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Why?

* Ensemble forecast are useful

* They provide...

- an estimation of the forecast uncertainty e, s
eeetete, s
- efficient means to study impact of initial state Jeesessaete /if
’....'.: ::.:.o.'..- 4
- away to gather knowledge about model physics and about closure l:?.::.!:;.!: ?/
parameters therein R o
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* Future state of the atmosphere is defined by
- Its current state

- Boundary interactions with the ocean,
land surface, etc.
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What?

* Future state of the atmosphere is defined by

- Its current state

IIIII

- Boundary interactions with the ocean,
land surface, etc.

uuuuuuu
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- Governing/primitive equations

dv e s
Momentum *:_2'QXV_7Vp+g+Pv
conservation dt P
Energy £=R.T‘w+PT
i
conservation dt ¢,p0
Water vapour dq i
conservation E 5y
Mass d MR d do These terms
ohehvation ps =p,- V-v+ represent the
dt S do dt effect of clouds,
{ivd i mountains,
lydrostatic dd R-T radiation,
balance —_——— vegetation,
do o waves, ...

CSECMWEF  Ecuwr predictabilty TC (May 2016) - Roberto Buizza: Sources of uncertainty
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What?

* Future state of the atmosphere is defined by

— lts current state
Not know accurately enough

- Boundary interactions with the ocean,
land surface, etc.

- Governing/primitive equations

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

dav S
Momentum *:—Q'QXV—*prLngPV
conservation dt o)
Energy £=R'T'Q) P
conservation dt ¢ p.o s

pEs —

Water vapour dq i
conservation E g
Mass d i
conservation ﬁ =p.- Voipi ——

dt
Hydrostatic d(l) R-T
balance _—

do o

These terms
represent the
effect of clouds,
mountains,
radiation,
vegetation,
waves, ...
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What?

* Future state of the atmosphere is defined by

— lts current state
Not know accurately enough

- Boundary interactions with the ocean,
land surface, etc.

Lacking understanding to
model precisely

- Governing/primitive equations
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dv e s
Momentum —:—2-Q><v—7Vp+g+Pv
conservation dt P
dl' R-T-w
Energy —_—
conservation dt c po # PT
pPs R
Water vapour dq i
conservation T
dr L
Mass dp MR d do These terms
conservation —L= D V-v+ Rl
a i u) B
- )
Hydrostatic dd R-T radiation,
balance —_——— vegetation,
do o waves, ...
ECECMWE  ECMWF Predictability TC (May 2016) - Roberto Buizza: Sources of uncertainty




What?

* Future state of the atmosphere is defined by

- Its current state
Not know accurately enough
- Boundary interactions with the ocean,
land surface, etc.

Lacking understanding to
model precisely

- Governing/primitive equations S
No analytical solution —> need to discretize e Z_RTo.p
conservation cp pxo- S
Due to limited computing resources, the discretized coseatan e
series cannot be continued into infinity %:p,(e.mj_ai_jj e
, : : ey O KT i
Models can’t thus directly describe the smallest T -
scale phenomena —> parametrizations e s s e
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What?

* Uncertainty in the predicted state of the
atmosphere arises from

°c mm

B P Tatatatatal FX F X Flatates

- lts current state
Not know accurately enough

- Boundary interactions with the ocean,

land surface, etc. "
Lacking understanding to P IR II n.._...l ] 11| ] PR T
model precisely e orsmamyemss " maerammamansomosn "

— Governing/primitive equations
No analytical solution —> need to discretize

Due to limited computing resources, the discretized
series cannot be continued into infinity

Models can’t thus directly describe the smallest
scale phenomena —> parametrizations
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What?

* Uncertainty in the predicted state of the

atmosphere arises from

- Its current state
Initial state uncertainty

- Boundary interactions with the ocean,

land surface, etc.

Boundary uncertainty

— Governing/primitive equations

Model uncertainty
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P e IIIIII _______ SRR mun Bl o

pe 30.3. la31.3. su 14, maZ24 tiz4 ke 4.4, to 5.4 pe 6.4, la74.

'R B X (atatatatat TX T X Faarars

=o= |ampotilan todennédkdisyysennuste 50 % luottamusvali 80 % luottamusvali
sademdadran todennikdisyysennuste ««== meteorologin lampétilaennuste
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What?

* Uncertainty in the predicted state of the
atmosphere arises from

. . BT L aTatavatay T T E Darvav i

- Initial state uncertanty e T e
Initialize model from different
atmospheric states

- Boundary uncertainty A% "" :
Add (smart) perturbationsinto |l.- -..III"II...ul-.. .
boundary interactions, or directly into = e

ocean or land surface models

- Model uncertainty

Use different forecast models, physical
parametrizations, or add (smart)
perturbations into model equations
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What?

* Uncertainty in the predicted state of the
atmosphere arises from

mm

"B BN atatataral BF R EXarvara

— Initial state uncertainty

Initialize model from different
atmospheric states

— Boundary uncertainty

Add (smart) perturbations into
boundary interacations, or directly into s st erromsernuse 8 503 uotamusal L 30% sty
ocean or land surface models

- Model uncertainty COMPLEMENT

Use different forecast models, physical DETERMINISTIC

parametrizations, or add (smart)

perturbations into model equations MODELl NG'
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How?

* Not too many ways of generating ensembles available
if you’re not working in an operational forecasting
center
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* Multi-physics?
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* Not too many ways of generating ensembles available f:}'_-:_'-:}}_:};'{:j{:f;i_'-:_'-;i}' ool

if you’re not working in an operational forecasting o
center

* Multi-models?

* Multi-physics?

* Stochastic physics?

* Stochastic closure parameters?

* How about initial state perturbations from which
ensemble predictions could be started?




Initial state perturbations (for OIFS)

o

Replicate what is done operationally at ECMWF

IFS CY43R3

50+1 initial states

Singular Vectors from the operational ensemble

Ensemble of Data Assimilations from the operational ensemble
TL159/TL399/TL639 (~120km/~50km/~32km)

Dec 2016 — Nov 2017, 00/12UTC
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Ensemble workflow manager

o

OpenEPS (github.com/pirkkao/OpenEPS)

Workflow manager written without any external software (in order to
avoid extra hassle)

Bash + GNU make
Works similarly in HPC, linux cluster and laptop environments

NOT the point of this talk, any workflow manager (that gets the job
done well) is suitable for using the initial perturbations
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Benchmarking the system

* How good is the probabilistic skill of the system

* The experiment design:

/f
g
s
o

TL159 EDA+SV  EDA EDA*12  SV*.2 7
(N50) (N50) (N50) (N8) (N8)
TL399 EDA+SV  EDA sV
(N50) (N20) (N20) it €
TL639 EDA+SV

(N20)



Benchmarking the system

* How good is the probabilistic skill of the system

* The experiment design:

TL159 EDA SV EDA*1.2
(N50) (N50) (N8)

TL399 EDA+S
(N50)

TL639 EDA+SV

SV*1.2

(N8)




Benchmarking the system

 What skill score to use?

- Continuous Ranked Probability Score (CRPS)
widely used in benchmarking research experiments =~




Benchmarking the system

What skill score to use?
— Continuous Ranked Probability Score (CRPS)

widely used in benchmarking research experiments -

- Dependent on the size of the ensemble

- Limitations on ensemble size due to computational 3

resource requirements
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Benchmarking the system G
+ What skill score to use? sk
- Continuous Ranked Probability Score (CRPS) pmT TR
widely used in benchmarking research experiments )
- Dependent on the size of the ensemble e 77
etetuet ;; s

- Limitations on ensemble size due to computational »:::

resource requirements sy 7 .

* Leutbecher (2018) explored the topic of how a small
ensemble size is suitable for finding out the
probabilistic skill of a system

- Fair-CRPS (FAIR) is a skill score independent of
ensemble size, i.e. it treats different size
ensembles the same way




Benchmarking the system

CRPS and different ensemble sizes, TL159. CRPS of temperature
at 850hPa in the Northern extra-tropics. Mean over 46 start dates.

Worse s 2.4
2.3
0.8 -
2.2
0.7 1
2.14
061 2.0
05 - 1.9
1.8
0.4 1
1.7
031
v 164
021 ; . ; . . ; ; . : : ; 15 ; ; . . : .
Better 0 10 20 30 a0 50 60 70 80 90 100 110 120 140 160 180 200 220 240

Forecast length in hours
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Benchmarking the system

FAIR and different ensemble sizes, TL159. FAIR of temperature
at 850hPa in the Northern extra-tropics. Mean over 46 start dates.

Worse o 2.4
A 1.5 -
2.3
0.8 1
1.4 4 2.2
0.7 1
2.14
1.3 1
061 2.0
1.2 1
05 1.9
1.1
1.8
0.4 1
1.0 1 1.7
0.3 1
1.6
v 0.9

0.2 <= T T T T T T T T T T T 1.5 T T T T T T
Better 0 10 20 30 40 50 60 70 80 20 100 110 120 140 160 180 200 220 240
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Benchmarking the system

CRPS and different ensemble sizes, TL399. CRPS of temperature
at 850hPa in the Northern extra-tropics. Mean over 46 start dates.

Worse  os 22
0.6 1 2.04
05 4 1.8+
1.6+
0.4 1
1.4+
0.3 7
v 1.2 4
0.2 *= T T T T T T T T T T T T T T T T T
Better 0 10 20 30 40 50 60 70 80 90 100 110 120 140 160 180 200 220 240

Forecast length in hours
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Benchmarking the system

FAIR and different ensemble sizes, TL399. FAIR of temperature
at 850hPa in the Northern extra-tropics. Mean over 46 start dates.

Worse o7 2.2
A 1.2
0.6 1 2.04
1.1
1.8
051 1.01
] 1.6
0.4 0.9
0.8 1.4 4
0.3 1
0.7
V 1.2 4
0.2 +— . . ; r . . ; . . . ; . ; r . . .
Bettel’ 0 10 20 30 40 50 60 70 80 90 100 110 120 140 160 180 200 220 240

Forecast length in hours
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Benchmarking the system

* FAIR seems to work as it should!

* So, lets answer a few questions:

- How does model resolution affect the probabilistic
skill of the system?

- What are the contributions of SV and EDA
perturbations on the skill?
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- How does model resolution affect the probabilistic
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Benchmarking the system

FAIR of temperature at 850hPa in the Northern extra-tropics. Mean
over 27 start dates.

Worse 2.2+
A 0.8 1.41
1.3 1 2.04
0.7 4
1.2 4
1.8+
0.6 1
1.1 A
0.5 - 1.0 4 1.6 4
0.9
0.4 1 1.4
— TL159 0.8 A
— TL399
0.3 —
TL639 074 1]
v 0.2 4 0.6
Better 0 10 20 30 40 50 60 70 80 90 100 110 120 140 160 180 200 220

Forecast length in hours
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Benchmarking the system

Quick check against ECMWEF operational ensemble. CRPS of T850
over the years.

Worse
TBEU NH Extratmplcs T+1 EU
A 1.45[ T T T T T T 145
tjr&ssed EFEA—Intenm
o W 8
1.35- - 35
1.30- ENS skill relative to dressed ERA—-Interim 130
1.25F 125
=
2 1.20 20
C
Ll
1.15¢ 15
1.10F 10
1. | :
Better e "
1.00 - -0
0.95I| 1 1 i I 1 i 1 - —5

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2{!1 F4

! Year
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

Relative skill (%)
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Benchmarking the system

FAIR of temperature at 850hPa in the Northern extra-tropics. Mean
over 27 start dates.

Worse 221
A 0.8 1.41
1.3 4 2.04
0.7
1.2 1
1.8
0.6
1.1
0.5 1 1.0 1 i 1.6
0.9 A
0.4 1 1a-
—— TL159 0.8 1
— TL399
0.3 —
TL639 074 o]
v 0.2 1 0.6
Bettel’ 0 10 20 30 40 50 60 70 80 90 100 110 120 140 160 180 200 220 240

|
Forecast length in hours ECMWF
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Benchmarking the system

* FAIR seems to work as it should!

* So, lets answer a few questions:

- How does model resolution affect the probabilistic
skill of the system?

- What are the contributions of SV and EDA
perturbations on the skill?




Benchmarking the system

FAIR of temperature at 850hPa in the Northern extra-tropics. Mean
over 47 start dates.

EDA+: EDA perturbations inflated by 1.2.

SV+: SV perturbations inflated by 1.2.

Worse 17
A 0.9 1 o
1.6 4
0.8 1
1.5 A
071 1.4 -
0.6 1 1.3 4
0.5 4 1.2 A
1.1 A
0.4 1
1.0 A
0.3 1
v 0.9 A
0.2 T T T T T T T T T T T T T T T T T T
Better 0 10 20 30 40 50 60 70 80 90 100 110 120 140 160 180 200 220 240

Forecast length in hours
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Use in case studies: Tropical Cyclone example
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- Made landfall in Vietnam 00UTC 4th of November 2017

ooooooo
oooooo
ooooo

 Lets simulate the case with OIFS

- CY40R1
-  TL639
- 20 ensemble members

- SV and EDA perturbations

* Tracking the cyclone
- Simply find the MSLP minimum




o

Qs

Damrey observed track

102
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Lets zoom
in here

Qs

v

24

21

18

15

12

102 108 114 120 126
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o

4™ of Nov OQUTC

2" of Nov OOUTC

109.5 111.0
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o

4™ of Nov OQUTC

Deterministic
forecast

2" of Nov OOUTC

109.5 111.0
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B

20 ensemble members started
from different initial states

109.5 111.0 112.5 114.0 115.5 117.0
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Use in case studies: Tropical Cyclone example
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*  Only using deterministic forecast does not provide

oooooooo
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enough information (wrong, too southerly track etc.) iy

* An ensemble started with initial state perturbations
starts to find correct solutions of the track




Use in case studies: Tropical Cyclone example L
«  Only using deterministic forecast does not provide
enough information (wrong, too southerly track etc.) iy

* An ensemble started with initial state perturbations
starts to find correct solutions of the track

* What is more crucial, better representation of the TC
initial structure, or better representation of the
prevailing flow situation?

* Is it enough to get some aspects of the initial state
better represented (e.g. winds)?




Discussion

* The dataset of ensemble initial states will be made
public once it has been documented

- FTP server
- 227TB of data in tarz-format

* I've only discussed initial state perturbations here

- CY40R1 includes a model uncertainty
representation as well (SPPT)

- CY43Ra3 includes an alternative model uncertainty

representation currenly under development at
ECMWEF (SPP)
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Summary
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.« Why?

oooooo
ooooo

- Ensembles open up a lot of new ways to tackle
scientific problems

* How?
- Get a workflow manager

- Download OIFS ensemble initial states once
available

- Include a model uncertainty representation




ILMATIETEEN LAITOS /
METEOROLOGISKA INSTITUTET BRI /

FINNISH METEOROLOGICAL INSTITUTE

-
00000
......
ooooooo
.......
00000000
0000000

Acknowledgements s

ECMWEF Special Project: “Parameter estimation (EPPES) in
HarmonEPS *

Academy of Finland, Postdoctoral Researcher, 316939:
“Quantifying model-specific uncertainties in climate
simulations”




2nd of Nov, OOUTC. +48h

17
R 1&
15
i
13
% 1z
=2
11
P
10
109.5 111.0 112.5 ThEY71102005-5 117.0 118.5
2017110200
2017110200
1000 - \\”—/—\///\ TL639
995
990
ogs
o OBS
9TF5
9QTF0
o & 1z 18 2a 30 36 az

39

Hours from 2017-11-02 00:00:00

53



1st of Nov, OOUTC. +72h

109.5

112.5 ! Spiviioloo 2-5 117.0

2017110100
2017110100

118.5

1005 -

1000 -

995

9290 -

985 -

2980 -

975

QTF0

OBS

TCO1279

TCO(

39

za

30 36

a2

a8 54

Hours from 2017-11-01 00:00:00

54



1010

1005

1000

995

9290

985

280

975

QF0

31st of Oct, OOUTC. +96h

109.5

111.0

112.5 Il 5p¥7i103100 5-5
2017103100
2017103100

117.0

118.5

TL639

30

36 42 48 54 a0
Hours from 2017-10-31 00:00:00

56

55




1000 -

995 4

290 -

985 -

9280 -

QTS5

QTF0

2nd of Nov, OOUTC. +48h

e
S

€]

- N

=2

L

109.5 111.0 112.5 SpY7110z00 5-5 117.0 118.5

2017110200
2017110200
2017110200

2017110200

Doubled deep
entrainment rate

OBS

27" Halved deep entrainme

te

i8 24 30 36
Hours from 2017-11-02 00:00:00

56




2nd of Nov, OOUTC. +72h

109.5 111.0 112.5 SpY7110100 5-5 117.0 118.5
——— 2017110100
2017110100
2017110100

— 2017110100
—_— 2017110100

—_— Halved deep entrainment rate

1000 -

995

Doubled deep

OBS entrainment rate

2980 -

975

QTF0

o (=] iz ia 29 30 36 a2 48 S5 a0 56
Hours from 2017-11-01 00:00:00 57



2nd of Nov, OOUTC. +96h

109.5 111.0 112.5 S5pY7103100 5-5 117.0 118.5

— 2017103100

—_— 2017103100

—_— 2017103100
1010 4 —— Zoa7a02100

_ Halved deep entrainment rate

1000 -
990 -

Doubled deep
OBS entrainment rate

\~

o & 12 18 24 30 36 az asg 54 60 66 72 78 84 a0
Hours from 2Z017-10-321 00:00:00 58

970




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58

