l'F"III
s —
=

s orice

MOGREPS
Met Office Global and Regional Ensemble
Prediction System

Ken Mylne

Ensemble Forecasting Manager



Outline

*Introduction to Ensemble Forecasting

=Examples from

* ECMWF Medium-range EPS

» Met Office short-range ensemble (MOGREPS)
*Probabillity forecasts

*\What do they mean
» Decision-making
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The Met Office has a World-leading forecasting

system, but nevertheless...

= All forecasts are uncertain

» High-profile forecast failures are now rare, but
do still occur (eg Dec '99 European storms)

= | ess severe errors are much more common,
e.g.
= medium-range forecasts
» finer details such as timing of rainfall

= E-W position of snow over recent weekend

= Ensembles turn weather forecasts into Risk
Management tools
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The Effect of Chaos

= The atmosphere Is a chaotic system: “... one flap of a
seagull's wing may forever change the future course of the
weather”, (Lorenz, 1963)

Up to about 3 days ahead we can usually forecast the
general pattern of the weather qujte accurately

= Beyond 3 days Chaos
becomes a major factor

Tiny errors in how we analyse the

current state of the atmosphere lead N ) P T \aﬂ:| 3
to large errors in the forecast — [ /] =
these are both equally valid 4-day \\t 7 pre
forecasts! ?5\ :/ r{j ek
s o At

* Fine details (eg rainfall) have shorter predictability
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Ensembles...
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Ensembles = estimating risk

By running model(s) many times with small differences in
Initial conditions (and model formulation) we can:

= take account of uncertainty

= estimate probabilities and risks

= eg. 10 members out of 50 = 20%

ECMWF ENSEMBLE FORECAST Data Time : 02/11/2004 12z D+ B Valid at : 10/11/2004
Significant Wave Height in - m
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ECMWF Ensemble (EPS)

= 51 members
= Control (unperturbed) + 25 pairs formed by adding
and subtracting a perturbation

= T,319 Resolution (approx 60km)

» Designed for use beyond 48h

= Perturbations are linear combinations of
Forward and Evolved Singular Vectors

» |ncludes Stochastic Perturbations to model
physics
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FCMWF ENSEMBLE FORECAST &/ 1/2005 12z. T+ 36 Valid at :
Mean Sea Level Pressure

Member with highest mean: 18

Member with lowest mean: 27

Member with highest range: 45

Member with |owest ronge:

Member: _3 Member: 4 _Member: 5
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Carlisle storm, Jan 05, from ECMWF 51-member medium-range ensemble
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» 24-member ensemble designed
for short-range forecasting

=Regional ensemble over N. Atlantic
and Europe (NAE) (24km resolution,
38 levels) to T+54

»Global ensemble (~90km resolution,
38 levels) to T+72

= Also runs to 15 days at ECMWF
for THORPEX

"ETKF for initial condition perts
»Stochastic physics

»Global run at 0Z and 12Z. Regional
run at 6Z & 187

NAE

MOGREPS has successfully completed a
1-year Operational Trial. Scheduled to
become operational by Dec 2007.
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MOGREPS Operational System diagram

New global analysis

Global ensemble forecast
using stochastic physics

=

Perturbations mixed and
scaled by ETKF

=

Aﬁ—\y
—_—

’\’\

New NAE analysis

0Z 127
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Desirable Properties and how
we achieve them



Probability forecasting

Desirable properties of an ensemble:
= All members must be equally likely
* RMS spread ~ RMS error of Ens.mean

» Ensemble spread should include observations
(most of the time! ~ 2(100/n)% )

= Spread-skill relationship:

= Small spread should indicate high probability ... but large
spread not necessarily mean low skill!

If these criteria are met the ensemble
may be used to estimate probabilities
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Desirable Properties of Ensembles
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of the control
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Verification of EPS: Verifying quality

We can verify the spread of the ensemble
The Talagrand diagram

With only one ensemble member (|) ® ‘ ®
all observations (e ) will fall “outside”

With two ensemble members two out of
three observations ( 2/3=67%) will fall outside ® ‘ ® ‘ ®
With three ensemble members two out of

four observations ( 2/4=50%) will fall outside ® ‘ ® ‘ ® ‘ ®

Two observations out of N will always fall outside yielding a
proportion of 2/ N outside

© Crown copyright 2007 Forecaster Training — MOGREPS and Ensembles. Page 14



Verification of EPS

he Rank Histogram

T(850) anomaly [K] 19991201-20000229 STEP 144

o 16.% Only 2/50 =
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Initial Condition Perturbations



Uncertainty in the IC

= Getting different ICs that estimate the
analysis error is not enough ...

= not all errors in the analysis are likely to grow
= Limited computing resources

We need to focus on those perturbations
that rapidly diverge

© Crown copyright 2007 Forecaster Training — MOGREPS and Ensembles. Page 17



Initial conditions: Bad sampling!

Initial Condition
Uncertainty

26
/

|
Analysis

real forecast Deterministic Forecast
uncertainty

Estimated forecast
uncertainty

time
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Underdispersion

What does under-dispersion mean?

Temp. forecasts

»
>

time

The ensemble capture reality less often than it should

» Dangerous: false sense of security!
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Initial conditions

Singular Vectors
(ECMWE; Molteni et al., 1996)

= SV try to identify the dynamically most unstable
regions of the atmosphere by calculating where
small initial uncertainties would affect a 48 hour
forecast most rapidly. It needs an adjoint model.

= SV perturbations are very small at initial time —
grow rapidly

= Expensive to calculate — done at low resolution
(T63)
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SV Perturbations

= Each perturbation is a linear combination of:
= 25 NHem SVs

ECMWF ENSEMBLE FERTURBATIONS. 7/ 2/2001 12z
u 25 SHem SVS Mean Sea Level Pressure — hPa Perturbgtion: Perturbation: 62 ~
] 25 Troplcal %hoogdrm%dseh%?sperturbotions‘ ﬁ?ﬂqﬁr =~ % i i é
: [ UL A
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= Caribbean ,;; it L @ﬁ;f
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| |
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Error Breeding

Rescale bred mode
to analysis errors
(fixed climatological
rescaling factor)

Use for perturbation
IN next cycle

Cycle “breeds” the
rapidly growing
modes in the
analysis cycle
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B

Control analysis Perturbed analysis
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Perturbation structure



Perturbation Structures —

Mean and spread PMSL

Mean and spread Tor PM5L forecast T+00
' T ':-i' .' " .

ju]
3
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Perturbation Structures —
Mean and spread PMSL

=Spread tends to be i
concentrated around K
fronts and sharp §

gradients

=Perturbation is non-
zero everywhere (in
contrast to SVs)
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Stochastic Physics



Stochastic physics

RMS errors

. the quest to increase spread!

NH 500 mb Height
Average For DOZO1MAYZ002 — 00Z31JUL200Z  pyjizza et al., MWR, 2004

dot—spread solid—rms
&0

Bl R

All three systems are
under-dispersive!!

&
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Stochastic physics in MOGREPS

MOGREPS employs three schemes to address
different sources of model error:

» Random Parameters (RP)
= Error due to approximations in parameterisation

= Stochastic Convective Vorticity (SCV)
» Unresolved impact of organised convection (MCSSs)

= Stochastic Kinetic Energy Backscatter (SKEB)

= Excess dissipation of energy at small scales
Impact is propagated to next cycle through the ETKF
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Model error: using a single-model

*"QUMP (Murphy et al., 2004)

=|nitial stoch. Phys. Scheme for the UM
(Arribas, 2004)

Random parameters

Parameter Scheme | min/std/Max
Entrainment rate CONVECTION 21315
Cape timescale CONVECTION 30/30/120
Rhcrit LRG. S. CLOUD 0.6/0.8/0.9

Cloud to rain (land) | LRG. S. CLOUD | 1E-4/8E-4/1E-3
Cloud to rain (sea) | LRG. S. CLOUD | 5E-5/2E-4/5E-4

Ice fall LRG. S. CLOUD 17/25.2 /33
Flux profile param. | BOUNDARY L. 5/10/20
Neutral mixing BOUNDARY L. 0.05/0.15/0.5
length
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RP+SCV Iin MOGREPS

20040127007 = T+72

T2M (C): STPH, — ctr ACC. SNOW (mm): STPH, — ctrl
7OON ] ‘ 5 700N ‘ ‘ ‘
60°N J 60°N

7
|
50°N 50°N
-1
-7
40°N 40°N
. -3 .
i o i
30N ] T T T T ] -3 30N I
30°W 20°W 10°W 0°F 10° 20°F 3000 20°W 10
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SKEB

Stochastic Kinetic Enerqy Backscatter (SKEB)

= Based on original idea and previous work by Shutts (2004)
= Related to new scheme for ECMWF EPS

= Aim: To backscatter (stochastically) into the forecast model
some of the energy excessively dissipated by it at
scales near the truncation limit

* |n the case of the UM, a total dissipation of 0.75 Wm-2 has
been estimated from the Semi-lagrangian and Horizontal
diffusion schemes. (Dissipation from Physics to be added
later on)

= Each member of the ensemble is perturbed by a different
reallzatlon of this backscatter forcng B
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SKEB

= Streamfunction forcing:

= 1 K .R(A VAT-D K.- Kinetic En.; R.- Random field;
v §a° ‘R(4,9) AT A7D.- Dissipated en. in a time-step

R is designed to reproduce some statistical properties found with CRMs

Example:
u increments at H500

150

= argest at the jets/storm track

LAY
a0 .

© Crown copyright 2007 Fc
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SKEB

Preliminary results:
= Positive increase in spread (comparable to that seen at ECMWF)

Increase in spread respect to an IC-only ensemble
140 500 hPa geopotential height i

12.0 4 —

10.0 — -

o SKEB |

5.0 — —

"7 RP+SCV. |

2.0 — -

G0

12I TTT Ir|IBI T 00 06 I1I2I TTT I1I8I T 00 06 I1I2I TTT I1I8I T GO 06 12
mug_semlAN 29 JAN 30 JAN 31 FEB 1
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Product Examples



Ivd MOGREPS display web - Mozilla Firefox

File Edit View History Bookmarks Tools Help

@ T T @l ﬂ_l" (i) |I_| hrtp:ﬂwww-nwp.-’mfren,'MO-GREPS.fproducrsfmeanprobs.fmeanprobs.hrmI?frmAnimStatuS:Stopped&frmDeIayMS=40l}+|'| [i'l :'|

MlRed Hat Network |1 Support || Metnetwork || Metnet home page || Previn [GlGoogle [ | MOGREPS display web
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Enseémble Mean PMSL plotted as faint background)
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] lli 7 \ X { & @_\ ‘:}\__Q
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Spaghetti Chart

_ ECMWF ENSEMBLE FORECAST 7/ 2/3001 122 _
SPAGHETTI CHARTS. 500 hPa height of
S328.00m, 546.20m and 564.90m
T+ 86 Valid of 11/ 2/2001 122
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Example MOGREPS 33h Rainfall forecast =

et

MOGREPS (Regional TotalPrecipitation&hr

= Standard ; 2 7
deterministic i ' '

forecast

» Ensemble
offers
much more
Information
on

= areas at
risk
"intensity
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Example MOGREPS 33h 10m WS forecast ==

MOGREPS ({Regional) 10mWindSpeed (knots) DT 18Z on 17/10/2005
| T+33h VT 037 on 19/10/2005

Filled ehart. Contours: Beaufort Force & aond above.

o 16 24 32
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5 L T
_ Ep}b'gﬁl{ﬂ_- u!u'lmb r 11
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&:U £ “‘?/(S i /] J%?/AS
bepbzriz ember 13 G'Lmber,ﬂ 7
] | L @ S
95 |5 oy
e NNIPE <% o Sy
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i % ' . J
sl A
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Products — Probability charts

MOGREPS (Regjonal Probability map for ﬁHourPrecif:) > 2.0mm
DT 187 on 27/02/2007 VT O on 28/02 /2007 ead time U6h
(Ensemble Mean PMSL plotted as faint background)

~= | | |

/“’ { \1/,—»

]

i LY

Q.01 0.25 0.5 0.74 0.95
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Products — Probability charts

MOGREPS (Regjonal Probability map for ﬁHourPrecif:) > 2.0mm
DT 187 on 27/02/2007 VT O on 02/03/2007 ead time 54h
(Ensemble Mean PMSL plotted as faint background)

T : T I

_ ST N

-~ o
&5 .
: 7 éf;//{ i

) - \,
1=
d.01 0.20 0.5 0. 70 0.89
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Products — Probability charts

MOGREFS (Regiongl Probobmt p for 10mWindSpeed > 34.0knots
DT 187 on 27/02 /2007 TZ on 27/02 /2007 lead time 03h
(Ensemble Meon PMSI_ plotted as faint background)

T T

e | .
¥ ) e ‘\_\ ’}
S
o /

% ) | (l TN

a.01 .25 0.3 0.75 0.99
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Products — Probability charts

MOGREFS (Re |onc12) Proboblht%x] p for 10mWindSpeed > 34.0knots
DT 187 on 27/02 /2007 07 on 02/03/2007 lead time 54h
(Ensemble Meon PMSL plotted as faint bocquound
v
fﬁ

){

| e

f“\

g0 ﬁ
= <~ ;/L); o /]{ ]

a.01 .25 0.3 0.75 0.99
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Products for the Risk Manager

Total Precipitation (mm/6 hr)
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T
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s CTRL
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* Plot of ensemble spread
= Range of uncertainty
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Dato Time : 122 03/09/2001 Lot 5850 /len 150

100% o

Prob *

09% o=
THI2 T+24 T436 TH4B THE0 T4+72 T+B4 T+496 TH108 T+120 T+132 T+144 T+156 T+168 T+180 T+182 T+204 T+21

=
4228 T
w o owe  m we
SeptCMher Tue Warl Thu Fri Sat Sun Maon Tue e Thu
2001 o4 os 08 a7 08 o8 10 1 12 13

D Significant wave—height g 1.5 m . Significant wave—height g 3.5 m

D Significant wave—hsight gs 2.5 m . Significant wave—height ge 4.0 m

. Significant wave—height gg 5.5 m
D Significant wave—height g 3.0 m

= Probability graph for multiple
severity thresholds

= Example of use for risk
management in offshore oll
industry
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Synoptic Features (from Cyclone Database)

MOGREPS (Global)
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Click on Feature at T+0...

0Z on 1/9/2006, from 0Z on 1/9/2006 (T+0)
7 oy, o . Fa = g
o L 3~

=

NSRBI |
G Qyj (S
K .- = J L ,
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Forecast plumes for feature characteristics ===

Datg time 20060801 00Z

Feature—specific plume of pressure Feoture—specific plume of relative vorticity
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Example tropical cyclone chart

% Tropical cyclone products from the experimental MOGREPS 15-day ensemble

m © British Crown Copynghl

GEQRGE : DT 127 03/03/2007 GEORGE ; DT 12€ on G'ﬁfﬂ"ul.-'r?l" 17 GEORGE : DT 127 03,/03/2007
a} Enssmble forecost trocks Ll-} Strike plubuh itie= £] Post positians and key forecost tracks
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Hurricane Katrina

._,"-.
=~
m @ Brtish Crown Copynght

KATRIMA : DT 00Z 26,/08/2005

o) Ensemble forecast trocks

3
o
[
|
P
{
Y -~
— To-24 T72-95 Ti44—188 — T216-240
— T24-48  — T96-120 TIGB—192 — T240-264
— T4B-72 TI20-144 — T192-216  TI64-ZER

=~
m © British Crown Copyright

KATRINA : DT 127 26,/08/2005

o) Ensemble forecast trocks

— To-24 T72-96 Ti44-188 — TI16-240
— T24-48 — T#E-120 TI68-182 T240-264
— T4B-72 TI20-144 — T192-216 T264—288
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Tropical cyclone products from the experimental MOGREPS 15-day ensemble

KATRINA : DT 00Z on 26/08/2005
b} Strike probabilities

=

ao"wW 80

Probability will poss within 75 miles in next 12 doys
5-19% 20-39% [ +0-59% [ c0-79x% [ B0-100%

Tropical cyclone products from the experimental MOGREPS 15-day ensemble

KATRINA : DT 127 on 26/08/2005
b} Strike probabilities
80w

¥ o

20050826 0 UTC
Probability that KATRINA will pass within 120km radius during the next 120 hours
tracks: black=0OPER, green=CTAL, blue=EPS numbers: observed positions at t+_h

g

Hurricane Katrina

B\ Advisary 11

4 { August 26, 2005
- 5 AM EDT Friday
WS TPCiNational Hurricane Center
Current Center Location 253 N 81.5W
X Maoc Sustained Wind 75 mph
- Current Movement W at 5 mph
" 5 ® Currem Center Location
~ { & Forecast Center Pasitions
~ W Sustained wind » 73 mph
., Potential Day 1-3 Track Area
mmm  Tropécal Storm Warning
Tropical Storm Watch

100 W

Symbole pletted

Probability that KATRIN
tracks: black=OPER, gre/

e

3

—

True ab 30,000 .
M 118 o

125 0
Approx. Distance Scale Btatute Hiles }
el O%l
Y
Ib\'J
L
|ao*n
i 40
7
A J 0
- 2
-~ )
] - N
_ 20 N 10
g o a0 - A i
A5

Probability will poss within 75 miles in next 12 doys

5-19% 20-39% [ +0-59% [ c0-79x% [ B0-100%
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End-to End Outcome Forecasting

= An ensemble weather
forecast can be used to
drive an ensemble of
outcome models, eg.:

© Crown copyright 2007

Tidal surge

Ocean waves

Wind power output
Energy demand
Hydrology — flood risk
Ship or aircraft routes

Prediction of UK & Wales Electricity Demand (June '99)

|-+ THRawy

* t

o2 ' 03 ' 04 ' 05 o6 o7 ' 08 ' 09 ' 10 ' 11
June 1999

Crossing Brest to New York

Leaving at 12 UTC on 28.02.1999, arriving at 00 UTC on 07.03.1999

50N g RO ... B

—— First quess —— Dateministic forecast

Ensemble — Analysis

BOW

B0'W 40°W 20°W o
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Storm surge Ensemble — contract for EA

= CS3 Storm surge model
coupled to MOGREPS NAE \\\\\

© Crown copyright 2007 Forecaster Training — MOGREPS and Ensembles. Page 52



Using Ensembles



Met Office Operations Centre

ECMWF ENSEMBLE FORECAST 17/ 2/2004 12z, T+120 Valid ot @ 22/ 2/2004 122
Mear

Ops Centre forecaster uses
the ensemble to assess the
most probable outcome
before creating the
medium-range forecast
charts...

...and assess risks
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Example — low spread, high confidence

{0rm Wi Spzed (Knotz)

= Snowy period in SW, Nov 2005

= ECMWEF EPS very high z

Tetal Praciptaten (/i)

confidence of blocking .

breakdown : — .MMMMMU

»Allowed issue of high confidence :
of return to mild conditions on
Wed 30t 5 days ahead CrEaRE T YT YA

»Analysis of 0600 on 30"
confirms this was correct

MOGREPS Global EPS Metecgram
ITE ]

j
1016 l;l
;o& T

2
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ECMWF ENSEMBLE FOREGAST 24/11,/2005 122
SPAGHETTI CHARTS. 500 hPG héight of
526,00m, 546,00m and 5
Valid ot 2
-

64.00m
T+120 b 12z
YA
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Variable Predictability in EPS

ACC>0.6 indication of useful
o forecast

= Two graphs show variable

. predictability

¢ = Many EPS members more

" skilful than control (solid line)
# = Need to develop ways to

extract information from best
members, without knowing

Anomaly Corr. Coeff.

> which they are
- g " Ensemble prediction systems
% i
8 n (EPS) allow us to assess the
oo 4 flow-dependent predictability
5] X 32
> 04 W
o ) R
2 N R
E 0.2 . 11 ) )
| 500 hPa height ' ®  Figure from Molteni et al, 1996
™ = & 8 ¥ %
Day :
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Expressing uncertainty

= Forecasters have always dealt with uncertainty.

When? It's going to rain!

Where?

How much?

Are you

sure? T ...at times )

...mainly in the NW
...up to an inch in places
...risk of heavy bursts

/
= Uncertainty expressed in many ways , mostly subjective.
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Probabilities < getting quantitative

How can we improve on subjective description?

People in London
have a 50% chance
of seeing a light

shower this
arermooen—

...but in the NW you NN
have an 80% risk of a
shower with a 20%

chance of over an inch

7

This Is much more informative, but only if the
figures are meaningful!
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Use of probability forecasts - Clear Definition

What does this mean?
»= 30% probabillity of rain in Scotland

= 30% in Edinburgh City Centre?

= 30% somewhere along the M8?

= or 30% “somewhere in Scotland”?
= How much?

= A trace? 5mm? heavy downpour?
Probabilities must be unambiguous and relevant to the
end user
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Clear Definition

Examples of well-defined probability forecasts could be:

= 30% probability of more than 5mm of rain at Edinburgh Airport
between 1200 and 1800.

= 70% probability of wind reaching gale force in at least one place
In Scotland on Tuesday.

= 10% probability of wind sufficient to cause severe structural
damage in Edinburgh overnight.

The last example shows how a low probability can give
useful warning of a serious event
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Communicating uncertainty

YESTERDAY | TODAY | TOMORROW THURSDAY . FRIDAY SATURDAY
20 ! ! 20
1 1
.1 5 i 1 — o 1 -5-
| | ]
5 ] 1
= 10 ! 10
] I
L4 ] i
C° \,[\\ ' °
1 1
o —! i 1 a4 — - D
i I
-3 1 1 =5

MON TUE WED THU  FRI  SAT
7 MAR B MAR 9 MAR 10 MAR 11 MAR 12 MAR

——observed temperature Sn Svarags

aon uuruq-u Tampearafurs teamperatura
——axpacted temperatura will fall Tn lnner range will fall In
= times out of 10 ocuter range

9 Himea ouf of 10

* Improved presentation of meteogram information
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Verification

A single Probabllity Forecast cannot be right or

wrong. Consider:
= Probability of X is 30%
If X happens, Is this right? Or wrong?

But... out of 100 such forecasts, X should

happen 30 times.
Verification must be done over many forecasts
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Verification

Annual Reliability Diagram: Wind12_GE 28 T+072 — Yedr ending JJA2005
100 [T T T T T T T |£‘; :J. é T_]

= Reliability diagram shows
how well probability
il relates to frequency of

1 1 1 1 1 1 1 1 1]
R occurrence
Forecast Probakility

S = Demonstrates benefit of
ces T e bias correction (red)
wo = oo compared to raw (green) for
ECMWEF wind forecasts
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Probabilities in Context

= Sometimes probabilities need to be compared to
climatology to be properly understood.

There’s a 50% prob

50% ? You mean of snow in London
you don’t know tomorrow
what will happen!

\

Normally it only snows
one day in 50 at this
time of year - so 50%
IS a strong signal.

/

T
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Severe Weather Warnings



Example: Early Warnings of Severe Weather

Met Office issues Early Warnings up to 5 days ahead -

when probability >60% of disruption due to:
= Severe Gales
= Heavy rain
= Heavy Snow
= Forecasters Provided with

alerts and guidance from
EPS
= Challenges:

= Severe events not fully
resolved

= Combination of effects

= Few events so difficult
to verify

I e
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Verification of Heavy Rainfall Warnings

= Good relationship Lo
between forecast
probability and frequency Obs
of occurrence freq
= Most severe events can R
be forecast, but at low

probabilities = :
= [False alarms

= For each correct low R E— |
prObablllty Warning, 1%% | | ‘Samp\e Clim. ‘Freq. 0.1240+
several false alarms are 2 Areroge F/c Prob. 01389

also issued i
= Need suitable response W | | | 1
|eve|s to Cope 0.0 0.2 0.4 0.6 0.8 F/c Prob. 1.0

f/lc prob
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Can we use low probabilities?

Most extreme events are inherently improbable -
how should we respond to low probabillities?
Event probability must be related to “climatology”

for decision-making, eg.
» 5% risk that a plane will crash - would you board it?
» 5% risk of rain —would you play golf?

* 50% prob of heavy snow in London tomorrow

Decisions must be based on user’'s Cost/Loss

ratio
= users with low C/L should protect at low probabilities
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MOGREPS Verification
(Time permitting!)



Temp SONO6 (79 sites UK & Europe)

Log scale: No. Feosta

© Crown copyright 2007

Qbserved Frequency

Temp<2C T+24

Reliability D|<:Fgmm EU maodel with VT of DBEODZ
d: LT2 T+024
UK&Euro stu‘[lon \ls for season SON2006
100 T T T T ]

S0 —
B0 "~
T0- —
B0 —
S0 —
40 —
30 —
20 ,

10+ -

ot 1 1 1 L L 1 1 1 L 11

o 10 20 30 40 50 B0 70 B0 80 140
Ferecast Probakility

Feost type Reliobility Seore

RAW I 0.00451381

Q 10 0 30 40 50 60
Forscoet Prebability

o
Q
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S
-
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=)
a

Log scale: No. Feosta

K

Qbserved Frequency
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Temp<-2C T+24

Reliability Diagram: EU model with VT of DBODZ
ield: Temp LT—-2 T+024
UK&Euro stu‘[lon list for seasan SONQOOB
1aof B

S0 —
B0 —
F0- —
B0 —
50 —
40 —

30 -

20 —
10+ —

I 1 i 1 L L 1 1 1
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Ferecast Probakility
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Brier Skill Score components for Temperature

0.0 _ J— »—* NAE ensemble =
w )E ------ xo ?""'HG{'@[}G@E‘PSB{T;MS& ................... q

EC -eﬂ%emble — {._ ]

| 1 1
o] 12 24 36 48 60 72
lead time (h)

&
“0.8[
5
@2 0,6;
! Temp>10C
% 0,4}
g 02- 1
Y 0.0 B o e »* *—* NAE epsemble . -
o i oo g =S opbalfensamoie®
a i o—=o¢ EC ensemble UP) 0.8 ]
S —n.2 ! ! ! I I Py '
o o 12 24 35 48 50 o
Lead time (h] & 06l % B
I S— oo %
3 T S S S
= 79 sites UK & Europe s L i ____________________ l, __________ 4
= 6 Nov 2006 — 28 Feb 2007 S 0.2 L — éi
v
Lii) 1

Temp>15C
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Reliability diagram for surface temperature

temperature > 10 deg C at 1+30

. REllablllty 1.01 g 10000 |
diagram for |5 1000y
Temp>10C o VB e,
g L For.ecost ‘probobility
. D i
= /9 sites UK & < 0.6F .
Europe -
8 L
2 0.4r .
=6 Nov 2006 — 5
28 Feb 2007 < :
0.2 **NAE ensemble -
j +—+Global ensemble
1 < LEC ensemble
OO0, . . vy
0.0 0.2 0.4 0.6 0.8 1.0

Forecast probability
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Temperature > 10°C KFEMOS

Kalman-filter bias-corrected forecasts.

oY)

%)

vo0.8]

X

D —

(JO —

L gl

;U —

M | _
6h — —
- 0.4 -
E—D'— - —
3 - |
g - |
5 0.2 —
- B ]
3 i |
vVo0.0F :
. B +—+ CGlobal ensemble 7
o i o—o EC ensemble 1
S —0.2 | | | | |

O O 12 24 36 48 60 72

Lead time (h)
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Brier Skill Score components for Precipitation

o]

€]

€]

5 0.6

& |

go I )
3 12-hour precip>0.5mm
a 0.4

o

G I y

> 0.2k B

a. - |

-

D -

O

e 0.0

3 B B E__x—x* NAE epser 0.4 ‘

v 1 . +—+ Globglgens i I. S
G - oo TS FC ensem R
9 0.2 | ‘ | |

B 0 12 04 36 48 0.2

Lead time (h)

= 79 sites UK & Europe
= 1 July 2006 — 31 March 2007
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\
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\
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Reliability diagram for precipitation

= Reliability
diagram for 12h
precip>5mm

=79 sites UK &
Europe

=1 July 2006 —
31 March 2007
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12hr r
1.0

Aousnbaoli] pasdasgQ

0.8

0.2

ain accum. > O0.5mm at T+30

Aouenbaud

0.0¢ . .

0.0

10000 §
,{
1000 | Sk

100
0.0 1.0
Forecast probability

0.5

¥*NAE ensemble
+—+Global ensempbl]
oL ensemble

0.2 0.4 0.6 0.8 1
Forecast probability

Forecaster iramning — viVoRKEFS and Ensemaoles.

c

.0
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6hr precip > 0.3mm against gridded analysis

Reliahility and Sharpness
UK—EY T+36 Forecas t Bhr Precip Accumulation {mm) GE 0.3mm
T T T | T T T .

1.01

*Reliability and sharpness
diagram for T+36 forecast.

0.8 —

*6h precip > 0.3mm

*Verification against Nimrod
Analysis over the UK at 1.0
degree resolution.

02—

0.00 CR R AR B R B R R R Re
Q.0 Q.2 0.4 0.6 0.8 1.¢
Forecost Prabability
Verification against Analysis for Reduced old NAE Model area (up to June 07), 1.0 deg grid — NAE EPS model area {area mean method)
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6hr precip 5mm against gridded analysis

Reliability and Sharpness
UK—EY T+36 Forecast 6hr Precip Accurmulation {(mm) GE 5.0mm

*Reliability and sharpness
| diagram for T+36 forecast.
*6h precip > 5mm
*Verification against Nimrod
Analysis over the UK at 1.0
degree resolution.
g by P

Forecast Praobhability
Yerification against Analysis for Reduced old NAE Model area (up to June 07), 1.0 deg grid — NAE EPS medel area (area mean method)
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6hr precip 25mm against gridded analysis

Reliability and Sharpness

UK—EY T+36 Forecas t 24hr Precip Accurmulation {mm) GE 25.0mm
| | *Reliability and sharpness
diagram for T+36 forecast.
*6h precip > 5mm
*Verification against Nimrod
Analysis over the UK at 1.0
degree resolution.
O%G_]_J__l_g_z_‘__lluu.\\ - Dlﬁl oo 1 No regol [0.”....1..8

Forecast Probability
Verification against Analysis for Reduced Mesoscale Medel area, 1.0 deg grid — NAE EPS model area {area mean methed)
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Reliability diagram for wind speed

= Reliability
diagram for
wind speed >F5
at T+30

=79 sites UK &
Europe

=6 Nov 2006 —
31 March 2007

1.0

Aousnbaoli] pasdasgQ

0.0&. . . |

Wmd speed >— force IS ot T+BO

0.81

0.2

Aousnbsid

10000
1000}
100

0.0 05 1.0
Forecast probability

4—FG|ob0| ensembpl
oL ensemble

c

0.2 0.4 0.6 0.8 1.0
Forecast probability

OO
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Wind speed atleast gale force 8

Reliability and Sharpness
UK—EY T+36 Forecas t Wind (Knts) at Station Height GE 35Knts

*Reliability and sharpness
; o] diagram for T+36 forecast.

e10m Wind > F8

*Verification against surface
L obs over UK and Europe.
1 Jan 06 — 28 Feb 07

2.0x19°

0.0 gy gy P 1 1 1 Lopeigy [\Io "FSOIHHM\ a
0.0 0.2 0.4 0.6 0.8 1.0
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Wind speed at least severe gale force 9

Reliability and Sharpness

UK—EY T+36 Forecas t Wind (Knts) at Station Height GE 41Knts
1.0
1.2%10
0.8 —1.0x10°
— 8.0%10"
o 0.6
o
a
m
2
]
a
<! >
8 o —B.0%100
a e
3 268
204 B
—4.0x10*
0.2
—2.0%10"
0.0 ___| L L l L L L | J J J | L 1 I Na_resclytion | o]
Q.0 Q.2 0.4 0.6 0.8 1.0

Forecost Probabih’t)'r

Verification against Surface Obs for Reduced old NAE Model area {up to June 07), Model grid

© Crown copyright 2007

SBEDT) 4O JaqLUNp

*Reliability and sharpness
diagram for T+36 forecast.

*10m Wind > F9
*Verification against surface

obs over UK and Europe.
1 Jan 06 — 28 Feb 07
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Wind speed at least storm force 10

Reliability and Sharpness

UK—EY T+36 Forecast Wind (Knts) otp Station Height GE 48Knts . .Reliability and Sharpness

diagram for T+36 forecast.
+10m Wind > F10
Verification against surface
obs over UK and Europe.
1 Jan 06 — 28 Feb 07

Forecost Probability
Verification against Surface Obs for Reduced old NAE Model area {up te June 07), Medel grid
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Spread-skill relationship — wind speed

= Spread-skill for wind- |- et s
speed binned into 79
equal population bins &, T DJF
by spread
= Skill corrected for i
observation error 0 1 ; ; 4 5

Average Standard Dewviation (ms™)

u Blue - MOGREPS * ¢ MOGREPS
- Plnk — NO Skl” ] ::eritit”Spread s

= Green — Perfect
Ffeen errecC JIA

RMSE (ms™)
= N
(6] o

(0]
3

o
1]

o
D
o

Grad = -0.05

[
o
I

o
a1
I

0.0 T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Average Standard Deviation (ms™)
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Spread-skill relationship — temperature

= Spread-skill for
temperature binned
Into equal population
bins by spread

= Skill corrected for
observation error

=" Blue - MOGREPS
= Pink — No Skill
= Green — Perfect

© Crown copyright 2007

* MOGREPS Grad = 0.91
3.01 4 No skill
+ Perfect Spread .
2.5 1
*
< 20
o)
Grad = 0.63
= *
z 151 .
N *
£ 3 &
1.0 - ¢
Grad = 0.03
0.5 -
0.0 T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Aweraae Standard Dewviation (K)
5
¢ MOGREPS |
+ No Skill Grad=0.95
4 4
+ Perfect Spread
*
—~ 34
3
w Grad = 0.08
2 s .
o 24 ¢ : . * 0 ¢ 4_./9//
* o0 ¢ 7
YRR’ Grad=0.01 *
1 *
0 ‘
0 1 2 3 4 5

Average Standard Deviation (K)

FOI’ecaStel’ Trau HIY — VIV UL O AU LT IDTTHTIVITD.

DJF

JJA
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Conclusions

*Ensemble forecasting Is now a mature
tool for medium-range forecasting

= New development in the short-range
*Ensembles provide extra information on

= Uncertainty

» Risks, particularly for High Impact weather
*\We are learning how to use probability
forecasts for improved decision-making
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Useful Web Addresses

= MOGREPS Operational display system:

= http://www-nwp/~fren/MOGREPS/products/home.shtml

= Met Office ECMWF Ensemble display system (PREVIN):
http://ukmet/OPER_PRODUCTS/ensembles/ensembles.html

= ECMWEF Website forecasts: http://www.ecmwf.int/products/forecasts/d/charts

= Ensemble pages on external web:
http://www.metoffice.com/research/nwp/ensemble/index.html

= NWP Gazette article on MOGREPS:
http://www.metoffice.com/research/nwp/publications/nwp_gazette/febO6/mogreps

.html

= Lecture notes from ECMWF Predictability Training Course:
http://www.ecmwf.int/services/training/rcourse_notes/general_circulation.html
= Slides from 2002 ECMWF Seminar on Predictability:

http://www.ecmwf.int/publications/library/ecpublications/proceedings/seminar200
2_predictability/index.html

= Ken Mylne’s page of www sites (includes links to ECMWF and NCEP pages):
http://www-nwp/~frkm/Ensemble_sites.html

= Ken Mylne’s home page:
http://www-nwp/~frkm/index.html
* Any questions? Email: ken.mylne@metoffice.com
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Accreditation

i

WAFC

World Area Forecast Centre
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Questions & Answers



