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Weather versus climate?

ECMWF ensemble forecasi - Air lemperalure

Date: 26/06/1995 London Lat: 51.5 Long: O
Lorenz's butterflies sets a limit to day-to-day weather '
prediction of 1-2 weeks.

Ensemble

Degree C

Example of chaos limiting the prediction of London air temperature in 2008
version of ECMWF numerical weather prediction model.

—>

Forecast day

ECMWF ensemble forecasi - Air lemperaiure
Date: 26/06/1994 London Lat: 51.5 Long: O
Control

Analysis Ensemble

So why do we think we can predict climate?

Forecast day



Climate prediction possible because of the existence of climate
modes and oscillations, persistence, and trends.

El Nino-Southern Oscillation (ENSO)
Indian Ocean Dipole (10D)
Madden-Julian Oscillation (MJO)
Southern Annular Model (SAM)
Interdecadal Pacific Oscillation (IPO)
Quasi-Biennial Oscillation (QBO)
Northern Annular Mode (NAM)

Atlantic Multi-decadal Oscillation (AMO)

Ocean memory
SST-circulation feedback

Soil moisture feedback

Global warming trend

N

External forcing

Ozone trends

Aerosol trends



Climate prediction versus climate projection

Prediction takes into account the initial condition (IC) of the climate system, and
may also take into account the "external forcing".

Zonal Ave

Projection only considers the "external forcing".

-40 0 40 80

Zonal Ave

A climate change "projection" from the Intergovernmental
Panel on Climate Change (IPCC) 5th Assessment Report .
Precipitation change relative to 1986-2005.

(% per “C global mean change)




History of climate prediction in Australia
1920s Discovery of the Southern Oscillation and possibility of seasonal prediction using Darwin
pressures was proposed (Quayle 1929).

1970s-80s Nicholls, McBride, and colleagues confirm the stability of the relationship between
Australian seasonal rainfall and ENSO.

1989 BoM begins issuing statistical predictions of Australian seasonal rainfall.
1990s The effects of the Indian Ocean were incorporated into the statistical predictions.

2002 Prediction with a dynamical ocean-atmosphere model (POAMA-1) begins, but initially only
used for forecasts of Pacific SSTs (i.e. ENSO).

2013 POAMA-2 becomes operational and for the first time the BoM issues seasonal outlooks for
Australian rainfall and temperature with a dynamical model.

2018 ACCESS-S1 replaces POAMA-2M and monthly outlooks begin. Weekly outlooks to begin in
late 20109.

2017 CSIRO begins research project on decadal climate prediction.



Dynamical Seasonal Prediction System

Initialisation Coupled climate Ensemble of
model forecasts

Atmospheric Model

Atmos, land,

ocean. ice initial Land Surface Model
e | Sea-lce Model |

Ocean Model

Forecast skill Based on equations of physics i.e. Representing
depends on ability a computer simulation of the real uncertainty and
to depict initial state world (e.q. has clouds, solar chaos

from available radiation...)

observations
Ideally we should use "prediction system" to describe

all 3 components above, but often we just say "model".




The ACCESS-S1 model produces realistic weather and ocean eddies

Atmosphere has 60km horizontal resolution with 85 vertical levels.

A global model is required

Ocean has 25km horizontal resolution with 75 vertical levels.

DEPTH (m) : 0.5058 .
TIME : 01-AUG—2009 12:00 TIME : O1-MAY—1996 12:00 DATA SET: cplhce.1d.mersea.grid_T_regular
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Model Initialisation

The model needs to have accurate
observations of the globe provided to it
every day — "initial conditions".

Good observations of the past are also
required for making hindcasts, which
are essential for verification and

correcting for model bias.

For ACCESS-S1 we use past observations
to run hindcasts for 1990-2012.

Locations of ocean observations
in 2007 compared to 2000.
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Nino3.4 ens_mea_ini=19961201

Ensembles and probabilities

Example: Forecast uncertainty for Pacific Ocean temperatures

We currently run 33 ensemble members per day. Chaos causes
¢ the small initial

This ensemble produced by 7. differences to

Each ensemble member is started with slightly different initial | making 0.001°C changes to L ameity
conditions. =

We do this so that we can quantify our forecast uncertainty and
provide forecast probabilities.

Probability forecast issued on 20t

_> Australl G’m’trmntnl
December for January-March 2019. Bures f kg
Normally, the chance of exceeding the
median rainfall is 50% everywhere, but .
for this forecast we had many more of .
the ensemble members getting less

than median rainfall. ) h‘
Chance of exceeding the median rainfall .

January to March 2019 0

Actually computed using tﬁ
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Chance of exceeding median rainfall (%)

®

Median rainfall
January to March

8

ode: AWAP
jclimate a: 1990-2012
of Australia 2018, Australian Bureau of Meteorology 24/0772018

Model run: 15/12/2018 Model: ACCESS-S1
alia 2018, Australian Bureau of Meteorology Issued: 20/12/2018  Base period: 1090-2012

99 members lagged over
several days



Summary

Chance of above median
Outlook scenarios
Chance of at least
Medians

Past accuracy

» Climate
+ Outlooks

+ Reports & summaries
+ Weather & climate data

Climate outlooks — monthly and seasonal
Issued: 13 June 2019 — Next issue: 27 June 2019

Archive Download Text view

Outlook scenarios

Chance of at least

Jul-Sep '57-/

A dry three months likely for most areas

ure

Subscribe

www.bom.gov.au/clir
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Bureau Home - Long-range weather and climate

Long-range weather and climate

Monthly, seasonal, annual and event summaries.

. Recent rainfall Rainfall outlook
@ Climate reports and summaries - —
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Severe tropical cyclones Trevor and Veronica produced ° SEIEL Temperature

heavy rain in the northeast and northwest of Australia
Weekly Rainfall Update 26 March 2019

t outlook video ENSO Outlook

/0 severe tropical cyclones in Australian region
ekly Tropical Climate Note
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Aarch 2019
Firu 0ok
Aori-June 2018

Climate and Water Outiook

February rainfall generally low, deficiencies increase

s Monthly Drought Statement & March 2019

- Weather station data Data services
| ESENESESRe]
) . ‘Warmer than average April to June very likely, with near-

Weather and climate
data available by request

equal chances of a wetter or drier three months
Rainfall and temperature outlo:

28 March 2019 —= lI”“”"“ ’
-

Later than normal rainfall onset expected for most of

=

State of the Climate 2018

AU age.three months is likely for much of Australia. Chances of a drier July to September
are highest across southwest and southeast Austrane v - afa drer three months exceed
75%

July is likely to be drier than average for much of southern WA, southeast SA, eastern Tasmania, and
much of the eastern mainland extending from Victoria up eastern NSW and into southern Queensland
While the dry signal is widespread across the tropical north, much of this region typically receives little or
no rainfall at this time of year.

Historical outlook accuracy for July to September is moderate to high for most of the country but low in
parts of southeast Australia and far northern Queensland. See map for details
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Percent consistent (%)

Past accuracy computed
from the hindcasts




The Bureau also currently provides
predictions of ENSO and the IOD
from ACCESS-S1

temperature

Nino 3, 3.4, or 4 are the —
ma|n |ndlces for ENSO mmaries

Pmperature data
S
t conditions
lage conditions
ge
d records
alian climate

NINO3.4

Tahiti
Indian Ocean - IOD Pacific Ocean - NINO

www.bom .gov.au/c

ENSO Wrap-Up

Current state of the Pacific and Indian oceans

ssued 25June 2019 Nextissue 9 July 2019

Overview Sea surface Sea sub-surface SOl Trade winds Cloudiness Outlooks Indian Ocean

ENSO outlooks

The latest weekly NINO3 .4 value to 23 June is +0.6 °C, which is 0.2 °C below the El Nifio threshold. Similarly, NINO3 values have
cooled to +0.4 °C, while NINO4 is +0.7 °C. Most climate models predict the tropical Pacific Ocean will continue to cool, with all
eight surveyed climate models anticipating ENSO-neutral values during the late austral winter and spring

Considering that current NINO index values are neutral, indicators in both atmosphere and ocean continue to ease, and model
outlooks favour an ENSO-neutral state for the coming months, the Bureau ENSO Outlook has been reset to INACTIVE

Monthly sea surface temperature anomalies for NINO3.4 region

C above or below average

JAN FEB MAR APR MAY JUN JuL AUG SEP oCT NOV DEC JAN
2019 2019 2020

Ensemble member - Forecast mean -&— Past analysis =0  Month-to-date

www bom gov au/climate Model: ACCESS-S1
Commonwealth of Australia 2019, Australian B

Bureau of Meteorology Model run: 22 Jun 2019




Nino SSTs have long been the gold standard for predicting climate
on seasonal time scales

Correlation skill of dynamical model forecasts of SST anomalies in Nino3 and Nino4

. n Nino 3 skill
a Nino3 Corr ALL 82—-06 3mM Nino4 Corr ALL 82—-06 3mM

Initial Condition—>Feb

L L Init: Feb 0

ACCESS-S1

Corr. Coeff.

Lead Time (month)

Aug

Init: Aug 01

Corr. Coeff.

Nino 3 is highly
Nino 3 or 4 are usually the first variables to look at because: )

predictable and

N\ . T persistent from August |
1) Importance of ENSO for driving global climate variability

2) These indices should be more predictable than most other variables




Increasingly our users want more than just a seasonal
prediction. They want all time scales.

) Auglust septelmber Octtl:lber November December:
Baroclinic
; > IPO
instability MJO
SAM ENSO QBO
|OD AMO
Soil moisture

Ocean memory
External forcing



"Seamless prediction" is the new
buzz phrase, and the distinction

between weather and climate is

becoming less meaningful.

\ NOAA Seamless Suite of Forecast
: Products Spanning Climate and Weather \

Y Forecast
B [ et

Qutlook

Guidance ! ’ Climate Prediction

Threats — Products
Assessments

Forecasts

Weather Prediction
Watches | 5 Products

Warnings & Alert Mlnn S
CoordinationJ—

0

Fire Weather
Hydropower
Agriculture
Control
Recreation
Ecosystem
Air Quality

‘Environment

<7~ Seamless prediction

MetOffice SUPPoTrting decision making
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exploiting for prediction

The MJO as an example of a
phenomenon we are now




We (at the Bureau) developed an index for monitoring the MJO

vectors and OLR; 3-day running means
1

Pacific
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MJO prediction and prediction skill

The MJO can be predicted out to about 20-30 days.

An example MJO index forecast from our old POAMA model

Our dynamical models are getting better at predicting it.

ACCESS-S1
POAMA-2

Useful skill out to about 25 days

15
Lead time (days

West. Hem.

and Africa

MJO Index Forecast initialised 25Jan2018 (mw2rt

Climatology: years from 1981 to 2010 with mmdd=0121
Forecasts:

7 WE{I:m 6
Pacific
33 ensemble

/ members 35-40d

30-35d

0 \ 25-30d

Initial 20250
condition
Q 15-20d
2
2
(]
2

awnue

10-15d

5-10d

Ensemble
Mean

0-5d |

Re-analysis
(ALI)

Indian

Correlation skill for predicting the MJO index in our old (POAMA) and
new (ACCESS-S1) seasonal prediction systems.



QLD February floods: An example of the MJO driving the
weather/climate and providing week 2 predictability

(a) 31-Jan forecast (week1) (b) 24-Jan forecast (Week2) (c) 17-Jan forecast (Week3)

L —~ e 10S —
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- 20S 4

[ 30S -

L 40S -

vl

1
120E 140E

40 60 70
Made up of 99-members Probability of Quintile 5 weekly rainfall during 31 Jan to 6 Feb

The flood/cold event was well-captured by ACCESS-S1 in weeks 1 and 2, but not in week 3 or the officially-
released monthly outlook for February.




Hudson et al. (2017) covers the skill of predicting all of the important
drivers of Australian weather and climate

SAM prediction skill
1.0

All Seasons
IOD from August initial condition

| | | Init: Aug 01 ACCESS-S1

POAMA-2
ACCESS-S1

POAMA

=
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Temporal Correlation

Lead Time (month

Lead time (days
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Average accuracy for all AUS and all times of year
(For forecasts started on the 15! of every month in 1990-2012; n=276 i.e. 12 start_dates * 23yrs)

Forecasts of probability of above median

Rainfall TMAX

Meon Accuracy (AUS) PRCP (ACCESS-S1 vs POAMA)
mmACCESS~S1 _POAMA

Mean Accuracy (AUS) TMAX (ACCESS—-S1 vs POAMA)

TMIN

Meon Accuracy (AUS) TMIN (ACCESS—-S1 vs POAMA)

EmACCESS~S1  mmPOAMA

Accuracy

Week 1+2
Week2+3
Week3+4
(1-mnth lead)
Week 1+2
Week2+3
Week3+4

Hudson et al. (2017) B ACCESS-S1

Accuracy

(1-mnth lead)

POAMA

BmACCESS~S1  mmPOAMA

Week 1+2
Week2+3
Week 3+4

Season
(1-mnth lead)




Exploring the global skill distribution of these
prediction systems is also very instructive.

POAMA is ideal for this because of its very large hindcast size.

Seamless Precipitation Prediction Skill in the Tropics and Extratropics from
a Global Model

HONGYAN ZHU AND MATTHEW C. WHEELER

Centre for Australian Weather and Climate Research, Melbourne, Australia

ADAM H. SOBEL

Department of Applied Physics and Applied Mathematics, Department of Earth and Environmental Sciences,
Lamont-Doherty Earth Observatory, Columbia University, New York, New York

DEBRA HUDSON

Centre for Australian Weather and Climate Research, Melbourne, Australia




The essence of our approach is:

e Compute prediction skill globally for a large range of lead times.

* As we increase the lead time, we also increase the time-averaging window
for a seamless transition from weather to climate.

4w4w

Like what others call "month 2"

window lead
N/

lwlw

L
D1 D2 D3 D4 D5 D6 D7

Week1

Initial condition




Data and Method

a. POAMA-2 ensemble prediction system
T47L17 atmosphere; 0.5-2° L25 ocean; and land.
Initialized with realistic atmospheric, land, and ocean initial conditions.
Coupled breeding scheme to produce a burst ensemble of 11 members.
3 versions of the model to provide in total 33 members.

Hindcasts from the 13, 11%", and 215! of each month (out to 120 days).

b. Observations
GPCP daily precipitation (blended station and satellite).
1° grid converted to POAMA grid.
We use 1996 to 2009 for this work.



c. Measure of prediction skill
We tried different verification measures (ROC score, Brier score, correlation skill).

In the end we chose the simplest: the correlation of the ensemble mean.

Here | present results for:
CORa - using anomalies with respect to separate climatologies for the hindcasts

and observations.

The correlations are computed over time using data from multiple verification times.
Separately for each lead time and each grid point.
Separately for DJF (n=117) and JJA (n=108).



1d1d: Extratropics better than tropics; winter extratropics better than summer.
4w4w: ENSO dominates.




Zonally-averaged CORa

0 80 -60 -40 - 0
latitude latitude

The peak in skill at the equator is apparent at all lead times.
Extratropical skill drops rapidly from 1d1d to 1w1w and then levels-off.



-0.1 -0.1
1d1d 2d2d 4d4d  1wiw 2w2w 1d1d 2d2d 4d4d  Twiw

window/lead window/lead

708-508 ——  10S-10N ~-#-  5ON-7ON oo 70S-50S ——  10S-10N s
50S-30S 10N-30N 50S-30S 10N-30N

Skill in tropics (10°S-10°N) overtakes skill in extratropics for 4d4d in DJF
and 1w1w in JJA.



That's interesting, but what does it look like in a higher resolution model?

What about potential (perfect model) skill?

Seamless precipitation prediction skill comparison between two
global models

Matthew C. Wheeler,** Hongyan Zhu,* Adam H. Sobel,” Debra Hudson® and Frédéric Vitart¢
*Bureau of Meteorology, Melbourne, Victoria, Australia
*Department of Applied Physics and Applied Mathematics, Lamont-Doherty Earth Observatory, Columbia University, New York, NY,
USA
€European Centre for Medium-Range Weather Forecasts, Reading, UK




ECMWEF monthly system, cycle 36R4, as was operational in 2011
T639 L62 atmosphere uncoupled to day 10
T319 L62 atmosphere coupled to ~1° L29 ocean after day 10
15 ensemble members
4 hindcast start dates per year (1 Feb, 1 May, 1 Aug, 1 Nov)
POAMA as before, except using the same start dates as ECMWF
Observations are GPCP as before, 1997-2008

12 years X 4 start dates = 48 values in each grid-point correlation (not much)

Convert everything to POAMA's ~2.5° grid.



Actual skill - CORa

ECMWEF better than POAMA almost
everywhere, as expected.

But the spatial patterns remain similar
across the time scales, indicating similar
sources of skill.




Potential (or Perfect) Skill:

Using the assumption that one
ensemble member is truth

As expected, almost everywhere higher than
actual skill.

1w1w and 4w4w plots have similar shape to those
for actual skill, with highest values in the central
Pacific.

But the 1d1d plots are quite different for ECMWF
vs. POAMA, and also very different to 1d1d actual
skill.




What does a difference between potential and actual
skill mean?

Possible interpretations:

1. Room for improvement in actual skill
2. Too little ensemble spread resulting in too high potential skill

3. Errors in the verifying observations which artificially reduce actual skill



The (near) future of climate prediction at the Bureau

ACCESS-S1

Operational early 2018

UKMO global coupled model

(GC2)
Uses UKMO initialisation

BoM-developed ensemble
generation (appropriate for
mutli-week)

Larger ensemble size than
UKMO

Forecasts out to 6-months
lead time

23 years hindcasts

ACCESS-S2

Operational end 2019

UKMO global coupled model
(GC2)

BoM-developed ocean
assimilation/initialisation

Soil moisture initialisation

30+ years of hindcasts with
more ensemble members

ACCESS-S3

Operational in 2022+

Improved global coupled model
(GC4/5)

Weakly-coupled
assimilation/initialisation

Model improvements from
projects




Key messages for climate prediction

Good initial conditions, a coupled model, and appropriate ensemble
perturbations are needed.

Many hindcasts required, for verification and bias removal.

The lack of good ocean observations in the past limits the hindcast
length.

Lots of computing required.

The distinction between weather and climate is becoming less
meaningful, both for users and our modelling strategies.

You must know the limits to predictability.



THE END



