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Verification. Key aspects in space weather. Terrestrial resources
Met Office Space Weather Operations Centre

Verification of CME arrival time forecasts from WSA-Enlil model
Probabilistic geomagnetic storm forecast skill

Converting research to operational verification using NWP systems
Flare forecast verification plans

Summary
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Met Office

* Why verify?

1. Space weather verification: key
aspects

o To monitor, improve & compare forecast quality

o Understand strengths/limitations

o To assess forecaster added value

o For forecasters, modellers, users & stake-holders to understand skill/value

o Near real-time verification for operational purposes

* Key aspects:

o Often issued as categories, as probabilities

o Interest is in extreme events which occur very rarely

o Data records are short

o Observations for comparison can be non-existent

o Data are strongly modulated by 11-year solar cycle

o Standardise verification procedures across centres to enable comparisons (working with International Space

Environment Service

)

o Can adapt NWP verification methods but be aware of differences between space weather/terrestrial meteorology

www.metoffice.gov.uk




Terrestrial weather verification
Met Office resources

+ WMO World Weather Research Programme (WWRP):

Wi~ WCRP-

World Climate Research Programme

WWRP/WGNE Joint Working Group on Forecasi Verification Research

New: Enter the Challenge to Develop and Demonstrate the Best New User-Oriented Forecast Verification Metric

The aim of this challenge is to promote user-oriented verification, that is, quantitative assessment of forecast quality in terms that are meaningful to particular forecast users. The scope includes all
applications of meteorological and hydrological forecasts. The user-oriented verification metrics will help support the WWRP High Impact Weather Project.
Click here to find out more, or contact verifchallenge@ucar.edu.

Introduction - what is this web site about?

if—i“y‘ii’?@f-? L * Website maintained by WMO verification Working Group,
Types of forecasts and verification .

What makes a forecast good? y |nCI UdeS
Forecast quality vs. value

What is "truth"?

Validity of verification results . s
Pooling vs. stratifying results O MethOdS (brlef deflnltlonS)
Methods:
Standard verification methods: H H H
Methods for dichotomous (ves/no) forecasts O Ve rlfl Catl 0 n |SS U eS

Methods for multi-category forecasts
Methods for forecasts of continuous variables
Methods for probabilistic forecasts
Scientific or diagnostic verification methods:
Methods for spatial forecasts
Methods for probabilistic forecasts, including ensemble prediction systems

Methods for Tare events o Links and references

Other methods

O

FAQs

Sample forecast datasets:

ulriamads lrecasls  rorecasts o Verification discussion group

Freely available verification tools and packages

www.metoffice.gov.uk




Terrestrial weather verification tools:
MET & ‘R’ libraries

Met Office

* Model Evaluation Tools (MET):

o Forecast evaluation tools

o Implemented & supported by the Developmental
Testbed Center (DTC) & Joint Numerical Testbed
Program at NCAR/RAL

o Includes a suite of standard stats & non-traditional
stats (e.g. spatial methods)

o Designed to undertake systematic evaluations

o Has a database & display system for aggregating
& plotting data

o Provides a standardized evaluation platform for
cross-institution comparisons

o Freely available, highly configurable, “live”
tutorials

* NCAR verification stats packages:

www.metoffice.gov.uk

DTC home

You are here: DTC « MET

Verification

Events

gram
=
Custom Search
Search DTC

Visi
P

Terms of Use

overview
Download -]
Documentation

User Support a

Related Links.

Welcome

Welcome to the users page for the Model Evaluation Tools (MET) verification
package. MET was developed by the National Center for Atmospheric Research
(NCAR) Developmental Testbed Center (DTC) through the generous support of
the U.S. Air Force Weather Agency (AFWA) and the National Oceanic and
Atmospheric Administration (NOAA).

MET is designed to be a highly-configurable, state-of-the-art suite of
verification tools. It was developed using cutput from the Weather Research
and Forecasting (WRF) modeling system but may be applied to the output of
other modeling systems as well.

MET provides a variety of verification techniques, including:

= Standard verification scores comparing gridded model data to
point-based observations

 Standard verification scores comparing gridded model data to gridded
observations

« Spatial verification methads comparing gridded model data to gridded
observations using neighborhood, object-based, and intensity-scale
decomposition approaches

» Ensemble and probabilistic verification methods comparing gridded
model data to point-based or gridded observations

* Aggregating the output of these verification methods through time and
space

The Future of Statistical Post-processing in NOAA
and the Weather Enterprise

01.19.2016 to 01.22.2016

Location: NOAA Center for Weather and Climate
Prediction Building 5830 University Research Ct,
College Park, MD 20740

HWRF tutorial

01.25.2016 to 01.27.2016

Location: NOAA Center for Weather and Climate
Prediction, College Park, MD

Sea Ice Modeling Workshop

02.02.2016 to 02.04.2016

Location: NCAR Center Green - building CG1 -
North Auditorium

Second Non-Hydrostatic Multiscale Madel on the
B-grid (NMMB) User Tutorial and Practical Session
03.02.2016 to 03.03.2016

Location: NOAA Center for Weather & Climate
Prediction (NCWCP), College Park, Maryland

MET Version 5.1 Release
10.26.2015

Release of HWRFv3.7a system
08.31.2015

GSI Version 3.4 Release
07.31.2015

EnKF Version 1.0 Release
07.31.2015

UPP Version 3.0 Release
05.05.2015

National Center for Atmospheric Research (NCAR)

B NCAR

National Oceanic and Atmospheric Administration
(NOAA)




2. Met Office Space Weather
metofice ~ Operations Centre (MOSWOC)

B | =

Apr. ‘“14: 24x7 operations

Oct. “14: full capability

Operational collaboration
with NOAA SWPC and
BGS.

Products: CME forecasts
and guidance on
geomagnetic storms,
radiation storms and X-ray
flares.

Public webpages:
http:// www.metoffice.gov.uk/publicsector/emergencies/space-weather

www.metoffice.gov.uk




MOSWOC forecasts

Met Office -

Components of the guidance (issued twice/day)...

Analysis of activity —

4 day summary —

Geo-magnetic storm forecast

o
e SRR

Earthbound CME warning

=

Radio blackout forecast

SRS

Solar radiation storm forecast

High energy electron event forecast =

www.metoffice.gov.uk




3. CME forecasts

Met Office

« CME arrival time forecasts use
WSA-ENLIL (3-D MHD) solar wind
model:

o provides 1-4 day warning of
geomagnetic storms

« CMEs initialised using coronograph
images (SOHO, STEREO) =>to
estimate basic CME properties (time
at 21.5 Rs, source lat/lon, half angle,
radial velocity)

« MOSWOC issue forecast arrival
times, as well as speed and source
region

2012-06-06T00:00

G Earth @ Mars
M Stereo B

Q Mercury

Ecliptic Munﬁg 2IN9021

LAT = —0.0°
23

Z2012—-06—-06T00 +0.00 day

@ \Venus OKepler B MsL O Spitzer W Sterso_A

NSO LON = 0° w180

E180

Fao 9 N3O o° S50
R* N [em™) IMF polarity Current sheath 3D IMF line
g 10 20 30 40 50 &0 - o — e———
Date/time Halo: Full or | Source Source Estimated Estimated Comments
21.5R (UTC) Partial Location Speed Arrival Time
12/1920Z Partial Filament 20S35W 600 16/0200 nil
eruption
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CME forecast verification
Met Office

« Compare observed CME arrivals (identified using Advance
Composition Explorer (ACE) data) with MOSWOC forecasts:

o Use verification statistics derived from 2x2 contingency

table, e.g. hit rate, false alarm rate, Heidke/Peirce skill
scores, etc.

Observed

Hit False
alarm

Miss Correct
rejection

Forecast

o Bootstrap contingency table to get 90% confidence
interval for each derived quantity.

« Compare MOSWOC performance against other space
weather forecasters (e.g. NASA CCMC.:

www.metoffice.gov.uk




MOSWOC v CCMC CME arrival
time forecast verification

Met Office :
ints.overlap?

Accuracy Proportion Correct () 73 0.75
Threat Score 0.69 0.69
Bias Bias 0.93 1.44
Reliability False Alarm Ratio (.15 0.31
Discrimination  Hijt Rate 0.79 1.00
False Alarm Rate  (0.46 0.57
Skill Heidke 0.30 0.45
Peirce 0.32 0.43

Equit. Threat Score . _
+ Hit rate: CCMC always predict a hit; false alarm rate and ratio are also higher

* Bias: MOSWOC 0.9 - slight under-prediction of events
CCMC 1.4 - over-prediction of events (consistent with the high hit/false alarm rate)
Equitable Threat Score and Heidke Skill Scores are comparable

Overall, results suggest broadly comparable performance of MOSWOC and CCMC CME forecasts, despite slightly

different approaches
www.metoffice.gov.uk




4. Geomagnetic storms

Met Office

+ Solar wind can cause disturbances in the Earth’s magnetic field via

varying compression and/or open field lines.

« Geomagnetic storms can be caused by CMEs or variations in solar
wind speed. A southward z-component of CME/solar wind B-field

results in stronger storms.

*  Planetary K-index (K indicates
disturbances in the horizontal
geomagnetic field.

« K, ranges from 0 — 9 (0 = no disturbance;
>= 5 indicates the occurrence of a
geomagnetic storm) :

o Storms are characterised using the
NOAA G-index, where G = K, — 5.

«  MOSWOC issues probabilistic categorical
forecasts for the likelihood of G1-5
disturbances with 24 hour periods, out to 4
days ahead.

www.metoffice.gov.uk

G-index category
3

2000

2005

date

2010

2015

Geo-Magnetic
Storm

Probability
(Exceedance)

Level

Past 24
Hours
(Yes/No)

Day 1
(00-24 UTC)

Day 2
(00-24 UTC)

Day 3
(00-24 UTC)

Day 4
(00-24 UTC)

(%)

(%)

(%)

(%)

Minor or
Moderate

G1to G2

N

5

5

40

30

Strong

G3

N

1

q

5

5

Severe

G4

1

1

1

1

1

1




Verification of Kp/G-index
Metofice ~ fOrecasts

Assess G-index forecasts against observations using:

N

- Brier scores for each category, i.e. B‘éj.@q

« Ranked Probability Scores to assess the overall performance, i.e.

Assess G-index forecast skill by comparing performance against:

. . Bsg D RPgS e
* Climatology, i.e. BS. , RE:
BS. R

* Persistence forecast, i.e. BSﬂ?&. , R%SI?E:

www.metoffice.gov.uk




Probability

Kp index climatology

Met Office ° Inclimate science, at least 30 years of data are needed to derive a
robust climatology.

« What is the equivalent for solar output which exhibits 11 year cycles? For
example, 30 solar cycles = 30 x 11 = 330 years.

Space Environment Overview: 1983-01-01 00h - 2012-12-31 24h

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
el | Dally Sunspot Number :

20 A ‘ ‘
I (0 A | m
< wuﬂah‘mx Al dliduin ) ! VTV PR ST ;

@ 150 7

= o mmt mw,,ﬂ,w ,
£ 50 th,ﬂ WMW/\ Ww

50 1 GOES Magnelometer - Daily Means: Hp. He “ 1T T T 1T 1T 1T T [ [T T

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

« Several options for deriving climatological frequencies, e.g. :

o Averaging over all available observations (20-30 years = 2-3 solar cycles).

. o Averaging over a recent period of observations (e.g. last 2 years), and
o _ assuming that this provides an adequate representation for the climatology of
. solar output at the present phase of the current solar cycle.
5 More extreme events (G3-G5)
<G Gir2 a3 G4 Gs are the most important but are
Category also very rare!

www.metottice.gov.uk




metotice ~ Markov chain persistence model

* When the geomagnetic field is disturbed, the Kp-index time series exhibits
an almost instantaneous rise, followed by a decay which occurs over a
period of 1-2 days

o A one-step Markov chain provides an informative description:

= Use time series of daily maximum Kp/G-index to generate a matrix of transition
probabilities (T), i.e. K3 —B >—=

o Starting from the observed state on a given day, u (e.g. u = (0,1,0,0,0) ), the forecast
probabilities on the nth day are: u, =uT"

o Quantify uncertainty in transition matrix (and forecast probabilities) by bootstrapping.

O FOF N >=3, Tn -~ Pclim

www.metoffice.gov.uk




Kp verification summary
Met Office

Results so far indicate the following:

* The performance of the climatological and Markov chain forecasts relative to the
standard forecast is significantly affected by the data used to train the models.

o Both statistical forecasts perform much better when trained on recent data (e.g. the most
recent 1-2 years), than a longer time series.

« The Ranked Probability Skill Scores (RPSS) suggests that the Markov chain model
can outperform the standard and climatological forecasts on days 1 and 2.

o For days 3 and 4, the Markov chain and climatological forecast skill is comparable.

« The Brier Scores indicate that Markov chain forecast can perform better than the
standard and climatological forecasts in the low Kp/G-index categories, where the
vast majority of events occur.

o In the high Kp/G-index categories the performance of the three forecasts models is almost
indistinguishable, primarily due to the rarity of G3,4 and 5 events.

www.metoffice.gov.uk




5. Adapting a meteorological
verification system

METEOROLOGICAL AppLIC ariong
e ol 24 15

et Office
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1341 ° Royal Meteorological Sodiety

Verification of marine forecasts using an ohjective area forecast
verification system

Recently we developed a new verification system

to evaluate categorical forecasts in near-real- — .
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Met Office

Verification of Kp

Probabilities are cumulative
Probability 2G0 is always 100%
Min probability = 1%

Insignificant GO Y 100 100 100 100
Geo-Magnetic Day 1 Day 2 Day 3 Day 4
Storm Past 24 (00-24 UTC) (00-24 UTC) (00-24 UTC) (00-24 UTC)
Level Hours
Probability (Yes/No) o 0 0 0
(Exceedance) (%) (%) (%) (%)
Minor or
Moderate SLLDE N 15 30 30 30
Strong G3 N 1 1 1 1
Severe G4 N 1 1 1 1
N 1 1 1




Verification of Kp

Met Office

To verify GM Storm forecast observations

are needed in near real-time.

SWPC'’s 7day_AK.txt
contains:
Data from the past 7 days
3-hourly vatues.of...
° Kp

« 7 station K values

Files are extracted & processed every 3
hours

www.metoffice.gov.uk

12
13
14
15
1l
17
18
19
20
21
22
23
24
25
26
27
28
29
30

35
36,

i

47
48

59
a0

s Product: Geomagnetic Data

:Issued: 0933 UTC 04 Sep 2015

#

# Prepared by the U.3. Dept.

# Please send comments and sugges

# Updated every hour beginning at

# Values shown as reported, SEC ¢

# Missing Data: -1

#

# Geomagnetic & and K indic

#

# Geomagnetic

# Dipole

# Station Lat Long Index

# _______________________________
2015 2ng 28

Boulder Nd9 W 42 3z
Chambon-la-foret N-- E--- -1
College Ne5 W10z 57
Fredericksburg N3 W 78 28
Eergulen Island 857 E130 -1
Learmonth 822 E114 -1
Planetary(estimated Ap) 43
Wingst M54 E 95 -1

2015 2ng 29

Boulder Nd9 W 42 15 4
Chambon-la-foret N-- E--- 17 -1
College Ne5 W10z 20 3
Fredericksburg N3 W 78 13 4
Eergulen Island 857 E130 -1 -1
T oo meet b a0 w114 -1 -1
Planetary(estimated 2p) 16 5
Wil s L Naog o ‘35 _1 _1
2015 2ng 30

Boulder Nd49 W 42 5] 2
Chambon-la-foret N-- E--- g 1
College Ne5 Wi0Z 4 2
Fredericksburg N3 W 78 5 1
Eergulen Island 857 E130 -1 -1
Learmonth 522 E114 -1 -1
Blanatarziactimatad 2ani g 2
Wingst M54 E 95 -1 -1
2015 2ng 31

Boulder Nd9 W 42 7 2
Chambon-la-foret N-- E--- 11 1
College Ne5 W10z 2 2
Fredericksburg N3 W 78 5 1
Eergulen Island 857 E130 -1 -1
Learmonth 822 E114 -1 -1

Station A Ing

lices




Distribution of K observations
metotice ~and Kp from 1-4 Oct 2015.

PLAMETARY forecast starting on 01,/10/2015

o orecoete Unmer bound ——
o G Kg?stﬁbmi?‘:g g :
G3 - K distribution from 1
stations u
G51-52 4 <
‘ E] il X I!I ﬁ 4
"L 978 o0 0700 0

™ | Kp in Black

ooZ:0l 12Z:01 ooZ:02 12Z:02 onZ.03 12Z:03 00Z:04 12Z:04 00Z:05
time [(hour:day)

\.

All categories with forecast probabilities > 0%

www.metoffice.gov.uk




Skill score to measure Kp
MetOofice ~ fOrecasts

Need a score to measure performance...
GM storm forecast is categorical & probabilistic
.... Ranked Probability Score is the obvious choice

= =
= =)
Where

P(Gi) = probability that the observed category is < Gi

O(Gi) =4 0 if observed category < Gi RPS range is [0,1]
1 if observed category 2 Gi 0 is a perfect score

www.metoffice.gov.uk




Met Office

Today’s
forecast

Day after
tomorrow’s
forecast

www.metoffice.gov.uk

RPS calculated for forecast on 1
Oct. ‘15

Day 1 forecast issued at 00Z on 01/10/2015
RPS = 0.0085

100%

80%

60%

40%

20%

Probability Density Function

0%

100%

80%

60%

40%

20%

Probability Density Function

0%

Forecast Kp ——3
Observed Kp ——

Tq
1

)MOITOW'S
‘orecast

GO

G1-G2 G3 G4 G5

Day 3 forecast issued at 00Z on 01/10/2015
RPS = 0.0276

Forecast Kp —3
Observed Kp ——

forecast for 2
days after

tomorrow

GO

G1-G2 G3 G4 G5

P

<

Probability Density Function

—

Probability Density Function

100%

80%

[)]
S
ES

40%

20%

0%

100%

80%

Day 2 forecast issued at 00Z on 01/10/2015
RPS = 0.0276

Forecast Kp ——3
Observed Kp ——

GO

G1-G2

G3

G4 G5

Day 4 forecast issued at 00Z on 01/10/2015
RPS = 0.1126

Forecast Kp —3
Observed Kp ———

GO

G1-G2

G3

G4 G5




Met Office

Compare forecast to a

benchmark

To determine what is a ‘good’ forecast:

Compare the performance to a reference forecast, e.g.:

o random chance
o persistence
o climatology

RPSS range is (-«,1)

Then calculate a Skill Score, e.g. RPSS

R
I&:
R ==

1= perfect score

0= no additional skill compared to the reference

www.metoffice.gov.uk

Directory /pub/lists/geon

Up to higher level directory

Last Modified Size
Sun Feb 28 00:00:00 2010 55012
Wed Mar 31 00:00:00 2010 497575
Fri Apr 30 00:00:00 2010 55012
Sun May 30 00:00:00 2010 53259
Wed Jun 30 00:00:00 2010 55012
Fri Jul 30 00:00:00 2010 53159
Tue Aug 31 00:00:00 2010 55 012
Thu Sep 30 00:00:00 2010 55012
Sat Oct 30 00:00:00 2010 55259
Tue Nov 30 00:00:00 2010 56012
Thu Dec 30 00:00:00 2010 93259
Mon Jan 31 00:00:00 2011 55012
Mon Feb 28 00:00:00 2011 55012
Mon Mar 28 00:00:00 2011 t9753
Sat Apr 30 00:00:00 2011 5012
Mon May 30 00:00:00 2011 53259
Thu Jun 30 00:00:00 2011 55012
Sat Jul 30 00:00:00 2011 53259
Wed Aug 31 00:00:00 2011 55012
Fri Sep 30 00:00:00 2011 55012
Sun Oct 30 00:00:00 2011 13259
Wed Nov 30 00:00:00 2011 5012
Fri Dec 30 00:00:00 2011 3259
Tue Jan 31 00:00:00 2012 35012
Wed Feb 29 00:00:00 2012 : 5012
Thu Mar 29 00:00:00 2012 & 1506
Mon Apr 30 00:00:00 2012 55012
Wed May 30 00:00:00 2012 58259
Sat Jun 30 00:00:00 2012 5 012
Mon Jul 30 00:00:00 2012 53259
Fri Aug 31 00:00:00 2012 55012
Sun Sep 30 00:00:00 2012 55012
Tue Oct 30 00:00:00 2012 53249
Fri Nov 30 00:00:00 2012 55012
Sun Dec 30 00:00:00 2012 53259

B gy

Name

201002AK txt
201003AK txt
201004AK txt
201007AK txt
201008AK txt
201011AK txt
201012AK txt
201102AK txt
201103AK txt
201105AK txt
201108AK txt
201107AK txt
201108AK txt
201110AK txt
201111AK txi
201112AK txt
201201AK txt
201202AK txt
201203AK txt
201204AK txt

201205AK txt
201206AK.txt

201207AK txt
201209AK. tyt
201210AK it
20121 1AK/xt

Boaoao Ao,




G-level climatology benchmark
Met Office

5-year G-level climatology

GM storm forecast
Imply forecasting
ities every day?....

Frequency of occurance
N
S
S

7.1%
............................................................................. ﬂ.d%c}.l%c}.ﬂ%

0 1-2 3 4 5
G level
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Kp forecast v climatology

Met Office

2(RPS5-1)

Score of 0.5:

Skill of forecast

= Skill of reference

Rolling monthly performance of Geo-magmtic Storm Forecasts

www.metoffice.gov.uk
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Summary: adapting a

meteorological system for Kp
Met Office

Conclusions so far...

Median RPSS on day 1 very slightly > RPSS on days 2-4
o but no evidence (at 95% level) to suggest any difference

Almost all median values > 0.5
o but no evidence (at 95% level) to suggest forecast better than climatology

Analysis for the future...
How do MO forecasts compare with SWPC/other forecasts?

How do the Markov chain 15t guess GM Storm forecasts compare?

In the mean-time...

Near real-time verification of Kp forecasts are available to forecasters.

www.metoffice.gov.uk




6. Verification of flare forecasts

Met Office . Will develop in-house flare verification in similar manner to K; (e.g.,
ranked probability scores).

Numerous collaborative projects also ongoing:

* International Space Environment Services

o Internationally consistent verification.
B o ROC curves and reliability diagrams.
@Eﬁ * NASA CCMC Flare scoreboard:
o Visualisation of real-time forecasts with verification.
l - FLARECAST project:

o Automated ensemble forecasting system will be compared with our
current forecasting methods.

o Met Office involvement with verification and dissemination.

Day 1 Day 2 Day 3 Day 4
X Ray Flarse Past 24 (00-24 UTC) | (00-24 UTC) | (00-24UTC) | (00-24 UTC)
Probability Level He:';f
o
(Exceedance) (¥ ) (%) (%) (%) (9%)
Active Ilmuu-'?s N 5 10 10 15
www.metoffice.gov.uk N ! ! ! >




/. Summary
Met Office

« MOSWOC produce twice daily forecasts containing CME arrival time predictions and
probabilistic 4-day forecasts for geomagnetic storms, flares and electron/proton events.

« Initial verification has focused on:
o CME arrival time prediction
o Kp probabilistic forecasts
o Adapting a near real-time verification system for space weather purposes

 Verification of CME arrival time forecasts show good agreement with CCMC.

« Assessment of geomagnetic storm forecast skills shows:
o Difficulty of defining climatology or Markov chain.
o Markov chain can do better than standard forecast for days 1-2 for low G events.
o Difficulty in assessing higher G events due to their rarity.

o More research still needed.

www.metoffice.gov.uk




Summary
Met Office

« Adapting a terrestrial verification system for geomagnetic storms.

o Used Ranked Probability Skill Score to compare performance of MOSWOC forecasts
against climatology.

o Real time verification system will lead to benefit for MOSWOC forecasters.

* Met Office are involved with ISES, FLARECAST & CCMC Flare Scoreboard.

 Terrestrial weather verification resources are feely available, e.g MET (Model Evaluation
Tools).

www.metoffice.gov.uk




Met Office

Thank you
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Terrestrial weather verification
Met Office Fesources

WMO Working Group under the World Weather Research Program (WWRP) & Working
Group on Numerical Experimentation (WGNE)

Activities:

Verification research

Training

Workshops & tutorials

Publications on ‘best practices’

http://www.wmao.int/pages/prog/arep/wwrp/new/Forecast_Verification.html

www.metoffice.gov.uk Info from: B. Brown. ISES Verification Workshop, Apr. 2015




Terrestrial weather verification
Met Office resources

! The Cemire for Australian Weather and Climate Research - Forecast Verification Issues, Methods and FAQ =-Il 'f.i‘r:

i ez I"y

Website maintained by WMO verification Working
Group includes:

Forecast Verification: Issues. Methods and FAQ
* Methods (brief definitions) ~ = | olh

« Verification issues

 FAQs

Links and references

World Climate Research Programme

° Ve“ﬂca’“on d |SCUSS|On g roup WWRPMWGNE Joint Working Group on Forecast Verification Research

New since last update:

A few MOre Scores
Success ratio for binary forecasts
Gerrey score 1or rulti-calegory forecasts

Relianlity ans resolution - how are they dferant?
http://www.cawcr.gov.au/projects/verification/ | ey saius s o soa pacrsaes

Upcoming meetings:

4th WGNE workshop on systematic errors in weather and climate madels | Met Office, Exeter, UK, 15-19 Apri

2013

< >

www.metoffice.gov.uk Info from: B. Brown. ISES Verification Workshop, Apr. 2015




Met Office

Papers:

» Casati et al. (2008), Forecast verification: current status and future directions,
Meteorological Applications, 15, 3-18.

» Ebert et al. (2013), Progress and challenges in forecast verification,
Meteorological Applications, 20, 130-139.

Books:

« Jolliffe and Stephenson (2012): Forecast Verification: a practitioner’s guide,

Wiley & Sons.

 Stanski, Burrows, Wilson (1989) Survey of Common Verification Methods in
Meteorology (available at http://www.cawcr.gov.au/projects/verification/)

+ Wilks (2011), Statistical Methods in Atmospheric Science, Academic press.

www.metoffice.gov.uk

Terrestrial weather verification
resources




Terrestrial weather verification tools:
Met Office R verification libraries

R verification libraries: Package *verification’

February 20, 2015

Version 1.41

* Freely available statistics packages. i Yo ot i i

Author NCAR - Research Applications Laboratory
Maintainer Eric Gilleland <ericg@ucar.edu>
Depends R (>= 2.10), methods, fields, boot, CircStats, MASS, dtw

° Description This package contains uilities for verification of
discrete.continuous, probabilistic forecasts and forecast
expressed as parametric distributions.

License GPL (»=2)
LazyData yes

* Maintained & supported by NCAR. st 311123130510
. - R @J — NesdeCamnilation ne
@@ R: The R Project for Statist % \ - i - - Package ‘SpaﬁalVX’

€ = C [ www.r-projectorg w| = February 19, 2015
Version 0.2-2
Date 2011-12-09

.

Title Spatial Forecast Verification

R Foundation Documeniation Author Eric Gilleland <EricG@ucar . edu>
: Maintainer Eric Gilleland <EricGeucar.edu>
Foundation Manuals
° Depends R (>= 2.10.0), spatstat (>= 1.37-0), fields (>= 6.8).
Board FAQs smoothie, smatr, turboEM
[Home] Members The R Journal Imports distillery, maps, boot, CircStats, fastcluster, waveslim
Donors Books Suggests shapes
Download Donate Certification Description Functions to perform spatial forecast verification
License GPL (>=2)
CRAN Other
URL http: //www.ral.ucar .edu/projects/icp
R Project . BugReports http://www.ral.ucar. edu/projects/icp/SpatialvVx
Links NeedsCompilation no
About B Bioconductor Repaository CRAN
Contributors Related Projects Date/Publication 2014-12-24 01:45:06
What's New? .
Mailing Lists R topics documented:
Bug Tracking SpatialVx-package .. .. ........ ..
abserrloss .
Conferences Aindex .
Search bearing
centdist o
Cindex .
clusterer
combiner .
compositer e

The R Project for Statistical Computing e

www.metoffice.gov.uk Info from: B. Brown. ISES Verification Workshop, Apr. 2015



http://www.r-project.org/

Terrestrial weather verification tools:

Met Office MET

Model Evaluation Tools (MET):
* Forecast evaluation tools

* Implemented & supported by the Developmental
Testbed Center (DTC) & Joint Numerical Testbed
Program at NCAR/RAL

* Includes a suite of standard stats, non-traditional
stats (e.g. spatial methods)

» Designed to undertake systematic evaluations

* Has a database & display system for
aggregating & plotting data

* Provides a standardized evaluation platform for
cross-institution comparisons

* Freely available
 Highly configurable

» Supported via the web & “live” user tutorials

www.metoffice.gov.uk

http://www.dtcenter.org/met/users/

ESjemrEy =)

[} DTC || MET Users Page % \ - -

€« C | [) www.dtcenter.org/met/users/

Reference Testing & Community Verification Visitor Events
Configurations Evaluation [ Program

—— —

Model Evaluation Tools | DTC

You are here: DTC » MET Users Page

Home. Model Evaluation Tools

Terms of Use

Welcome 2015 GSY/ENKF CommunityTutorial

Overview 08.11.2015 to 08.14.2015
Welcome to the users page for the Model Evaluation Tools (MET) verification s B ls Lt sty NCAR BOMe: Dbt

Download a  package. MET was developed by the National Center for Atmospheric Research
(NCAR) Developmental Testbed Center (DTC) through the generous support of
Documentation ; ; i Announcements

the U.S. A Force Weather Agency (AFWA) and the National Oceanic and | Announcements |
U= S o Atmospheric Administration (NOAA). Registration Open for 2015 GSI/ENKF

CommunityTutorial
Related Links 08.11.2015

Description Location: Fosthills Laboratory, NCAR Boulder

MET is designed to be a highly-configurable, state-of-the-art suite of Coloeeln

verification tools. It was developed using output from the Weather Research

and Forecasting (WRF) modeling system but may be applied to the output of Webcast of The Numerical Weather Prediction

other modeling systems as well. Information Technology Environment (NITE)
If you missed this Seminar on April 6th, you can
now view the webcast by clicking on the link above.

MET provides a variety of verification techniques, including: 04.09.2015

» Standard verification scores comparing gridded model data to point- Fltas S HWRING aa Sietem

based observations 09.08.2014

- Standard verification scores comparing gridded model data to gridded
observations

+ Spatial verification methods comparing gridded model data to gridded
observations using neighborhood, object-based, and intensity-scale
decomposition approaches

METVS.0 Release
09.05.2014

= Ensemble and probabilistic verification methods comparing gridded MET Online Tutorial
model data to point-based er gridded observations Current for METYS.0
= Aggregating the output of these verification methods through time and
e B

U.S. Air Force Weather Agency (AFWA)

National Oceanic and Atmospheric Administration
(No2a)

©2015, DTC = Postal Address: P.0. Box 3000, Boulder, CO 80307-3000 » Shipping Address: 3090 Center Green Dr. Boulder, CO 80301 = Contact




