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Shift in observed variance and means of 
northern hemisphere summer 
temperatures

Dr James Hansen, Columbia University, published 
https://www.nytimes.com/interactive/2017/07/28/climate/more-frequent-
extreme-summer-heat.html





NOAA National Centers for Environmental information, Climate at a Glance: 

Global Mapping, published February 2018, retrieved on March 6, 2018 

from http://www.ncdc.noaa.gov/cag/

0.11deg C/decade 
warming, relative to 

1910 – 2000 
baseline

http://www.ncdc.noaa.gov/cag/


Engelbrecht, F., Adegoke, J., Bopape, M., Naidoo, M., & Garland, R. (2015). Projections of 
rapidly rising surface temperatures over Africa under low mitigation. Environmental 
Research Letters, 10(8), 85004. https://doi.org/10.1088/1748-9326/10/8/085004



Dangerous climate change: ~2 ºC (and 
in some places, 1.5 ºC)

• Relative to 20th

century average, 

global land

temperatures:

• 2015: +1.35 ºC

• 2016: +1.45 ºC 

• 2017: +1.33 ºC

NOAA National Centers for Environmental information, Climate at a Glance: Global 

Mapping, published February 2018, retrieved on March 6, 2018 

from http://www.ncdc.noaa.gov/cag/

• South Africa

– Warms at double 

the global rate, 

predicted, and 

observed.

http://www.ncdc.noaa.gov/cag/


South Africa’s Third National 

Communication (TNC) under the United 

Nations Framework Convention on 

Climate Change (Draft) 

Observed rainfall

• Increases in rainfall in southern 

interior, from 1921 - 2015

• Increase in no. of extreme daily 

rainfall events, extending into 

northern interior

• LP decrease in annual rainfall



Foley, J. A. J. A., et al. (2005). Global Consequences of Land Use. Science, 309(5734), 
570–574. https://doi.org/10.1126/science.1111772





Anthropocene: new epoch

Steffen, W., Broadgate, W., Deutsch, L., Gaffney, O., & Ludwig, C. (2015). The 
trajectory of the Anthropocene: The Great Acceleration. The Anthropocene 
Review, 2(1), 81–98. https://doi.org/10.1177/2053019614564785



Climate change

Land use 
change

• Forest loss
• Land degradation
• Wetland loss
• Biodiversity loss
• Freshwater 

depletion & 
contamination

• Urbanisation

Direct health effects
• Floods
• Heat
• Water shortage
• Exposure to pollutants

Ecosystem mediated health 
effects
• Change in infectious 

disease risk
• Reduced food yields
• Mental health
• Cultural impoverishment

Indirect health effects
• Consequences of 

livelihood loss
• Population displacement
• Conflict

Adapted from: Whitmee, S et al. (2015). The 
Lancet, 386(10007), 1973–2028. 



Heat in cities

• Informal settlements

• Heat island effect

• Role of urban green spaces?

Direct effect: for 1ºC above European city-

specific threshold, 3.1% increase in mortality rate.

Direct effect: 3.4% of SA mortality over 17 years, 

linked to weather extremes (heat & cold)

Baccini, M., Biggeri, A., Accetta, G., Kosatsky, T., Katsouyanni, K., Analitis, A., … 
Michelozzi, P. (2008). Heat effects on mortality in 15 European cities. Epidemiology, 
19(5), 711–719. https://doi.org/10.1097/EDE.0b013e318176bfcd

Scovronick, N.; Sera, F.; Acquaotta, F.; Garzena, D.; Fratianni, S.; Wright, C.Y.; Gasparrini, 
A. The association between ambient temperature and mortality in South Africa: A 
time-series analysis. Environ. Res. 2018, 161, 229–235.

https://doi.org/10.1097/EDE.0b013e318176bfcd


Bad news for golfers…

• By 2070, 5 – 14 days per year will be 

too dangerous for outdoor leisure 

activity in Perth, compared to 1 day 

in 5 years at the moment.

• By 2070, for unacclimatised people, 

manual labour will be dangerous 15-

26 day per year, compared to 1 day 

per year at present

Maloney, S. K., & Forbes, C. F. (2011). What effect will a few degrees of climate change 
have on human heat balance? Implications for human activity. International 
Journal of Biometeorology, 55(2), 147–160. https://doi.org/10.1007/s00484-010-
0320-6



Number of days with apparent temperature >32ºC

Implications for communities with pre-existing vulnerabilities: 
Informal settlements, manual labourers, subsistence farmers, 
rain-fed agriculture

Garland et al (2015). Regional projections of extreme apparent temperature days in Africa and the 
related potential risk to human health. International Journal of Environmental Research and 
Public Health, 12(10), 12577–12604. 



Changes in infectious disease exposure due to 
land use change and climate

• Changes in density: forest loss, malaria and climate

• Changes in exposure pathways: bushmeat, road 

clearing, urbanisation, climate (?)

• Changes in life cycles: higher temp due to 

deforestation and/or climate change, quicker life 

cycle

• Changes in species composition:  biodiversity 

dilution effect

• Changes in env, trigger genetic changes: pig-duck 

farms, Nipah virus

Myers, S. S., & Patz, J. A. (2009). Emerging Threats to Human Health from Global Environmental 
Change. Annual Review of Environment and Resources, 34, 223–252. 
https://doi.org/10.1146/annurev.environ.033108.102650



Predicted hotspots of zoonotic disease 
emergence from wildlife

“Finally, our analysis suggests that efforts to conserve areas rich in wildlife 
diversity by reducing anthropogenic activity may have added value in reducing 
the likelihood of future zoonotic disease emergence.”

Jones, K. E., Patel, N. G., Levy, M. A., Storeygard, A., Balk, D., Gittleman, J. L., & Daszak, P. 
(2008). Global trends in emerging infectious diseases. Nature, 451(7181), 990–993.



Complex, linked systems have surprises: 

lessons from mass mortality events (MME) 

in animals

• MME: rapid, catastrophic demographic events

• Review: 727 publications on 2407 animal 

populations

• Causal factors: disease emergence, biotoxicity

and multiple stressors

• Saiga antelope: 200000 dead in 3 weeks (2015)

Fey, S. B. et al  (2015). Recent shifts in the occurrence, cause, and magnitude of animal mass 
mortality events. Proceedings of the National Academy of Sciences, 112(4), 1083–1088. 
https://doi.org/10.1073/pnas.1414894112



http://www.ipcc.ch/report/sr15/



Reasons for concern (RFC)
• RFC1 Unique and threatened systems: ecological and human 

systems that have restricted geographic ranges constrained 

by climate related conditions and have high endemism or 

other distinctive properties. Examples include coral reefs, the 

Arctic and its indigenous people, mountain glaciers, and 

biodiversity hotspots. 

• RFC2 Extreme weather events: risks/impacts to human health, 

livelihoods, assets, and ecosystems from extreme weather 

events such as heat waves, heavy rain, drought and 

associated wildfires, and coastal flooding. 

• RFC3 Distribution of impacts: risks/impacts that 

disproportionately affect particular groups due to uneven 

distribution of physical climate change hazards, exposure or 

vulnerability. 

• RFC4 Global aggregate impacts: global monetary damage, 

global scale degradation and loss of ecosystems and 

biodiversity. 

• RFC5 Large-scale singular events: are relatively large, abrupt 

and sometimes irreversible changes in systems that are 

caused by global warming. Examples include disintegration of 

the Greenland and Antarctic ice sheets.h
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http://www.ipcc.ch/report/sr15/





https://commons.wikimedia.org/wiki/File:All_palaeotemps.svg. Glen Fergus

Shallow seas, 
corrected, qual
interpretation

Global SST Global SST Antarctic, Dome 
C, adjusted for 
global

Ice cores (N & S), 
multiproxy, 
instrumental

Data at  http://gergs.net/wp-content/uploads/2015/06/All_palaeotemps.xlsx

https://commons.wikimedia.org/wiki/File:All_palaeotemps.svg
http://gergs.net/wp-content/uploads/2015/06/All_palaeotemps.xlsx


Beerling, D. J., & Royer, 
D. L. (2011). 
Convergent 
Cenozoic CO2 
history. Nature 
Geoscience, 4(7), 
418–420. 
https://doi.org/10.
1038/ngeo1186



https://climate.nasa.gov/evidence/


