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Climate information requirements

/ASaIienceItv rejers to the re[e\(ar]ce of informatiovn for —
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scientific questions are far from a reabrld Power
situation.
ACredibiIity It refers to whether an actor perceives AL
Information as meeting standards of scientific
plausibility and technical adequac§ources must be
trustworthy and/or believable. Values
ALegitimacylt refers to whether an actor perceives Transparency

the climate information process as unbiased and
meeting standards of political and procedural

fairness Standards
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The researckprovider-service paradigm

A serviceoriented researchagendarequiresthe traditional chain NE & S
developmentoperationsservice LINE @ Ata tha¥e/béth ways so that not
only information quality is demonstrated, but user requirements are
adequately addressed and value illustrated This leaves a space for
transdisciplinaryresearch Thischain should not preclude basicresearchto
take placethough
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Forecastequirements identified by users

ATargete roducts need to become widely available,easyto accessand
unders O, different professionals

ANeer’ GCQ

1 how the information provided can be used and
/ 9 tionsandactivities

,l'/b OO//},\“edictionsneedsto be better understood

. - Q Y, g % /w cdictability source needs to be
established 06/ 0,6 J‘O

A!\Ieedto reduceunct,sf/» Q U ’)/}),"' Theskillis too low to base

decisionson them, since.©, LY QA hioh
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etter explanationof the link"“/Q Q
changeprojections fo,. CQ
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ATheinformation needsto be reliableeno%(‘os /#
AMaybe need for fine spatial resolutionsor allc ’,O/»

areas OQ'O
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Users look for climate forecasts online

Consistency Map
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Some key elements for users

AObservational uncertaintycomparison between reanalyses in a forecast
verification context.

ADefinition of standard procedurestandards are less common than one
would expect.

ATraceabiIity and quality controgjuality control and reproducibility of data
and products is increasingly important in the research community, but i
operational aspects are not solved yet.

AUser Indicatorsindicatorsoften donot have the same level of skill as the
meteorological variables.

Alnterpretation and communicatiarnusers are often not experts, and even
when they are it is easy to misunderstand the existing information.
Communication is a challenge

/&Synthesis and narrativesow to deal with multiple lines of evidence in th
message constructions.
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Observational uncertaint

Sources of uncertainty of forecast quality

Nifia3.4 SSTcorrelationof the ensemblemeanfor ECEarti3.1 (T511/ORCA25)
predictions with ERAIntand GLORY2Z1 initial conditions, and BSCseaice
reconstructionstartedeveryMay over 19932009
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Observational uncertaint

Observational uncertainty is relevant to user:

10-m winc speedtrend (in percentageof the meanwind) for five reanalyses

andagre 7.6:*1 the multi-reanalysifMR)in DJFover 1981-2017.
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Observational uncertaint

Observational uncertainty in verification

Correlatlon |
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SeasonDJF
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Variable 10-m wind speed
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Observational uncertaint

Observational uncertainty in verification

Verification with two groundbased observational

cal NEU

Q

NA

datasetsandthree reanalysesTheuseof both types b

of datasetsis very informative for wind energyusers
as they use them for the developmentof impact
modelsandthe longterm resourceassessments
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Observational uncertaint

Ob «yational uncertainty in verification

Brier s O/’//. ind speed predictions above the climatological90th
the referenceforecast Observationalreferences
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Forecast month

ECMWFKSEASPeriod 1981-2016
~ Leadtime: 1 month
" Globalcoverage 1,542 HadlSBstations,whichare uie truth ~ J. Ramor
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Standards

A nonttrivial climatology definition

Thereis a large heterogeneityin the reaktime subseasonasystems different

Initialisations,hindcastyeriods,etc.

Limitedsampleg(evenin the hindcast$ leadto : lackof robustnessn forecast

guality estimates definition of the climatology,biasadjustment,etc.
[ Forecast] [ Hindcasts}

A
| 1
Status on Time Resolution Ens. Frequency Re- Rfc length Rfc
2020-10-27 range Size forecasts frequency
BoM (ammc) d0-62 TATLIT 31 2 /week fixed 1981-2013 &/month
CMA (babj) d 0-60 T266L56 4 2fwieek on the fly past 15 years = 2/week
CNR-ISAC d0-32 0.75x0.56 L54 41 weekly fixed 1981-2010 every 5 days
(isac)
CNRM (lfpw) d0-47 T255L91 25 weekly fixed 1993-2017 every 7 days
ECCC (cwao) d0-32 39 km L45 21 weekly on the fly 1998-2017 weekly
ECMWF (ecmf) d 0-46 Teo639/319 L91 51 2 week on the fly past 20 years 2 /week
HMCR (rums) d 0-61 1.1x1.4 L28 20 weekly on the fly 1985-2010 weekly
JMA (rjtd) d0-33 TI479/TI319L100 50 weekly fixed® 1981-2010 2/month
KMA (rlsl) d 0-60 MN216eL85 4 daily an the fly 1991-2016 4/month
NCEP (kwbc) d 0-44 T126L64 16 daily fixed 1999-2010 daily
Barcelana .
mﬂmm“ﬁ", UKMO (egrr) d 0-60 MNZ16L85 4 daily on the fly 1993-2016 4/month
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Standards
A nonttrivial climatology definition
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Weekly 1 start date, 20 years
Monthly: All start datesin a calendamonth, 8/9 start dates,20 years
Monthly runningwindow: Runningwindow with 4 start datesbefore and
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Standards

A nonttrivial climatology definition
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april Fair CRPSS - Fcst time: Days 12-18

O Single startdate (raw) Single startdate (simple bias)
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_ Standards
Vocabularies

Vocabularies are part dihe development of the evaluation and quality control
(EQCand a prerequisite for the inclusion of decadal predictionghe climate
data store(CDS) ohe Copernicus Climate Change Service.
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Traceability and quality contre

Evaluation and quality control

The Co€&_ricus Climate Change Service is develtp@ngyaluation and
gualit O/‘Q ~0C) function of the climate data sttre

A P ’6 CQ werarching EQC service for the whole CDS
(3 90 aualitassessment of both datasets and

CSrniICuUS
Europe’s eyes on Earth

imate Change
- rvice




Traceability and quality contre

How traceable are both products and skill?

Generalisednetadata provision and workflow provenance is required to
ensure a minimum gquality of the forecalsésed climate information.

ittt | ERA-Interim
! 1
! 1
! 1
! 1
! 1
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Traceability and quality contre

How traceable are both products and skill?

Welldocumented packages safely developed are indispensable in an
operational context.

The Comprehensive R Archive Network Version control system

- packageshared in ftp and web servers track changes
around the world issues discussion

- commonstandards for R users tag versions
- easy installation branching strategy
- typical R documentation : unit testing

- typical warnings and error messages continuous integration
- checks

- to work on different OS
structure and documentation

package size Contributions and improvements
installation time opena new issue

workin a new branch
follow function standards
Profiling tools reviewprocess
- ProfVisandRprof mergeinto the master branch

- S lan next release
- scalability and parallelisation P

Barcelona
Suparcmpuﬁny
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Capacity factor iec2 (%)

25

User indicators

Seasonal prediction of wind capacity factor

Seasonal forecasts for Jan-Mar 2015

Lead time: 3 months
Start date: Oct 2014

Lead time: 2 months Lead time: 1 month

Start date: Mov 2014 Start date: Dec 2014
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Probabilty density
(total area=1)

Probability of
terciles

Below norma

Probability of

| extremes

——— Above PB0

—— Below P10

| Ensemble

members

o

Observation

Seasonal predictions of DJF
capacity factor over North Americ
(124pp x2-BEnb O éndl
the first of October, November ant
" December for the first trimester of

. 2015,ECMWF SEASS, reanalysis

ERAInterim, hindcastover 1993
2015

Oct Nov Dec
RPSS 023 025 0.24
BS P10 -0.18 -0.23 -0.16
BS P90 0.06 0 0.03
CRPSS 0.11 0.08 0.08
EnsCorr 0.5 045 042

L.Lledo



User indicators

Decadal prediction of crop yield indices

WMO recognisedglobal producingcentresof decadalpredictionscontribute with the
definition of standardsfor decadalpredictionsdata and products,while C3Spromotes
the evaluation of the Europeanmulti-model and the illustration of the decadal
predictionusein, amongother sectorsthe agriculturalsector

SPEI6 HMDI3
4 | ..’a\ 0.79 RPSS« 044 CHPSS« 0.3 | L Corr= 081 RPSS~ 046 CRPSS~ 0.41 :
2 ./ '0“\ " &
. L4
o ./ .« .,0“". ;.0. = ./‘?
o \ \. v ot \ e 1911496 1
v . |
-1 i *er ." \".\o.\ L % T k.:\!_- ] &
bed A S e ———oa—]
-2- ..\Il P 2w ) BB Bamm o"—‘
o i
-F TITITITITLTITLTIT TLTTITIT LA LA LR H TTTTTITTT
Indicators z OPErNICUS
. . . - Europe’s eyeson Ea th
A Drought: Standardized Precipitation .
3] “I* Climate Change

Evapotranspiration Index (SPEI6) b
A Heat Stress: Heat Magnitude DaylndeX"-"-*'*—-
(HMDI3)

@
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_ _ User indicators
User value: wine making

A wine produceris usingseasonaforecastsof springrain (providedin January}o
makedecisionsabout with the objectiveof maximisinghe payoff of the production
of a 70 ha lot. Forecastvalueis user specificand is the basisfor the useroriented
forecastapplication

Spring Rain (SP)

Action/Obs — Yearly valuavith respect to the business as  moeaersge @&

Hit . ay g
¢70ha T usual option for each forecast possibility ~ Norma
+33.597, Below Average
e
_8371’2 ‘ _119‘6 Eiz:srl;Protection cpp
'8371,2 ‘ _119 6 Canopy Management C
! Costs em
0 ‘ O Yields Y
0
0 0
-21.343 ‘ -304,9
-15.484 -221,2
+6.636 948 F
-400 -300 -200 -100 0 100 200 300 400 500 600
Bareelona
Suparcnmpuﬂ'ny €/ ha
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INn auserorientedservice

Mean sea

Interpretation and communicatio

Do not underestimate the power of an image

Scorecardsand comprehensivalisplaysof forecastquality measuredoecomeessential

CMCC System 3 Mean Bias (Pa) Correlation FCRPSS FRPSS
level pressure
Forecast month Forecast month Forecast month Forecast month
Start date Region 1 2 3 q 5 6 1 2 3 4 5 ] 1 2 3 4q 5 6 1 2 3 q 5 6
Tropics (30S-30N) 301 $635 w0z ®©44 ®©09 19 074 055 [ 040 025 22 029 [TH 0.00 004 wos 004 035 [ 003 008 002 1001
January Extra-tropical NH (30N-90N) Bast p24 780 K018 $904 -5 058 024 008 w7 012 012 K 004 @09 006 006 007 [ 1001 005 1002 002 1002
Extra-tropical SH (305-90S) 02243 -7 -s6 -3 faii:] 065 010 003 0.05 1004 D03 020 008 207 006 @03 007 024 207 1003 1002 207 005
Tropics (30S-30N) BO.7S §7.35 0.4 ®a0 ®8 0110 079 045 045 028 [0 040 035 005 007 1002 000 0.05 033 o o 001 0.03 [
February Extra-tropical NH (30N-90N) .39 1036 K015 783 -s - 062 27 20 013 003 013 w2 1003 004 006 a0 005 0z0 000 001 1002 003 1002
Extra-tropical SH (305-90S) 294 -2 -2 - [Goxrarr) - 052 ms 003 00 003 0.03 005 1003 06 007 006 005 LK 000 1002 004 005 1002
Tropics (30S-30N) p285 0504 58 047 8440 6.42 068 047 [ 033 [0 040 020 [T 0.00 D02 0.04 0.03 026 w2 003 005 007 007
March Extra-tropical NH (30N-90N) K015 12022 5215 w5 @238 [ 23 063 26 s 0.08
Extra-tropical SH (305-90S; 8.99 32 2 042 .05 DS 005
pi ( ) La @D [ EIEED @B 4377 DJF MAM
Tropics (30S-30N) p7.43 0303 ®©4d 0346 0652 8174 064 042 0.40 0.46
April Extra-tropical NH (30N-90N) §772 $031 @27 @388 @71 [_IAN 0s8 [ k] 013 a4 . . . . . . - . * . .
Extra-tropical SH (305-90S) 054 --: @EIED - @mEs @z [iE%3 008 5] o2 lead 3 . e X . . - . P 4 EY. CHEP CHED CHED € BY €N IS ¢
Tropics (30S-30N) B123 0314 9902 9368 $1.25 628 064 048 044 048 * * * * * * * * * * * * * *
May Extra-tropical NH (30N-90N) 000 @3 ®ass ®:48 @01 12082 043 o 010 0.10 N . . . . . R . R
Extra-tropical SH (305-90S) @02 - - - fzava:i} - 057 07 014 1001 lead 2 4 oo | oo o oo | o Xe | o oo | oo | oo | oo | oo | o X e | o
Tropics (30S-30N) [ $334 431 $1.01 0413 O3l 071 047 048 044 . . . . . . . . . .
June Extra-tropical NH (30N-90N) 0758 0235 ®272 ®a55 130,14 ¥190 as1 s 013 006
N . . . . . . B . . .
Extra-tropical SH (30S-80S) .75 [ - EZ0TB @z 4288 052 025 @6 0.08 lead 1 5 A N o a 5 o . d . 5 o N . N 5 IN & & 5
Tropics (30S-30N) 189 8233 1.3 0108 @4 0598 068 053 047 044 . . . . . . . . . B . .
July Extra-tropical NH (30N-90N) 092 @6.15 @7.00 hs43 ¥784 B4 050 o7 o015 D04
Extra-tropical SH (305-90S) -6 -- [ear::] - [eecig -5 052 D03 014 [ v
lead 0 . 5 . . 0 .
Tropics (30S-30N) B768 585 9648 0355 CE 0239 072 043 047 042 A A
August Extra-tropical NH (30N-90N) 0129 @453 054 ¥5.49 €371 .02 049 006 007 a2z . . . ;
Extra-tropical SH (305-90S) -5 . @ - @ - -l 053 (L] 024 037
Tropics (30S-30N) pd4.29 021 @360 ®456 [:A1] 051 070 052 046 051 JJA SON
September Extra-tropical NH (30N-90N) ®i4 pani €999 @164 507 076 043 007 00 007
Extra-tropical SH(305-905) | @3 - - - - @328 057 [l ] 0.10 Vv v
2 lead 3 o G . o . . L | e | oG | oo | X | s .
Tropies (30S-30N) 184 @349 s 9609 02 0622 066 048 050 052 A A A '\ " A " A A . A A " A
October Extra-tropical NH (30N-90N) 42 B284 ®567 -087 -359 B406 038 008 o014 007
Extra-tropical SH (305-90S) -5 - -7 -5 -7 -5 057 2] 008 012 . . . - . . .
Tropics (30S-30N) §8.38 0257 9600 552 0669 053 070 059 053 047 lead 2 e N : > > N > L ANE AN AN AN AN AN AN
. . . . D . . . . . . . . .
November Extra-tropical NH (30N-90N) 1069 959 H193 12132 K378 ¥393 053 o7 007 @7
Extra-tropical SH (305-90S) -ss -0 -7 -®130 - -: 064 (L] s 013 o o o o c o 5
Tropics (30S-30N) 086 8551 0957 0330 o720 017 076 057 048 36 lead 1 . o | e X 0 . d o> e | oo | - e o | e e | oo | o
December Extra-tropical NH (30N-80N) 470 1438 169 E2.43 12513 0556 060 015 [ D04 c © Q © © e © © @ e © e © 2
Extra-tropical SH (305-90S) -sa2 -3 -4 -7 -0 - 064 [ [ 10.03 R . R R N N .
R lead 0 - . o B - o | e | e | X - .
' . . B . . B
orecast quality measures 10r tne \Y/ R R e s e .
. [ Q Q (%] w o w w0 [=) [&] %) w o w
o = (0] < = a @ o = [0] < = o @«
operational seasonal torecast system 1rom 8 5 8 gz = > 3 g 8 2 =
w0 w > w v =
0] (O]
C38 . . SCA Ensemble mean correlation
\_opernicus
N ( OrteS| Europe’s eyes on Earth EA
.
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Interpretation and communicatio

Prototypical climate services for energy

SIAE is developinga decisionsupport tool for the renewableenergy sector
basedon Copernicuglimate forecasts S,and NCERvperationalpredictions
co-designedwith the industry for periodic updateson the state of relevant
climatevariables

Check previous forecas ts Forecas! t for 2020 Nov 02 — 2020 Nov 08 Week 2 X
Search location O\ 2020 Oct 27 oA Forecas t issued on 2020 Oct 22 (2 - 8 November 2020)
Next forecast available on 2020 Oct 29 Temperature
SUMMARY @
VARIABLES © B
+ FORECAST SKILL
Essential climate variables w
il 33%
Temperature - ‘ 259
oRae (Very Good)
FILTERS ©
EXTREMES (p10-p20) @
Skill level ]
25% ‘ : < ; e

QO Viewall [2) oo p oo o . o ‘ ). & 6 D\ BYe)

Probability threshold

50 % v
vV LEGEND
o Show extremes Predicted tercile () Probability range () Extremes ()
@ 4bove . 50% t0 100% A Max (po0) ;
CUSTOMISE DISPLAY © Normal . >/0\0\
@ Beiow @ 34%t049% W Min (p10) . AAEA
O Dark map v NN G -

@
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http://s2s4e.eu/dst
http://s2s4e.eu/dst
http://s2s4e.eu/dst
http://s2s4e.eu/dst
http://s2s4e.eu/dst
https://climate.copernicus.eu/
https://climate.copernicus.eu/
https://climate.copernicus.eu/
https://climate.copernicus.eu/
https://climate.copernicus.eu/
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= EUPORIAS weather roulette

+
- Please, select a

— location on the map:
o
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» ol o,
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Interpretation and communicatio

The communication challenge

Gamificationis useful to illustrate the challengesof using and the value of
seasonatlimatepredictionsaddressedo the wind energysector.

A Playagainsta referencetakenfrom climatologicafrequencies
A Thebetsare proportionalto the predictedprobabilities
A Theamountinvestedin the observedcategoryis multiplied by 3.

>

= EUPORIAS weather roulette

1981

Skill (1SS): 0.30244

Prediction by RESILIENCE:
Above: 35% / Normal: 49% / Below: 15%

Play this year
using
RESILIENCE

() Above (35%)

() Average (49%,

@ Below (16%) |
II\

YOU WIN

Best prediction by
RESILIENCE.
Return ratio (r): 1.0588

Play this year ay this year -

using usin
RESILIENCE climatolos 4

() Above (33%)

() Average (33%

0 Below (33%

Play this year

using
climatology YOU LOSE
Best prediction by:

RESILIENCE.
Return ratio (r): 1.0588

J

European Provision Of Regional Impact: Climate Se
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Interpretation and communicatio

lllustrating the value of predictions

Examplesof return ratio for 33 betting runs for different points where wind
power plantsareinstalled

A Toprow caseswvith RPS33; but ignoranceskill scorenegativeor zera
A Bottom row caseswvith RPS:
A Linefor the geometricaverageof return ratios (interestrate).

tio (r)

Return ra

X47987 - Mexico X32373 - Kazakhstan X24590 - Denmark
.0 .0 0
RPSS =0 1SS =-0.03 RPSS=0 1SS =-0.03 RPSS=0 ISS=0
R=0.96 IR (%)=-3.49 ROI=-0.69 R=0.97 IR (%)=-3.10 ROI=-0.65 R=1 IR (%)=0.15 ROI=0.05

Years Years Years
X78576 - Vanuatu X56730 - Colombia X39788 - US
0 0
RPSS =031 1SS=0.21 RPSS =0.35 1SS=0.25 RPSS =042 1SS=0.31
R=1.25 IR (%)=2545 ROI=1773.77 R=1.32 IR (%)=3202 ROI=9565.68 R=140 IR (%)=39.98 ROI=66049.48

eeeeeeeeee

1996 2001 2006 2011 1981 1986 1991 1996 2
EUPORIAS ¥ S2S4E
e st [RIRCY Clmate Services Terradoet al. (2019, BAMS
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_ _ o Synthesis
Multi-model climate predictions

Multi-model forecasts have been consideredas an acceptableway to synthesise
forecastinformation.

Decadal predictions of precipitation for forecast years 1-5 started near the end of

20 18 Probability of the most likely quintile category (masked where FairRPSS < 0) - pr - Multi-model-2 - Annual mean
Start date: 2018 - Forecast period: years 1-5 - Reference period: 1981-2010

Low (%) Below normal (%) Normal (%) Above normal (%) High (°/ )

30 475 65 825 10030 475 65 825 10030 475 65 825 10030 475 65 825 10030 475 65 825 IC)C!C\
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Synthesis
Multi-model climate prediction

However,usersdo not alwaysunderstandwhy multi-modelis the preferableoption.

CRPSS8f DJRwo-metre temperature for C3Sforecastsinitialized in November,all
systemsbiasadjusted (MVA)comparedto a simple and weighted multi-model (as
iInversefunction of RMSE)Bottom gainof the best multi-modelwith respectto the
bestsingl
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The nonrexhaustive list of relevant elements

AObservational uncertaintycomparison between reanalyses in a forecast
verification context.

ADefinition of standard procedurestandards are less common than one
would expect.

ATraceabiIity and quality controgjuality control and reproducibility of data
and products is increasingly important in the research community, but i
operational aspects are not solved yet.

AUser Indicatorsindicators do not have the same level of skill as the
meteorological variables.

Alnterpretation and communicatiarnusers are often not experts, and even
when they are it is easy to misunderstand the existing information.
Communication is a challenge

/&Synthesis and narrativesow to deal with multiple lines of evidence in th
message constructions.
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