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The subseasonal-to-seasonal (S2S) timescale:
A relatively underexplored forecasting timescale

Reduce hazard exposure,
Increase disaster
preparedness, and
Improve decision-making
for emergency disaster
response
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— The S2S timescale — 3-4 weeks (15-

30 days) lead time — has, until
recently, been viewed as a predictive
‘desert’

However, there is a growing
requirement for the employment of
S2S predictions for a wide range of
societal and economic applications
including forecasts of high-impact
events such as flooding and
heatwaves, streamflow forecasting,
and humanitarian planning and
response to disasters

Research is now looking for ‘windows
of forecast opportunity’ on the S2S
timescale using teleconnections to
known large-scale climate drivers
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The S2S timescale:
The S2S project

International WWRP-WCRP
coordinated research on S2S
predictability and modelling

Goal is to improve the >
accuracy and use of forecasts P
at lead times from 2 weeks to s

2 months . SUB-SEASONALTO
Focus is on science, forecasting SEASONAL PREDICTION

and applications RESEARCH IMPLEMENTATION PLAN 1.8

New database of S2S forecasts
from 11 global producing centers
— data portal is now OPEN:

http://s2sprediction.net/
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The S2S timescale:
The S2S project

2 %
\@ Sas About S2S v Documents v Sub-projects Database v Meetings v People v Notice v

> Research Priorities

1. Evaluate potential predictability of subseasonal events, including identifying windows of opportunity for increased forecast skill.
2. Understand systematic errors and biases in the subseasonal to seasonal forecast range
3. Compare, verify and test multi-model combinations from these forecasts and quantify their uncertainty.

4. Focus on some specific extreme event case studies.

Scientific issues ®» Modelling issues

. Identify sources of predictability at the sub-seasonal to seasonal . Role of resolution

Ul . Role of ocean-atmosphere coupling

. Prediction of the MJO and its impacts in numerical models . Teleconnections - forecasts of opportunity

. Teleconnections - forecasts of opportunity Systematic errors

- Monsoon prediction. . Initialisation strategies for subseasonal prediction

. Rainfall predictability and extreme events . Ensemble generation

. Polar prediction and sea-ice . Spread/skill relationship

W N O B AW N

. Stratospheric processes . Verification
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Sub-seasonal to Seasonal (S2S) Prediction Project
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Interactions and teleconnections between midlatitudes and tropics

- Madden-Julian Oscillation
e
o
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i Africa
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v Extremes
Verification
Research Issues Modelling Issues Needs & Applications
 |nitialisation o )
+ Predictability + Ensemble generation Liaison with SERA
» Teleconnection * Resolution (Working Group on
« O-A Coupling « O-A Coupling Societal and Economic
+ Scale interactions + Systematic errors Research ﬂppliﬂﬂﬁﬂﬂﬁ)
+ Physical processes + Multi-model combination
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S2S Database
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S2S forecasting of
extreme rainfall
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Floods in Australia:
Queensland and New South Wales floods 2011

Rainfall totals in the
week leading up to

> 4 o

Toowoomba, 10th Lockyer Valley, 10th the Queensland

January 2011 January 2011 floods, January 2011

Ralnfall {mm)

Australian Government
Bureau of Meteorology

Brisbane, 11th
January 2011 e o A ()
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Predictors of Australian rainfall on the S2S
forecasting timescale: sources of potential skill
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Predictors of Australian rainfall on the S2S
forecasting timescale: sources of potential skill

Although we are interested in the S2S timescale, climate drivers operating
on longer seasonal timescales (e.g. ENSO, IOD) influence S2S prediction
skill.

For example, La Nina events are associated with increased cloudiness that
increases the likelihood of higher rainfalls and flooding. Similarly, positive
|OD phases are associated with dryer, hotter spells over WA in winter and
across southern Australia in spring, reducing rainfalls.

‘Seasonal’ timescale drivers

— EI Nifio — Southern Oscillation (ENSO)

— Indian Ocean Dipole (IOD)

‘Subseasonal’ timescale drivers

— Madden-Julian Oscillation (MJO): predictable out to ~20 days
— Southern Annular Mode (SAM)

— Blocking
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S2S forecasting:
The POAMA system (Australian Bureau of
Meteorology)

Seasonal (and sub-seasonal prediction) at the Bureau of Meteorology is
based on the Predictive Ocean Atmosphere Model for Australia
(POAMA)

POAMA is a global T47 dynamical coupled ocean-atmosphere climate
model

The latest version POAMA-2 has a 33-member ensemble of retrospective
forecasts (1981-2010) and real-time forecasts run weekly, each with a
different ocean and atmosphere initial condition

As of May 2013, POAMA became the Bureau’s operational model for the
seasonal outlooks (some subseasonal forecasts are experimental and
are available on the POAMA website)

There is increasing demand for predictions on the subseasonal
timescale, particularly of high-impact hazards such as heatwaves and
floods
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S2S forecasting:
Other forecasting centres

International operational seasonal forecasting models

Agency/Source/Provider hﬁe;; 4 Il.géest Model :IUO'_:‘:;':'U" S
BOM - Bureau of Meteorology POAMA 21 June 2015
Meteorological Service of Canada Unavailable CanSIPS 1 June 2015

ECMWE (EU) Not public System4 1 June 2015

JMA Unavailable JMA/MRI-CPS2 1 June 2015
METEO-FRANCE Not public ARPEGE 1 June 2015

NASA - GMAO (USA) GEQOS5 1 June 2015

NOAA - NCEP (USA) Unavailable CFSv2 13 June 2015

UKMO Not public GloSea5 1 June 2015

http://www.bom.gov.au/climate/ahead/models/model-summary-table.shtml
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Operational POAMA products:
ENSO and 10D outlooks and model summaries

POAMA monthly mean NINO34 - Forecast Start: 13 SEP 2015
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Operational POAMA products:
ENSO and 10D outlooks and model summaries
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Operational POAMA products:
ENSO and 10D outlooks and model summaries
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Operational POAMA products:
ENSO and 10D outlooks and model summaries
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Operational POAMA products:
ENSO and 10D outlooks and model summaries

ENSO: current outlooks
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Operational POAMA products:
Rainfall outlooks
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Rainfall - The chance of above median for September Rainfall - The chance of at least 10 mm for September

The Bureau of Meteorology produces
monthly and seasonal rainfall (e.g. chance
above median, or chance of at least 10mm)
and temperature (maximum) outlooks... but
not extremes
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Experimental POAMA products:

POAMA experimental forecast products based on
specific climate drivers
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Experimental climate driver forecast products (clockwise from top left): STRH Index (Sub-
tropical Ridge High over Tasman Sea), MJO (Madden-Julian Oscillation), Blocking and SAM
(Southern Annular Mode). For more info see (registration required): http://poama.bom.gov.au/
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Experimental rainfall S2S forecasts

POAMA-2 experimental seamless rainfall forecast products
spanning timescales from weeks to seasons

Rainfall Forecast and Climatology
Region: Murray Darling Basin

Rainfall Anomaly - mm/day —— Start Date: 2014-04-17 Period: Week 2 and 3 - 24/04/2014 to 07/05/2014
Start Date: 2014-04-17 Period: (2 Weeks) 24/04/2014 to 07/05/2014 14.0 100%
I | ]
. —
< 10.5 75%
60N — s
a_’% F° 7.0 50% @
30N — g ©
- - . © 35 — - 25% O
3 [m) y—
0 - o -5 ] o
o 28 - — - 20% &
3 8
30S — = | q:_)
- - o,
5 2.1 15% 8
[
60S —
1.4 4 - 10% O
0 30E 60E 90E  120E 150E 180  150W 120W 90W  60W  30W 0 0.7 — ~ 5%
40 5 -2 4 05 02 0 02 05 1 2 5 10 0.0 1 — T T T 0%
o 01 02 03 05 10 20 30 50 100 20.0 300 500 1000 ->
Climatology: years from 1981 to 2010 with mmdd = 0421 . . .
Created: 2014-04-18 15:25:36 0000 vy Resource: w2aca_/ fortnight Da”y Rainfall in mm/day
Climatology: years from 1981 to 2010 with mmdd=0421
Average Rainfall Skill for this period Created: 2014-04-18 15:33:21 +0000 Resourt ce: IARFAC1
= ST Experimental rainfall forecast products available (not extremes) for three

regions (global, Asia/Pacific tropics and Australia) and for timescales
ranging from week 2 to 9 months ahead (up to 3 months for histograms).
T ' Here the plots show global and MDB forecasts for weeks 2-3 combined.

For more info see (registration required): http://poama.bom.gov.au/
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The Madden-Julian

Oscillation (MJO) and

rainfall

Wheeler and Hendon (Mon. Wea. Rev., 2004)
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Phases 1-8 track the propagation of
convection and wind anomalies eastward
along the equator. Index is defined the
same way in all seasons, but the impacts
vary with season.
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Correlation skill

MJO Index Forecast initialised 2OSep2012 (mw2rt)

The MJO and rainfall
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Wheeler et al. (J. Climate, 2009)

The MJO and rainfall (upper tercile)
3 4

PHASE 4 217 days, PHASE 6 233 days ()

PHASE 1 143 days T] |PHASE2 203 days o)

1
'

PHASE 7 294 days

DJF

PHASE 4 223 days PHASE 5 197 days )

PHASE 6

PHASE 3 240 days 204 days

PHASE 1 220 days. . ). |PHASE 2 241 days 0

MAM

PHASE 1| 208days 75} |PHASE 2 207days ) |PHASE 3 150 days

—

PHASE 7 141 days Gy

PHASE 8

143 days

L=N

JJA

PHASE | 22idays '\ |PHASE2 273days 'U) |PHASE 3 167 days PHASE 4 198 days ¢ |PHASES 284days 3 |PHASE 6 217 days Syl PHASE 8 173 days )
Ratio of weekly rain probabilities (shaded for a-level of 5%) .
O — | S— HEPEX Seasonal Forecasting Workshop 25

I I
10 .20 .40 .60 .80 1.0 1.2 1.4 16 1.8 2.0




Employing S2S forecasts
for flood forecasting
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Seasonal streamflow forecasting in Australia

CSIRO, in
partnership with the
Bureau of
Meteorology,
produces seasonal
streamflow forecasts
across specific
regions, using both
statistical and
dynamic modelling
approaches
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Downscaling of seasonal forecasts for
hydrological applications

The Bureau of Meteorology Extended Hydrological Prediction
group have looked at downscaling POAMA for dynamical
streamflow forecasting (Tuteja et al., 2011)

Provide three month (seasonal) catchment scale rainfall
forecasts with monthly updates to support seasonal streamflow
forecasts

Have not explored the possibility of using extreme rainfall
forecasts on the S2S timescale
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Downscaling of seasonal forecasts for
hydrological applications

Modelling
System &
BATEA

Observed Rainfall
Station .| AWAP » Catchment Runoft Streamflow
Data | Grnd Data 1 Models Outcome
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%

The same model calibrated

with historical data inputs.

POAMA POAMA Forecast Rainfall R SR Posicior (M Dynamic
Runoff .
Forecast Downscaled Catchment Forecast Bias Streamflow
Models :
Ensembles Ensembles Average X Ensembles Correction Forecast
T . pre-calibrated =

Monthly Streamflow Forecast
updated every fortnight

3-monthly Streamflow Forecast
updated every month

Kent (2013)
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Example of extreme rainfall S2S forecasting:
S2S prediction of Pakistan floods (26 July—o01
August 2010)

FORECAST 22-07-2010: DAY 5-11
4FE B0FE BIFE

"_u-“

A0 MNypey PREF

i Moderately affected districts A:amls.rTAE'g.ED '
| Severely affected districts i Partab KASls-IMlR
| Flood areas 1

: e

I,

“KHYBER- —
PAKHTUNKHWA
e MGD"N 30°N
Kabul—

AFGHANISTAN

\ ADMINISTERED | L
'KASHMIR % W Mgen

10°N
10°N

Qe & .
PAKISTAN . Sl )

4
PUNJAB
/ INDIA

30"
AFGHANISTAN
20
PAKISTAN 100
Source: OCHA/media reports
Vitart (2014)
s
UNIVERSITY of i
TASMANIA o
AUSTRALIA

FACULTY OF SCIENCE, ENGNEERING AND TECHNOLOGY HEPEX Seasonal Forecasting Workshop 30



Science challenges (and
opportunities)
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Science challenges (and opportunities):
Using S28S extreme rainfall forecasts for
extended-range flood prediction

Opportunities

— There is a growing requirement for the employment of S2S predictions for
a wide range of societal and economic applications = opportunity

— Research is currently exploring ‘windows of forecast opportunity’ on the
S2S timescale where the skill in predicting extreme rainfall over certain
regions is likely to be increased using teleconnections to known large-
scale climate drivers (e.g. ENSO), but there is much work to be done in
this area

— The new open source near real-time S2S project database (hosted by
ECMWE), for the first time, presents an opportunity for researchers and
practitioners to explore the skill and applications of S2S forecasts — see
next slides
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Science challenges (and opportunities):
Using S28S extreme rainfall forecasts for
extended-range flood prediction

Opportunities

— Opportunity to help bridge the gap between climate and weather
forecasts (i.e. seamless multiple timescale forecasting) such as the Red
Cross-IRI ‘Ready-Set-Go!’ approach:

Ready Go!

Seasonal Short-Range
forecasts forecasts

Beqin monitoring mid-mnge Cantinue monitoring Oeploy assssment t=am

and short-range forecasts shorertdmea-sale fore@sts R —

Update contingency plans hMohbilize assessment team DOiistribite retructians to

Train valurteers Alert volunteers Carnmunity, evacuate if needed
SENSTEe com munity Warm community

Enable early-warming system Local preparation activities
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Science challenges (and opportunities):
Using S28S extreme rainfall forecasts for
extended-range flood prediction

Challenges

— Model resolution, ensemble size, hindcasts, data availability, initialisation
and (lack of) observations

— Dealing with the uncertainty, biases and systematic errors inherent in
forecasts, especially extremes

— Promotion of the S2S timescale

— Focus needs to be more on applications (up to now it has been more
focused on the research):

. Which sectors/end—users (emergency management, aid response,
health, other)?

. What applications and methods of communication would be
appropriate (adoption of ‘climate services’ approaches; inclusion of
social sciences from the beginning)
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Thank you

Email: chris.white@utas.edu.au

Web: http://www.utas.edu.au/engineering/people/dr-
christopher-j.-white

IUGG Paper: http://www.proc-
jlahs.net/370/229/2015/piahs-370-229-2015.html

With thanks to Andrew Robertson (IRI) and Frederic Vitart (ECMWF) for
providing material on the S2S project
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