Dynamic downscaling of
climate simulations 1
recent developments in
southern Africa

Francois Engelbrecht
CSIR Natural Resources and the Environment
Climate Studies, Modelling and Environmental health

GIR

our future through science



f v

Visual satellite image;

0.4-1.1 em; 2011-08-31 06Z

MSG
http://www.sat.dundee.ac.uk




Infrared satellite
Image; 9.8-11.8 em;
2011-08-31 06 Z

MSG
http://www.sat.dundee.ac.uk



a5

125

Bsf -

1551 -

1854 --

215

24%

75

iR R A

sy R

12E 15E

-0z 0

0.2 04 08 0.8

1.2 1.4 1.6 1.8

* The largest trends
occur over the central interior
of South Africa, with
temperature increasing at
twice the global average rate
of increase

* Warming trend
weaker over coastal areas

Kruger and Shongwe (2004)
Engelbrecht (2010)
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* The largest trends

occur over the central interior
of South Africa during winter

* The warming tendency is
the smallest during summer

Kruger and Shongwe (2004)
Engelbrecht (2010)
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Climate Modelling at the CSIR NRE

NWP and RCM caPacit build around the conformalbic
atmospheric model (CCAM) of the CSIRO

A cubebased global model; sethagrangian seramplicit
solution of the hydrostatic primitive equations

Includes a wide range of physical parameterizations

Developed l\?ly the CSIRO Marine and Atmospheric
Research (McGregor, 2005)

Runs in quasuniform or in stretched grid mode
Seamless (multiscale) forecasting...

Quast
uniform C48
grid with
resolution
about 210 km

CSIR

our future through science



Regional climate modelling over southern and
tropical Africa using CCAM

CCAM applied in
stretcheegrid mode

Modest stretching
provides a resolution of
about 0.5 degrees over
tropical and southern
Africa; decreases to abo
4 degrees in the fdreld

Options for spectral
nudging, gridpoint
nudging or no nudging
from the host model
(atmospheric fields)

CSIR

our future through science




6 CGCMs (SSTs and sea-ice) of AR4 T A2 SRES; 1961-2100

Regional Climate
. Bias-adjust SSTs
Modelling Flow of (Reynolds

Climatol
Events: new CSIR matelogy)
ensemble of

Downscaling
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o 7 7 Nz s £ \  stretched-grid
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SSTs, sea-ice,

atmospheric nudging Very high_
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L

'CIZ 40608 1 12141618 2 222428628 3 3.2 34

SE 10E 15 20E  PSE  30E 35E 40E 45 SOE  S5E

GOE

CRU 3.1 linear
temperature
trend 1961-2009

Strong warming have
occurred over the
central parts of
southern Africa,
iIncluding the central
interior of South Africa

Warming more
moderate along the
coastal areas

Don't believethis
slide!

GIR

our future through science
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CCAM-HADCM3
simulated linear

temperature
trend 1961-2009
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CCAM-MPI
simulated linear

temperature
trend 1961-2009
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CCAM-MIROC
simulated linear

temperature
trend 1961-2009
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CCAM-GFDL20

GFDL20 trend Ann ave temp 1961-2009 simulated linear

temperature
trend 1961-2009
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CCAM-GFDL21
simulated linear

temperature
trend 1961-2009
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Simulated annual temperature anomalies relative to the
1961-1990 climatological average
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Temp anomaly 1962
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Temp anomaly 1965
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Temp anomaly 1967
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Temp anomaly 1973
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Temp anomaly 1975
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Temp anomaly 1980
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Temp anomaly 1981
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Temp anomaly 1982
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Temp anomaly 1984
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Temp anomaly 1985
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Temp anomaly 1987

105 4

155

2035

30




Temp anomaly 1988
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Temp anomaly 1992
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Temp anomaly 1994
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Temp anomaly 1998
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Temp anomaly 2006
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Temp anomaly 2007
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Temp anomaly 2008
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Temp anomaly 2009
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Temp anomaly 2011
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Temp anomaly 2019
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Temp anomaly 2025
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Temp anomaly 2026
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Temp anomaly 2033
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Temp anomaly 2034
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Temp anomaly 2038
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Temp anomaly 2039
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Temp anomaly 2040
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Temp anomaly 2043
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Temp anomaly 2047
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Temp anomaly 2057

10N T

EQ

55

105 4

155

255

355




B
5N
5
4
EQ
3
< B z
1.5
105 1
0.5
155 7
_0.5
205 _
1.5
aR3 _2
_o5
305
_3
_35
I53
— _4




Temp anomaly 2059

an

55

105

155

205 1

30

4035



Temp anomaly 2060
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Temp anomaly 2064
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Temp anomaly 2068
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Temp anomaly 2072
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