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= Met Office

30 years of ensemble forecastlng

95" percentile 1h Snow accum 90t percentile precip rate P(Low cloud>5 oktas)

ECMWEF and NCEP both started medium-
range EPS in 1992

COSMO-LEPS regional started c. 1999
Met Office MOGREPS-Regional 2005

MOGREPS-UK convective-scale 2012 OOQO
IMPROVER blended post-processing

10t percentile 2m air temp 50 percentile visibility

IMPROVER

...So why aren’t we using them more?
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Sclence

- Huge HPC investments in
ensembles £££. ..

. HPC promises delivered v/

- Verification shows
ensembles provide greater
skill than deterministic ©

. Research consistently B
shows that people make ¢4+
better decisions when 4
presented with probabilistic
forecasts *

www.metoffice.gov.uk
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The problem...

Services

The Public
won'’t
understand

Users just
want a
decision

Too much data

We don’t know
how to use it so we
can’t explain to
customers

* e.g. Elisabeth M. Stephens, David J. Spiegelhalter, Ken Mylne, and Mark Harrison

The Met Office Weather Game Geosci. Commun., 2, 101-116, 2019
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Ensemble Exploitation




== Met Office Vision

We are already using ensembles but want to fully exploit and extract maximum value
from our NWP-based ensemble systems, for underpinning all our services, in order to
support users and customers in their decision-making, particularly in terms of risk of high
impact weather events by ...

Ensembles at the heart of what we do 1. Increasing the number of forecasts
~ Now products and services exploiting
A A ensembles.

' 2. Engaging with customers to exploit, and

L | make more use of, our ensembles.
v
p ,‘, 3. Developing our models to recognise user
*} i ——, -
- | requirements and how ensembles are
being used .
\_/‘“ 4. Provide a common language.

5. Changing the culture.

Rosa Barciela and Rose Jones MOSAC talk
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5. Communicating our work and thought leadership

2. Ensemble 3. Developing our tools, 4. Engaging and
Development processes and people supporting our users

1. Underpinning research

WP1: Nigel Roberts & Steve Willington WP2: Chiara Piccolo & Keith Williams WP3: Mike Gray & Ken Mylne
WPA4: Teil Howard & Patrick Sachon WP5: Oak Wells & David Walters

www.metoffice.gov.uk © Crown Copyright 2023, Met Office



= MetOfice \easuring performance — Corporate KPIs
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Courtesy of
David Walters

_[ PS47. 14-day Ensemble ]_[ ]_[ Application-ready ]_[ Public, Dlﬁ:jeunsctre); Energy, }_

Extend lead time of global ensemble to 14 days

PS48. Ensemble Pioneering R(_as_earch: Producing and Application-ready Public, All sectors
Upgrades exploiting ensembles

Increase ensemble resolution to match the current deterministic forecasts




An illustration of use cases....
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1a. Best estimated values

—— 1b. Probability distribution 1c. Ranges of uncertainty
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Consider
product/output

Need a single
story?

meteorological

2a) Representative
consistency*? member

C

3) Access to all
members

)

a) Best estimate
value(s)

)

yes

}

G

Need
meteorological
consistency*?

Access to al

members meets
ur needs”

Making a risk-

_yes
based decision? -

n
>

1b) Probability
distributions

Need a
best/worst-case
scenario?

2b) Realistic low
prob. extremes

meteorological
consistency*?

e

1c) Range(s) of
uncertainty

i

Developing
classes of
use cases

Test potential use
cases using something
like this framework?

Meteorological consistency means
consistency between different variables,
spatial locations and forecast ranges.

A

y

2c) Probable
storylines

reduced set of
ikely outcomes”

meteorological
onsistency*?

e

C

ossible new class
of use case

www.metoffice.gov.uk
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Glossary of terms

We have started to create a
glossary of terms around
ensembles and probabilistic
forecasts.

We are working with NOAA
and hope possibly to aim for
an international standard.

Glossary of terms for Ensembles

Purpose

To enable us to be clear and specific in our use of language around ensembles in our communications
and across timescales. Work on this collaboratively with colleagues in the U.S. to set an international
standard for language around ensembles.

Use

Initially for use in strategic action on Exploiting Ensembles and in R&l theme on Producing and
Exploiting Ensembles. To be expanded over time for use across Met Office and externally.
Consequently, it is easiest if we are consistent with any accepted international usages of language
within the Met community.

Glossary

Qualitative terms with proposed definitions
Central member: the “centroid” of the full ensemble

Clusters: Groupings of similar members within an ensemble. Clusters could be groupings of members
that best associate with pre-learned possible outcomes, or members could be grouped according to a
measure of how far apart they are.

Centroid: The value representing the central forecast in a collection of forecasts/members. If an
ensemble is clustered, there can be a centroid for each cluster as well as for the full ensemble. Unlike
the median or mean, the centroid value must come from one of the forecasts/members.

Ensemble: A collection of forecast realisations for the same period or event.
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Progress...some use cases...




09:00 10:00 11:00 12:00 13:00

== Met Office > > > B

yUse'Case 1

10% 10% 10% 40% 40%

40 50
probability (%)

IMPROVER
= Met Office —
Serves use case 1 Blended p . Prnbabilit::.r of being warmer
— ensemble stats " i
Nowcast D

Probability of being warmer
than 20C (e.g. 3%)

UKW
Includes: oo [ > | IMPROVER

U

5% 50U  95%

. I MOGREPS-UK
most Ilkely Gridded and spot (UK and globe)
Converts individual forecasts A
° EXt remes inta probabilities and
percentiles
- Reasonable MOGREPS-G Possbe low temperatre
Improves skil perceniile. (8.9, -l
worst case
TR In the middle (median)
Blends forecasts together to G5 Barcantlle 2 temperature (e.g. 11C)
.us but on a |OCa| givie seamiess probabilities = "‘f;
. . d til
p0|nt- by-p0|nt and pereenties Possible high temperature
. 95 percentile. (e.g. 22C)
basis Updating blend as new
NWP models (level 1) forecasts come in Service Hub

www.metoffice.gov.uk © Crown Copyright 2023, Met Office
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"People don’t understand probabilities” —
or do they?

Literature review provides overwhelming evidence that:

“1) average people can make sense of and use probability information if consideration
is given to information presentation and

2) assuming appropriate presentation, probability information generally improves
decision quality.”

Ripberger et al (2022)

www.metoffice.gov.uk © Crown Copyright 2023, Met Office



' 7 Use Case 1

= Met Office

Cost-Loss — rational decision-making

« Scientists long promoted a
simple yes/no decision model:
» Cost of protection = C
« Potential loss from event = L
« Take action if:

p(event)>C/L

Real-world decision-making is

S » Estimating losses difficult — need
rarely this simple

to understand Hazard Impacts
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Verification of past forecasts shows the Relative Economic Value for

different C/L ratios (left) or probabillities (right)

C/L
A Lo Window: T+120 to T+144 Lo m= DET wmmm ENS =—— C/L=0.15 ~—— C/L=0.75
B i Window: T+120 to T+144 For user
with
2 o8 o < o8] C/L=0.15
E v verification
S 3 2 | p~0.18
T 061 06 % > it shows that
5 £ E value is
= c -
8 o 048 S ol maximised
v g F for
2 \ = —
= \ \\\\\\\\\\\\\ © pt—0.18
2 52 IMELILILL Y 02 o e
AREARALLLLANA AV A o
: \ Built-in
el [ J \ A k\ \ 'i 0.0 %00 0.2 0.4 0.6 0.8 1.0 calibration
0.0 0.2 0.4 0.6 0.8 1.0 P (Hs >= 3.0m)
C/L ++++ DET C/L=0.15 == ENS C/L=0.15 ++ DET C/L=0.75 = ENS C/L=0.7
we= DET wemm ENS == C/L=0.15 = C/L=0.75

www.metoffice.gov.uk Courtesy: Ed Steele et al
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Using Cost-Loss
Decision-Making

Significant Wave Height {m)
~ - -

-
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Time

061218 0612
pn-18/ul Tue-18qul

Used here with ECMWF ensemble significant B .
wave height forecasts for offshore pipe-laying
operations.

A — Standard ensemble meteogram

[ ]
Significant Wave Height (m)
= [ -

B — Highlighting optimal decision for p,=0.18

(C/L = 0.15)
1218 0612168 DG1Z1S DBLIZLB D6IZ1E D612 061218 D61218 D61218 061218 061218 O061Z18 061118 O61Z 1
Tiee-02/Jul Wed-03ful Thu-04u  Fri-D5/ul  Sat-06{ul Sun-0TJul Mon-0BJul Tue-09(ul Wed-10u Tha-100ul Fri-120ul Sat-13pal Sun-147ul Men-15/ul Tue-164ul

C — same for p,=0.76 (C/L = 0.75) c .

RED - Postpone operations

Significant Wave Height (m)
- (5 w -

Trained on past verification to select optimal p,
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Verification

* Verification from independent
test period (9 months)

* Blue (C/L=0.15)

* Red (C/L=0.75)

» Solid Ensemble Probs

» Dashed Deterministic Control

www.metoffice.gov.uk
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Courtesy: Ed Steele et al
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Z= Met Office Co-Development framework

End to end bespoke scientific delivery:
customer engagement > collaborative scientific research & analysis > sharing > impact

« Collaborate - Work with stakeholders and partners to
identify and prioritise weather related business impacts.

 Innovate - Characterise the hazards, or adverse
events, that cause the business impacts identified

Collaborate

projections. S\ /
. : . : Scientifi
« Create - Combine cutting-edge statistical modelling /cf:gn'\:

engagement |nnovate

techniques and innovative research with industry
knowledge.

« Operate - Deliver services that support decisions
ranging across timescales, from short-range weather
prediction through to 50-year ahead climate.

Create

« Evaluate — Evaluate performance of service including
relevant performance metrics, value add and customer
feedback.

Infrastructure

www.metoffice.gov.uk © Crown Copyright 2023, Met Office
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www.metoffice.gov.uk

Co-Development framework

End to end bespoke scientific delivery:
customer engagement > collaborative scientific research & analysis > sharing > impact

| (CoNaborate’

Scientific
_—~~customer —_

engagement Innovate

Infrastructure

© Crown Copyright 2023, Met Office



i Use Case 1

National Severe Weather Warning

== Met Office Service

» Impact-based warnings — combination of
Impact and likelihood

Red warning X

e

Ensemble-based

Wind

10:00 15:00
Today utc Today

£ Met Office

Storm Eunice causing significant disruption and Glasgow
1.;;' f . dangerous conditions due to extremely strong winds on
g3 Irst-guess warnings [ | -
' ’i H ) - upion Tyne
T Foom help gL”de What to expect m
'y " ‘:;“.k ./' p
fo re Caste rS = Flying debris resulting in danger to life e o ,‘M I

= Damage to buildings and homes, with roofs blown off
and power lines brought down
= Roads, bridges and railway lines closed, with delays and

Dublin

o~

Manchester

:f"':' 2y (1 ch
W _':F L .."I--._ cancellations to bus, train, ferry services and flights imerick -
ﬂ: - [ - = Power cuts affecting other services, such as mobile Birmingham
:'J'-E'-_-u A e Warning impact matrix L iEss
¥ ; ) | Large waves and beach material being thrown onto
il [ ; _.-. % : = _:1 T coastal roads, sea fronts and homes
T = i L|_ r likely
- ] 5
o hemipl 5 What should I do?

Unlikely

Very low High
impact impact

Travelling in storms, rain and strong wind >

Stay safe in a storm >

Further details v

Al © OpenMapTiles | ® OpenStreetMap contributors

Warnings for Storm Eunice, 17 Feb 2022



= Met Office  Rjsk = Prob(Hazard) X Vulnerability X Exposure

Hazard Vulnerability Exposure e Ry
Probability of wind * Altitude _ : '
gusts ex%:/eeding « Number of lanes Number cr)(f);/ghlcles on _
thresholds - Other features e.g. bridge Storm Doris

* Road orientation

Vulnerability and exposure information — partnership — social science



9 UseCasé 1

ZMetOffice  Haatwave Warnings

« UK temperature record of 40.3C set 19 Jul 2022

« Strong ensemble consistency and high probabilities gave
confidence to issue warnings several days ahead —
earliest ever Red warning

Probability of Temperature at Screen Level Daytime Max > 40 °C 12 hr
Valid at 2100 UTC on Tue 19/07/2022
IMPROVER Multi-Model Blend

Last Updated at 0715 UTC on Sun 17/07/2022

Ensemble = i
p(T>38C) issued 4 i IMPROVER 2%
4 dayscahead : days ahead

p(T>40C)

e
w~
-~
;;c
: S5 /4
S
2
14
4
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= MetOffice | gcalised flash floods, East Devon 9t May 2023

2= Met Office National Severe Weather Warning Service

13:00 Tuesday 09/05/2023 (T+16:00) Probabity of LWE Thickness of reciitation Amount In Vicnity > 25 mim In 3hrs Brobabity of LWE Thickness of recipitation Amount In Vicnity > 40 mim In 3hrs

Mo rrern n 0600 UTC to 1800 UTC on Tue 09/05/2023 Between 0600 UTC to 1800 UTC on Tue 09/05/2023
: Betwesn ég i sy oSt sy o oo m
::::mg ;;g ;uagnay :g:g and P (>4 m m/h) dé Last Updated at 0615 UTC on Mon 08/05/2023 Last Updated at 0715 UTC on Mon 08/05/2023
& ue ay
4 é - P(>25mm in 3h and within 30km P(>40mm in 3h and within 30km
- -
G EPS-U between 0600 and 1800) between 0600 and 1800)

o
Heavy showers and thunderstorms likely c’ Y
to cause some disruption to travel. W e
What to expect { '{I‘ - » a a
s o :

* There is a good chance driving conditions will be
affected by spray, standing water and/or hail, leading
to longer journey times by car and bus

> 20%

» Some flooding of a few homes and businesses
possible, leading to some damage to buildings or
structures

» Probably some damage to a few buildings and
structures from lightning strikes

> A0%
* Delays to train services are possible

= Some short term loss of power and other services is

possible
Further details
Heavy showers and thunderstorms will develop through - .
Tuesday, some becoming slow moving across more southern . v | . B |
and eastern parts of England during the afternoon and evening. 01 1 2 S 10 20 30 40 S0 60 70 8 9 9 98 99 9.9 01 1 2 S 10 20 30 40 S0 60 70 8 9 9 98 99 9.9
probability (%) probability (%)

A few places could see 20 mm of rain within an hour and % ..
possibly 30-40 mm in 2-3 hours, along with lightning and hail.

Impact

Broad area Yellow warning low prob

Raw MOGREPS-UK ensemble captures only low
~ probabilities of heavy rain rates — 1 member

v Medium likelihoad of low impacts

80-100mm in 3h observed in one small
area (<10km?)

Appropriate post-processing with IMPROVER for in-
VICInI'[)t/) accumulations suggests highest risk in affected
area, but:

2 » Greatly underestimates max accumulations
« Significant false alarm rate

P(>64mm/h)
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Pattern 1 of 30

Pattern 2 of 30

Pattern 3 of 30

DECIDER
Weather patterns

Pattern 4 of 30

Pattern 5 of 30

1024

Pattern 15 of 30

-5 0 5 10

-20

e |

-10

2\

|-

a2

Mean Sea Level Pressure (MSLP) anomalies (hPa)

15

2b. Realistic low-prob. extremes

Regime 17 of 30

ERAS climatology (1981 to 2020) Oct/Nov/Dec
MSLP (hPa), 2m temperature anomalies (degC)

and daily precipitation (mm)

Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Regime Historic

28 29 3 1 2 3 4 5 6 7 8 9 10 1 12 Descriptions Occurrence

Nov Nov Nov Dec Dec Dec Dec Dec Dec Dec Deec Dec Dec Dec Dec (uK) onND
Regime 1 2 Unibiased Ny 26%
Regime 2 Cyclonic SWIy, returning Pm airmass _ Met Office
Regime 3 Anticyclonic SWly, ridge over N France _ h
Regime 4 Unbiased Wy _
reaime 5 [N 2 2 Unbiased Sl high over Scandinavia [ 3%
Regime 6 Anticyclonic, Azores high ext T
Regime 7 4 Cyclonic Sy, low WNW of Ireland 28%
Regime 8 Cyclonic Wiy, low near Shetiand _
Regime 9 2 Anticyclonic N-NEI, high near lceland _
Regime 10 2 Anticyclonic W-SWIy, slight Azores ridge _
Regime 11 2 2z [ 2 4 Cyclonic, low centred over southern UK |88
Regime 12 4 4 antieyclonic Siy high over Poland | ERSORNN |
Regime 13 2 2 Anticyclonic Ny high 5w of reian NGRS
Regime 14 2 Cyclanic N-NWIy, low near S Sweden _
Regime 15 Unbizsed SWly, very windy NW Britain _ X
Reqgime 16 - 2 8 4 4 Anticyclonic S-SEN, high E of Denmark _ -
Regime 17 --- 4 2 2 Anticyclonic E-SEly high over Denmark _ !
Regime 18 Anticyclonic SWI, high over N France  [NNGSNN
Regime 19 2 4 12 1 & & 12 Unbiased NIy lowE of Denmark [RGB
Regime 20 Giclonic Wiy intense low near cetand | 35% |
Regime 21 Cyclonic SWIy, deep low S of lceland _
Regime 22 2 Cyclonic Siy, 1w W of Ireland 28%
Regime 23 Unbiased Wiy, windy in N 29%
Regime 24 2 2 | 4 Cyclonic Ny, low in N Sea 29%
Regime 25 6 10 10 12 6 4 4 8 4 noeyclonicNiy high cenirelrish Sea || 208
Regime 26 Colanic NV, low near Norway, windy || 8108 |
Regime 27 E T R NS AricrcionicEry: highin Norwegian Sea 28%

Regime 28 2 16 24 -- 22 Cyclonic SEIy, low SW of UK 21%
Reqime 29 4 5 CyclonicS-SWIy, deep low W of reland 23%
Regime 30 2 CyclonicW-SWWly desp low SE of lcsland 24%

Total 51 51 51 5 & 51 & 5 5 51 s 51 5 81 & - —
Members

Weather pattern probabilities from the 51 member ECMWF
ensemble (00 UTC run on 28" November 2022)

* Weather pattern definitions from Neal et al. (2016) in Meteorol. Appl.

» Derived by clustering 154 years of daily MSLP data
- 30 gridded definitions
—> Dalily historical classifications (1850 to present)

Regime 1
Regime 2
Regime 3
Regime 4

o

Ragime 0
Ragitne 7
Regime 8

ool
Members

Mon Tue wed Thu Fn

29

H % ®
Dty precptation piotted a3 filed contours (mrmvday)

© Crown copyright Source: Met Office

10

sat sun Men Tus Wed
3 4 5 & 7

2c. Probable “storylines”

Regime 27 of 30

ERAS climatology (1981 to 2020) Oct/Nov/Dec
MSLP (hPa), 2m temperature anomalies (degC)

and

daily precipitation (mm)

H ‘ €
Dy preapation piotted a3 filed contours (mmiday)

[l Fl e
R
e

2

T P sat sun men

© Crown copyright. Source: et Office

Descriptions
Ky

Blocked (NAD-)

Zonal HAG)
Hodewssteny varians
South-westery ariants

Scananavan nign
High pressure cerired an Engish Channel
Soulhedy Vacking low wast of eisnd
#2ones high

The most likely transition, showing pattern
climatologies for November

Historic
Occurrence
oND

%
50%
s

Aggregated probabilities for

for more details

See talk from Rob Neal

a set of 8 regime groups

© Crown Copyright 2022, Met Office



2a. Representative member 2b. Realistic low-prob. extremes 2c. Probable “storylines”

= Met Office

resenting Ensembles to the Public

let Office High pressure next week
T
Probabilistic Pressure Trend

Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed
23 24 25 26 27 28 29 30 1 2 3 4 5 6 7
Nov Nov Nov Nov Nov Nov Nov Nov Dec Dec Dec Dec Dec Dec Dec

Latest model run (23/00 UTC) 73% [
P 9 =
revious model run (run -1) 59% - = Met Of‘ﬁce

Previous model run (run -2)

Previous m n -3)

Previou & run (run -4) MOGREPS-G Air Pressure at Sea lg
A4l Time: 00 UTC on Mon 09/01/2023 (T+120)

2 Member 3 Member 4 Member 5

TS 0NG \ ~ I T

odel run (run -5)

odel run (run -6)
Previous model run (run -7)

A 6%
47% 43% 55% 63% 67%

Previous model run (run -8) 49% 53% 55% -

e oo R R R 5 . ¢ 54
Previous model run (run -10) --_- 49% 43% 49%

Weather patterns typically associated with high pressure over the UK are most likely

Weather patterns typically associated with unbiased conditions over the UK are most likely
Weather patterns typically associated with low pressure over the UK are most likely
WHITE Equal likelihood of two or three of the above tendencies occurring

',

_ R — ECMWF |
| 2 Pl ) 439/814 a0 @ * EI (=)

10 Day trend 23/11/22 - Drier for December - Met Office Weather Forecast
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= Met Office

Hydrological Modelling

Animation of hydrological run-off from different
ensemble members, driven from MOGREPS-UK

- Good example of use case 3 where we must use
every ensemble member

3a. Driving downstream models 3b. Correlated prob. distribution

- =~

0O 0 1 2 4 8 16 32 64 128000
RIVrunl River flow (m3 s-1)
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Moving Forward - Forecast Process
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Research Challenge — spread metrics

Ensemble science theory Operational Meteorologists
* Optimise probabillities « Capture events of interest — often
extreme

« Spread-error matching
* Minimise CRPS

« Often focus on synoptic scale
and/or free atmosphere

« Scenarios and storylines

« High impact scenarios and
weather components

Can we find ensemble optimisation metric which meets needs and
expectations of both communities?
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Forecast process

Obs § Forecast
— Make story
NWP __——= decisions >
Obs % Warnings
NWP

Where to start with an ensemble first?

Nigel Roberts 2023



== Met Office .
Where to start with an ensemble?

If Op Mets don’t start with the global (or favourite) model, then what?

Go through each member one by one? Don’t think so!

Just look at probabilities/percentiles? Useful, but actual realisations / context
Use the control? Could be an outlier, may not exist!

Use the most representative member? Could be viable?

Use quick access to different scenarios? Could be viable!

Select / group -> Clustering

Nigel Roberts 2023
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Representative member

Representative member

or more member
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Method to find the most representative ensemble member

Many applications — essential if no control member @
Central member — apply to a new pressure pattern @
diagnostic (or other variables)

Based around CASE PhD work at Reading University by Kris
Boykin plus extensions.

Kris's approach examined in 2022 winter testbed with positive
feedback and ideas for improvement.

Same methodology extends to clustering
and scenarios / storylines

Nigel Roberts 2023



== Met Office 5 day forecast clusters for Storm Eunice

Cluster O Cluster 1 Cluster 2
Members 0, 20, 27, 28, 32 Members 19, 23, 24, 26, 30,31,33,34 Members 18, 21, 22, 25, 29

= > NG 180 LS
— - e = = & < )O0R
596 == g =
-_ -
J 3 = - s
f %

16 18 20 22 24 26
-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14
Wet-bulb potential temperature 850 hPa
g Spatial divergence and member clumping Kris Boykin PhD
§ 10 e~ : | More grouping | —sor| 550 John Methven, Tom Frame
2 0.8 - Little grouplngW £ University of Reading
o ) i 7 '2°°§ Nigel Roberts, Stephen Moseley
g 0.6 1 / \‘--\ \ad | . rm~—— g v i
‘g /’ : » -y ’l"'_1l-\_, s L 150 % Met Offlce
'E 0.4 1 Increasing spatial divergence /’ : b : I
P ot !* Storm Eunice - - 100 £ Forecast scenarios based on spatial clustering
E 021 Lemmmm——— " : i a using wet-bulb potential temperature
k] ———— e I Cluster window ! -50 W . .
3 0.0 ittt H ! gradient objects
E 5 005000 Do ,\&@'\4, ‘\'\o’,’:& D A DO o A DD '\ «,\ 5 BB Different to traditional point-by-point
@ YN Yo Here g ADIYRY Y D AN AR D DA N D7 APTD .

Lead time (hours)

Paper in development
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Image Similarity

 Part of Guidance Unit role Is to assess imagery in sensitive areas to judge
model performance and potential changes to evolution

Courtesy of Steve Ramsdale
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Image Similarity

* Difficult enough in deterministic world — how can we do it in ensemble
space R —

A

D A
) o

hgs@im 1.8pm|2,‘e ‘
u\ = 5 8

Courtesy of Steve Ramsdale
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Image Similarity
 Algorithms exist to compare similarity between images (e.g. Structural
Similarity Index)

« Combine meteorologist understanding of the most important areas of the
forecast with automated comparison of these areas

* This process done for Storm Otto as part of short report on event...
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wv WOQIQO” 1300 UTC

Image Similarity — Storm Otto 17/02/23

« Meteorologist highlighted sensitive

X __'::‘ »r ',‘,‘ :-._ :’ . .,. \ ".CL‘:\ \ \ .-"" ) »‘-"' e -~
h d b f I d MOGREPS-G 3 H M Wind S d of Gust at 10
area t e ay e Ore near I Ce a'n Cycle Time: 12 l.?'lt"(':' ona)T("hn:Julnglozl”;zozge\ialr‘:intyuTs:mae O9nL'lTC on Fri 17/02/2023 (T+18 - T+21)
Control Member 1 Member2 ______Membe Member 4 Memer 5

« Selected best fitting ensemble
members by eye

« Assessed that likely increased
likelihood of stronger winds over N
Scotland
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Image Similarity — Storm Otto 17/02/23

Application of the algorithmic 2.00 -
comparison e
" ' 1.50 +
More objective and faster
125
Ranks fit % L oo
g 075
Some agreement in best fitting '
members between algorithm & 030"
human 0.25 A
0.00 A

—— MNo. weighting
—  Similarty weighting
#® Brents members

06 16 13 01 09 02 11 O7 10 15 12 04 03 08 05 00 14
EPS member




= Met Office

Image Similarity — Storm Otto 17/02/23

Comparison of wind gusts > 30 m/s from normal and reweighted EPS (unlagged)

100

Complete EPS

Weighted ensemble according to
results of human & automated
comparison

&0
70
&0
50
40
30
20

Shows agreement in movement of
probabilities of higher winds

Looks to fit better with observed
gusts in this event — e.g. gusts >60kt
over Western Isles

10

Difference between full ensemble and different weightings/subsets - gust probs

Reweighted EPS

100

Brents subset

80
70
60
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40
30
20

Full EPS and weighting from imagery comparison

-50-40-30-20-10 0O

10 20 20 40

10

Full EPS and Brents subset

-50-40-30-20-10 O

10 20 20 40
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Questions?

30 years of ensemble forecasting Classes of use cases for ensembles

1a. Best estimated values 1b. Probability distributions 1c. Ranges of uncertainty

Science is proven

09:00 10:00 11:00 12:00 13:00

Potential benefits are demonstrated B | B | | DR EF

1) Use cases for
ensemble stats

...and some good examples

2c. Probable “storylines”
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It's time for Exploiting Ensembles

3) Use cases for
all members
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Ensemble-based NWP

 Ensemble can provide improved single narrative and
alternative potential “storylines” as well as additional
iInformation around likelihood and risk.

* Retiring deterministic forecasts will not break products
that do not need — or are unable —to exploit the full
ensemble. These can use the control member.

« Strategic action will help us exploit the additional information
In the ensembles for different applications and users.

« Shift Science’s focus towards ensembles to accelerate

Improvements of NWP systems to best underpin our services.

www.metoffice.gov.uk

Scientific detail

Deterministic forecasts will
become control member.

Will use same DA, run at
same time and output
same fields as GM/UKV.

Rest of ensemble will run
at same time as control
and provide more timely
and higher resolution
output than now.

In time, improve system
and our ways of working to
deliver the very best
possible ensemble.

© Crown Copyright 2023, Met Office



Classes of use case — descriptions in development

Best estimated value. Best estimated value (e.g. ensemble mean). As is the case now, many applications will
require this, but we could generate this more intelligently using ensemble data.

Probability distributions. An accurate distribution of probabilities of atmospheric variables and associated
outcomes. This is the primary use of ensembles to date and is a continuing requirement.

Range of uncertainty. An estimate of the possible range/maximum uncertainty that includes all but the very
least likely/probable events. Can be used to determine best- and worst-case values.

Representative member. The identification and availability of a member close to the mean/mode/median
for the whole forecast or a particular event or phenomenon for detailed exploration/interrogation.
Intelligent selection could lead to more skill than the deterministic forecast.

Realistic low-probability extremes. Realistic “extreme” members for detailed exploration/interrogation and
measures of whether those extremes are becoming more or less likely over time.

Probable “storylines”. The application of clustering (or sub-setting) could identify representative members
for a given outcome, which could be explored in more detail.

Exposure of all individual ensemble members. Exposing all members opens the possibility of further
processing such as the ability to sub-set the full ensemble distribution either to add weight to specific
members or produce conditional probabilities or conditional clusters.
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www.metoffice.gov.uk

Can we present uncertainty
better to the public?

Options to present multiple symbols

Graphical
options

Risks of high-impact weather
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== Met Office Proof-of-Concept Data Solutions for Network Rail

Demonstrating state-of-the-art forecasting tools

.
Method and data ;i,r;«v
- IMPROVER forecasts were cut to the | i‘* !
NR route for wind, rain and & OR:
temperature b 1;5

alert statuses at various lead times
were compared in detail to
observations (e.g. radar, GPP analysis
fields) and to NR incidents

* For example, frequency of NR thresholds’ ,
exceedance in radar and nowcast data was Pefrcen:lqgﬁ of pomtshon tT]e NR r.Olfjtﬁ
used to ensure chosen IMPROVER thresholds or which various three-hour rainfa

were not over- or under-triggered accumulation thresholds are
exceeded in rain radar data

« For arange of case studies, RAYG l o *

Route: UK, Param: 3hourly
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% of peints which maximum
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Acronyms: RAYG = red-amber-yellow-green; NR = Network Rail; GPP = gridded post-processing;
IMPROVER = Integrated Model postPROcessing and VERIfication



== Met Office Proof-of-Concept Data Solutions for Network Rail

Demonstrating state-of-the-art forecasting tools

100 : T 100
: : =-== radar
i i | Heavy, R ]
80 1 i ! i persistent 80 E Key'
5 Lol | oo | : * Blue = observed
% o Heavy | i i | oo § rainfall (from radar)
5 rain 34/ || i H : » _ | £
s 4" May || | Al ! [Februaty | May £ * Red, amber, yellow =
] add (g8l | [ | oS il | i (.8 % of rail network
’ ke | BB | ¢ exceeding relevant
& U RIS | | y| BE- threshold
: ::;1‘} pollia! % & \ :
A 0 RIBERVAM FERGE | i
0- = — Lo
2021-03 2021-07

* Thresholds identify many known events (example shown for rainfall)

www.metoffice.gov.uk © Crown Copyright 2023, Met Office



== Met Office Proof-of-Concept Data Solutions for Network Rail

Demonstrating state-of-the-art forecasting tools

IMPROVER forecasts the First-guess thresholds using low Refined thresholds better
exceedance of thresholds with probabilities of exceeding high capture areas of greatest risk,
very low probabilities for some rainfall thresholds: even at longer lead times and

met icularly rainfall ' ify m
parameters, particularly raintall. 1o |dent|fy ore events.
. PO3H ¥ bins used for of T: 25 for PO3H
E Probability =
E m POINES in sample = 6320347.0 ety = 0: 83%
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However, use of very low
probabilities is not very stable
with lead time.

Acronyms: IMPROVER = Integrated Model postPROcessing and VERiIfication
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Examples of user cases

Ensemble-driven flood impacts
decision tools.

We are able to show likelihood and
impact of coastal flooding across a
7 day period, using MOGREPS-G &
Nemo Surge (driven by MOGREPS
G) data. This helps us alert local
authorities with increased notice,
to trigger action to keep the public
safe.

* Some early success

gmicecels NG

Ensemble-driven planning products.
This example shows a Red Amber
Green probability of occurrence of a
customer specified threshold, used
for planning military flying of fragile
WW?2 aircraft. This product was re-
designed from a deterministic,
manually created risk table, to an
automated MOGREPS-UK feed with
great success. [p(gust>26kt)]

Newly developed tools to exploit our
ensembles.

The Military MetOc Visualisation Hub
(MMVH) is a web-based tool developed
for the British military to ensure access
to meteorological data, no matter how
big the data, even with bandwidth
limitations. It has allowed us to
developed novel ways to display and
utilise ensemble data.

www.metoffice.gov.uk Ensemble exploitation



