
Climate change adaptation

Prof Barend Erasmus
Global Change (GCI)



Different types of models
• Global Circulation Models (GCM)

• Downscaled models
– Empirically downscaled GCMs
– Regional Climate Models

• Impact models
– Translate the climate into things which 

society cares about: food, biodiversity, 
health, disasters etc



Different types of models
• GCM – General circulation model

– Atmospheric GCM (AOGCM)
– Ocean GCM (OGCM)
– AOGCM
– Coupled GCM (CGCM)

• GCM – Global Climate Model
– More “colloquial”, may include non-

climate modules, such as land cover 
models.



http://nca2014.globalchange.gov/report

http://nca2014.globalchange.gov/report


Figure 1.2
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Presentation Notes
Figure 1.2. The complexity of climate models has increased over the last few decades. The additional physics incorporated in the models are shown pictorially by the different features of the modelled world. 



www.ipcc.ch/publications_ 
and_data/ar4/wg1/en/contents.html 



Climate Model Intercomparison Project (CMIP):
comparing GCMs

• CMIP3 vs CMIP5
– Broadly similar results (good!)
– Topography (better resolution) adds 

value, especially in South Africa
– Convection (thunderstorms) 

improving
– Land-atmosphere feedbacks 

important

Knutti & Sedláček (2013) Robustness and uncertainties in the new CMIP5 climate 
model projections.‘ Nature Climate Change 3.4. 369–373



What you get from downscaling

• How to downscale?
• The principle:
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• Empirical downscaling

– More than just a simple spatial interpolation!
• Summary of different approaches in Hewitson et 

al 2013
• Plausible. The results are consistent with the known 

dynamics of the physical system.
• Defensible. There is a physical basis that can explain the 

ESD results. For example, a regional climate projection 
may show a decrease in rainfall, and there is evidence 
of a decrease in frontal intensity.

• Actionable. Defined as evidence strong enough to 
guide real-world decisions in the context of an 
accepted level of risk. Risk necessarily subjective and 
context dependent;  however, this does not absolve 
the scientist of responsibility to at least consider whether 
the data are robust within their own personal risk 
framework.

Hewitson et al 2013 Interrogating empirical-statistical downscaling. Climate 
Change DOI 10.1007/s10584-013-1021-z



Regional Climate Models
• Origins (1980s) in numerical weather forecasting, in 

an attempt to overcome GCM resolution issues 

(~500km grid, at that time)

• RCM needs initial conditions, typically provided by 

a GCM – the concept of nestedness

• So an ensemble consists of #RCMs x #GCMs x 

#forcing scenarios (RCPs).

Rockel (2015) The Regional Downscaling Approach: a Brief History and Recent 
Advances Curr Clim Change Rep 1:22–29 DOI 10.1007/s40641-014-0001-3



RCM Issues
– Boundary conditions
– High resolution, but is it high enough?

• Thunderstorms need ~1 km!
• Additional equations needs at ~1km (i.e

cloud microphysics, radiative transfer 
model adjustments for mountains 
shadows)

• Land-atmosphere feedback still  poorly 
represented

– Custom parameters can be applied to 
RCMs for specific area eg South Africa

Rockel (2015) The Regional Downscaling Approach: a Brief History and Recent 
Advances Curr Clim Change Rep 1:22–29 DOI 10.1007/s40641-014-0001-3





Coordinated regional downscaling experiment
(CORDEX)

• A collection of RCMs, for specific 
regions (eg Africa), with systematic 
use of CMIP5 GCMs

• https://www.cordex.org/

Giorgi F, Jones C, Asrar GR. (2009) Addressing climate information needs at the 
regional level: the CORDEX framework. WMO Bull.58:175–83.

https://www.cordex.org/


Climate data for decision-makers 

• Gap: Availability of climate projections for 
Africa, in GIS friendly, impacts-ready format, 
especially over mountainous areas

• Solution: CORDEX-Africa outputs, downscaled 
with relationships derived from observed data.

• Problem: Observed data downscaling 
method, and poor GCM choice

Case study
Platts et al 2014 AFRICLIM: high-resolution climate projections for ecological 
applications in Africa. African Journal of Ecology 53, 103–108
Overview of downscaling methods: 
Hewitson et al 2013 Interrogating empirical-statistical downscaling. Climate 
Change DOI 10.1007/s10584-013-1021-z



Platts et al 2014 AFRICLIM: high-resolution climate projections for ecological 
applications in Africa. African Journal of Ecology 53, 103–108

Downscaling: ignores deviations from 
current climate patters (not plausible), 
and beyond skill level of RCMs



Africa’s Climate Helping decision-makers make sense of climate information, 
Jack, Wolski, Pinto, Indasi, Figure 2 page66
http://www.futureclimateafrica.org/wp-content/uploads/2016/11/africas-climate-
final-report-4nov16.pdf

http://www.futureclimateafrica.org/wp-content/uploads/2016/11/africas-climate-final-report-4nov16.pdf


Probabilistic event attribution
“The central concept of probabilistic event attribution is to compare the 

simulation of a defined extreme weather event including the observed 

external drivers of the climate system, e.g. greenhouse gas concentrations in 

the atmosphere, volcanic eruptions, sulphate aerosols, incoming solar 

radiation, with the simulation of the same type of event in a climate with 

specific drivers removed, e.g. the anthropogenic fraction of greenhouse gas 

concentrations. The exact method used to remove a climate driver from the 

model simulations and the decisions on which drivers to remove will 

significantly influence the result of an attribution study. “

Otto et al 2015  Attribution of extreme weather events in Africa: A preliminary 
exploration of the science and policy implications Climatic Change 132:531–543 DOI 
10.1007/s10584-015-1432-0 



Attribution

No anthropogenic emissions

With anthropogenic emissions

Adapted from : Stone et al 2009 The detection and attribution of human influence on 
climate 34:1–16 10.1146/annurev.environ.040308.101032



Examples of attribution
• Okavango floods of 2009-

2011would be less likely without 
anthropogenic GHG emissions

• Heat wave in southern England, 
2003: twice as likely

Wolski et al 2014  Attribution of floods in the Okavango Basin,
Southern Africa Journal of hydrology April 2014 DOI: 10.1016/j.jhydrol.2014.01.055

Stott PA, Stone DA, Allen MR (2004) Human contribution to the European 
heatwave of 2003. Nature 432:610– 614. doi:10.1038/nature03089



Interesting legal perspective on attribution:

• Title: Scientific Challenges in the Attribution of 
Harm to Human Influence on Climate

• Author(s): Myles Allen, Pardeep Pall, Daithi
Stone, Peter Stott, David Frame, Seung-Ki 
Min,Toru Nozawa and Seiji Yukimoto

• Source: University of Pennsylvania Law Review, 
Vol. 155, No. 6, Symposium: 

• Stable URL: 
http://www.jstor.org/stable/40041371



Climate Services

https://iri.columbia.edu/



Practical exercise: where’s the data?

• Break into groups, and try to get 
data on climate predictions from 
pre-defined climate data 
repositories and climate services 
websites, and report back in 
plenary



Process
• Agree on a piece of climate information that you would 

like. Choose a website and record your experience of 

interacting with the website: 

• Is there information on downscaling?

• Is the data categorised in a way that you understand? 

• Can you easily find the variable of interest, for the 

period/location/extent that you want?

• Is there additional functionality to calculate means, or 

do site comparisons?

• In summary, did you get what you wanted?

• Suggestion for improvement



• http://www.cru.uea.ac.uk/data
• https://climexp.knmi.nl/
• http://cip.csag.uct.ac.za/webclient2/app/
• http://www.climateimpactsonline.com/
• https://gisclimatechange.ucar.edu/inspector
• http://sdwebx.worldbank.org/climateporta;/
• http://www.ccafs-climate.org/
• http://www.pik-potsdam.de/cigrasp-2/cdg/selector.html
• http://www.ipcc-data.org/index.html
• http://www.climate-services.org/case_studies/
• http://www.climatewizard.org

http://www.cru.uea.ac.uk/data
https://climexp.knmi.nl/
http://cip.csag.uct.ac.za/webclient2/app/
http://www.climateimpactsonline.com/
https://gisclimatechange.ucar.edu/inspector
http://www.ccafs-climate.org/
http://www.pik-potsdam.de/cigrasp-2/cdg/selector.html
http://www.ipcc-data.org/index.html
http://www.climate-services.org/case_studies/
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