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hemispheric scale”

An estimation of intrinsic limits of predictability
using ICON and a stochastic convection scheme
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Outline

Questions

* What is the intrinsic limit of predictability that is imposed by the
convection?

* What is the relevance of this limit for nowadays weather prediction
systems?

* How much room is there for further improvement?

Outline
* Introduction
* Experimental setup

* Results

DWD-CUS, Offenbach, 7.3.2017 — tobias.selz@/mu.de — 2



‘\""’/’ Waves to Weather — DFG Collaborative Research Center 165

Introduction
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Practical and intrinsic predictability

Practical predictability

Limit of prediction with currently
available models and procedures

error,

A
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Practical and intrinsic predictability
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Practical and intrinsic predictability

Practical predictability

Limit of prediction with currently
available models and procedures

ECMWEF forecast skill

500hPa geopotential height
Anomaly correlation

Day 7 NHem
Day 7 SHem
Day 10 NHem

Day 3 NHem
Day 3 SHem
Day 5 NHem
Day 5 SHem

error 12-month running mean Day 10 SHem
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Improvement: 1 forecast-day per decade

DWD-CUS, Offenbach, 7.3.2017 — tobias.selz@Imu.de — 6



‘\""’/’ Waves to Weather — DFG Collaborative Research Center 165

Practical and intrinsic predictability

Practical predictability Intrinsic predictability

Limit of prediction with currently Limit of prediction with perfect

available models and procedures procedures and knowledge of the
initial state

error, : : error,

improvement
47

- time

gain time
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Practical and intrinsic predictability

Practical predictability Intrinsic predictability

Limit of prediction with currently Limit of prediction with perfect

available models and procedures procedures and knowledge of the

initial state

error, , , error‘r
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g_ gain
W time I time
intrinsic limit

DWD-CUS, Offenbach, 7.3.2017 — tobias.selz@Imu.de — 8



‘\""’/’ Waves to Weather — DFG Collaborative Research Center 165

Intrinsic limit of predictability via scale interaction

convective “baroclinic
instability instability”
>
10 km, 1 h 100 km 1000 km, 1 d 10000 km
Convective scale Synoptic scale Rossby waves
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Intrinsic limit of predictability via scale interaction

initial state uncertainty

l l

convective “baroclinic
instability instability”
>
10 km, 1 h 100 km 1000 km, 1 d 10000 km
Convective scale Synoptic scale Rossby waves
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Intrinsic limit of predictability via scale interaction

small initial state uncertainty

l

convective > “baroclinic >
instability upscale instability”
propagation
>
10 km, 1 h 100 km 1000 km, 1d 10000 km
Convective scale Synoptic scale Rossby waves
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Intrinsic limit of predictability via scale interaction

small initial state uncertainty

l

convective > “baroclinic >
instability upscale instability”
propagation
>
10 km, 1 h 100 km 1000 km, 1d 10000 km
Convective scale Synoptic scale Rossby waves

* Quick amplification (= 1h) of errors at convective scale and subsequent
upscale propagation sets the intrinsic limit of predictability
(Lorenz 1969, Sun and Zhang, 2016)

« Estimate requires a global model with an accurate representation of
convection, but CRM is too expensive

 |s a coarser resolution and a convection scheme good enoug?
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Error growth case study with COSMO (Selz and Craig, 2015a+b)

2.8 km resolution, 28 km resolution,
no conv-scheme Tiedtke conv.

« Conventional convection schemes do not
amplify errors near the convective scale
sufficiently — overconfidence

Errors in 500hPa geopot after 60h (color)
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Error growth case study with COSMO (Selz and Craig, 2015a+b)

2.8 km resolution, 28 km resolution,
no conv-scheme Tiedtke conv.

28 km resolution,
Plant-Craig stochastic conv.

« Conventional convection schemes do not
amplify errors near the convective scale
sufficiently — overconfidence

* The Plant-Craig stochastic convection
scheme showed similar errors than the
convection-permitting reference run

Errors in 500hPa geopot after 60h (color)
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Plant-Craig scheme: basic idea

e Closure assumption determines the mean of a distribution
e Clouds are drawn randomly from this distribution

 Ensemble of different realizations (microstates) consistent with the
large-scale forcing can be generated

! ! '

random draw 1 random draw 2 random draw 3
. g P "o -
' -
- x oS > <\

. . : g - Py 2l R T MRS
mean of distribution e - =T S T E < £
“large-scale forcing” Myl s BR oV SV > -3

- - > -~ v g > 9 &
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Experimental setup
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Experimental - setup

Global ICON simulations (40km resolution)
30 days forecast lead time

12 recent cases (1% of each month in 2016)
Plant-Craig convection scheme to estimate convective-scale uncertainty
IFS ensemble (50 members) as reference for current forecasting abilities

o >
1Jan 2016 | + 30 days
g T >
2]
S
o
N o
— K >
1 Dec 2016 | + 30 days
- >

Currently: 2 members, planned: 5 members
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Results

DWD-CUS, Offenbach, 7.3.2017 — tobias.selz@Imu.de — 18



7o)
©
-l
S
[}
2
=
o
O
4=
(&)
S
I
o}
(%]
[}
04
o
=
ol
S
o
9
S
o)
O
O]
L
(@)

_
S
©
=
©
=
o
g
(%]
=
2

\\\B/

T, Eastern North Pacific

1 Nov 2016, 01U

Example

W

/A

Closure massflux

A VAVAVAVAVAVA EVAVAVS

S
VAVAWA. & &

DN

Ty

A\

\

barbie N
W R o

NN

AT
ROSOM

S

VAN

AT
- 4
A7 /N
av
AVAVAW) b

NAAAY

=

7S

AN e

s

-~
S
S S

=

5

D
e

i
/X
@»55.

W /]
0
/i
(i
A 1 )
K v AN
2 i o Y

VAR

W

\/
\WARA

Vid/
AN
OO0 T, v
OATAVAVAVAYAY VAVAVAVA
VWY \/
PV

WY

WA
501

o
LT IR 1 0 18 K it S S

i el

4

7\ \4
4%

e

%

A
o

)

Vava
vavay

Vav,

oy

RS

PRNKT
o,

K

s
2005

230

Vav..
VaVa
Vas
N\
S
NV AVAVAVAVAY:
IO,
TAYAVAYAYAVA YA FrAYAAYA

VAW VAVAY

TATAYAVAYAY:

iV
AVAVAVAVAVA
NN
e
VAV
PR
VA
VAVAVAVAV
AVAVAVA%Y
N S YAVAVA

VAVAVAVAVaS

VAVAVAVAVA

AT
VAVav,.

\VAVAVAVAVAVAVAVAVAVAVAVAVAVAY

AQA¢VAVA

VAVAVAVAVA
SO
YAVAVA
Vavare ot
VAVAVAVAVA
Y
VAT

S waw
25

hvas

VA VAVAY

AVAVAVAVAN
Ay

vavaAvAvAr,
VAVAVAVAVA
X VAVAVAVAY
AVAVAVAVAY

e
VAVAVAVAVAvA-,

AVAVAVA
VAVA A~ AV

R AVAVAYAYAYA

vaVAVAVAVAVAVAVAVAVA

= e

S

AVAVAVAVAVAVAVAVAN

=D

AVAVAVAVAVAVAVAVAVAVAY

VAVAVAVA

VAVAVAVAVAVAVAVAVAVAVAVAVA
‘A'AVAVAVA'AVAVAVAVAVAV

O

AVAVAVAVAVA
AVAVAVANVAS.:>

~avAVAVAVAVAVAVAN

o

U AL Lvavavs
NISISISISISINININININON.
OAAIARIARIIARHAKN

AVA
AVAVAVAVAVAV
R CVAVAYAYAVAVANAYAY

AVAVAVAVAVAVAVAVAVAVAN
AVAVAY
LSOOI EISEOR0

AVAVAVIAVAVAVAVA

AV A

sVAVAVAVAVAVAYA e

S SAVAVAYAVAVAVAS

VAVAVATATA =

A e

_—v';A?AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV

GAVAVAVAVAVAVAVANAS

SVANAVAVAYAYAYAN

A A v,V VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

oo
s
=

AV

SVAVAVAVAY

NN AANAANANANAAVATAS

— %:

= S e

SRR

KESL

L
N

VA'A'AVAVAVAVA‘AVAVAVAVAVA VAN
AY

RS

ONESE

avaVay
L

i
AVA'A'A‘AVA'AVAVAVAVAVAVAVAVA

V‘WNNNAVAVAVNA‘WA X
AN

SVAVAY
NI

5

A
=
AVAVAY

!

N ANANAVAYAY)

AV |

AT
L
<7
SEARIREG
AASERR
AN e NAYAN

S
N
5
pVi
K
Y.

N
pVAY
pV
LA

s AN
DL
N
S
SLE

N

KL
5

SIESE
RN

S

Tavavy
o
) ol i
v

Y %4y, o YAYay, vy
VAVA) 4Vaval vt
Y vy v

AAY AVava i
0 v

TAVAYAVAVAYAAVA' AVAY SAY/ AV AY SAY AVAY AVAY AVAY) [AVAVS AAVAVAVAY

A YAY YAV AVAY AVAVAY AVAVAVAY |

A A% A0 TV AVAY YAYAVAY.§
E«u«»ﬁwﬁw«a%aiyﬁ. I

A AVA AT AV VAV AVAVAV
A Y Y AYAY AV AYAVAYVASAAY 9
0
NI

5
NIy

1
INASNNSRR
0 i

N
1 i Y 8 v

L N

240

220

210

200

0

19

180

170

S
AVAVAVA & &

-~

|/
4

.,»ﬁ
g
e

J\/

SUTATA VAYAYAYAYAVAANAY ¥
V" Vit

W

WA

Realized massflux
Member #1

N

2SS,

Sososwse

SISSES

- VAVAVAVAVAS
AVAVAV> v aVAVAVA

y_

v

A
iy &
W [
0 «»5 v

/\
T v
W g
WA
v<><>§<><>§<a§<>§5>>: A WA
asEEEEE@EE vy
W\
A YT A A A Y v
YA
a@%%%ﬁ%&
E?&@ﬁ.@wﬁﬂa

AV AVAY YAV Y V'
U1V & o VAT 0 0

;
bolsL

o,
Avav«v oy

o

N

202
Ve
AVAVaY
VAVavaar
VAVAVAYAY
o AV
Va4
2

Z

VAV
A
AVa
2
2 Vay
va)
S
FAVAVAVay,

0

VAVAVAY
'e%v
s
AVaVavs
AVAVa
VaVa)
vava
VAV.a WY
s
RO
Var_ g

2
225,
VAVAVAVA

VAVAVAVA
Favavas
- A%v‘
vav dravas
L0
VAV
AR

K2
AV YAvAY
AVAVAVAVAVAY
VAVAVA s v
S
e VvV
VAVaVav,
VAVAVAVAVAVa
.'A'Aﬂgégﬂv

A\VAVAVAVAVAVAVAVA

KX
e
= AVAVAVAVAV x. .- N
AVAVAVAVAVAVAY
\vAVAvav,
A%VAVAV

SN,
i

\VAVAVAVAVAVAVAV:

e avavay
\VAVAVAVAVAVAVAV

RINCSISINDS,
AVAVAV AV AVAVAVAVAY

VAVAVAVAVAV

vaAVAVAVAVAVAVAVAVAVAVAVAVAVAVA

AVAVAVAVAVAVA AN

(aVAVAVAS

NISININININING
7

vAVAVAVAVAVAVAVAVA

7

AWAVAVAWAWL -0 0

AVAVAVAVAVAVAS:
s

S
e
7

S AT

SVAVAV

7S
L
=~

2

VAVAY
2
i

A\VAVAVAVAVAS =

-

-
VAV
VAVAY
s
= - avAYAY

v
&
VAN

AVA
= v

VA
TS
oaas

b 4
AN
S
VAV
L

)
O\

=
.
e

O\

\
)\

.

iy,
A
Sy
Y4,
4y A
Wy

oy
A T i

VNI /
sy
. A AVAVAY AV Y 95 A Y V4 v vy
/ «»»@.«»ﬂﬂ#ﬂiﬁiﬁ%ﬁ»ﬁ040455

Y/ JAV/ AVAY AVAVAY AVAVAVAY
VAVAVAVAVA AVAY YAY/ ¥, /Y § AVAY AVAVAY AVAVAVAY

Y oY S

NSRRI
SR

s
V‘

2
Vay

QA2

VAVAVay, VAVAV

TAVAYAY Y AvAY
N

N7

VAY
AVAVA

VaVAYa

X

VAVAVAVAVAV Ay,

S - vaVAVAVAVAVAVAVAVAS

N AVAVAVAVAVANAVANAVAVA v AY:

SVAVA

/N )
o % b il
b b, oAbl 55
o

N
7

SN
"

< VAVAY.
A arATavas

YAVAVAVAVA

VAVAVAVAVAVAVAVAV A vae Vi

VAVAVAVAVAVAVAVAVAVA

\VAVAY

VAVAVAVAVAVAVM--Y

INININININININ

e YAV AV AVANASA AN

AVAVA
Vi

SVAVAVAYAT
S SNSas,

N AVAVAN AV VAo oV AVAVAVAVAVAVAVAY

“,‘,5‘ VAVAVAVAVAVAAVAN
AUAVAN

=

y
1]
1]

VAVAVAY,
AVAéA

Vi
2%
ACaYAYAYAY

VAVAVAV
vavavan
L

VAVAVA
2R
vt
Vavas é VAVAN

VAVAVA

VAVAVAVAVAVAVAVa
IINNININN

VAVAVAVAVA
VA VAVAVAVAVA

V.VAVAVAVAVAVAVA
VAVAVAVAVAVAV A AVAVAV
AVAVAVAV.
.

VAVA
\VAVAVA

Z
\VAVAVAVAVAVS

s

\VAVAVAVAVAVAV/
VAV AVAVAY

AVAVAVAVAVAVAY
L
R ORNRIIIEERR

VAVAVAYAAaS
AVAVAVAVAVAVAVAVAN

(@i viVAVAVAVAVAVAVAVAVAVAVAN
7

VAVA'AVAVAVAVAVAVAVAVAVAVAVAVAVAVA

N VAVAVAVAVAVAVAS

AN
gﬂﬂﬂﬂﬁﬂmmﬂ;ﬂuﬂu

AAANASA S,
AVAVAVAVAY
'%A'AVAVAV

A S AN NAAYATE,
ALY
AN

AYAY)
AT
SRS

TAY
N

K
EEKT

IS
o)

]

5V
Y

N
N

=

N

S 50 o

(VAVA! AVAVAY \VAVAAY oY
PJ ;@voé
Vi
AN
SN
S

240

230

210

200

190

180

170

DWD-CUS, Offenbach, 7.3.2017 — tobias.selz@Imu.de — 19



Lo
(]
—
S
(]
Q
c
[¢]
O
d=
(&)
S
G
(<)
0
(]
04
(<)
=
©
S
o
Q0
©
©
O
O]
L
&)

_
f —
(]
..hl
@
m
o
Q
0
n_V.v
=

\\\B/

Aam%vt
QA PKRKRRIISS
Nl

)

=

Sz
T

2SS,
A
RO

A VAVAVAVAVAVA EV

VAVA.
 VAVAWA 4 A
SIS72S
4
A7 /N
av
AVAVAW) b

DN
S

—a
SaVAIATS

D

% VYA
% 0

T, Eastern North Pacific

Vo
4% (4%

A
VX
oK)

Wy
] :: i A
i VWA AR
YAV VAVAYAAVAYAVAAYA AV

A vy A
Ty 0Ly gy A0y
Nt
o (N Y
T A T, vy
VAR
NN
DUV ARV
¢>= »%E VAVY

1 Nov 2016, 01U

VA
%EQEEEE KAAARAT
VA

W e i
B . S

1

W
R A
v s Y N 1 i

Example

Closure massflux

TSR
AN 9 ]
~_ /
hRLER
o
Wy
K

e \ANY
ST

W 3

AT S v

W AR e s

n AN NI

Iy 9 Ay A

I Y k(o U Y o o W
N A ﬁhn«.«wwm?

4

P4
4%

e

%

A
KL

0

Vava
vavay

Vav,

v/
LA

20K
AVave

N

VAVAVAv.:

230

Vav,
VaVay
X
VAV
e
T YAYAYAVAY,
SRR TS
A TAYATAVAVAYa Vi X AYAYAYA

VAW VAVAY

VAVAVAVAVAY

7
552
Ay
AVAVAVAVAV
2
s
S0
IR
KK20000
vavavav,
SVAVAVA

VAVa-

\VAVAVAVAVAVAVAVAVAVAVAVAVAVAY

AT
AVAVA aVara s

VAVAVAVAVA

TAVAYAYAYA

VAVAVAVAVA
SO
YAVAVA
Vavare ot
VAVAVAVAVA
Y
VAT

S waw
25

hvas

VA VAVAY

AVAVAVAVAN
Ay

vavaAvAvAr,
VAVAVAVAVA
X VAVAVAVAY
AVAVAVAVAY

e
VAVAVAVAVAvA-,

AVAVAVA
VAVA A~ AV

R AVAVAYAYAYA

vaVAVAVAVAVAVAVAVAVA

= e

S

AVAVAVAVAVAVAVAVAN

=D

AVAVAVAVAVAVAVAVAVAVAY

VAVAVAVA

VAVAVAVAVAVAVAVAVAVAVAVAVA
‘A'AVAVAVA'AVAVAVAVAVAV

O

NAVAVAVAVA
JANAVAVAVASL

~avAVAVAVAVAVAVAN

o

U AL Lvavavs
NISISISISISINININININON.
OAAIARIARIIARHAKN

AVA
AVAVAVAVAVAV
R CVAVAYAYAVAVANAYAY

AVAVAVAVAVAVAVAVAVAVAN
AVAVAY
LSOOI EISEOR0

AVAVAVIAVAVAVAVA

SN ANAYAVAVAY,

A= e
AVAVAVAVAVAVAVA "= .

i
NAVAVAYS =

N

=
e e mvaVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA

GAVAVAVAVAVAVAVANAS

AVAVAVAVAYAYAVAY

=

A A v,V VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

AV

SVAVAVAVAY

NN AANAANANANAAVATAS

S SAVAVAYAVAVAVAS

S RVAVAVASANAS

KESL

VA

s
ANAVAY.
-

=
V.
-

L

= S e

L
N

VA'A'AVAVAVAVA‘AVAVAVAVAVA VAN
AY

RS

LAY

SIS

=
L

—
s
S

AVA'A'A‘AVA'AVAVAVAVAVAVAVAVA

Y
V‘WNNNAVAVAVNA‘WA X
AN
NAAAA

SVAVAY
NI

AVAAY

A
SVAVAY

!

N ANANAVAYAY)

AV |

,ﬂg;vAVAVEA
=
<7
SEARIREG
AASERR
AN e NAYAN

S
N
5
pVi
K
Y.

N
pVAY
pV
LA

s AN
DL
N
S
SLE

N

KL
5

SIESE
RN

S

»ﬂﬂ
vt
g i

LA A O

AT Vi VAVAY, va,

40 3 1 o 4 s

[/
iy %&55.»&5“ iy i

YAYAY AVaVA
i/ A4 i

AVATAVAVAYATAVA"AVAY Y/ 4V /i 5AY NAY Y AV} VAN INAVAAY
»ﬂ#«»«»«»«»«»«uh&m&i\ »E%%%Emmﬁu«%mﬁﬁ
3 AOAYAY AT A AVAN 9 A A Y

v LN i oy o b 4 1 A

PO, g iy v i e
\/

IS

AN
0 O A )

{4 9 1 ) i ek S e

A
1 SN i

240

220

210

190

180

170

IS

NN Y WS
NS b 0

LN e
ISR e ¢
g s S
R
0&? Ny

V4
2

AV
s
P
S0
vavavaa
Vavavy
22000

LA

Va

|
Y._,v
NN
KPR
QO

25
2
1V
O
.
v,
AVaY
X
VAVAVAVaViv:,
e

2

vava
XX
&
P
Y
2520
0
.
VAVAVA Vv~
vava

Var s
L

A
T
s
LT
VAT
" VAVA
VAVAI
S
VAVAY
COSKIOT

z

a
22
2
X
QO
2
va e

VAVA

oz
el
Al
AV

Z3
Zvz
i

22
25
3
2z
AN
52 éé
& %V
vay
YAVAVAVaY,
o aars
Vavava.:
%
Sy

<

22

7
Vav,
YaVav,

2

L
Az
L
VAV,
Q

>

ey
VAVAVAY

AVAVAv. vy
7
VA=

VAV

KRS

i

L
>

AVAVAVA

VAVAVA

S
Vav,

A\

22
=

pas
i

A

=
Fan
VAVAVAV
e
=
VAV

AVAVAVAVAVAVAVAVAVAVAVAVAVAVa,

(@i viVAVAVAVAVAVAVAVAVAVAVAN

Lz
o
VAV
i
VAV
S
VAVAV
s
4y
AVav,
VAV4
VAVA

o

vAvAYA
A
~
A
<
VAVAY .~
R0
SO
VAVAVAVAVA
5
=
BEKRL
&

PAVAVAVAVAVAV.

AVAVAVAVAV:S
VAVAVAVAVA

YAVAVA

VAT
AT
Van- N
VAVAVA
iva~iv

AVAVAVAVa
T

sz
7
van~e
VAVAVAVA
O

VAVAVA.w
vt

VAVAVAVAV
YA VAVAVAVAVA

VAVAVA
220

AV AT

\VAVAVAVAVAVAS
VAV

VAT

= AVAVAVAVAY,
vavavay,

AVAVAVA
R
VAVAVAVAV
VAVAVAVAvs

Y

VAV
VAV

v,
VAVAVAVAVAV Ave"

VAVAV
VAVAVAV.AYVA

VAVAVAVAVAVAVAVa
IINNININN

AVAVAVAVAVAVAVAVAV,

AVAVAVAVAVAVAY
N A NANA N AU AVAAS

5
K e

> A AVAVAS
i

= v AVAVAVAVAVAVAVAY:

VAVAVAVA>
-

e avavay
WAVAVAVAVAVAVAVA

\VAVAVAVAVAVAVAV

Y

= v AVAY

AT A VA

v

e vAVAVAVAVAVAVAVAVAVAVAVAVAVA VA

- VAVAVAVAVAN
— ~

~AVAVAVAVAS

7

S - vaVAVAVAVAVAVAVAVAS

A

VAVAVAVAVAVAV v~ S4V

AVAVAVAVAVANAS S S

\VAVAVA

VAVAVAVAVAVAVAVAVAVA
AT AT T

\VAVAVAVAVAVAVAVAVA
VAVA

AVAVAVI = aVaVa,
Z
\VAVAVAVAVAVS

s

AVAVAVAVAVAVAS:

<

SIS SIS

(aVAVAVAS

VA AVA 4,

VAV,
AVAV W4

AVAVAS

v _ A
polx
=<7
= a

AVAVAVA & &

AW

AVA'AVAVAVAVAVAVAvA

SVAVAV

L

S
[

AVAVAAS:

NE
VA A A=
NiVAVAVAVAVAVAVAVAVAVAS PORRRSSL

AVAV,S
A /XS
257
A
7Y
WV

VAV
S4
aVAVAVAVAVAVAS =

AN
X
AR
-

VAVAN.
SO

AN
NIAVA
>

X
\VAVAVAVAVAVAV/
VAV AVAVAY

L
R ORNRIIIEERR

200

SIS
~AVAVAVAVAY'

5

A

s
AVAVAVAVAVAVAN

VAVAVAYAAaS
AVAVAVAVAVAVAVAVAN

SRS

AL

WA AN

S
S

VA
7

AVAVAYAS=

Suv—
e
=
7S

Y

AVAVAVAVAVA

=2
- A
L=
L
> avaVAY
S aa

<A
<
CRAVAVAVAVAVANAS

AAATAA S,

T~

SIS
=<
-

AN

oy
7 vyg“'—‘
aVAY.
Bt

L

i

"
gﬂﬂﬂﬂﬁﬂmmﬂ;ﬂuﬂu

Lk

SN ANAYAVAVAY,

S NANNNNAY

AV
L
S

N
i
)

1%
Vo, 4
mﬂv»wﬂu

—
55
ISR

Wy " 4y
Wy, 44
%ﬂf;

R
K

W
il W'y
44 yy i Y
%« e 5»«»5:.»%
d w»wﬂ <§ﬂ>> ~¢§<
Wiy, Ay v iy y 'y
iy A7 AT /470 ay o o 0t A
V/ Wy vyl A A
T, (\d E»»»M:» '\ »:»ﬁﬂe‘.%@aﬁw%g»ﬁ

\/
i
Wy
i . /v iy
AR D00 L/ 1l
Ak ieay ommoy %™, 4,4/l
LTOTTOONN | ) A e s Ay
AN TIOR8 i
<><><>«N»N<§%>«%.»>w o ) A0 0 i

AT AT 0T A A0y v

iYL FAvas AV i Wy v v Y A S i

VAV 3 AT A A Yl iy Y S R
i, 4 A oy e i 2

. oo A/ 15 50 Sy s YAV
AN
AV N AV OO
GITER A SERV S50 A S0
A o iy
it L L e S S o

§§$§ iy 0 S
V «»ﬁt XA i 1 it B
A Y N AR B

Realized massflux
Member #2

240

210

190

180

170

DWD-CUS, Offenbach, 7.3.2017 — tobias.selz@Imu.de — 20



‘\""’/’ Waves to Weather — DFG Collaborative Research Center 165

Example: 1 Nov 2016-run, 300 hPa geopotential

05d 00h 07d 00h

10d 00h
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Mid-latitude error kinetic energy (EKE) at 300hPa

e Only mid-latitudes (40°-60°)
« Average over all 12 cases
« Average over both hemispheres
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Mid-latitude error kinetic energy (EKE) at 300hPa

e Only mid-latitudes (40°-60°)
« Average over all 12 cases
« Average over both hemispheres

Plant-Craig-Ensemble

I PC mean (]
108___“—’ 2 days

: 3 days
5 days
7 days
10 days ||
15 days |}
30 days |1

107

10°}

sp. density of EKE [m3s-2]

10°}

N

107 10°
wavelength [m]

10%
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Mid-latitude error kinetic energy (EKE) at 300hPa

e Only mid-latitudes (40°-60°)
« Average over all 12 cases
« Average over both hemispheres

Plant-Craig-Ensemble IFS-Ensemble

T LS s, s, s, u T Lo o u

i — — PCmean |} i N — — IFS mean |}
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§ [ —— 30 days (] § —— 10days []
L 1 L —— 15days |[]
5 16 S a6l '
> 10 i E > 10 2 E
byt i byt i 1
w0 w0
c c
¢ g

5 5
i i JV\/\‘\\ m |
104 [ . . Loy e e . 104 . [ . . Loy e e
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DWD-CUS, Offenbach, 7.3.2017 — tobias.selz@Imu.de — 24



\\\RV/

sp. density of EKE [m3s-2]

=
o
(o]

=
o
~

=
o
[e)]

=
o
(921

=
o
IN

Waves to Weather — DFG Collaborative Research Center 165

Mid-latitude error kinetic energy (EKE) at 300hPa

— IFS Ens |.

s = PCEns
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N\
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\ ] . e Ay .
= 1+ IFS initial condition uncertainty
v - compares to 3 days of upscale
\ error growth
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Mid-latitude error kinetic energy (EKE) at 300hPa

— IFS Ens |.
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~ | \ =
& N
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£ 107] e :

[ \ ] T .. .

% 2d6isdr - | 1 . | < IFS initial condition uncertainty
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> 107k error growth
9]
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0

104 i . ) i
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Mid-latitude error kinetic energy (EKE) at 300hPa

— IFS Ens |.

el = = — PCEns |4
,(? C ]
™ 7d,12d
51107;
> 2d, 6.5d « IFS initial condition uncertainty
5 . compares to 3 days of upscale
> 107k error growth
9]
é » IFS error grows faster (inflation
5 10°L 0d,3d by singular vectors and SPPT)
0
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Mid-latitude error kinetic energy (EKE) at 300hPa

— IFS Ens |.

108F 134, 20d — = = PCEnsi
~ _
™
§.107E
%  |IFS initial condition uncertainty
4 compares to 3 days of upscale

6
2107 error growth
0
é » IFS error grows faster (inflation
s 10°} by singular vectors and SPPT)
0
« Time gap extends to ca.
10° . 5-6 days

TR 10°
wavelength [m]
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Predictability time from 75% threshold

Define a threshold (75%):
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Predictability time from 75% threshold

Define a threshold (75%):

.0 "
1o iRo

wavelength [m]

predictability time [d]
=
o
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T

1 — IFS Ens
i ‘ = Predictability time for each scale
cis IFS Ens
- e PC Ens
5 15}
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Predictability time from 75% threshold

Define a threshold (75%):

1 — IFS Ens
i ‘ = Predictability time for each scale
2 20—
=0 — IFS Ens
4
B — PCEns
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g 15} !
9;105_: - - - . -

' intrinsic limit
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Tiedtke-ensemble for comparison

Error kinetic energy Predictability time (75%)

- — - r—————————— 20
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» Tiedtke scheme gives longer intrinsic predictability estimates (overconfidence)

 Difference gets smaller for large modes and long predictability times
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Conclusions

* Upscale propagation time from convective scale to planetary scale has
been estimated to around 15-20 days

®* The error growth in the PC-ensemble estimates the intrinsic
predictability limit since predictability of convection cannot be extended
beyond its intrinsic limit of O(10 hours)

® Forecasts of current ECMWEF forecasting system can be improved by
5-6 days for the largest scales:
3 days through perfecting the initial conditions
2-3 days through perfecting the model (?)

* The Tiedtke convection scheme overestimates the intrinsic predictability
at Mesoscale and synoptic scale but not (much) at planetary scale
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Generalization of pairwise error measures for an ensemble

Difference Total Energy

<u1_u2)2 — > ! Z(u'_uj)2

__2 V.
a: (u,—u)"=2-var(u)

DTEZVar(u)+Var(v)+% Var(T)

Error Kinetic Energy

1~ ~
- ——

S TE D ES T
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