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Our warming world 



The 2015/16 El Niño (image 
from NOAA):  
One of the strongest events ever 
recorded. Strong El Niño’s are projected 
to double in frequency towards the end 
of 21st century under low mitigation 

Our warming world 



A dust storm rolls over the plains 

of the Free State in December 

2015. 

 

Regional characteristics 

20 December 2015, south of 

Kroonstad 

 

Cattle cooling off on 1 January 

2016 

 





How exceptional was the summer of 2015-16? 

1970-71 2015-16 



How exceptional was the summer of 2015-16? 



Maximum temperature anomalies during strong to very strong El Niños 

1982-83 

1991-92 

2015-16 



Heat waves over South Africa 

HEAT WAVES ARE CONSIDERED AS ONE OF THE WEATHER EVENT TYPES WITH THE LARGEST NEGATIVE IMPACTS 



Intraseasonal characteristics of heat wave days 



Summer-season rainfall 

anomalies over the 

central to easter interior 

(x-axis) and Niño 3.4 

sea-surface temperature 

anomalies (y-axis) for 

1901-2015.  

 

Rainfall anomalies from 

CRU and GCPC are for 

DJF. SST anomalies 

from AMIPII are for 

OND.  

 

All anomalies were 

calculated with respect 

to the 1971-2000 

baseline period. 
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Observed 
trends in 
annual-average 
temperatures 
over Africa 
1961-2010 
 
(Engelbrect et 
al., 2015; ERL 
10: 085004) 
 
Garland et al., 
2015; Int J of 
Env Res and 
Public Health 



From CSIRO: Martin Dix 

 

Projected temp anomalies for 2081-
2100 relative to pre-industrial 
conditions (0-degree world) 

 

AR5 WG1 estimations relative to 
1986-2005 were adjusted with a 0.6 
°C factor 

 

Only RCP 2.6 can safely keep us well 
below the Cancun agreed 2 °C (Long 
Term Global Goal), whilst the world is 
currently between A2 and RCP 8.5 

Emission Scenarios and Representative Concentration Pathways 

Scenario Temp anomalies relative to pre-
industrial (adapted from AR5) 

RCP 2.6 0.9 to 2.3 

RCP 4.5 1.7 to 3.2 

RCP 6 2.0 to 3.7 

RCP 8.5 3.2 to 5.4 

2.6 



CSIRO-CSIR 
collaboration: 0.5° 
resolution global climate 
change downscalings for 
CORDEX using CCAM 
 
Downscaling various 
CMIP5/AR5 CGCMs for 
different RCPs 

Martin Dix, CSIRO 
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CSIRO-CSIR 
collaboration: 0.5° 
resolution global climate 
change downscalings for 
CORDEX using CCAM 
 
Downscaling various 
CMIP5/AR5 CGCMs for 
different RCPs 

Martin Dix, CSIRO 

Low mitigation 

High mitigation 



This research forms part of the ARC-CCCC project titled “Future projections of extremes, singularities and atmospheric 
mass transport, and its implications for the agricultural sector”  

Climate change projections of maximum temperature 

More frequent droughts - More heat waves of longer duration - Reduced soil moisture - 
Shorter growing season - Longer burning season - Reduced maize crop yield - Reduced 
livestock production 

Warming is 
projected to take 

place over the 
entire country. On 

the left (right), 
the change in 

maximum 
temperature is 
shown for the 

2041-2070 (2071-
2100) period 

relative to 1981-
2010. 

IMPLICATIONS FOR AGRICULTURE IN SOUTH AFRICA 



 
Projected changes in annual 
rainfall over southern Africa 
under low mitigation (RCP8.5; 
2070-2099 vs 1961-1990; 
CSIR) 

• General decreases in rainfall are 
likely to occur over southern 
Africa as the global climate 
warms 

 

• More frequent strong El Niño 
events may plausibly occur by 
mid-century 

 

• Some downscalings are indicative 
of drastic rainfall decreases over 
Limpopo whilst others indicate 
rainfall increases over southern 
Mozambique and the Limpopo 
river basin 

 



Future rainfall projections 



 
Projected changes in the 
number of very hot days over 
southern Africa under low 
mitigation (RCP8.5; 2070-
2099 vs 1961-1990) 

• Drastic warming is projected to 
occur over the interior regions at ~ 
twice the global rate of 
temperature increase 

 

• Associated increases projected in 
the number of heat-wave days and 
very hot days (Tmax > 35 °C) 

 

• Most ensemble members project 
an increase of 40 days or more very 
hot days per year over the Limpopo 
river valley, Mpumalamga and 
Limpopo lowveld and southern 
Mozambique  



A real risk – HEAT 
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The climate system of the 
central northern interior of 
South Africa is projected to 
drift into a temperature climate 
regime never observed in 
recorded history 
 
Temperature increases of 
more than 6 °C are plausible 
towards the end of the century 
under low mitigation futures. 
The region is projected to 
become substantially drier 
under low mitigation futures 



Climate Change and 
the seasonal cycle  

 
• Regional climate models realistically represent 

the present-day seasonal cycle in rainfall and 
circulation across the African continent 
(Engelbrecht et al., 2009) 
 

• Model projections of future climate change are 
generally not indicative of significant changes 
in the seasonal cycle of rainfall and 
temperature over Africa, however, significant 
changes are projected in the amplitude of 
seasonal extrema 

 
• The most interesting changes are to be found 

on the application side, e.g. a changing 
seasonal cycle in energy demand and wild 
fires (e.g. Engelbrecht et al., 2015; ERL 10: 
085004) 
 

• Figure shows the present-day (black) and end-
of-the-century range of projected changes in 
the seasonal cycle of the Keetch-Byran 
drought index over southern and tropical Africa 
(Engelbrecht et al., 2015; ERL 10: 085004) 

 
 
 



Projected Koppen-Geiger 
climate zones for a 2° C 
increase in the average 

global temperature 

Present day climate 















 
Key messages -  future climate change over southern Africa 

 

Temperature increases are projected to range between 4 and 7 °C over the interior by 
the end of the century. Temperature increases may plausibly reach 3-4 °C by the 
2040s – an actionable climate change signal. 
 
Drastic increases in the number of high fire-danger days, very hot days and heat-wave 
days are projected to across the African continent under low mitigation. 
 
The southern African region is likely to become generally drier. Multi-year El Niño type 
droughts may plausibly occur from the mid-century (2036-2065) onwards – with 
implications for a potential “day zero” in Gauteng.  
 
Under lower mitigation widespread impacts on agriculture, livestock production, water 
security and human health in Africa will require ambitious adaptation interventions – 
next 30 years of climate very different and more detrimental to agriculture compared to 
the climate of the last 30 years. 
 
Over the North West, Northern Cape and Free State Province under low mitigation 
climate change futures: fewer frost days and a shorter frost season is highly likely, with 
significant increases in maximum temperature in both winter and summer. More 
frequent El Niño induced droughts are likely. 

 
 
 
 
 
 


