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zMetotice 2023 Operational NWP (0S45)

Global NWP: >

— 10/20km deterministic/ensemble R s e TN
— Both coupled to ORCA025 (0.25°) ocean
— 70 vertical levels (80km top)

— Hybrid 4DVar/En-4DEnVar Data Assimilation (DA)
— Forecasts to T+54 or T+192hr every 6 hours

NWP:

.5/2.2km deterministic/ensemble
vertical levels (40km top)

ourly 4DVar DA

recasts to T+12 - 120hr every hour
ourly updating ensemble (up to T+120hr)

GM + UKV ~ 25% cost of OS45
MOGREPS-G + UK ~ 43% cost of OS45




zMmetotice  2025/6 Operational plans (PS48)

Global NWP: P . N

— Horizontal resolution 10km in wk 1
resolution 20km in wk 2

— Retire deterministic GM forecast

— Hybrid 4D-Var GM becomes control member

tal resolution to 1.5km
eterministic UKV forecast (beyond T+12)
4D-Var UKV becomes control member
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Future capabilities: “trailblazer” systems

Global km-scale trailblazer Urban-scale trailblazer

« 5km atmosphere/10km ocean « 300m London ensemble

* Exploring convective greyzone  Additional detail/urban processes
(with new Comorph convection
scheme) 300m control 2.2km control

« Ahead of km-scale global ensemble

5km UM simulation
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Lorenzo Tomassini 19t July Hetave: Kirsty Hanley, Humphrey Lean
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Long-term plan for UK NWP/DA

\ — Mesoandlysis Current plan (in dev.):

— owmenc | —— NWP nowcast/very short-
\\ range forecast ensemble
| \ using rapid-cycling EDA

—— T+4+120 forecast ensemble
likely warm-starting from
MOGREPS-G ensemble

Estimate of value at a given lead time

T+2? T2 1o T+120
T+18? L Early stage, current plan, work not started
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ZMetOffice The Operational Meteorologist Perspective

« Lack of suitable tools, visualisation and products .
severely restricts use and take up.

« No tools to extract synoptic information to aid
decision-making and increase value.

« Focus historically is on average scores and not
verifying when it matters to an OpMet.

Can we identify an emerging event?

Information not presented to compliment
Op Mets “top down” working processes —
decisions made before ensembles enter
the process.

Low probability extremes matter! Op Mets
main challenge.

Full ensemble distribution

Eventual outcome lies in heret—— /\

* Only 5% of Met Office automated products use ensemble data - untapped benefit!

Steve Willington



=z MetOffice The challenge to exploit ensemble prediction

Probability of LWE Precipitation Rate In Vicinity > 0.03 mm h
Valid at 2300 UTC on Sat 23/09/2023
i | Blend




== Met Office :

Ensemble Exploitation
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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. Increase the number of forecasts products

and services exploiting ensembles.

s Now Future
Pac:s i . “ 2. Engage with customers to exploit, and make
| more use of, our ensembles.
L | | L 3. Develop new ways to exploit our ensembles.
3 ey 4. Develop our models recognising how
Q,, R — —
=5 ensembles systems are being used.

5.  Provide a common language and change the
\f \/\ \ \f culture.
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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
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1a. Best estimated values
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1b. Probability distribution 1c. Ranges of uncertainty
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ensemble stats

1) Use cases for

2 Met Office

Mid-week 30% scenario
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3) Use cases for




== Met Office IMPROVER post processing
Class 1

IMPROVER serves
use case 1 —
ensemble stats

== Met Office

Blended _- :.-.; Probahbility of being warmmer

than 0C (e.g. 90%)

Nowcast D

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

UKW
Includes: oo [ > | IMPROVER

U

5%  50%  95%

. ] MOGREPS-UK
Most /lke/y Gridded and spot (UK and globe)
H Convers individual forecasts e

* TaIlS into probabiliies and
percentiles

. Reasonab/e MOGREPS3-G ;Es;r:t:: I-;:-:v tei:mgerglc:un;e
Impraves skill Teeniie, ey, -

worst case

TR In the middle (median)
Blends forecasts together to g5M parcentlect . temperature (e.g. 11C)
‘e bUt on a |OCa| givie seamiess probabilities = {"-
Lpdating blend as new

- 2
. . . and percentiles |
point-by-point basis j}
NWP models (level 1) forecasts come in Service Hub

Possible high temperature
95 percentile. (e.g. 22C)

See Roberts et al, BAMS-2023 e~
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Between
00:00 Mon 18 Jul 2022 and
23:59 Tue 19 Jul 2022

Red warning
Extreme

An exceptional hot spell on Monday and
Tuesday leading to widespread impacts
on people and infrastructure.

= MetOfice Heatwave Warnings

What to expect

Population-wide adverse health effects experienced,
not limited to those most vulnerable to extreme heat,
leading to serious illness or danger to life. Government
advice is that 999 services should be used in
emergencies only; seek advice from 111 if you need
non-emergency health advice.

National Severe Weather Warning Service

Substantial changes in working practices and daily
routines will be required

High risk of failure of heat-sensitive systems and
equipment, potentially leading to localised loss of
power and other essential services, such as water or
mobile phone services

Extreme Heat Summer 2022 .
UK temperature record of 40.3C set 19 Jul 2022

Significantly more people visiting coastal areas, lakes
and rivers, leading to an increased risk of water safety
incidents

Delays on roads and road closures, along with delays
and cancellations to rail and air travel, with significant

3 welfare issues for those who experience even
Probability of Temperature at Screen Level Daytime Max > 40 ‘C 12 hr :2 | ioterste delays
Valid at 2100 UTC on Tue 19/07/2022 : ‘
T o T ) e IMPROVER Multi-Model Blend =
[y i s 1 Last Updated at 0715 UTC on Sun 17/07/2022 ; |
1] Ly J Afudd i High likelihood of high impacts
3] by i s i I
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More specific research




1) Use cases for
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3) Use cases for

ensemble stats
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1a. Best estimated values

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

e

4 2 - f 15.0

1b. Probability distribution

> D D HH

10% 10% 10% 40% 40%

7.5

0.1 1 2 5 10 20 30 40 5.0 60 70 80 90 95 a8 99 99.9 o 24 a8 72 o6 120 144
probability (%)

2a. Representative member

==c

2b. Realistic low-prob. extremes 2c. Probable “storylines’

2 Met Office #!
Mid-week 30% scenario
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3c. Extra ensemble processing
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3b. Correlated prob. distribution




Z Met Office Clustering Class 2

Require methods to extract salient members from the full ensemble

Essential to reduce information overload and allow scrutiny of forecasts or
products that require a central member or scenarios

Even more important with higher resolution and more members
Conventional clustering (PCA, k-means, 500H) won’t work for kilometre-scale

Can cluster on the distance between objects (e.g. fronts, precipitation etc)
(Kris Boykin PhD University of Reading with Met Office)
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=>MetOffice C|ystering based on distance between objects

Met Office Unified Model MOGREPS-G Model Forecast on Global 20 km Standard Grid Gradient of Wet Bulb Potential Temperature >= 0.02955251559615135 (colours) and Air Pressure at Sea Level (contours)
Data Time: 00 UTC on Thu 10/02/2022 Validity Time: 00 UTC on Wed 16/02/2022 (T+144) - InClusteringperiod
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Wet-bulb potential temperature gradient objects (fronts) Kris Boykin
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== Met Office 5 day forecast clusters for Storm Eunice 18" Feb 2022

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

Wet-bulb potential temperature 850 hPa

g Spatial divergence and member clumping Kris Boykin phDJ

& 10 : : | 550 John Methven, Tom Frame

w o HEISEToUpinE : : E University of Reading

§ ; i g '2005 Nigel Roberts, Stephen Moseley

c 0.6 1 / \“--\ -\ T —— I, E .

2 /V,’ i hot 223 /"""i's_/ — -150 & Met Office

"E 0.4 - Increasing spatial divergence /’ : ~ : o

9 F {* Storm Builoe:. | - 100 2 Forecast scenarios based on spatial clustering

024  smmeem—ee- o i i a using wet-bulb potential t t

<o g ' a g potential temperature

e S _— I Cluster window ! 50 w ; :

@ L —— I ] gradient objects
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== Met Office Clustering and scenarios

: .. Central Biggest Cluster 1

« Create objects defining the flow member over outlier over (single
tt th fint t the whole whole at tl-g
pattern or weather of interest orecast forecast @ outlier)

* Apply spatial agreement algorithm < Cluster 2
« Find spatial spread @= | t (central
« |ldentify central member - clusten)
* |dentify outliers -
» |dentify clusters & coherence O | | Cluster 3
- ldentify scenarios Hstet

* Pick out salient forecasts to examine first
» |dentify members that best represent the full ensemble (e.g. (1), (2), (3))
e Use alongside DECIDER Nigel Roberts & Steve Willington

. Use alongside Ensemble Sensitivity Analysis & sub-setting wg;mg m[‘] ggfa'\ﬁgg .

Kris Boykin PhD
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Thanks for listening
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