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= MetOffice A Met Office tudomanyos részlegei
(research — without services)

Weather science Climate science Foundation Applied science
« Data assimilation « Climate, cryosphere and science « Aviation applications
° Ensemble forecastlng oceans . Dynamics research ° _C:Iimate_infolrmation for
o ~ « Understanding climate » Clobal modell g\terrl\atlonat
* Atmospheric dispersion  change Global modelling evelopmen
and air quality « Observation-based  Climate security

* Climate impacts
research « Climate services

» Atmospheric processes
and parametrization

 Verification, impacts

and post-processing  ° Climate monitoring and

attribution

Defence applications

» Research to operations « Post-processing

» Earth system science

e f - » Regional model applications
cean forecasting * Monthly to decadal evaluation and - Science for impacts
- Satellite applications prediction development resilience and

adaptation
« Science health strategy

« Observations research * UK climate maps and data
and development
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ZMetOffice \/erification, Impacts and post-processing

Feladat:;

* A numerikus iddjaras elGrejelzések outputjainak rendszerszer( és
tudomanyos feldolgozasa (el6rejelzés és verifikacio készitése a Public
Weather Service szamara)

Csapatok:

« 2 verification (model diagnostics & operational)
« 2 post processing (gridded & site specific)

» Weather impacts

e System team

www.metoffice.gov.uk © Crown Copyright 2020, Met Office



*~MetOffice Az elmult évek tudomanyos munkai

Villamlas
 WAFC Cb horizontal extent el6rejelzések verifikacidja
* Obs (1): villamlas (foldi megf. pl. ATDNet) & OT
* Obs (2): villamlas (GLMs - Geostationary Lightning Mapper — GOES16 & 17 miholdakon)
* Villam el6rejelzések verifikalasa (Obs: Earth Networks data)
* Viktoria t6 és kornyéke
* India
Csapadék
« Csapadék és vizhozam ensemble elérejelzés verifikacioja UK vizgydjtbire (radar & csap. mérd all. adatok)
» Nagy csapadéku riasztasok verifikacidja Skociara (radar)
Homeérséklet
+ Medfigyel6 allomasok geografiai, orografiai €s dominans talajfajta alapjan torténé objektiv rétegzédése
szerinti 2m-es hémérseklet verifikacio

UV Index

Osszetett verifikaciok
* HiRA (High Resolution Assessment)
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=~MetOffice  HiRA (High Resolution Assessment)

1. How to consistently demonstrate skill in increasingly higher resolution
models? (*)

2. How to demonstrate skill of a high resolution ensemble forecast over a
high resolution deterministic model? (How can we quantify the benefit
of a km-scale ensemble forecast (MOGREPS-UK) over a similar
resolution deterministic forecast (UKV)?)

*Mittermaier M.P., 2014: A Strategy for Verifying Near-Convection-Resolving Model Forecasts
at Observing Sites. Wea. Forecasting

www.metoffice.gov.uk © Crown Copyright 2020, Met Office



What is the problem with the
traditional “pointwise” methods?

Met Office

Small uncertainty at large scales “ Large uncertainty at small scales

In small scales (hlgh res. models)
liming & spacing errors, dout

) effect

Need to use spatial verification
method and probabilistically handling

' High
HIRA Resolution

Assessment




Traditional verification method
— “pointwise” comparing
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Met Office

Single-observation-neighbourhood-
forecast approach (SO-NF) (Ebert, 2008)

@ @ @
Neighbourhood sizes:

o) o) o) 1*1, 3*3, 5*5, ...

°,

® © © “Pseudo” ensemble
members:

© o e o
Number of the gridpoints
(1, 9, 25, etc.)

@ @ @




Met Office

Single-observation-neighbourhood-
forecast approach (SO-NF)

e o o
©c o e
O
‘b
e o o
© o e
e o o




Met Office

Single-observation-neighbourhood-
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Met Office

Single-observation-neighbourhood-
forecast approach (SO-NF)
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Single-observation-neighbourhood-
forecast approach (SO-NF)
Met Office for ensemble forecasts

\ \\ \ Neighbourhood sizes:

1*1, 3*3, 5*5, ...

Q'b b
“Pseudo” ensemble

members:

N * (number of gridpoints)
(N, 9*N, 25*N, etc.)




HIRA framework ...
Met Office

* is be able to compare
 deterministic vs. deterministic at different resolutions
« deterministic vs. deterministic at the same resolution in trials (physics)
« deterministic vs. ensemble

 ensemble vs. ensemble
* uses

- standard synoptic observations and averaged daily forecasts
- 24h persisted observations as reference (for skill scores)

- Brier Score (BS)
- (Continuous) Ranked Probability Score (RPS; CRPS)
- Associated skill scores (BSS, (C)RPSS)

* tests whether differences are statistically significant (Wilcoxon signed
rank test)




Model-specific vs. user-relevant

Probabilistic Forecast / Binary Observation

Met Office

Modeller interested overall
performance or pdf

55 obs
CDF CDF
fc
k X

CRPS = T(Pfcst(x) - Pobs(x))zdx

CDFyp-
CDchst

Perfect score =0

K
RPS = ﬁZ(CDchst,k _CDFobs,k )2

4 k=1
K = discrete threshold categories

Perfect score =0

Users interested in
specific thresholds:
e.g. defining a
decision point or
hazard

&

BS :%i(pi -0;)’

i=1

p; = forecast probability
0, = observed occurrence (0 or 1)

Perfect score =0




Model-specific vs. user-
relevant thresholds

Met Office
Variable Thresholds
Hilel e () 2.06 3.60 5.65 8.74 11.31 14.39 17.48 21.07 24.67 60 m/s
1h precipitation 0.250.51.02.04.08.016.032.0 64.0 mm/h
Vel ok 0.0625 0.1875 0.3125 0.4375 0.5625 0.6875 0.8125 0.9375
Cloud'Base Fieight 50. 100. 200. 500. 1000. 1500. 2000. 2500. 5000. m
Yoy 50. 100. 200. 500. 1000. 2000. 3000. 4000. 5000. 7500. m
Variable Threshold
Temperature 0°C (-2, 2 and 25, 27, 30)
Wind speed 17.48 m/s (BF7)
1h precipitation 4 mm/h
Total Cloud 0.8125
Cloud Base Height 500 m

Visibility 1000 m




Met Office

Neighbourhood sizes

UKV MOGREPS-UK
Neighbourh’d km member km member | Neighbourh’d
1x1 1.5 1 2.2 12 1x1
3x3 4.5 9 6.6 108 3x3
5x5 7.5 25 11.0 300 5x5
7x7 10.5 49 15.4 588 7x7
9x9 13.5 81 19.8 972 9x9
11x11 16.5 121 24.2 1452 11x11
13x13 19.5 169 - - -
15 x 15 22.5 225 - - -
17x 17 25.5 289 - - -

Equalise on area or ensemble size?




Equalise on areas
for deterministic vs. deterministic / ensemble ctri

Met Office
UKV MOGREPS-UK
Neighbourh’d km member km member | Neighbourh’d

1x1 1.5 1 2.2 12 1x1
3x3 4.5 9 6.6 108 3x3
5x5 7.5 25 11.0 300 5x5
7x7 10.5 49 15.4 588 7x7
9x9 13.5 81 972 9x9

11x11 16.5 121 24.2 1452 11x11

13x13 ).5 169 - - -

15 x 15 22.5 225 - - -
17x 17 25.5 289 - - -




Equalise on ensemble members
for deterministic vs. ensemble

Met Office
UKV MOGREPS-UK
Neighbourh’d km member km member | Neighbourh’d

1x1 1.5 1 2.2 12 1x1
3x3 4.5 9 6.6 108 3x3
5x5 7.5 25 11.0 300 5x5
7x7 10.5 49 15.4 588 7x7
9x9 13.5 81 19.8 972 9x9

11x11 16.5 121 24.2 1452 11x11

13x13 19.5 169 - - -

15 x 15 22.5 225 - - -

17x 17 25.5 289 - - -




Met Office

Increments of Skill Scores
0.00 001 0.02 0.03 004 005 0.06 0.07

Average increments in the function of
the neighbourhood size

* Averaging on all lead times and all parameters
* UKV: large benefit at the first two increasing steps

* MOGREPS-UK: small positive benefit for the second
(3*3) neighbourhood

— UKV
i — MOGREPS-UK

Ui1-=3/E11 =3 U83->7/E:3-=5 U:7->11/E:5->7 U1-=17/E:7->11

Transitions between neighbourhood sizes




Equalise on ensemble members
for deterministic vs. ensemble

Met Office
UKV MOGREPS-UK
Neighbourh’d km member km member | Neighbourh’d
1x1 1.5 1 2.2 12 1x1
3x3 4.5 9 6.6 108 3x3
5x5 7.5 25 11.0 300 5x5
7x7 10.5 49 15.4 588 7x7
9x9 13.5 81 19.8 972 9x9
11x11 16.5 121 24.2 1452 11x11
13x13 19.5 169 - - -
15x 15 22.5 225 - - -
17x 17 25.5 289 - - -




Chosen pair:
* UKV - 11*11 neigbourhood size

Met Office *« MOGRES-UK - 3*3 neigbourhood size
UKV MOGREPS-UK
Neighbourh’d km member km member | Neighbourh’d
1x1 1.5 1 2.2 12 1x1
3x3 4.5 9 6.6 108
5x5 7.5 25 11.0 300 5x5
7x7 10.5 49 588 7x7
9 x 9 13.5 81 972 9x9
16.5 121 24.2 1452 11x11

13 x 13 19.5 169 - - -

15 x 15 22.5 225 - - -
17x 17 25.5 289 - - -




= Met Office Jelen

* Havi redszeresseggel (quasi- R sttt agoragasd omatzes (R s
OperatIV) fUt a rendszer . Uk m-m MOGREPS-UK

e UKV vs. MOGREPS-UK |”etve 105 | 38 | 39 ‘240 ' 241 ‘ 242 ' a3
GM vs UKV

« Kulon a 6 parameéterre ill. a
parameéterek aggreglasabol
kapott értékre (csak skill score)
+ normalizalt értékek

1041

103}

01|

(48 hdonapos futo atlag)
« 2021 (20227): "Key e
Performance Indicator” (KPI) Ji
lesz, de csak a MOGREPS-UK
HIRA Index
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= Met Office
Megfigyelési adatok bizonytalansaganak becslése

« Paraméter: vizgyUjtok oras csapadek-atlaga
 Terulet: Anglia + Wales & Skocia

- Elérejelzés: els® 24 6ra 6ras elérejelzésel

» Megfigyelés: csapadékmeérd (gauge) & radar

www.metoffice.gov.uk © Crown Copyright 2020, Met Office



Z Met Office ()&%%+  Catchments, Regions and Countries
Used the catchment averages as the forecast and
observation dataset

B o o
: @ Anglian : : : : - @ North East
g @ Midlands : : : S @ North West
- @ North East : s : ——— : @ South East
: @ North West : : : : @ South West
‘| @ south west| g ——
@ Southern f K4 {
& © Thames o
O Wales :




2= Met Office (03) &5 e

a
forecast)

IRAL ENVIRONMENT RESEARCH COUNCIL

(obs) °  (obs2)

f o - actual values of forecast

[, : actual values of obsl

f ¢ » actual values of obs2

t :true values
X: MSE of the forecast & obsl
y: MSE of the forecast & obs?2
z: MSE of the obsl & obs2

x = E(fq- fp)? = E[(fa-1)-(f,-0)]? = E(82)+E(83)-2E(5,5))

E(f,- f,)2 = x = E(52)+E(83)
E(f,- f,)2= y = E(52)+E(52)

E(f,- fc)?=z = E(83)+E(87)

www.metoffice.gov.uk

E(52) = —_ forecast error

X—y+z

—> E(S)— x

E(82) = X+y+Z obs2 error

obsl error

© Crown Copyright 2020, Met Office



2 MetOffice @& (O SErvation error estimation

- Determined an adjacent bin series:

BIN1: [0,0.1)
B'sz [0.1,1) The distribution of the forecast (ensemble mean &
BIN3: [1, 2) control) and the observations based on the bins
BIN4: [2, 4)
e I N A N
"‘. Ensemble  59.4 31.4 6.3 2.7 0.2
mean
Radar 74.5 17.8 4.3 2.6 0.8
Gauge 71.1 21.4 4.3 2.5 0.7
Control 72.1 17.7 55 3.7 1.0
forecast




Z MetOfice @57 OQServation error estimation
Squared error plots as a function of the

sample size
- Binning based on the Control
- Forecast error were calculated from Ensemble mean

Radar squared error Gauge squared error
LT = T+12; England&Wales; Winter LT = T+12; England&Wales; Winter
Bins based on: Control Bins based on: Control

sample size sample size ~ samplesize

www.metoffice.gov.uk © Crown Copyright 2020, Met Office



ZMetoffice @ =7 OQppServation error estimation

- Observation errors are not ~~ Squared error plots as a function of the
changing with the lead time lead time

- The forecast error is
Increasing with the lead time

Squared errors for the different lead times Squared errors for the different lead times Squared errors for the different lead times
BIN: 2; England&Wales; Winter BIN: 3; England&Wales; Winter BIN: 4; England&Wales; Winter
Bins based on: Control Bins based on: Control Bins based on: Control
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2 MetOffice @& OPServation error estimation

Squared error values as a function of the
bin-mean values of the forecast

Squared errors for the different bins
England&Wales; Winter
Bins based on: Control; Error calculation based on: EnsMean

"R | | [ The functions are roughly log
. - ame | linear
% ® 7 =>
P et Can fit linear models to them
. Py el
P - e
o e *

BINS (mm/h)



2 MetOffice (@&x%  Using the estimated observation
error in the verification

Squared errors for the different bins
England&Wales; Winter
Bins based on: Control; Error calculation based on: EnsMean

" " g T [ e For each forecast case:
. T Saasanst 1. Based on the forecast
g magnitude (m) and the linear
£’ model => estimate the
P I observation error (8)
- B 2. Random sample from N(0, §?)
3. Add the random sample to

given forecast case
magnitude



2 MetOffice @5 USING the estimated observation
Radar error in the verification
Thresholds: 1, 2, 4 mm/h Reliability diagrams

Reliability diagram Reliability diagram Reliability diagram

England&Wales, Winter, Day1, England&Wales, Winter, Day1, England&Wales, Winter, Day1,
Threshold: 1 mm/h, Truth: Radar Threshold: 2 mm/h, Truth: Radar Threshold: 4 mm/h, Truth: Radar
Q| < | e ]
— —— Original fe — —— Original fe — —— COriginal f¢
—— Perturbed fc —— Perturbed fc —— Perturbed fc

[3) 0 O o Q
& o | &8 o | &8 o |
=] = =
o o o
2 < <
= Qo | = o | = o |
R S S
5 5 5
[C SR SR
5 S | 5 S | 5 S |
(5] (5] (5]
= 2 2
2 o g o | g o |
o ° o ° o °

[=] o o

o | S g

\ | T T | T T \ T T T T 1 \ T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Forecast probability Forecast probability Forecast probability



2 MetOffice @5 USING the estimated observation
error in the verification
Rain gauges e n v .
Thresholds: 1, 2, 4 mm/h Reliability diagrams

Reliability diagram Reliability diagram Reliability diagram

England&Wales, Winter, Day1, England&Wales, Winter, Day1, England&Wales, Winter, Day1,
Threshold: 1 mm/h, Truth: Gauge Threshold: 2 mm/h, Truth: Gauge Threshold: 4 mm/h, Truth: Gauge
Q| < | e ]
— —— Original fe — —— Original fe — —— COriginal f¢
—— Perturbed fc —— Perturbed fc —— Perturbed fc

[3) 0 O o Q
& o | &8 o | &8 o |
=] = =
o o o
2 < <
= Qo | = o | = o |
R S S
5 5 5
[C SR SR
5 S | 5 S | 5 S |
(5] (5] (5]
= 2 2
2 o g o | g o |
o ° o ° o °

[=] o o

o | S g

\ | T T | T T \ T T T T 1 \ T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Forecast probability Forecast probability Forecast probability



Koszonom a figyelmet! Kerdés, hozzaszolas?

- RSN
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