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Climate Forecasting Unit

How are Climate Forecasts Possible?

* Uncertainty-in climate comes mostly from natural variability

* Some |variability is/-associated with changes “in. the climate system
occurring over seasonal, annual to decadal timescales'(e.g./NAO, AMO)

* |If changes. in the climate system can be predicted, then so could other
correlated.variables (e:g. temperature, rainfall, wind etc.)
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Changes in the Climate System

Atlantic Multidecadal Oscillation in North Decada
Oscillation (AMO or AMV) Atlantic Ocean Temp. |
El Nifo Southern Oscillation in Tropical Multi-annual (3-5 yr cycle)
Oscillation (ENSO) Pacific Ocean Temp.
North Atlantic Oscilllation See-saw of sea level pressures Annual
(NAO) b/w Iceland and the Azores
Dust/Aerosols over Dust originating from Annual
Atlantic Sahara Desert
West African Monsoon Rainfall over Sahel region Annual

Eastward Propagating

: : . Intra-Seasonal
Disturbances in Tropics

Maidden-Julian Oscillation
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Global Climate Models:

Simulating the
Climate System
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Vertical Grid
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¥~ Climate Forecasting Unit

Climate Time Scales

* Initial-value problems (weather forecasting) to
forced boundary condition problem (climate projections)

* Climate forecasts (sub-seasonal, seasonal and decadal) in the middle

Daily Weather
Forecasts

Seasonal to ~1 Year Decadal Multi-Decadal to Century
Outlooks Predictions Climate Change Projections

time scale

Forced Boundary
Condition Problem

NEIRELTTE
Problem

Meehl et al. (2009)
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Climate Forecasts:
State-Of-The-Art Approach

Stage 1: Dynamical forecasts

* Initialisation of ensemble simulations
Stage 2: Post-processing

* Bias correction or calibration

* Combination: multi-model approach
Stage 3: Validation

* Verification: skill assessments
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Stage 1: Dynamical forecasts
Initialisation of ensemble simulations

Model Ensemble
initialisation O HINDCAST it
Model
initialisation O HINDCAST
M I
T O-de- HINDCAST
initialisation
Model
initialisation O HINDCAST
Model
initialisation O HINDCAST
| \ >
| Model 1| FORECAST &
i initialisation — =1
v v v v v . >
| | | | | L

1t Nov. 1t Nov. 1stNov. 1% Nov. 1% Nov. 1tNov. 15 Nov.
2000 2001 2002 2003 2004 2005 2006

Start date November 15t each year over past 30 year period 1 experiment: 120Tb
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Climate model:ECMWF S4

10m wind speed “observations”: ERA-Interim

Winter season forecast: 1 month lead time

255 %
47.1%
215 %

._.Z

f:::ﬁ;—

B
[)

0.01
==
___74__

s

0.07 CRPSS
7';'_
S = _3‘
®

i
N

==
[ ]

Corr=0.36 RPSS

& —
m /i m )

Raw data

__;;;:::52%:;;; ]
N ?

—cl0c
—L10cC
—010¢
—600¢
—800¢
—/200¢
—900¢
—S00¢
—¥00¢
—€00¢
—c00¢
—1L00c
—0002
—666 L
—866 |
—/.66 1
—966 |1
G661
766 |
—E€66 |1
—c66 1
1661
—0661
6861
—8861
—/861
—9861
—G86 1
861
—E€86 1
—c86 1
1861

(s/w) paads puim

Calibration

=-0.06

=0.02 CRPSS

Corr=0.18 RPSS

AL
g B &
BRI 1 1|
S
___.0
o:A
.0___
..___
L1
olbl
—17_.
(JA
iyt
o

=

—cl0c
L1102
—010c
—600¢
—800¢
—£00¢
—900¢
—G00¢c
—t700¢
—€00¢
—c002
—100¢
—000¢c
—666 I
—866 |
—,66 |
—966 I
—G66 I
—766 L
—E€66 |
—c66 |
—166 1
—066 I
—686 |
—886 |
—486 |
986 |
—G86 |
—786 L
—E€86 |
—c86 |
—1861

(s/w) poads puip

-0.03

Time(years)
0.03 CRPSS

Simple bias correction

Corr=0.22 RPSS

NG
8 F &
o 1 |
/r_,_o
1l
°
il
r__

- |
pe

-

;

_:0

Pra
OJA_
__ﬂ//i
|l
I [

|1
T
© [Yo] <

—< L0c
—F1L0c
—010c
—600¢
—800¢
—/00¢
—900¢
—S00¢
—100¢
—€00¢
—c00¢
—+00¢c
—000¢
—666 |
—866 1
—/66 |
—966 |
—G66 L
—66 L
—E66 |
—c66 L
—L66 L
—066 |
—686 |
—8861
—/86 |
—986 |
—G86 |
—86 |
—E€86 |
—c86 |
—I86 1

T
o

(s/w) paads puip

Timel(veare)

Timalvaare)



1C3]

Climate Forecasting Unit

Stage 2: Post-processing
Combination: multi-model approach

Model 2 Model 4

K models x M ensemble members

/\ M*K member ensemble
Coupled — ~ -1
Initialised = / \ E
Models — ;
: 3
3
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| | | | | | |
1st Nov. 1t Nov. 1t Nov. 1tNov. 1stNov. 1stNov. 1stNowv.
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Stage 3: Validation
Verification: skill assessments

Climate model:ECMWF S4
“Observations”: ERA-Interim, past 30 years
Winter season forecast: 1 month lead time

10m Wind Speed Perfect :‘(gorecast Temperature

0.84
0.68
0.52 - i
0.36 |
0.20
Same as — 0.04
y teclimatology —{ -0.04

ol R
052
(}7 068

084 |
-1.00
Worse than
climatology

FURTHER VALIDATION POSSIBLE BASED ON REAL MEASUREMENTS
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\ ’-7 f)te and ldentify Vulnerabilities and Risks
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%g Facilitate strategic climate adaptation action
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Ability to make decisions earlier
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Climate factors influencing Atlantic Cyclone activity

Atlantic Multidecadal Oscillation in North Decada
Oscillation (AMO or AMV) Atlantic Ocean Temp. |
El Nifo Southern Oscillation in Tropical Multi-annual (3-5 yr cycle)
Oscillation (ENSO) Pacific Ocean Temp.
North Atlantic Oscilllation See-saw of sea level pressures Annual
(NAO) b/w Iceland and the Azores
Dust/Aerosols over Dust originating from Annual
Atlantic Sahara Desert
West African Monsoon Rainfall over Sahel region Annual

Eastward Propagating

: : . Intra-Seasonal
Disturbances in Tropics

Maidden-Julian Oscillation
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Link between AMV and Tropical Cyclones (TC)

5 T T T T T
Black: observed number of TC's
Red: estimate of the number of missing TC'$
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AMV: Atlantic Multidecadal Variability Number of Tropical Cyclones per season
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Climate Predictions v Historical Simulations

Global mean surface Atlantic multidecadal
atmospheric temperature variability (AMV)
<|2l T 7| Predictions sa.r | ST 7| Historical
S| s = g'%’i-‘f simulations
e 51 |
Q 1
Q 3 =
N D
| Observations o~
Y| ~o 2-5yrs| | 9] 2-5yrs

1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Doblas-Reyes et al. (2013)
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AMYV Predictions: Initialised V Non-Initialised

AMV index, Average year 1-5 AMV Prediction Skill
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Translating AMV Forecast Skill into TC Activity

Accumulated Cyclone Energy (ACE): Based on 6 hourly wind speed,;
Number, strength, and duration of all the tropical cyclones in the season.

Skill to yr. 5

Skill to yr. 3

ACC: 5-yr predicted index vs observed activity

Q |
)
—— ACE
© —— Landfalling
)
< >
=)
S
N
)
<
)
N
CI) _

Year 1-5 Year 2-6 Year 3-7 Year 4-8
Lead Time

Statistical
ignificance
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Monthly and Seasonal
Predictions of Wind Power

Objective: Evaluate the capabillity to
predict wind power capacity

over a 1-3 month horizon

Melanie Davis, Francisco Doblas-Reyes,
Veronica Torralba-Fernandez;”Aido Pinto-Biescas, Nube Gonzalez-Reviriego
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Monthl

Climate Forecasting Unit

to Seasonal Decision Timescales

e,

|= Energy producers: Resource management

. @ "f\-! IeS V
Ene g.\ source effects on markets

\ :
Wind farm operators: | anning for

maintenance works /\\

TS
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Climate factors influencing Wind Power Generation

Atlantic Multidecadal Oscillation in North Decada
Oscillation (AMO or AMV) Atlantic Ocean Temp. |
El Nifo Southern Oscillation in Tropical Multi-annual (3-5 yr cycle)
Oscillation (ENSO) Pacific Ocean Temp.
North Atlantic Oscilllation See-saw of sea level pressures Annual
(NAO) b/w Iceland and the Azores
Dust/Aerosols over Dust originating from Annual
Atlantic Sahara Desert
West African Monsoon Rainfall over Sahel region Annual

Eastward Propagating

: : . Intra-Seasonal
Disturbances in Tropics

Maidden-Julian Oscillation
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Impact of NAO on Wind Speed and Capacity Factor
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10m wind speed “observations”: ERA-Interim

Differences with NAO + and NAO - conditions Boreal winter season period 1981-2012

: ._,;sg* R Capacny Factor (%)

J -1.68 -1.26 -084 —042 ! E E -8 -5 4 -3 —2— —. l l l ; ! ! 10 15
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Wind Speed Forecast

Climate model:ECMWF S4
10m wind speed “observations”: ERA-Interim
Winter season forecast: 1 month lead time

Simple bias correction
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Wind Speed Forecast Validation

Climate model:ECMWEF S4
“Observations”: ERA-Interim, past 30 years
Winter season forecast: 1 month lead time

10m Wind Speed Forecast Skill

1.00 Perfect forecast

0.84
0.68
0.52
0.36
0.20
0.04
-0.04
-0.20
-0.36
-0.52
-0.68
-0.84
-1.00

Same as
climatology

Worse than
climatology
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Translating Wind Forecasts into Power Capacity

Frequency of the wind speed
temperature forecasts for De

er 2012

Climate model: =

ECMWEF S4 e
“Observations”: g -

ERA-Interim, s 7]

past 30 years 2 7

December forecast: s
1 mOﬂth Iead tlme Average wind speed (m/s)
Simple bias HE
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Number of points in each grid box

Forecast of capacity factor for
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lllustrative examples of seasonal wind power predictions

Wind Farm in USA Wind Farm in North Sea
2.0 . \ Bt .
[ ] -, . - = .
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S sS N 0, S s |
° E I 66.7% ° E s
T S, T =, .
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B 15- T 235% % 25-
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L H 53 §  13.7%
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= 5 ) 9.8% C o
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0 835 0%
o 8 o 9
n = n <

1.0 I 2.0 ‘

Dec 1°'2013 - Dec 1°'2013 -
Feb 28"2014 Feb 28"2014
Wind Farm in Mexico/ . Wind Farm in China

2.0+ 2.0+
T o T o
§ = B Below normal% Normal% Above normal% g 2 |
o 2 15.7% l l | | | I @ 2 31.3%
@ = 40 55 70 85 100 40 55 70 85 100 40 55 70 85 100 ® =
o = S g — o B
a2 1.5 31.4% Wind power prediction for December 152013 - February 28™ 2014, issued on November 1st 2013. z 2 1.5 39.2%
) -_ O
e = 59 0% The most likely wind power category (below normal, or above normal), and its percentage & T 29.5%
o g _ =0 probability to occur is shown. “Normal” represents the average of the past 30 years. o g el 20
o o
& 2 Wihite areas demonstrate where the probability is <40% and approximately equal for all three categories. A 2

1.0 ' areas show where the climate prediction model does not improve upon the standard and current 1.0

Dec 12013 - approach, which projects past climate data into the future. Dec 151‘ 2013 -

Feb 282014 Feb 282014
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ﬂ‘éﬁ;ﬂmm FIM Decision Support Tool

fialcrow

Date 24/08/2011 Time 13:29:05
Team Anglian FF Team User Joe Bloggs
SitelCommunity Colne Barrier

Load Probabilistic Forecast Result Data I

Potential FIM action D2. Operate active structures as necessary (e.g. close bami
Action cost £4,000

Forecast benefit £101,144

Initial recommendation Take action

Soft factors influencing the decision include:

1. Do you want to use this evenl as a practice or training evant or as a PR exercisa? [could changa
2. |5 tha community at risk in dangar of baing desansitisad (i.e. too many falsa alarms?) jcould char
3. |s this a highly sansitive location with recent flooding? [could change a Mo’ into “Yas]

4. Hawa thare bean any missed flooding evants (not forecast) at this sile ? [could changa a "No” info

Final action decision Close Bamier

Justification

B-C ratio is very high, softer factors considened

! Forecast beneft comprises monetaed impact of educton in risk 1o Masenous Inpury, socal impact, resdenta
busnes a'ageculiure damage and nfrastrciure danuplon.

EEEL?}E““““I FIM Decision Support Tool

Probabilistic Forecast Data

Lewvel (mAOD)

Flood impact aveoided by action (E)

Decision Support Tools

Exceeding threshold?

Enzambla 1
Enzambla 2
Enzambla 3
Enzembla 4
Enzambla &
Enzambla &
Enzeambla T
Enzambla 8
Enzambla 9
Enzambla 10
Enzambla 11
Enzembla 12
Enzambila 13
Enzambla 14
Enzambla 15
Enzambla 16
Enzembla 17
Enzambla 18
Enzambla 19
Enzambla 20
Enzambla 21
Enzembla 22
Enzambla 23
Enzambla 24

Expected Action Benefit (E)

Action Level Threshold {mAOQD)

Exceedin robakbili

3.297
3.296
3.264
32177
3317
3.318
3.285
333
3.330
3.288
3.2:
3.336
3.297
3.296
3.264
3.292
3.302
3.342
3.292
3.288
3.310
3.310
3.272
3.284

EQ

ED

EOD

EOD
E208981
E324 B16

ED
E3BE 212
E376 332

EQ

EQ
E442 730

EOD

EOD

EQ

EQ
E£25,561
EE13.820

EOD

EQ
E£124 276
E124 032

EOD

EOD

E101,144

OO0 = afDdaad0000aw00aadaasooonD

3.3

38%
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