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A~ IPMA Motivation

Atmosfera

Severe thunderstorms may cause some form of severe weather such as tornadoes, flash
floods, wind gusts exceeding 25 m/s and/or hail of 1.9 cm diameter or larger.

Convective storms may develop in the presence of

= conditional instability or convective instability,

= sufficient (low-level or mid-level??) moisture;

= 3 source of lift (cold front, low-level convergence, orographic lift)

Convective storm severity depend:
= on the relation between these ingredients and the vertical wind shear

This talk presents four examples (using D+1 forecasts)

Instituto Portugués do Mar e da Atmosfera
Rua C - Aeroporto de Lishoa | 1749 - 077 Lisboa, Portugal | www.ipma.pt



Instituto
f E Portugués
I \ do Mar e da
Atmosfera

Synoptic Environment

One day in
July 2019

12UTC

Instituto Portugués do Mar e da Atmosfera
Rua C - Aeroporto de Lishoa | 1749 - 077 Lisboa, Portugal | www.ipma.pt

Geopotential (500hPa)
10 m winds and MSLP

(ECMWEF analysis)

0,55 > 18/19 °C

(equatorial air mass)

©,, wet-bulb
potential temperature



cape - determlnlstlc model

100 150 200 500 1000 3000
[ | | _
10°W 8w
Deterministic | d

H+28

1000

cage -75 Opercentile
100 150 20 300 500 3000

10°wW 8°wW

75 Percentile

p
Y

37°N

100 150

%gge - 5% (Bercentlle

500 1000 30(

10°wW

50 Percentile

8°W

0 25

10°W

100 150

Deterministic

cin - deterministic model
50 100 150 200

July 2019 16UTC

Lightning
observations

several thousand hectares
of vineyards and olive
groves destroyed

10°wW

90 Percentile

tciw - 75 percentile
500 g3 01 0.2 o e 0.8 12

10°wW

8°W

CIN > 150 J kg™

107w

75 Percentile

TCIW > 0.1 kg m™

=

e
hY
|

Total column cloud ice water
Y

33BN

37N



A~ PMAz
e 11000 3400
/ (@ \ Aomorrera” [ ' ' "1 3300 s cbH-50
g 10000 __ 3200 —4A— hcct-50
o -4 3100 —®— hcct-75
o ]
§ 9000 1 3000
Height of convective cloud top S 8000 ] ;ggg
° 7
© )
= 7000 2700 .
hect - 50 percentile g 1 2600 High cloud base
1 50 2000 3000 4000 6000 8000 1000015000 (m) € 5000 i
8 1 2500 (2.4-3 km)
5 2400
10°W 8°W o ]
£ 5000 1 2300
I 1 2100
3000 2000
‘ 12 14 16 18 20
H+28 41°N Time (UTC)
900 ! ! ' ] 03 —— TCIW-50
i CAPE (75 B
» 800 - ( e TCIW-75
_ eo0 |- {o2 - —e— CAPE-75
39°N 2 i =
S 500 | S
é 400 |- 2
o O B O
38N 300 |- H4o01 F
200 |-
37°N 100 -_
0 i | | | | | | 0
10 12 14 16 18 20
Instituto Portugués do Mar e da Atmosfera Ti me (UTC)

Rua C - Aeroporto de Lishoa | 1749 - 077 Lisboa, Portugal | www.ipma.pt



> IPMA

One dayin
Abril 2021

12UTC

Instituto Portugués do Mar e da Atmosfera

Instituto
Portugués
do Mar e da
Atmosfera

40°W

30Voow

Rua C - Aeroporto de Lishoa | 1749 - 077 Lisboa, Portugal | www.ipma.pt

Synoptic Environment

Geopotential (500hPa)
10 m winds and MSLP
(analysis)

0,450 = 12/14 °C

moisture air advection
(South/southwesterly winds)

©,, wet-bulb
potential temperature



- inisti CAPES - deterministic model hce I
100 150 C@P§ydeterministic model | 00 200 " 250 U B0 T B00 - 750 100 Observations 14 UTC 1 50 2000"55h6 0B es000 100001500(% )
M T T o T T [ I — e — —

10°W 8°W 10°W 8°W ‘ 10°wW

| Deterministic

50 Percentile

42°N

Lightning

—Ja0°N

i,

39°N

38°N

CAPE-SHEAR >300 m? s

T
37°N
tciw - 75 percentile hecet - 75 percentile
e - 75 percentile CAPES - 75 percentile 1 50 2000 3600 ‘4086 FB00° 8000 1000015000
00 150 SRB° T /3dCCE 1000 3000 00 200 250> 530° 750  100d P23 21 gz 04 05 08 12 II:—:I

(m)

10°wW 8°W

|| 75 Percentile | 75 Percentile

Ilr

CIN < 25 J kgt

(not shown)

CAPE-SHEAR > 300 m? s2 o —
\\{ 37N 1 Height of convective cloud top 37N




]
1200 1500

1w Cloud-

In¢

A P< Lightning Time (UTC)

1800 2400 1200 1500

to-cloud _sw,

by lightning

68 goats killed

1800

IO [

Cloud-to-ground - _

600 hectares of cherry and
peach trees destroyed

/ 7

v

Instituto Portugués do Mar e da Atmosfera

Rua C - Aeroporto de Lishoa | 1749 - 077 Lisboa, Portugal | www.ipma.pt

42°N

41°N

40°N

39°N

12 14 16 18 20
Time (UTC)

11000 [— : . 900 prre
€ 10000 [ -] 800 —4— heet-50
a i i _ _
8 9000 1 High tops { 700 gy [ —®— hoot-75
o° | 1S
3 - 600 =
2 8000 ] =
o - -{ 500 &

Z 7000 - 1 =
g - 1 400 "o Low cloud base
& 6000 i ®
8 I - 300 | 8 (150-400 m)
O .
= 5000 - 1 200 8
e - ] (@)
£ 4000 4 100
3000 0
10 12 14 16 18 20
Time (UTC)
' ! ' ' m %8 —— TCIW-50
900 - CAPE (75)
800 |- | TCIW-75
- —e— CAPE-50
700 I —e— CAPE-75
< 600 [ 402 <
g 5
=500 |- 2
& 400 |- =
5 1 5
300 |- - 0.1
200 |-
100 L TCIW (50)
0 | | | 0




= IPMA iz Synoptic Environment

One dayin
March 2018

40°W N

12UTC

~——

"—2,-.544"-_ b -

\E:--4548'l-_. P 'V""a‘"

———

TR T
0w 2070

Instituto Portugués do Mar e da Atmosfera
Rua C - Aeroporto de Lishoa | 1749 - 077 Lisboa, Portugal | www.ipma.pt

Geopotential (500hPa)
and MSLP
(analysis)

0,45, = 10/12 °C

moisture air advection
(South/southwesterly winds)

©,, wet-bulb
potential temperature



cape deterministic modeI

e How to diagnose instability?

B S ? = au gy Jefison-Sopercentie o, Jeflyson-Fpperogniie 24 oy Joflgson-Roperceitie 5 4,
—t I I I N ]
’ ( CammnS -LS a2 10°W 8°w 0°w 8°W 10°W 8w
. \ 7 Z_ - Z 5 | 18UTC |,
- ,‘ ‘1 a1oN ( <
'| Deterministic ‘ S o AA \ ar°n L ) aon
S 40°N o,
/ — 2 : / S
f \, L 50 Percentile / . ) 40N
39°N . / T—J

o

T \ a8 f 39°N ' \h 30°N
1 /—' 38°N
38°N 38°N
March 2018 16UTC -
\ \ \ i \ .

w0 1so  SRReOReCeMe o 3000 4 S J x 37N

10°W ? 8°W ]effeT'SOTl — 1 6 X 0W850 T5 O 5 (T Td)700 4 . Jefferson 90 percentlle 39 .

10°wW 10°W
R W T — R T R—
( / ‘ G o 42N
"1 90 Percentile }; } o aon
, \
/ / 1
/ -
-/ 90 Percentile 4N
7’ 39°N
LN

| CAPE<100Jkg? |

* 39°N
- o
. 38°N
38°N
- o
v . 37°N
POTTORUES S 37°N
Rua C - Aeroporto de Lishoa | 1749 - 077 Lisboa, Portugal | www.ipma.pt

=
o 1




s 10 ?I;EAR260— 50 ggrcengilée 35 50 75 10 ?E‘EARZGO' 50 ggfcengj'g 3 50 1 50 2000 3000 4000 6000 8000 1000015000
| s _
/ m st m st SN [ T )
‘ 10°w 8°wW 10°W 8°W 10°W 8°W
M|

A
== 16UTC |, ! - .
‘ /N‘\J 42°N '\ ( 7 18UTC 42°N § 15 0 S_l

" 4 (— 41°N
50 Per
T

N E— 300N . e Height of convective
cloud top
(50 percentile)

35 50 75 10 1 50 2000 3000 4000 6000 8000 1000015000
' (| I I S |

10°wW 8°w

cloud top:




Instituto
f 3 Portugués
I \ do Mar e da
Atmosfera

. Geopotential (500hPa
One dayin p and MS(LP )
november
2022 ™
12UTC 6, 55 = 14/16 °C

moisture air advection
(South/southwesterly winds)

©,, wet-bulb
potential temperature

/
—_— S0°Woow
Instituto Portugués do Mar e da Atmosfera

Rua C - Aeroporto de Lishoa | 1749 - 077 Lisboa, Portugal | www.ipma.pt



3 ) Instituto
,A\ ID k A A Portugués 14 UTC (H+26) SHEARES - 50 gercentlle mucape - 50 percentile
= L P Y I . 75 10 15 20 5 30 35 50 100 200 250 300 500 750 1000
capg, ., deterministic model gape - S gereentile s m—— s JRCa
100 150 CaPgy,deterministic me cape - 59 tle 0o O o e — Jkg

. 1000 3000 100 150 py— po — _—
10°wW 8°W 10°W 8°W |
— F— . 50 Percentile || New CAPE (MUCAPE) | e
Deterministic el ) g «“ _ | | :

| | 50 Percentile \ P wnll -

) R < e )3 3 3 el || 50 Percentile
l - '—\’ ornadoe 40°N a0°N

/
CAPE (J kg!) -

30°N . BN

Z&i’ - s
: - NG
X E

cgge - 75(;Jercentile
100 150 2 300 500 1000 3000 100 150

d

38°N 3E*N

~ 37°N 7N

- i N
53pe - 99 Rereentile 00~ 750 1000

1000 35 50 100 200 250" 300

10°w 8°wW

AW,

90 Percentile

b Sm—

10°W 8°W

|

| | 75 Percentile

42°N

RuaC- Aeropoo de Lisboa | 1749 - 077 Lisboa, Portugal | www.ipma.pt



p Instituto
Portugués
7~ do Mar e da
v Atmosfera
——

ercentile

hcet - 50
1 50 2000 3000 4000 6000 8000 1000015000
(m)

10°W gow
%

Height of convective cloud top

T

Instituto Portugués do Mar e da Atmosfera
Rua C - Aeroporto de Lishoa | 1749 - 077 Lisboa, Portugal | www.ipma.pt

— 10000

8000

6000 |-

4000

2000 |-

eight of convective cloud top (m

12 14
Time (UTC)

16 1

8

500 [

400 -

300 |-

200

100

| | |

MUCAPE

12 14 16
Time (UTC)

18

20

900
800
700
600
500
400
300
200
100

50

40

30

CIN (J/kg)

s cbh-50
—a— hcet-50
—@— hcct-75

Low cloud base
(<350 m)

s cin-50
—a— MLCAPE100
—#&— MUCAPE
—e— CAPE

Low CIN



7~ IPMA

tmosfera

s Conclusions and perspectives

Severe convective storms reveal:

* High convective cloud top and total column cloud ice water

For the southwesterly flows:
= Low CIN and cloud base heights

= CAPE is underestimated. Other stability
indices and MUCAPE are an asset.

" Tornadic storms with moderate values

of predicted bulk shear

For equatorial air mass:

 CAPE is a useful predictor

* High CIN and cloud base
heights

It is better to use MUCAPE and SHEAR

separately than using CAPE-SHEAR
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Future:

The performance of several
predictors will be assessed for a long
time series using scores such as the
Symmetric Extremal Dependence
Index (SEDI) and Symmetric Extreme
Dependency Score (SEDS).
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Thank you for the attention !

Courtesy of Paulo Pinto
(IPMA)
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