Ensemble applications and integration
with deterministic post-processing

Ken Mylne
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MOGREPS

Met Office Global and Regional Ensemble Prediction System

MetOffice 54 members | Operational since Sept 2008 after 3-years of trials

Global Component (MOGREPS-G)
» 60km, 70 Levels

» T+72h

» Run at 00Z and 12Z

» ETKEF for IC perturbations

» Stochastic physics (SKEB2) and random parameters
» Also run at ECMWEF out to 15 days (MOGREPS-15)

Regional Component (MOGREPS-R)

» Runs over the North Atlantic and Europe (NAE)
» 18km, 70 Levels

> T+54h

» Run at 06Z and 18Z with boundary conditions from MOGREPS-G
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Many web-based products

Met Office

WMOGRERS FEe ional

DT 062 on Thu 15 07

Probabilities,

(Ensemb

e.g. Prob of Gusts>40kt

% Probdb|l|t
010 Z oh Sat 17,/07 /2010
Mean F’MSI_ plotted as faint background)

map for Gustipeed > 40.0knots
lead time 54h

ensemble mean
and spread also
stored as GRIB2

Sy

. . \. E?
files for display on A fq
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Mo Members 0.0
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DEADLY DOWNPOUR

At least five people are dead, with several

I ta I F I O O d S more fepwnd' missing, after ﬂoo(lm;, hits Itcrh,'
y SWlTZE.RLAND culth '
MEt Ofﬁ ce fp Lcunis HTALY * BOSNIAAND

r SAN MARINO lj—ERZEGOVINA

Probcbilitg map for 24HourPrecwp >100.0m e
1 on Wed 26,/10/2011 lead t|me 54h [
an PMSL plotted as foint background L

FR/

 MOGREPS-R probs S
of 24h X QT“@“
precip>100mm
accurately pinpoint
severe floods

TUSCANY

® Rome

Sardinia

nilitg map for 2 aurPrecip >100.0m
Z an Wed 26 10,/2011 lead t|me 24h
L plotted as fain bocquound

R

e Prob>80% at T+54

\1

Mo Mambers  0.01 2.1 0.z 0.4 N3] 0.8 0.9 0.2 Al Members
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Italy Floods
Met Office 26 Oct 2011

2-day Forecast:
« 3h precip up to 80mm

MOGREPS European EPS Meteogram

CIMONE MOUNTAIN (16134) 44.2°N 10.7°E
BRAW - EPS Forecasts : 23 October 2011 18 UTC

Total Cloud Cover (okta)

Tr—> 1 [ 1

D = P2 L o 3 o= e

» 6h precip up to 120mm

* 12h precip up to 160mm
 Median over 60mm

* Observations over 400mm
reported
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MOGREPS-W

First-guess Severe Weather Warnings for NSWWS

Estimating Impact — a Risk tool

© Crown copyright Met Office



7= The New National Severe Weather
=~<” Warning Service (NSWWS)

Met Office

« Alerts/warnings based on likelihood and impact
* Alerts - issued more than 24 hours ahead
« Warnings - issued up to 24 hours ahead

* Regionally varying impact thresholds

« Alerts/warnings presented by shape areas on a map
rather that just by county area

Weather impact matrix

E E E I:Il"-lu- severe weather
=1 6o avare
E E E I:Iﬂeprepared
A RN | [l oo action

=

L | -~ .

_ﬂ
Impact s

Likelihoo

AR
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Regional Impact Thresholds

Met Office %g

Rainfall Regions Wind Gust Regions %

Righlands amnd Dél]@[ms

IR o
o

e

?
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Impact-based MOGREPS-W

Weather Impact Matrix

Met Office
High
=260%
T Medium
o
240% =
° Low
—
>20% —
Very Low
>1% Example of
Very Low Low Medium High MOGREPS-W
Impact Wind Gust
thresholds for
Example of the
MOGREPS-W / “Highlands
probability >70mph 280mph 290mph/ ~ and Islands’
thresholds
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~—~ MOGREPS-W Example

Z ~ - Ex-hurricane Katia, 12t Sep 2011
MetOfﬁce

High
"3’ =60% - " Medium
MOGREPS-R Overall Warning Colour for Wind Gusts £ BA0% e
DT 06%Z on Sun 11/09/2011 2 o
Valid over all 54 hours of run “Very Low
N 3 L —
Met Office ' | %ﬁ ah

MOGREPS-W first
guess wind gust
warning. Note
small area of Red
(but not enough to
justify widespread)

Good agreement
with warning

issued by
forecaster on

. L
Sunday morning N o /(
(rlght) Warning Colour Key

T T T
| e Wuning reltow _
N 1 .
© Crown Copyright 2011, Source: Met Office
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Met Ofﬁ

DT%%GZREPSS(RQ ?P?Q/ Tus 25/ 201 lead ti 42h
on Ln on lus ed Ime
(Ensemble Meon PMSL plotted as fomt backgroumd) Valid over all 54 hours of run g

MOGREPS
p(24h-ppn>50rrﬁ\p

T+42

No Membe

MOGREPS (Global) Probamey map for Z4HourPrecipUK > 5
DT 00Z on Sun 23/10/20

007 on Tue 25/10/2011 lead g?gGRZEPS-I)“VOvB;al'IJ,VZV;mthnlnurfmztIHercipimﬁm
24/ 11
(Ensemble Mean PMSL plotted as faint background) DT 062 an bon 240/t .

MOGREPS-G
p(24h-ppn>50mm)

T+48

Ne Members

AR L IR v A

—~— MOGREPS-W Example

Heavy Rain on 24t October 2011

ce

DT 06Z on Mon 24/1

Met Office

Mon Tue

Warning Colour Key

0.4 Q.6 0.8 0.9 0.99 All Members  DIGTALMAP 0ATA s To (2 o

Q.01 0.1 0.2

60N
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‘**9% T
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Converting Hazard to Risk

Met Office

Example for road vehicle overturning due
to strong winds

Probability, Vulnerability & Exposure = Risk of Vehicles Overturning

/ UHGV T027 Probability

DI

| 11/5/2008
‘ Raster map — Probability of gust speeds
| exceeding the pre-defined UHGV

\ overturning gust speed threshold
\\

Wednesday, November 05, 2008

(OVERALL RISK MAP )

Legend

. Legend
e SplitMwayNet
. UHGV_RiskZS.MEAN
0.000000 - 0.100000
0.100001 - 0.200000
0.200001 - 0.300000
0.300001 - 0.400000
0.400001 - 0.500000
0.500001 - 0.600000
0.600001 - 0.700000
0.700001 - 0.800000
‘@ ().800001 - 0.900000
@m— 0.900001 - 1.000000

uhgv_prob
Value
P High - 1

-
/ UHGV T027 Prob x Vuln

N

| 11/5/2008
| Vector map — Risk (between 0 and 1)
| of UHGV overturning per kilometre of route

based on the probability of gusts exceeding the
| UHGV overturning gust speed threshold and the
Vulnerability of each route segment

o Legend
%ﬂ% SplitMwayNet

aill UHGV_ImpactZS.MEAN
0.000000 - 0.755607
0.755608 - 2.569340
2.569341 - 5.009400
5.009401 - 7.602610
7.602611 - 10.723300
10.723301 - 14.370200
14.370201 - 18.729900

18.729901 - 25.653700
@ 25.653701 - 36.083199

@— 36.083200 - 49.477501

UHGV T027 Risk x

I

Exposure

| 11/5/2008

“ Vector map — Overall Risk of vehicle
overturning along each route determined

‘ using the risk (Prob x Vuln) output and

| mulitplying it by the vehiles along the route

| on that day and at that time
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Storm surge ensemble

Coupling a surge model to MOGREPS -

In support of coastal flood forecasting by the
Environment Agency

© Crown copyright Met Office



Storm surge Ensemble —

recently extended to 7 days
Met Office

« Storm surge model coupled to
MOGREPS-R and MOGREPS-15

I |

 Mean and spread of surge
elevation >1.0m

© Crown copyright Met Office ECMWF Operations Workshop, Nov 2011



=

P

Storm surge ensemble for EA
Risk assessed relative to 3 impact thresholds

Met Offl ce

A
L]
. Felixstowe
L
T e e Il s s marm o Fes Faliwet T = ara™
0 nsemble surge elevabion for Felixstowe (FXST 0Z04)
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green/orange: ensemble/deterministic residual, blue: row observolions
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Surge ensemble 7-day forecast
from 18Z on 2" Oct 2011

Met Office

Ensemble surge elevation for Cromer (CROM D183)
bfbh: A hd RAERSS Bl BL LARSLL Lt LA WARBL | kbl dlBAEL’ Bbid Skdaki Wild RARLA ALERA MRAES P RLEL | b BdSLE SidiRS Lkl

TTT M TTTT / 7] ) TTTTE * One member of the

| \ / \,; U’ J Y\ / \j/ \ / \ j'\\;: ensemble predicts an
o g U U [ extreme surge 7 days

L\ ahead

(& [

T L LT
e
I

» Classic case of low
° " Ifotrs frjrﬁ 182 ﬁi 2/106?2011 zzsolidfat:!tshed 9rSc:: of;rsaminugzlﬂlrmoliztide1¢4 18 prObabiIity Of high impact
en/oronge

gre ge ensemble/deterministic residual

.,es;of; . Eniemble surge Iej-levation for .L..owestoft (LO:F-T 0024) : (] In the eve n‘t nothing
Wi N | happened — as was
most likely —

* but EA was able to take
: early preparedness
Sl Psmonnsss sl fpmssn ol sl actions at little cost

hours from 18Z on 2/10/2011 — solid /dashed red: alert minus harmenic tide
areen/orange ensernble/deterministic residual
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surge > 0.00 m dbmrg

......................................................................

. . Surge>0.0m
Brier Skill
Metorte OCOTE |
* Summarises overall B NI S
skill of probabilistic U X A L N
forecast . Surge>1.0m |
« Based on ‘rms error’

of probability, where ’
truth is O or 1 in each . \

YL 1 1 1 A ™ 1 1 Aod 1l
case e
Lead time (days) Lead time (days)

total—alert > 0.00 m hc total—alert > 0.00 m dbmrg
LA LN | LARALY LARMLLLAAS LALLLALALY AN L LA LLRALLLL B} AL LA T T T

- Total-Alert >0.0m |

0.2

« Ensemble beats
dressed deterministic

0.8 0.8

» Greatest benefit at v\’\
long lead times 1T *‘
1I 2I Leo:;d time;(days)sl | é\ ; N 1' 2I Leuéd time4(doys)5 é ;
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NAME

Numerical Atmospheric-dispersion Modelling Environment

Met Office

Development started following the Chernobyl accident

Initial purpose to give emergency response dispersion predictions
for nuclear incidents

NAME has been and continues to be under constant development
 Starting in 1999 code completely rewritten

» Science updates occur continuously Chernobyl
A 24/04{1986 22:OQh UTC '

If‘kxghl jii! E o [ EE ; Eﬂx _g,fﬁﬁ‘mj

Used by 12 organizations
Lagrangian stochastic model

Model particles are released and
followed to predict plume

Very wide range of physics,
functionality and application

10° 10° 104 108

© Craye eanyrighyriviat Qiéeoffice ECMWEF Operations Workshop, Cs-137 Deposition [Bg m~]

6000

4000

2000

Particle height [m agl]



EPS-based dispersion modelling

Met Office

NAME Ill / ECMWF EPS: PMCH Dosage at O m {g s / m3)
All Members T+75h

DT 00Z on 23/10/1994
VT 03Z on 26/10/1994

{C) Crown Copyright, Mat Offizs 2007
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NAME volcanic ash predictions
using ECMWEF EPS forecasts

Met Office

Perturbed forecasts

Control forecast ~

4 day forecast of FLO00-FL200
ash concentration valid at
12UTC on 17/05/2010

© Crown copyright Met Office ECMWF Operations Workshop, Nov v 1 s



NAME volcanic ash predictions
using ECMWEF EPS forecasts

Met Office

10 members of an ensemble forecast of FLOOO-FL200
ash concentration valid at 12UTC on 17/05/2010

© Crown copyright Met Office ECMWF Operations Workshop, Nov 2011



Ensemble mean, median
werormce (AN Other percentiles ...)

Control 251 perc 75" perc

Ens Mean 50t peré | 1OOth perc‘
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NAME volcanic ash predictions
using ECMWEF EPS forecasts

Met Office
prob(conc > VA threshold) in FLO00-200 at T+72
Ly
/
N.B. meteorological - ety of excecdence )
uncertainty onIy! _
Mo embers 10 20 3a 44 =0 a0 Ta 20 = 2l Members
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Site-specific products

Met Office

Risk category for threshold exceedence
Frobability concentration exceeds red

Air Concentration From FLODD - FL200
17/08/2010 12:00:00

Probability of threshold exceedence

STORNOWAY
Air Cfmcentra}ion From FLOOO - FLZOO
T R

| Only represents large-scale meteorological
-~ [uncertainties in the dispersion problem

& INOACCOUNT OF OTHER UNCERTAINTIES,
|ESP. IN THE VOLCANIC ERUPTION'

onc > threshold)

.

ﬂ .||||||||||||H|\|\HHHLIHHMHHNHH|'HH||||| ~ T

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

=

Mav 20“’ Likelihood categories: ~ Very Low

Low (0-30%)
Medium (30-60%)
Thresholds plotted:  1.0E-17 g/ m"3 20E-16g/m"3 . ngh (60'90%)

A Very High (>90%)

o EPS control forecast
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<>~ Dispersion Summary

Met Office

Use of EPS is a powerful tool to understand the
atmospheric forecast uncertainty in long-range
dispersion

Full probabilistic prediction also requires:
« Source-term uncertainty
* Model uncertainty

Current research is aiming towards a complete
probabilistic prediction

© Crown copyright Met Office



Integrating Post-Processing of
Ensemble and Deterministic NWP

© Crown copyright Met Office



<= Parallel systems

Met Ofﬁce
T » Deterministic production systems

* First-guess for charts and guidance

 Site-specific forecasts for web and products
« Supplementary ensemble information

« ECMWF EPS and MOGREPS

Lower resolution

Probabilistic risk information for forecasters

First-guess early warnings

A few customer-specific applications

 NWP Science strategy is ensembles for
everything

 How do we integrate applications?

© Crown copyright Met Office



Site-specific forecasts

© Crown copyright Met Office



“Best Data” provides a single source

of forecast data for all products
Met Office

« SSPA - Site-specific forecasts
« 5000 UK sites
* 10000 sites worldwide
« Kalman filter bias corrections (where obs available)
* Reduces effect of resolution differences
» Cascade of models by lead-time
» Single Value * Multi Value (Percentiles)
« UKV/UK4 « MOGREPS-UK
- NAE - MOGREPS-R |

[~ MOGREPS Mean | \ MOGREPS-15

»~
Ensemble starting to be used for Ensemble spread adjusted
“deterministic” Best Data to assure consistency

© Crown copyright Met Office ECMWF Operations Workshop, Nov 2011




SSPS Overview

Site-specific extraction
MetOffice  from the grid

Model
T
A2 Site .
%& e Convection
) Diagnosis
®
Model Procedure
surface
Orographic \V \

Adjustment Site Model land

point

«Same method is used for
deterministic & ensembles:
Global and regional
MOGREPS and ECMWF *

Model sea Coastal
point Adjustment
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Best Data Blending

Met Office Continuous updating of best deterministic

To start — 15 days out
« BestData(T+360) = MOGREPS-15(T+360) Mean

12 hours later

 BestData(T+348) = 0.5*MOGREPS-15(T+348) Mean
+ 0.5*BestData(T+360)

Current BestData = a * latest forecast + (1-a)* previous BestData
 ‘a’ varies with lead time and model combination

« At shorter range blend in:

« MOGREPS-R
 Higher resolution deterministic models including UKV

* Nowcasts
 Coming soon — ECMWEF data included in blend!

© Crown copyright Met Office ECMWF Operations Workshop, Nov 2011



Complex sets of weights by

Met Office Iead-time
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Ensemble Best-Data Stored
wetome S Percentiles

% | Min | 5%

10%

20%

25% | 30% | 40% | 50% | 60%

70%

75%

80%

90%

95%

Max

T|-3.1|-29

-2.8

-2.3

-1.8 (-1.7 |16 |-0.7 | -0.4

0.0

0.1

0.9

1.5

2.5

4.6

 Allows interpolation of probability for any threshold

* Independent of ensemble size or combination of data

sources

« Using blend of multiple sources including hi-res

deterministic models ensures consistency of:

* Most probable
* Uncertainty measures
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Best Data Temperatures
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Detail for London

Invent - Weather: Text view - Location: London - Mozilla Firefox

Met Office

File Edit View History Bookmarks Tools Help

4p - § @ e N

http://www. metoffice. gov.uk/public/pws/inventiweathertext/index. htm|?352409
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Most Visited ™ 5 Support™

Metnet home page *§ Google

Ensemble Applications |@ MOGREPS display web |@|yourself |@|People Search (C Capita Business Travel ¢ I:OPCHANGE
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Maximum Temperature Range

Following public consultation this is a new way

Temperatures will fall within the indicated range

roughly 9 times out of 10 with the most likely
temperature shown in green. There may be

variations between this product and the 5 day
forecast. We will continue to develop and

improwve this product.
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for the Met Office to present forecast information.
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Integrating Gridded Data
UK Post-Processing (UKPP)



03:00 05/08,/2011 (T+00:00% 1.5km
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UKPP '- -
» UKPP processes  [RRSEERNSERE It . R
NWP outputs on a [ b .
common 2km grid Sy . D qﬁq
Orographic . T L .
downscaling is mS e " et mmhr

applied to lower-
resolution models
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Now applying
downscaling to
MOGREPS-R
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» Post-processing
of MOGREPS-UK
will be done on
UKPP grid
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MOGREPS Downscaled 2m Temperature

Prob(Tmax>15C)
MetOffice emperatures adjusted to high-res orography
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MOGREPS Downscaled 2m Temperature
Prob(Tmax>20C)

Met Office | emperatures adjusted to high-res orography
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<7>= Summary

Met Office

 Historically we have had:

“Operational” A\ “Supplementary”
Deterministic | EPS
Models v 7

* Finally we are getting integration:

« Common post-processing
Blended
« Compatible formats Probabilistic

- Blended Best Data NWP
« MOGREPS-UK will be integrated from Day 1
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7= (Conclusions

Met Office

 Ensemble forecasts are still widely considered
to be a nice to have supplement to the
deterministic forecast

* Integrated post-processing provides a
consistent picture of the complete forecast

« Coupling of ensembles to a variety of impact
models provides effective risk assessment
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