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1 — Motivation

Deutscher Wetterdienst
Wetter und Klima aus einer Hand

©

Air Carrier Weather Related
Cause/Factors 2000-2011
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1 - M 0t|Vat| O n Wetter und Klima aus einer Hand N ‘

,2Horror-Flight® with 15 injured person

9 May 2009 / Airbus 321 / Munich - Lisbon
Severe Turbulence in the alps — FL280-300
Emergency landing in Geneva

;uql nberq

Munich’

uttgart

_ Developing of a new. |
This was Severe Turbulence ! Thulldersion

But was it ,Clear Air Turbulence® ?

Source: Axel Barleben, DWD
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2 — Classification of Turbulence Wetter and Kiima aus einer Hand E )

HLT (High Level Turbulence)

Clear-air

Turbulence (CAT) Cloud-induced or

Convectively-
induced
Turbulence (CIT)

Mountain wave
Turbulence (MWT)

In-cloud turbulence

Low level
Terrain-induced Pous
Turbulence (LL

6. Aviation turbulence classifications. This figure is a Piciorial summary of
C8hvective boundary
Layer turbulence

Source: P. Lester, "Turbulence — A new p-erspe-‘::tive for
pilots,” Jeppesen, 1994

bulence-produging phenomena that may ccourin each turbulenteg

Source: Axel Barleben, DWD
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2 — Classification of Turbulence

Deutscher Wetterdienst
Wetter und Klima aus einer Hand N ‘

Types of Clear Air Turbulence (CAT)

Intensity

Light

not shown

in sigmn.
Weather Charis

Moderate

A

Severe

Aircraft reaction

Turbulence that causes slight
changes in altitude andfor attitude
(pich, roll, yaw).

|AS (Indicated Air Speed)
fluctuates 5 — 15 ki

= 0.5g at the aircraft's centre of
aravity

Turbulence with a greater intensity
as light Turbulence. Changes in
aliitude and/or attitude, but the
aircraft remains in positive control
all fimes.

1AS fluctuates 15 — 25 kt

|:> 0.5 -1.0g at the aircraft's centre of

Turbulence that causes large,
abrupt changes in altitude andfor
attitude. Aircraft may be
momentarily out of contral.

|AS fluctuates more as 25 ki

|:> > 1.0g at the aircraft's centre of

aravity

Reaction inside aircraft

Occupants may feel a slight strain
against seat belts or shoulder
straps. Unsecured objects may be
displaced slightly.

Food service may be conducted
and little or no difficulty is
encountered when walking.

Occupants feel definite sirain
against seat belts or shoulder
straps. Unsecured object are
dislodged.

Food service and walking are
difficult.

Occupants are forced violently
against seat belts or shoulder

straps. Unsecured objects are
tossed about.

Food service and walking are

impossible.
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2 — Classification of Turbulence Wetter and Kim aus cner Hand E

Forces affecting an aircraft
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Polar front jet at 300 hPa with isotachs (> 60 kt)
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3 — Jet Stream and CAT

Deutscher Wetterdienst
Wetter und Klima aus einer Hand N ‘

Vertical cross section of a polar jet stream
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Deutscher Wetterdienst
3 - Jet Stream and CAT Wetter und Klima aus einer Hand E‘

Sharp trough

Jet stream maximum upstream of a Jet streak downstream of the trough with
deepening trough with moderate to severe moderate to severe turbulence probable in
CAT probable in the red area the red area

Geopotential
height

Source: COMET Source: COMET
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Deutscher Wetterdienst
3 - Jet Stream and CAT Wetter und Klima aus einer Hand E‘

Building ridge

Upper-level building ridge with moderate to
severe CAT probable in the red areas

Geopotential
height

.

o 150kt” 120kt

Source: COMET
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3 - Jet Stream and CAT Wetter und Klima aus einer Hand E‘

Closed upper low

Cutoff low in upper-level flow with moderate to
severe CAT probable in the red area

Geopotential
height

Source: COMET
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Deutscher Wetterdienst
3 - Jet Stream and CAT Wetter und Klima aus einer Hand E‘

Jet stream pattern

Jet stream CAT pattern with moderate to Vertical cross-section of an upper-level front
severe turbulence, probable in the red with moderate to severe turbulence in the
area. shaded areas

Tropical or f =

sub -tropical air

Geopotential

height

Source: COMET N

|
400 km

Source: COMET

km

- 14

- 12

- 10
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3 - Jet Stream and CAT Wetter und Klima aus einer Hand

©

T-bone or merging jet stream

T-bone or merging jet stream pattern with moderate
or severe turbulence probable in the red area

}

Geopotential \  PENGIX v A /
height 7/ : o 150 kt 130 kt
Yo | 7 P

110 kt
‘_/

Source: COMET
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3 - Jet Stream and CAT Wetter und Klima aus einer Hand E‘

Schematic showing analysis of 300 hPa geopotential and
areas prone to CAT. (WMO Aviation Hazards)

N
A
al
. CF
-_
——
w— Jet axis at — — Boundary of turbulencs- +—— Shear line Source: WMO
300 hPa prone areas Aviation Hazard
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4 - Satelllte Images and CAT Wetter und Klima aus einer Hand E‘

CAT in the vicinity of jet fibres

Jet fibres over warm front shields Jet fibres behind a cold front.
and behind a cold front. IR10.8 satellite image.
Conceptional model
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4 - Satelllte |mages and CAT Wetter und Klima aus einer Hand E

HRV Cloud RGB

Sounding
Idar Oberstein
next slide

Dust RGB Airmass RGB
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Wetter und Klima aus einer Hand

. Deutscher Wetterdienst %
4 — Satellite Images and CAT )

Vertical wind shear Wind shear (kt/1000ft)
100 ; A V 1

0 5 10 15 20
<

Severe

Pressure (hPa)

WL X Y X
900 1" sounding: Idar Oberstein

— v 2L ‘/
1000 ) P ; - 7< Vi ‘
55 50 45 40 95 30 25 20 15 10 5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 50 100
Temperature (°C) Wind velocity (kt)
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4 - Satel | Ite I mag es and CAT Wetter und Klima aus einer Hand N ‘

Where do you expect Clear Air Turbulence?

Source: EUMeTrain - ePort

e B - g - 7
g Ve $ ’ o>

u 15 Nov 2018, 12:00 UTC, Airmass RGB *»

"
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4 - Satel | Ite I mag es and CAT Wetter und Klima aus einer Hand N ‘

Where do you expect Clear Air Turbulence?

Tropopause

Transverse
bands

E‘ [ o ' l|'5 Lat.
o _

Source: EUMeTrain - ePort

! 15 Nov 2018 12:00 UTC, Airmass RGB, Isotachs 300 hPa in kt ‘e
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4 — Satellite Images and Turbulence Wetter und Kiima aus einer Hand e

Storm Situation over Europe with turbulence

Lee waves =

Cirrus

Non turbulent lee waves

Mountain

Mountain ridge

ridge
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R .

‘vl:“" /I" ? : 7 =
7-IR 10.8/WV 6.2) . %%t

Satelliteﬁdaten Di 04.12.18 12:00 UTC METEOSAT Afrika/Europa - Sm_Airmass-RGBA(WV 6.2-WV 7.3/IR 9
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4 — Satellite Images and Turbulence wfﬁeriﬁdiﬁmagusiﬂeﬁ':ﬁd )

\ AR AN i No. . o ' _ | L Dez 04 2018
NN ; Di 12:00 UTC

Alrmass RGB + Isotachs 300 hPa

40

24 AR n N ) €
NWV-Modell = Di‘04.12.18 12:00 UTC _ Wind, kt, 300 [Druckflache] ICON13+000h 04.12.18 12:00 UTC
Satellitendaten Di 04.12.18 12:00 UTC METEOSAT Europa/Atlantik - Sm Airmass-RGB (WV 6.2-WV 7.3/IR 9.7-1R 10.8/WV 6.2)
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4 — Satellite Images and Turbulence Wetter und Kima aus einer Hand N}

i

o

BLW\I=:I:1 00 W .

i
L N% SFC?It
49 Bl o IS
S <\\ < # ol i
'FL190.'345
WHKN! A
.—:"- :I’J ‘, 1 :’.I :
G o \ A A -
g e [, gie FL200/28Q\_.—-+\ NAT
. ;j""*‘"_\__w»’_ o WIEL S ‘740;’360\,d 40 0 ] 5,
: R Tl ABV FL2001C 3
Aviation Di’04.12.18 12: 00 UTC SIGMET FIR/SIGMET UIR 34 von 34; Geodaten: FIR/ UIR / US Convectlve / US Non Convectlve

Satellitendaten Di 04.12.18 12:00 UTC METEOSAT Europa/Atlantik - IR 10.8
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4— Satelllte Images and Turbulence Wetter und Kima aus einer Hand N}

Dez 042018

Di 12:00 UTC”--

Source: DWD

NWV-Modell Di 04 12.18 12: 00 UTC Wind, kt 300 [Druckflache] ICON13+000h ok i ‘ 04.12.18 12:00‘L‘JVC |
Satellitendaten Di 04.12.18 12:00 UTC 'METEOSAT Europa/Atlantik - Sm Dust-RGB (IR'12.0-IR 10.8/IR*10.8-1R:8.7/IR 10.8)
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4 — Satellite Images and Turbulence Wetter und Kima aus einer Hand N}

Dez 04 2018

Di 12:00 UTC

20

Satellitendaten Di 04.12.18 12:00 UTé EMETEOSAT Et;roa/JAtIantik -Sm HRV cloud RGB (HRV/HRV/IR 10.8$ [ e
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4 — Satelllte Images and Turbulence wfﬁeriﬁdiﬁmagusiﬁeﬁ'lﬁd )

SRy - X L
- Al AT g S ‘

6 8 0 1n 12 p hk“ i O 2 i 'S 3
Bodendaten Di 04.12.18 12:00 UTC [+0/-29min] Temperatur 5cmin °C, 8 von 8 ",‘ 4 'f"-— Ve
Satellitendaten Di 04.12.18 12:00 UTC METEOSAT Afrika/Europa - Sm HRV cloud RGB (HRV/HRV/IR 10.8)
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4 — Satellite Images and Turbulence Wetter und Kima aus einer Hand N}

a5 ,_.A»- RS
rue Colour .

Py %

Dez 04 2018

Di 11:30 UTC

A
4

Su

fiL 7

2

S 1N 12 o
Bodendaten Di 04.12.18 11:30 UTC [+0/-29min] Temperatur 5 cm in °C, 8 von 8 Source: DWD
Satellitendaten Di 04.12.18 11:30 UTC Suomi-NPP - Echtfarbenbild ' TN = )
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4 — Satellite Images and Turbulence Wetter und Kiima aus einer Hand e
i b e el R R, Dez 04 2018
: A Di 12:00 UTC
Lx & L WV 7 3 enhanced M\;—/ '

5%1 . R “u'iwﬁ

Z

=

Source: DWD
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4 — Satellite Images and Turbulence Wetter und Kiima aus ciner Hand E )

Probability of Occurrence of Tropopause Folding

ASII-NG (Automatic Satellite Image Interpretation — New Generation)
4 Dec 2018, 12 UTC

i)
//»;,
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y /,
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o ; 10 =
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o 800 1 =
S 18 =
@ tropopause [ [=))
g 400 1 9
o 4
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700 4 -
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] ) . . [ e
Figure 1: Illustration of a tropopause fold. (©® Feltz and Wimmers 2010) g

Probability of turbulence due to tropopause foldings (%)
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5 — Turbulence Forecasting at DWD Wetter und Kima aus einer Hand N}

SWC EUR, 4 Dec 2018, 12:00 UTC
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EDP (Eddy dissipation parameter), 4 Dec 2018, 12:00 UTC

g o g Dez 04 2018
- 400 hPa Di 12:00 UTC | forr——r

150 he.

Di 04.Dez:2018 1200 UTC

Di 04.Dez;2018 1200 UTC
e
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1

135 hPa -

200

210hPa -

2
250 hPa -

&n parameter o 1 Sy ¥ .

275 hPa -

285 hPa -

300

EXTREME 325hPa -

350 hPa -

365 hPa -

400

420 hPa -

450

MODISEY
475 hPa -

>’ Source: DWD
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5 — Turbulence Forecasting at DWD Wetter und Kiima aus einer Hand e

EDP (Eddy dissipation parameter), UIR, 4 Dec 2018, 12:00 UTC

%%kk%%khyjijjgggg M%kk%k%

N S Gy TP sl tk%‘x%Lv;;;g/jE/{;“ 5 sty A
kkk\(%mw;ngjiyfﬁﬁ C ﬂ«xk%-y;/;;JJ«« AL g g VIV WL oy ST
it kkkkkkkwﬁiy;J;/w”\%ﬁék%kkKWwasyJJJJV NQ%&KK&“W#SiJ##MV \\QKK%va55J5¥/¢
i CAC U R o A S L s Rﬁ%%kkk%v¢y5¢41¢¢ S TR LA SN s S S
%\%kkk\\%wywyxfjiﬁ \CHCUTCERECSES o S A O S \kk%wwa/;JJs KRGS 5 ST o
LCL A\ >’ 9 7 55 L\ sy / /LT ‘ﬂ\&mwnyJJiy YW’ of ST
e WA hS o dsyy /0 Kﬂ&mwvv;§511% VoA Lwsrsor /7 5 /1 LSt 5 5 o o
S LA sy ) U ‘k&%wv;j; ; LA M- F 4 d-h QA s o )]
NS SETE &\&MWWMJJ;JJLKQ %KMmywygg fmm k%mejj;JJt kHWWWyJ‘JJ
AT AR @‘EL\\A_\»_—\»-\;F;;/_’J &) M T e 5 Jj;,’l..‘q_‘lk CENOS o e R G e (\BJLMMW:,/;D/:_/
W Y &L 0 JKM»ymvgg;fawkk%% L SR A ) KA G SR S T e ATV
LTRSS mkﬁvwwyvj/Mkkk%% @ : €l S A e sl e
W %Q{&vvv%\/ WLk AR AP Sl 7 R B R e e,
WNLUJ{K‘\"\( ".Q\‘E‘thfK“k,._J |t Ve R £ K“L\\:u.m\ k. ,' AR . LG, 2
AL A QAR e (A € %MKKJ FMACE U i
R T K o Al MR ey S
R S NN Y O e e s \%\Jwr;‘[ T AWy
| BTSN G T L Nait LA % T
5 .

Issipation parameter

%%kx%mmVy;;;;jyj %%Mk&%MMVyj;?jj;;mmk%kkkkkﬁmvyngiyyjM%kkkx\

T AN e S AL i o s S oA A A s s e o o AL A = 0,45 EXTREME
) \\fkk%mwyyygjgyxmm\ GRS S ol S o S 40 Gl el srsilsr o o il oG 1L
T e e e s e S o S \\%%kka&wyygij‘- A [0 Ak SRR e SR T o W il AT
NG LRS- T S ST o G e S o A A0 U e s o A 4y 4 a4
QR M Wi o f ST e A L WM e o LS
A L WMo 5 o T R B R N '™ &
Y LA WSS oo 7 A LM s s - o L W S S
. d{“‘\“ll_m_“,_\\.-rt;/j G U.Lﬂ\uu,_\'«;_‘.\_x__\“_,v_:’/q/q/ L T e T = 0,15 LGT
e e e SRS LS TN e TR L M B OGN (o
g “{'\%kwgﬁ/g o Mgl i e e TR LT e g e ;‘ & Rl AT e e
Ay e g S NS oA I Y £ m G N A }’ﬁ*\‘\k_t-&uu._ndh_m_\x, o
4 4 % o R A5 !’JI\ L3~L_'\l‘\.)ﬁ/'d/ Pods A3 QIINUL‘\\L_LV;’/ s ,;'- > % A e B m“\ »é\ e S T e
- - e b LPSe, S 2 F e e S G R e
e TR el ey : i ! ‘(K"‘Q'\kk\v R T
« SR, % N2 SN
W Y : ~ M .
ez i lek & e Sl [“j % Source: DWD

% 05.12.2018 Clear Air Turbulence peter.schmitt@dwd.de



%%%%%%ﬂ%ﬁ@%i(\ﬂ\&\
V7T T T FITIN T
L Al R A
TS S S S S
F A S Y NI ST
A Y N A T T
e I R A L e
MMKMLLhL\f\\\\kx
LLMLiﬁﬁ\ékxk
KLHKKRK(KKK
s P L B
s R et A S s S S
%KKK\\«KKK\
oo A L R SRS
%$\KK\K\%KK
uL MW\&%O\V\Q\L\K\M\%\
kk&ﬁ%k%@(@
% {KK{%?@ﬁ%
,%%
%&

00 UTC

Deutscher Wetterdienst
Wetter und Klima aus einer Hand

e

s

ma\‘.a u'ﬂ« "ma"
'\1

¥
Ed r\MM.“\ S ST

g Uy g, W, e e W
‘U\

AT AT TR Tl A

%N%MMMMMMMLMLL
Uy oyl g e W e e
“Mﬂmwmmmw%

%
Y
Y
by
. f
e
g

v
LA

%%%%%%%%RK\(\{\\\%
I I I IS St S
F I FEFF Sl
MKKKKK&KFU\\\KK
kkkk&&%fm?f&\K
IS b
Kﬁk\ﬁ§?<KK\ku
o I CREIBLE T S
W VG

b
M

28

g
@
5
Q\ v
3
-
x
€
i
1

%{KKKK

e TR w/\
z.V;\&vf\/,V\;,Wu\GY @\
k&ﬁ %T?%%%
R »}ﬁaﬂ

N

A

mw
mﬂ??ﬂ?&%@?@?
u

m

g

L

'uL“-lLuL.,“k_\lL;\l«LmL“ILN W W R W

oo TV T O G T T R NG el ey

“k g, P N A A e S
M*MWMMNHMkMRMMK
kkkawwm%%m%

c4
)
b
;!
g
5 3
3
08
m
e
4
4
s
o
“n
o
Y +
v

4

%w%%%%%@%%@§<<ﬂ\ﬂ%
N G AR R S

¥ Y SE s TeseyEvs

P T AR B 4 - EL L R
,L\kakiﬁﬂfffi,\\\ﬁ
LRI, SR e
\M%Kﬂiﬂ.ﬁkKkkg
e G R S R o
R%%%m@ﬂ?ﬂ&(ﬁk
E; RS TT A e

kmhmmmmmmmmmh@

\M%%MMMMMMMMM%kk

i
&
i
W
4@
U\_

4t

L

? W\;\;\r\u\&\é\v\
k\ ‘K\\KKKKK
k.

L

— Turbulence Forecasting at DWD

b \q,\ \r\Q\e\a\u\u\h\
hkif %ié\kk%
i?@(h(%&(@
X&WVQQQQKQ
i uvﬁ#\%\:v\f\o\
291
\

o U W T A

5
EDP (Eddy dissipation parameter), FIR, 4 Dec 2018, 12

&mmwmmmmu

oV s

\.v\@\w SO ST ST

L an e T e e TR u\

ol S T

e

K
ok
g
R
o

\1._\\. ‘\L_\h

“&_ ML

s KRQ\%K@Q%%

S

NG S st s S ST
S il

R L g

§ S N W

il el DN O

TR Fav s iR

VISl

44 4 R
i d 454 e

od d dodiy wkkkkk%k%%%
H 4444 4 PR T S
44444 lﬁ%&k%§4\ﬂﬂ\
474544 e Sl g
“N%%%%:‘\%ﬁ\‘KQ“\%V
.%%%%Nk%%&@(((ﬂﬂ\&ﬁ.-

%Q&@%@@%.

mﬁﬁ\\ﬂiﬁ?\.

%%%%%%%W%RK?K\\&\%.

R%Q&ﬁ\@%@\\\\%.

7 00 ITC-3a S A~
Eddy dissi| afl‘on parameter

L
Lafh et
F I e e ey

%%ﬁ%ﬁ((ﬂ((
%%Qﬁﬂﬂiﬂ\iﬁ

peter.schmitt@dwd.de

uyrwv\aw\ﬁ\ﬁ\o\a\ﬁ\ﬂxe\
et

WY
S o R
Ll AOE RT

T S A e
e A

%%K(\K\(KK\K\ o
PR TR o
S L 5
ARl E
) e a7 B
WWWLbﬁ;VwLL =
20 A s =

k»,WMMmkk”th%nﬂf\e\Q\%‘%\%w% <
3 AL S G e 5
PR IR A g L @
Y 74 4 55 R e (@)
F i T AT R C R O (O e

BT LY s T s v e e
kKK%&&wwwiﬁiﬁ(Rkiﬂ

e b%ﬁ?ﬁ\ﬂ(t&
RS (e LT
g S U S

ﬁﬁ%ﬁ(&%\%%\
e
Vo i L S

Qkﬂ\i\\\&\\\

N

7
]

M=

}fy\»«\\._
VWS SIS o

f-? 5
et

N
e
W R

SO R W - S
g R P e A

W s et
%\\\????
\((ﬂ??‘(
Cel ot i S

4
&
3
)
ali
h iy
43
¥
J
\M_ )
g
&
=4

My U
*"Q,‘u{ Lu\\\_,_ e \AL_“A.«‘LL_L
05.12.2018

bR T =
s i

e

v
%%%\ﬁ?ﬁ??ﬂ(ﬂ((

S T R e
kk&&&%tk?%%t(&&&ﬂﬂ
P gl o i AN

R B E RO AR 1O

mﬁkﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁk\\%%%

i i g W e e A
LA T e R s
b, g g W RO W e g

%&

VI I T I TS
T F T I S
Ll el £




. Deutscher Wett i t
5 — Turbulence Forecasting at DWD et and Kima s cmer i E )

Turbulence prediction for aviation in DWD

« Forecast of EDR (Eddy Dissipation Rate).
It descripes the reduction of turbulent kinetic energy (TKE).

» Global numerical weather prediction of DWD (ICON):
The name for EDR is EDP, since 2015 operational.

« Itis not possible to detect the turbulent eddies (100 m ... 1km).
With the help of parametrisation it is possible to derive the EDP.

« Realy turbulence for airplanes for this phenomena:
- Kelvin-Helmholz-waves with windshear (Clear Air Turbulence)
- Shear of convective circulation (Convective Induced Turbulence)
- Orographic Shear (Mountain Wave Turbulence)
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Turbulence prediction for aviation in DWD

« All 6 hours with the ICON model (global)
« With a higher resolution for Europe (30 isobaric surfaces) between
FL100 and 450.

Max. Turbulence Intensity with EDP, FL245- 335 17 Oct 2017, 00 UTC
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Schematic presentation of the temporal trend from TKE,
determined by source terms and transsport terms
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Wetter und Klima aus einer Hand

Summary

« Take care In the use of the definition of
Clear Air Turbulence

« Use forecast parameters for turbulence (e.g. EDP)
* Look to Airmass RGB, HRV Cloud RGB, Dust RGB
* Look to pattern of analysis 300 hPa with Jet Stream

e Use radiosoundings, PIREP
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Recommended learning material:

« COMET: Jet Streams (English, German, French, Spanish)

https://www.meted.ucar.edu/tropical/synoptic/jetstreams/

« COMET: Forecasting Clear Air Turbulence for Aviation (English)

https://www.meted.ucar.edu/avn int/turbulence/

« EUMeTrain Training Module: Clear Air Turbulence (English)

http://www.eumetrain.org/resources/cat 2014.html

« EUMeTrain Training Module: Gravity Waves (English)

http://www.eumetrain.org/resources/gravity waves.html

« EUMETSAT Case Study (English)
https://www.eumetsat.int/website/home/Images/ImageLibrary/DAT IL 09 11 09 A.html

COMET.

SR MetEd
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Recommended learning material for RGB satellite images:

« EUMeTrain: Quick Guides (English)

http://www.eumetrain.org/rgb quick guides/index.html

« EUMeTrain: RGB Colour Interpretation Guide (English)
http://eumetrain.org/RGBquide/rgbs.html?page=1&sat=-1&rgb=-1&colour=-1&recent=false

« EUMeTrain Training Module: Operational use of RGBs: Part 1 (English)

http://www.eumetrain.org/resources/operational use rqgb.html

« EUMeTrain Training Module: Operational use of RGBs: Part 2 (English)

http://www.eumetrain.org/resources/operational use rgb2.html

COMET.

SR MetEd
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Thank you!

1 Nov 2018, 07:45 UTC
Bremerhaven
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