In a warming climate, just how
predictable are temperature extremes at
weather and seasonal time scales?
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Temperature Anomaly ( °C)

Decadal Land-Surface Average Temperature
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10-year moving average of surface temperatures over land
Anomalies relative to the Jan 1950 - Dec 1979 mean

Gray band indicates 95% statistical / spatial uncertainty interval
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Temperature ghbﬂml_y (°C)

Climate change projections

Europe
r | r=

Temperature anomaly (°C)

1 I
1800 1950 [ 2000/ 2050
Year', ¢

>
= i
£ ]
g 2k . .
L S "
:5‘ 1L s -
- e T ]
\ ; g or 1
T J E I .
) @ | 1
e 10 1900 < 1950 2000 2050
i | ~— _poYear | T v
11950 2000 2050 & p - Africa
v Year [ < 4 | —T -
N[ N \) A
TS e T 71
T . c 2L .
South America o
E— | 2 [
- ) J E 1k ] i
Bt |
2 7 E [ | I
1l x 1900 1950 20007 2050
i | ] \ Year {
oF 1'“'_vlh-l-l--.-(’ _l/ 1 g

Temperature anomaly (°C)

Asia
4 I -
3 A ]
2 r —
1L 1
0 B —
r | v : 4
1900 1_9-5 2000 2050
N A Year
g ) Australia
4\. Yy e d Ll £ J; — . I
A ]
2 “ -

Temperature anomaly (*C)

L |
1900 1950 2000 2050
Year

PHY=LOM "L00Z D2Ddk2

models using natural forcing only

models using both anthropogenic and natural forcings

projected changes (A1B scenario) m——  Ohservations

range of anomalies with natural forcing only in 20th century simulations



First-order quadratic difference equation

* Lorenz illustrated the
general problem of
predictability by
considering the first-
order quadratic
difference equations:

Ys+1 = aYs — Ys2

e FigureisforY(0)=1.5;a
=3.75

i

Black: control run or “observations”

| i
15 20 25
iteration number

Initial value perturbed by 0.001



Typical weather forecast skill

Anomaly correlation of 500 hPa height forecasts
Northern hemisphere

Southern hemisphere
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Tx - Average Percentage Correct within 2deg - Jan2011
100

1 ATLAS — Max Temperature climatology for January

NCEP — Raw forecast model data
CC - Climate correction
BC — Bias correction on CC data

80 4

70 4

60 -

p—

so | — - ——NCEP
—_—
— B

40 + —_—

30 -

20 +

10 +

[] i

1] 1 2 3 4 ) & 7 F:] 9 10 11 12 13 14

Forecast Day



Spearman Correlation - Maximum Temperature
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The recent heat wave (1)

Occurrence probability of extreme warm T2m
Initial: 2011.10.21.12UTC, Valid: 2011.10.24.12UTC
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3) WRF 30w contour: control Z500
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probability falling above the 90th percentile [%]
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The recent heat wave (2)

Tmax : Pretoria (68262) : October 2011
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The recent heat wave (3)

UM 12km horizontal resclution — xaant, Run:
24Hr Change in Maximum Temperuture (deg C)
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UM 12km horizontal resolution — xaant Run:
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The recent heat wave (4)

UM 12km horizontal resolution — xaant Run:

Discomfort index (deg C)
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The recent heat wave (5)
24/10/2011
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S -~ I The recent heat wave (6)
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Today’s forecast

CCAM 24hour Rainfall Qutlook ({mm)

Froeduced by the Climate Stodies,
Medelling and Evironmeantal Health
Group {(CSME&EH) of the CSIR.

Created: 28/10/2011

CCAM Maximum Temperature (C)
Preduced by the Climate Studies,

tModelling and Evironmental Health

Group (GSM&EH) of the CSIR.

Heawy (I5—50 mm)

Moderate (20-35 mm)

Light to Moderate (10—20 mm)
Light {1=10 mm)
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Typical weather forecast skill

Anomaly correlation of 500 hPa height forecasts
Northern hemisphere

Southern hemisphere
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How is it possible to predict
seasonal climate anomalies?

Predictions of rainfall, frontal
passages, etc. for a particular day
at a certain location several
months ahead has no usable skill.
However, there is some skill in
predicting anomalies in the
seasonal average of the weather.
The predictability of seasonal
climate anomalies results primarily
from the influence of slowly
evolving boundary conditions,
and most notably SSTs (i.e., El Niho
and La Nina), on the atmospheric
circulation.

Longitude
Sea-surface temperatljre (SST) anomalies of
September 1997 (El Nifio of 1997/98)

Anomaly: departure from the mean or average
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Minimum temperatures ROC Scores Maximum temperatures
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Global Model Hindcasts: End of September for Dec-Jan-Feb

Maximum Temperature Index
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Seasonal forecast examples: Issued Nov 201
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To find out how ENSO may affect the rainfall over southern Africa during the months ahead, please refer to the forecasts for SADC:
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MULTI-MODEL PROBABILISTIC ENSO FORECASTS (NINO3.4 SST)
ISSUED ON: 09-Nov-2010
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for December-January-February 2011, Issued October 2010

IRI Multi-Model Probability Forecast for Temperature
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for December-January-February 2012, Issued October 2011

Latest seasonal forecasts

IRI Multi-Model Probability Forecast for Temperature
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MULTI-MODEL PROBABILISTIC ENSO FORECASTS (NINO3.4 SST)
ISSUED ON: 11-Oct-2011
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To find out how ENSO may affect the rainfall over southern Africa during the months ahead, please refer to the forecasts for SADC:

http://rava.qsens.net/themes/climate_template/



The multi-model seasonal rainfall and surface temperature
forecasting system for SADC under development through ACCESS
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Figure 7.17: ECMWEF 3-month lead time hindcasts of global 2 m
temperature for August-October without (upper panel) and with
(lower panel) time-varying anthropogenic greenhouse gases (GHG). In
the upper panel the correlation between the ensemble mean and the
observations is only 0.29, whereas this increases to 0.68 with variable
GHGs, indicating that including vanable greenhouse gas
concentrations improves the seasonal forecast/hindcast skill of global
mean surface air temperature (after Doblas-Reyes et al., 2006).
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Strong anthropogenically forced warming
trends have been observed over southern
Africa and are projected to continue to
rise, consequently justifying the
investigation into how the annual update
of greenhouse gas (GHG) concentrations
in a global model may affect seasonal
forecast performance over the region.



Summary

e South African modellers have developed the
capacity to predict temperatures and their
extremes for weather and for seasonal time scales

— The recent heat wave was captured successfully by
forecast models

— Last summer season’s cool temperatures too

* Seasonal forecasts are only really useful for
summer months, while weather forecasts are
skilful throughout the year

* More modelling work is required to further
improve on forecast performance (including lead-
time and skill)



