SR B - HLE AR Al
o BrIEE MEDRLAD 0 5158 E EEDREEAVERERE - DURATHIEAY S
BRI - RIS (58 TR EREE - ZE AR RIJ L0El 38(b) » RIF Jfi[m H i
AL LR o RU ARG SRR A2GBE AR » BRI AT TN
0 FEEHV IR ATIEE LG - W H RS OB B A1 LETE TR BT 58 R
AlE 38(c) °

@B- ---ROWNBURST

37 ¢+ SiRIEORE A AT

(a) (b)<
200 hPa 200 hPa
500 hPa 500 hPa
850 hPa o
850 hP:
. Downdraft cooling ]
4 Stable boundary layer B
(c)<

More latent

jﬁt release
Stronger¥ ‘\

rear inflow

Increased initiation /
ey | Storm-relative inflow

Increasing cold

(density current)<
pool speed

38  RI JERIAETE
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SRR R S M I G R A e+ EL BRI 7 08 R 551
HRIRIA B R A7 S RIE) -

SHRECREHITE AR 51 S

(1) 0~3km 58E\D) : ARy RU ZEFGARY L5525 (KR UTROGEA
58 R1J - [R5 HER SRR -

(2) = CAPE 853 -

(3) EPfMEE SR S 7 & #iE (coverage)

+— - EXE (Hodograph)

JE ] Ry B BE = S M bav e - 2fE 39 Fow B EETFERTREE 0 1R

1A 2 B2 3B > DIEIEHE - L~ M~ R phERIR A &8 » Hft M By JE

TR RIS A o HalE 40 RIAL > AT Ay EERE 4 Fy 16014KT » 2 A HEY
5 21052KT » 10 /NH4Y 25084K T » JEl G548 (A f4 38 By 22052KT -

39 B R Y JE 2R

JeR\TSE i (A v PR P B HE R DR/ N > 4] 40 - AT Ed 1 23 Ay DLy
Ry 19038KT(LJEiRE &) » 1 A HE 2 N BEERYEDIZ Ry 29028KT -
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530 » JEVI I T DS T A R S AR L 5 ST S PRV A
FAHUTE B 16014KT » 10 23 BURBE [ IS M By 25084KT » [ GeRS RIS A
SR By 22052KT » BRIHHT T RUA A7 LS4 By 04044KT » 10 /3 HUR
A B SR B 29052KT » 411 41 -
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+= - RREE R E

SHIRERAL 8 2 b —Ffdn 2 RWEENRTYEDR 451 (Tall Echo) » 4% =R =R
(Bow Echo)iyF&EL » ZARIF B IR B2 (Comma Echo) » S5t AT Y bef i S T
(Gust Front) I - HZA T RIEIE - AIFRAER T E T (Rear Inflow Jet, RIDHY
HEN > ARE T ERESE - 87 A R omAY I - PRI BAR BRI - 40
42 -

MESOVORTEX DAMAGE WITHIN BOW ECHOES

TALL ECHO BOW ECHO STAGE COMMA ECHO
O
o :'
’,", : : ~—
£ S —
/oo g I_\ ORNADG —_——
L e,
’G;\)“E’(é?p

Atkins et al. (2005)
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IKHFZER - EMEERE Iy T RIS A4 » BUERE ARV TR - BoE
K SEAF

m European Severe Storms Laboratory

Mean flow (shear) orientation vs the system

lnl

Mean flow / 0-3 km shear vector orientation

Advection

System motion

Advection

System motion
=

43 B RS BN SRS RORT S I A

+m - KR
L A RHEAYEAR

AR (Supercells) &R E G T HHAIRE - WA FERER IR - E
HEARANZERRE - FERIZIAVGEE KRBILIRERE EERKE - BLE AR
JE\BATEE AR HIEN IR - AR AV EAAE - #E K HERE S dEdsr Ay A I
o AN PR PRI HERE KT KRR ¢ s B E PR
J&& o B0 2023 £ 7 H 13 HEtARECHERIN RIS e 9 /N AN
{lElZ€ > il 44 -
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FEARHEIARF EUR AT BT RIR T A B R =2 EM A - 25 H 2 DR H 7K
& RN REPIERNCAL - 206 45 - EF-RORAERERY E B SRR T R
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THES > IEEEHY TR - (REE S EE LFC > 40E 46 -

(Markowski and Richardson, 2010)
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46 * Supecell T oft RUSEIBFEI58 LR

BUARIAEE KRS A DU SRR (D) ETHRIRER T ER & OREF 8 - (2)i8
{ETETRER H 4RI & - Q)5 K GBS E T RS Re A& - JERcaiRE
¢(Hook Echo) » #1[&l 47 - FAHIAERHY NEDR °] PA7y Ky Hi1% R 3 (Forward-flank
downdraft & Rear-flank downdraft) » F1 IR FFEOREE, » 21E] 48 -

classic supercell

e e overshooting top
= SIS
deep-layer / — an I
mean shear ‘\ / o — —
~_ & P s
\/} s
§ T
¢ e
s 4 i
anvil edge / Ve
R N /O //, .
el AC precipitation
f » - AL
o 1 (
g ‘ /I
L \ L
possible flanking Zi 32 “
line updrafts Ee—— e __f.
wall cloud

(Markowski and Richardson, 2010)
47 © HUAGERR R /K A fe B E A4S T
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Forward-flank
downdraft

(Marquis et al., 2016)

[ 48 * FE AR ERHY EE BB A

2. ERREHYE B R

AT - FERREAE B 2 B 8] b A B AR SE TR B MENAAY AJR[EIR
DU SEATRIFE T @A R SE B K ; i £ 5 2 R m] 5 1] UG SRR R A A
Fy e RS gt - AlE 49 -

0124 UTC 14 June 1998

(Markowski and Richardson, 2010)
[ 49 AT B 228
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YOS SR R REAIAZ O 35 25 A 25 2 7 B 2 o7 > B] AR B — ([ e Rz E 551y
&Ik > 8 5590 & (Bounded Weak Echo Region, BWER) » FoRs@FUAY 7}
ROt o 4E 50 o

km
20— <+— overshooting  kft

top

anvil

15— echo

overhang\
‘o ==2u= \ —40
’

outline of

midlevel echo 5=
storm (I) 2lO " 0
o motion m
flanking line A A

(Markowski and Richardson, 2010)

50 © HFR53lE & BWER

3. HEAENEEH

WFEZHEE R A - AN B RS T BT A B S R & g E -
WikE] 51 -

Advection

T] Propagation
Storm motion

Mean wind
_ieanwind

\‘
o -
®

51+ AR B

= L JE DAY R/ INER B RE A A8 L U R Y A 6 0 275 5L AT 4a B JEL AL E
(hodographs) - #15E BRIV EEE(E 52) - FonEE 7 F LR EAZEE R
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R G ETFHRMUE GRS SR A RI(E T R SRE » fed o SR E £:470
W&l 53 -

52+ ELARIUEE I

f‘
) Updraft splits and propagates off the hodograph
53 1 BEIRIRHVIE GRS R s By KU SRUE

P2 e (helicity) /& it #E e B ESHYEM] - HRASHYVERE ~ = E RV
W [EIEY PR R TE » R Y 2R 2 RE Y AR R B SR A SHVER IR B > Bt DAh
HICRIBE R ERA S EIERE) - (FRIZIEIRIVTHEREN b BE 2% 1 AHEDL
NEGE 3 AHELUNAVIE R RE - SR IH ¥ IR )EE (Storm Relative Helicity, SRH)
& JE K & H 4% (hodograph) Eid it ] fz 3 /N BB 15 27 i\ 22 AH %1 B 355 (storm-relative winds)
FrEFEARAVEIRE » T mlm SRy E A - & R EIREE - SRH #OK
R RREPIHY iEisRias - A&l 54 -
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Storm relative helicity (SRH)

Area swept out by the hodograph and the storm-relative winds

Ty oM

Long curved hodographs are associated
with high SRH values and imply strong rotation
in supercells

54 © AR R B S R EAH B e

SR B AR AN RS B - FRE T o RURE SR 53 S I 52 o RURE SRUTE R o 4
RAEEAT 5 (BANSREHES SRH HYHD SR ARSI > FITHE o — (8 7 AR o KSR
FEGHIERSEE - TR RN - 40 S5 - B 5l B B RS BRI IR T R ]
RIS ERE(E - N EERIEE - A 56 -

-7 120 min

d 40 min

55+ A [EIEEE B E 2 8 K HEE e

(Markowski and Richardson, 2010)
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s-r winds
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56 © I B L) e A P

+H - EREEREENR

AR EFHRR SRR - IR 2 BEETE - BEETHE T EE
Ry B DR AR » & HERAGIREE 7 2 BN (Above Anvil Cirrus Plume, AACP)
TEREAREE B 77 - 2008 57 & HE S ISR GRAVIHE » & bhi 2S5 3R B R B iy
AACP - Y& 58 -

e
=
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; 7 gfurm® /
7y {// s Updraft
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p f =70
Updraft I

-80

Merged GOES-16 0.64 micron Vislble Reflectance and 10.3 micron Temperature 2018-06-29 01:30:27Z

([& F K5 © NOAA)
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(a) Plume
=N

k
(o]

Altitude (km)

Altitude (km)
N

—_
N

5 45 85 125 165
Water Vapor Concentration (ppmv)

(Homeyer et al., 2017)

58+ JEFRAH BRI 7 5 L AACP

BEETARY Mg > B AACP SEHTEEETARE S - NEJTRHTE - H5
R TP RRFIATRLT - ] DU B A HEE - 400 59 -

Top-Down View

coupling of
hydraulic jump &

A mechanical oscillation
decayed OT
_ — __AAcp AACP Bisect
decayed OT =\ SN *

(Gordon et al., 2024)

most turbulent area
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A
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+75 >~ JKE(hail)
1. KB

FES MR G EER T - % (embryo)¥f7# %7K (supercooled water) Y&
(acrretion)(EFSFAMAZ R RIE R Ry /K » FEOF Ry [ REAL T MR REAL TR RERREHT
TREE R B H & GrHYEie o £ EEUR T > /KSR Im BRI PR - FR
IR R /KT fe e EPR -

KB g HEREVE A FERYE - S T RRAEBREAYA[E - 416 60 - BRI A
R F(wet growth) > REIHY Rz AR (dry growth)

60 : JKEHIAE

2. EfrRPKEREE

EEDR R KB — B — B RE BN KB R E PR ETEIZI
THINEEIERR - & EE KBS DR R ATRE A S (R E  (H A AT
RESESHEAAY « B~ AEA B A — R BT NERAYIEER - 1A & % K AE LR
t BT NREIEER o M R S AR EIGATRRRYEL - 48l 61 Fos » thoh
TRE AL T R AR R - IRAREKERLT-(>5em) HEE 15 73 /A5 ] LA
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' /\/ hailstone trajectory
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E
£ cloud mass
2, | hail mass

o13p.4 buixiw ssowi [IbY 320fins
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0 surfacé projection of ==
40
R, Nbail trajectory ——— e
Courtesy of w0, \

80 -40 20

5 60 4 0 20 A oo, 9
Matthew Kumjian y tam) reflectivity factor ®°
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(1) FTEHKEINR -
(2) LEIRNAEKREEASK -
(3) Fr4E HEER LEDR o BRI & -

Storm-relative wind
—

2fe o®
.® ® o8 .
30m/s 30m/s .
20m/s o 20m/s

10 m/s

63 1 _fER E AL O A _ LR N R AR R R R E

3. HEAHEELKE
HEAREA TR IR S BT (EA>5em) YK E AR
(1) 5%~ TEfs HFFERHY BT -
(2) _LbfEnRE A AL R K S R ES (€ (hail embryo trajectory)

B 64 R ERZUEEHE AR E PRI - RSB RHEAA th R SR E
FE » (B AMZ AR KA AR A i 4B E R AR & - NIEE S AR

TIUKES -

SAVE N e R DIEOR RS A R KE RGN 5 (R LD (&
[FIEER IR > BRI -
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0 5

x (km)

56 + BUEMFAAEEHE NI E THEZERE - B EOGRR R AR ZHETE

4. EMHEMEEKEGEEE

EEMERARR N ORI KE & HEEARHELE - B AR A

R JEL AT 2R T LU AR VK - R & Lhy NGB <4em) © A KB B » BT
J1(buoyancy)F145 /K& = & (height of freezing level) 5 °

"BE CAPE | By B2 HAKIR-10°CE 3y CAPE fRA - Ry RIKEHR A4
FYEETE RO 208 57 ZEM R KUK S A HTHRZE - 8] 57 (R Ry ol pR A PRZE -

14240 LDDD Zagreb
100 s —

By

200 [

=

300 &

WA il 4

400

400 P

500

500
600

700
800 [

600 [~
700 &

NN

Ny 77 800 [t
900 ot e 4 e AL 900 S
1000 M LT A TN T AT LT X G 1000 f z = . 35 W
-40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40
12Z 08 Jun 2018 University of Wyoming

12229 Jun 2017 University of Wyoming

[ 57 : SREARTKBRIIRZE(F) ~ SRR AIIRZE (F)

&K S (R RORE 0°O)fR - KB RV EOR - 5K &
IINKEAGR R > RS R (R ) N PURZE RS & > T VKRS
RER-GEEES - e/ NVKERMEREERKEE DR > RIS KE R > /K
BRI EHIIRFRET L AT EURD - P& PR s -
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5.

PR T CAPE LISMNERZEKBRIIA T
Y o B A S R BB RE R RAY AV « 1 LCL s - _EEmAy

of 5 B i [&] ik A (Kirkpatrick et al, 2009; McCaul and Cohen, 2002) °

+
1.

KBRS FH R
R REAY R 2 (B A SR R YR - R AT REAAE/KE - 206 58 ¢
(1) AR E S22 A 5 dBZ %0

(2) 42" BWER(bounded weak echo region)
(3) JEFEAYsREDR F EAEMRRE - HAEMRD MEEEAR 0°CEIRLR L LAY
KRR F-CEAMRBSFEIR K - A RREFRRIKE »

Tall core of the storm

Hail measures:
Volume of hydrometeors
in the mixed phase of the

58 1 R AT REFAE /KB HY B 2 [

{2 DR K B Ry B 2 DR R 208l 59 Fios
(1) 5&[E] (high reflectivity)iZ[» °

(2) ZEFLRETR(differential reflectivity)ZDR~0 © SRk PRI HE B Rl LIHE
RIECREAERZ > HRIARPEITEREY o 41R>>0 Fon RyilRRE -

(3) A2 X AHEE A& (cross-correlation coefficient, CC)7 A 0.85 & 0.95 : /KB
e ELfm i O AV A SRR R S AT AR R R Ay AYRE 7341 - CC $32
AT 1 TR TR B B FEV AR ER A=A 2% » 0.85~0.95 o

R RE A 28 & (phase)iie & > <0.9 FoRRL TR ZE AR OK -
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§ band Radar refloctraty (B7)

S-NANEBERER2ERY

-

(a)<

o

(b)<

(c)<

59 © i b B 2R BRI /KB Y B 22 B
() REREERHR (D) REREPR (o) R SAHR R EL

3. JKERVHIIGTHER

TE TR 7 S ELA R L 2O RO T > SRR T
HIBTR S T T R

(1) E#Z[E[AH BWER(bounded weak echo region » 5 5195 [EKE) » HE =
A JEZEE BWER 1B EAR AR > BljeiE iy RS RTE
(mesocyclone) > HErE & Fta AR - A& 60 -
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60 - R 72 [ R B [ J 2R M

(2) BWER {ir#E [ ZDR>>0 Ml ZDR~0 B4f » Fom Al gEA AR & REA
¥ 4iE 61 -

61 * EH 2[R B BT SR

(3) BWER fir & A 2 X AH B % %0 (cross-correlation coefficient hole, CC
hole) » £ BWER [fi#T CC #4337 1 » {H BWER {i1'& & CC /12 0.85
2 0.95 > W& 62 - FEAMEEZEH@RIEDRAZ s ©

62 * B EE[HIR AT A BE AR EL

HefE g =Ry 2 [ BRI 32 B 2 (MR 1 T B PR /K K/ My
PRI R
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/0 FERE
1. FERERAIESHE

HETE A T2 B RVZR BL/K P VORIV 4018 63 Y 1974 52 BUREFE R\l 2%
I > HA R R 38 A= A RE AT M TR (07 B » AR A m R SC T » ] V2R ] 2 100mY/s
LLE - foRATREYE MELE KRR - (EREHA SY%H A g A REFE M -

ttttttt

\ \2\\zrmp
UPDRAFT

/s at 160 m AGL (conv.= 0.4sec) |

(Fujita, 1992)
63 : 1974 35K Ohio JNHEFE (& < 2 i i M & A T Y 7K B o B VR

PO R DR RS AL e R T EL R

FEFE B4 FH I HELL (swirl ratio) R 7E » JiEEE & U] [ 28 (tangent velocity)
Bi{ ] (radial velocity) ZREAVLLIE - MEELBOR » KRN - BEfeEUR
SFEANRAR RS R &2 B E(multiple vortex) o [ 64 Ky E AR [EE

fiebbZ T REFE R4S TEAIRE -

64 * AELEEELL(S)Z T - FEFEEAYEERE - (2)S=0.2 (b)S=0.4 (¢)S=2.0
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2. EARHEPIHIRERS A B (tornadogenesis)

WtE 65 FeIFR EriEIEl oy A TR R DG R/ > A2 R Y
FERRER AEESE > M HP R R RGE > H T RS SO I 2 2 el
(sucktion) » FyiE KR ECHIIRIA - i ] H CUiBE R RHE N EAUS IS N T
FELERKSPIRIE » IR Ry B0 0 R SR @ [ Sl 2 B - 1 HL AR L
(e e PR - o RUSE SRR B RSN > B AERE PG R E AR 2 IR B B
TN - FEfe MV RAVERE T > TEDRZZRA AL - 1 H EJ7 9 RIER ek
Wk B ARGE > AfE 66 - TEZ GBI & (BRI EH R HARE R DR AEAHR
NEESERIEER

Tornadogesis in supercells
Courtesy of Paul Markowski

65 * KA TP REFE A B A B

Tornadogesis in supercells
Courtesy of Paul Markowski

mmun, Favored in
environments in which

e, the boundary layer
relative humidity is high

e, (low cloud base) and the

low-level vertical shear

not too cold and
strong suction from

above K ‘ ~

S,
f is particularly strong

\

66 * AR REFE AR - MERE RRErE A B
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By BalRyReE - REFER AR AT AR (L AslEl 67 HPU{EDER « &A%
AR o R SR e fE (e B il KRy MR Bt 1 AT A A 7K
oo FEE N Ry T LR o 1T L PR 2 8 o RURE SRR L (o T (OB R > TG
PRERAY el i RpE e -

(a) Mesocyclonic rotation (b) Surface-level vertical vorticity

(c) Stretching and organization (d) Transition to tornado

(Fischer et al., 2024)

67 * BEFE VAL RAYVU(E L ER

FANEEE > R R R SRS E TR TREMmMEESE e misE) > E
FEVG R E) 4SRRI B 4G - RIEFERE R A 2 © touching down | #Y[H » i/
fEHr A T spinning up |

3. THEREAHEE THIREFE LR
FAERAREIATEE > EREELL R EZR A

(1) SEFHESESE ) (0-1km JE\ D)= SRH(EREAHENEER)) - EREIERL
AN EATEEN R ARz REESRE -

(2) LCL {RM& - HEA/ME V BIERzedhay - (HEE AR ] DI RIR I EA
IEFIIHY M EDA ©
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3 ] P S A At T Y = O FEE AR i (e o 1 N DU Y
S B D) d REF B TP E AT HIE Y 200 2 400 23 R(Coffer et al., 2023)  HEZR
FERREA HIRE P B\ AL Bl A e T A BB T A5 AR, > (B SMNENH IR th m DU S A
THIRERE LR -

4. JRRERBERVEEFS R ALK

LA FE AR Rl BB AR RT DUE 2B BE A6 R o {1 40 JRE & i Y of R U Jig
(mesovortex) » BT i SR S AV LA AR - ST E B A IRATREFE L
A DUSREE IR -

T REREREIRNR

PR 1 2piR[E1RZ B2 BWER 5 EE88 KAV E ZE MDA EAAN - DU el DI B
B EEE R T RE A e AE

(1) f£ BWER [ff¥TA5R5 AR e - (SRR N RN AR Z R - AlE
68 > FEFEJE\AY e ERIE - AT A A P B R S MR AR IR A AR A5

Rotatiohal velocity =
(inbound + outbound)/2

[ 68 : 5 72 ] Ky BAE [ U R A

(2) #£ BWER [ffATAY S SUHBR REEARVINR 0.9 - 4fE 69 - REfEEIENY
IREEERNE R - st (b e B S S ERR (R BONIE TN > oI AR
Z AR AR S FERHTER P
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69 * B EE[n 7 EAS SAHRH (RO M -

4 88 MR CAPE-RU-EEREHEH AR EEE
I THREIRMERRGEN S A ER A ERN BRI T

(1) CAPE/;ZJ7 > el LR 9

() TEHRY] - U ERARS MR LR

(3) BFH&H] - EE SHRE(IUEIL isolated ~ BE)Z widespread)

2. BTEE S HE-TE B R U e E
70 Ry S AN AUREAYRERIE - FEFCHYTRIRE R T ¢
(1) BERFRETESE © £ RE ME RER - [EIIIr RS RHE R -
(2) FEHAME/AHERME R DR R RHER MR = R R sHER MR -

(3) AithEr RUSESRBEE LA A « BRI - AR » BegREPLait
BT E A AHR AR RUEESRUE

(4) BFIREERE RN © R BRI E T T RIRIISRE R -

(5) CAPE §AEERFIEE « JRHSRIERVENEL CAPE MRV -
(6) HEFEEEL/KBHYESE @ BT A NREMER - BIAnE AR -

(7) BIZUEE R - BAA BT R TR o FIaIEeR -

(8) ZEAMIHVEE © B S AR -
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Coverage

-
Widespread Convective systems Squall lines
Multicell clusters Bow echoes
Multicell clusters Supercells
Bow echoes
Isolated Single cells Supercells
20 m/s 0-6 km Vertical
} wind
15 m/s 0-3 km shear

70 © ) A REH AR

3. CAPE-TEHE VAR E

CAPE F1J&\ V)48 AL @ S M R S A B F AR L R - (B BIZ R S R RE Mgy
Fg CAPE Fl=E E RV KImigin - T EAE{K CAPE BHIZAT] DLas 4 B3}
bR EE o dE 71 -

0-6 km shear Thresholds do not exist.
Instead, the probability gradually changes.
Where is the probability highest?

30m/s +
C Probability increasing towards
high CAPE and high shear

200m/s T

10m/s +

D
| } ] CAPE
1000 J/kg 2000 J/kg 3000 J/kg

71 * CAPE-Z B &\ VA E e [

Zt— EREETERITIR R R R B R R ]
L SEAREE] DU B3P TR A A B R
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2. EEARHEAYTHSR @ EEDRIZNEE (updraft helicity, UH)(It /2 WRF RDEH) Fy
EREEAEEEE ST - W B CAPERI55 EERMEE T -
HEEEE -

3. JKEHJTESE © Total column graupel

4. REHYIUE M (deterministic) THE N BEA 2R & (F B FEAVHEDRF B & -

5. HUESEA LERIREE) G EEIT RS RS E - BELIETERIE -

-_+=- INEE R EE

1. SEEE 1 2025/06/05 355 H & & iR (E Z T
R PR NER - 2% KA T B3 mGEE 7 E s TEE > oK E0Eg)

THERAE 2025/06/05 H 00UTC FI| 06UTC = EXHART » IR B b [ 2 75 w2 A b 1 J

dUEE ﬂ%’s’*i ? BGEARAAN G EL R R ? BN RS A ETH
S o BlE SR R RS R PR R, - TR SR AN 72 -

U

AUDBWH xmi

Day 1 Forecast

ESSL

Day 1 Forecast
Valid: Thu 05 Jun 2025 00:00 to Thu 05 Jun 2025 06:00 UTC

Issued: Mon 06 Oct 2025 13:47
Forecaster: ATJDBWH

Alevel x was issued across (areas) for (hailltornadoes|wind gusts|extreme
rainfall).

Alevel x was issued across (areas) for (hailltoradoes|wind gusts|extreme
rainfall). (repeat for each level area)

DISCUSSION

Areal..

Here comes an explanatory text of the forecast, optionally split per area. This
reasoning should include an assessment of the ingredients for severe
convection

Area2...

This could be a discussion of a second separate risk area. Add par:
needed. XXX

72+ R Rt B B (lE ZE TR - R R R TR 2 PR R 8K
ESRS RyoR R KEUHI > Shb RyvR B RVBOHT - &= R KU
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2. ERECEE 2 1 2025/05/03 AR 7 E 2L TEE

(B 2B At B E R T 2025 £ 5 5 3 H 12UTC ZFTHYARH:
W R SEGRRE - FHER 12-18UTC M A 3% A P BE A A e B (Al 3gk - ARRC I
AVASHIESTOE NSO G E NS SL - H R Ervsare SRR N SRR - Tl
RS S AMNRER SRS - ARt USRI R e R st - iR =i
b uki=ysyz 9 iyt s apne Sl SN\ s

3. EREEE 3 1 2025/06/25 SR EHNE EHE Z TEE

5 HFTEERRY 2025 4 6 H 25 H ZAEIME - TH#E 15-18UTC J 18-
21UTC Z[H > B TRESEAEME>50KT (s, - FEIRE P R A A £ TR
TEES - IRETE A A ELAH AR VERY TR 280 R SRR 2 fo PV i it e = ELJ
VIR - R 2 - 2 R PAEE R B8 AT LRI RS i oe e 2% 2
SNE S/ NE TR — TR A T R R ZE B B TS - #RIE T anlE 73 -

73 BSSL R4 ZORHET 24 E2e BUR (Bl

4. SREEE 4 MITRES ST SRS KR TH

SE BRI R85 B BN 240 HET 14UTC £ 15SUTC A gE R A 7
EEAE AN BRIBR SRR Y (VKBS /5 Pl /5 e JaV REFE L) - EECRGAE A A B 2 (R R 1%
(7 JE\ 5 | S A, - MRS Rt I R T el 2 R BV ERET -
T TR A B B SRR RS
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2 A 315 . . .
5. EREEMES 1202246 H 20 HIABUR B Y TAF MBS RSB THH

S RN B E R EENE 74) I DR SO 23R R A 3 B T
AR B AL LR L R (IR R A ? (R RSRE RN 280 0 T R EFHY
KRERIRTGIRIL > HIETEIRAGERE T2 1-2 /NP 5/ 855/ 8 2 i IS
i R SRR TAF) BV SUBCI RS IR > 40018 75 - )

©.4° 18:09:16Z 61s
NG

Nowcast
Valid: Mon 20 Jun 2022 18:00 to M

|ssued: Thu 09 Oct 2025 14:27
Forecaster THE CHEESY BREEZY
TEMPO FM1900 24030G55KT 1200 TSGRRA SCT018 BKN0O30CB

jon 20 Jun 2022 20:00 utc

75 ¢ FHEHREE R
SO KBEBUNFRE B 0 fRy oo R i
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B~ OREER
— > RS  ERRRR ST R AL

BRI RS R EETEE R GE R EE R RERK L
EHEE -~ 9RlEEoK BRI SRMEE ~ JKE REERE R FRIFUAY R RIS - R EAN
Z2SRE TSt TR PRI TSR » R IREBE A TR ERAI KA - DU B Ay 2R
ZEBUAE R ME - B PRSI S BOE 2 N B R B R s Bt P
= o WS TERIZER SGRHE @ B 5 1 - BUEE (AT DURR (R
BRI R TH R > (EE B ERE T/ NRERI R R SRR - LR EERS
AR ZE BRATIE > FHEARAVREREREK > A 5 7H 2= BTS2 © B XHTA SR
FEsR b TP HY BT RO SREY 1 g > AR R (58 R 22 BRI AR T AR 2T )
P EA=NEVIRNIIC: S )N IEUE Sy eSS RSl o APNE: S Iowa I € YN
GAETAERBMTTE & KR SIS > o SRR SRS Ho At PR R > 75
S M E S TR LI - RE BT A HIRE 8 RS A AR 2 IR -

= BEREEEXRER

EEH AR HEIMZERR T O SENER TEHEE Z — B R
RALBNEEE T RR (BB B0 A R H 3 e = R O g B RS Rt
SRR ZE IR, © ARH TSR S PTE BIF M RE 0 0 M8 - 380 - B A i —b
TR EETIEN AR ERERR ABrEIES S St almavE
i MEHIYREEERA T RAEE A — D ATt -

= ERERKRERREE

BB RS B s ESSL [k 7 ZEIRIN > So— L ZERZ SRR
RBHEITHIFT T - bR T3 REMER SN - FE G RIRBONRIZE R g -
EELE AR AR - —F IR A ENRFISEIR ARG P&
PRSEIE ~ PP mE ~ FREAEIMMEREE - RRTOIEZ T RREIE EESHTHYR
EERRSR AR TS BB BIZUR RS & » SEEhE/ T ERE - W B2
FrER R R B RS TE SO - W BT ER SR R TR LARE A -
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Mu-~ RS HEEESORETE EE

ARy i A — H B3R B 22 KR BEEE i 5 o0 (National Center of
Atmospheric Research, NCAR)DL Kz ZE B AR EEE £44%E NOAA JE FHIMIZERE
f.0M(Aviation Weather Center, AWC)E B VIHIASR © i3 A& 2 F oM ESSL
—EAZHIHVER B 2 RBUON S BIRYRTZZ RN B 23l AV ERE Hh i i o5 e NH BT o
SN A5 » W R [EI T 2 R EE M R [E 2089 T fE - 278 B Al AR
R SRS EE WMO B2 BIFE IRATAHEE ICAO g B = > A E S IR E A
W EENEATR S AR T RS - B E R M IR AE SR B FE T
H > BRI N BRSO IEZEE B » M2 R BB L R A FrE B -

B~ B ESSL RREFHETAGBREUMARRREENASHESS

BEXREISREZ LA ESSL HITHH# Z KR ERER % 48(ESSL Weather Data
Displayer) & 25 Z B B/ 21 4ft(Radar Displayer) - BEZAAE IEA(FZE VBT &
& BEUTKEEAEZREERERN 2T L - BEGIRIEEE T8  BIa0HE &
FERNE] EAZEHRI RN > A TR ZE BRHI I 2 0 B AT DIE A R S 2
(B3R BT — B So—(IRVIE R EUSBUE RRAE R - Sf NI TR BRI (F
EMRAED - ARERIEETHZERRIAUEE R RTURR L EEtE
(AOAWS-RU) » H i HIRFHERAY WMDS Z458 ESSL KR E R R4t EH
AT > ABRRPERYRUIGE U AT DAFE D58 > ESSL KSR ERHEUR & H (R 1] DAME 3k
] WMDS Z4t58(EHI2% -

AN~ SIAEBIAEREER

E—BHVERIEN » Br T BIZEDR B R IRy s8Y - o] DURSZ E] ESSL K a#
BT 2R AN o ER A EEIFHRE A 2 ESSL AYEEBE T » I DARZ Mt M
BEITTEREBRIERET T TIRZ IR » IS ANH REEH T HAYEHER o flU
https://www.mentimeter.com/ & {[E48 H 7] LAFE (it G 8H=(F 2 M - tHagAlife
PR B T TR B R R RS Y B B R R — S IR E S
s TERFE N EIELTE o SHANRE VGRS R/ NS R TR '
PEERER RE BT R SR8 2 - KR E RIS LA EIEE M - M B2
B,
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https://www.mentimeter.com/

t o SRR R PRI AR T SRERIE SR TR N R A

A28 ESSL Z I SRERIE - FRac it BTz m E I 2 E AR
SRERRIE - SRR EIHE 22 IURMT BRE R D B2 BIZURSE - A0 R0 ~ 7K
B~ BEEE > DA D R RS2 ke T L AR - RN ETH
= TR S PIBR TR SR TR R B RAIGREA T 52 b D& BHYER oy -
ok ST IR R THEE PSR SRA B R G MR A sRiEssss - i Ll 2
Z ESSL Sft2an 22 hoARRHE 7 50T sl 7o 2 IR s PR 3 [ SRER A e o

Al
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TH X5 Wen-Hao, Wen

CERTIFICATE OF PARTICIPATION

awarded to

Wen-Hao WEN

for participating in ESSL Course Aviation Forecasting of Severe Convection
from 6th October 2025 to 10th October 2025

at ESSL Science and Training,
Braunlichgasse 6a,

2700 Wiener Neustadt,
Y%/ Austria
'\’ A /‘(\A"‘ / l
Alois M. Holzer

Director of Operations, ESSL

European Severe Storms Laboratory

European Severe Storms Laboratory

EUROPEAN TESTIMONIAL
Aviation Forecasting of Severe Convection

This is to certify that

Wen-Hao Wen

passed the examination for the knowledge level
»Aviation Forecasting of Severe Convection”
at the ESSL Research and Training Centre in Wiener Neustadt, Austria

on 10 October 2025 with first class honours.

Michou Baart de la Faille Dr. Tomas Pucik
ESSL Deputy Director Examiner
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European Severe Storms Laboratory To whom it may concern

EUROPEAN TESTIMONIAL
Aviation Forecasting of Severe Convection

Wiener Neustadt, 10 October 2025
Herewith we certify that Wen-Hao Wen, born 26 September 1988,
passed the examination for the knowledge level

To whom it may concern,

“Aviation Forecasting of Severe Convection”
Herewith we confirm the participation of Wen-Hao WEN in the ESSL Course: Aviation 9 of

Forecasting of Severe Convection from October 6% until October 10, 2025, in at the ESSL Research and Training Centre in Wiener Neustadt, Austria
Wiener Neustadt, Austria.
on 10 October 2025 with first class honours.

Yours sincerely,
Percentage of total number of questions answered correctly:
Practical part:  100% Theoretical part: 95 %

Amount of equivalent ECTS points: 2 (two)
Alois M. Holzer

Director of Operations, ESSL

) / ez

4 v(w\a WA,
\ o
Alois M. Holzer' Dr. Toma3 Pacik
ESSL Director of Operations Examine

European Severe Storms Laboratory - Science and Training
Briunlichgasse 6/6

2700 Wr. Neustadt

Austria

ZVR: 052480132

Severe Storms Laboratory — Science and Tr.
oo 8riunlichgasse 6:

2700 Wr. Neustadt

iy

CERTIFICATE OF PARTICIPATION

awarded to

Meng-Syuan WU

for participating in ESSL Course Aviation Forecasting of Severe Convection

from 6th October 2025 to 10th October 2025

at ESSL Science and Training,
Braunlichgasse 6a,
2700 Wiener Neustadt,
Austria

Alois M. Holzer
Director of Operations, ESSL

European Severe Storms Laboratory
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European Severe Storms Laboratory

EUROPEAN TESTIMONIAL
Aviation Forecasting of Severe Convection

This is to certify that
Meng-Syuan Wu
passed the examination for the knowledge level

b For g of Severe C ion”
at the ESSL Research and Training Centre in Wiener Neustadt, Austria

on 10 October 2025 with honours.

=
~~ Michou Baart de la Faille Dr. Tomas Pagik
ESSL Deputy Director Examiner

European Severe Starms Laboratory

European Severe Storms Laboratory

To whom it may concern

EUROPEAN TESTIMONIAL
Aviation Forecasting of Severe Convection
Wiener Neustadt, 10 October 2025

Herewith we certify that Meng-Syuan Wu, born 11 May 1989,
To whom it may concern,

P i passed the examination for the knowledge level

Herewith we confirm the participation of Meng-Syuan WU in the ESSL Course:

Aviation Forecasting of Severe Convection from October 6" until October 10%, 2025, “Aviotion Forecasting of Severe Convection”

in Wiener Neustadt, Austria. k o 5
ot the ESSL Research and Training Centre in Wiener Neustodt, Austria

on 10 October 2025 with second class honours,

Yours sincerely,
e
P

7
i réf‘/— e of total number of questi uy:
E

Practical part;  100% Theoretical part: ~ 80%

Alois M. Holzer e
Director of Operotions, ESSL. Amount of equivalent ECTS points: 2 (two)

v K U{gi;&%@:

Alois M. Holzer Dr. Tomas Pucik
ESSL Director of Operations Examine

European Severs Storms Laboratory — Sclence and Training
Briunlichgasse 63/6

2700 Wr. Neustads European Severe Storms Laboratory - Science and Training.

Austria kel pied Braunlichgasse 62/6

ZUR: 052480132 A 2700 Wr. Neustadt

oy Austria

Sioxt e TVR: 052450132
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. Microphysical Characteristics of Overshooting Convection from Polarimetric
Radar Observations
Cameron R. Homeyer and Matthew R. Kumjian

https://doi.org/10.1175/JAS-D-13-0388.1

. Investigating the Relative Contributions of Charge Deposition and Turbulence in

Organizing Charge within a Thunderstorm
Matthew D. Brothers, Eric C. Bruning, and Edward R. Mansell

https://doi.org/10.1175/JAS-D-18-0007.1

. A Simple Model of Evaporatively Driven Dowadraft: Application to Microburst
Downdraft
R. C. Srivastava

https://doi.org/10.1175/1520-0469(1985)042%3C1004:ASMOED%3E2.0.CO;2

The Interaction of Lightning with Aircraft and the Challenges of Lightning Testing
D. Morgan, C. J. Hardwick, S. J. Haigh and A. J. Meakins

https://aerospacelab.onera.fr/sites/default/files/2024-01/AL05-11 0.pdf

. Damaging Surface Wind Mechanisms within the 10 June 2003 Saint Louis Bow
Echo during BAMEX

Nolan T. Atkins, Christopher S. Bouchard, Ron W. Przybylinski, Robert J. Trapp,
and Gary Schmocker

https://doi.org/10.1175/MWR2973.1

. Mesoscale Meteorology in Midlatitudes
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