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 Uncertainty
 Methods
 Capacity
 Applications
 Challenges



A brief aside: this talk is not about climate change!

IPCC AR4

a) If you wish to discuss climate change, I am very 
happy to talk with you in the appropriate context

b) Statements that climate change is a distraction, 
debatable, or of little relevance, are irresponsible, 
and have no foundation in the overwhelming body 
of evidence supported by fundamental physics with 
consistent signals across multiple lines of evidence.

c) Cycles in climate are, by definition, quantifiable.  
The current historical change cannot be accounted 
for by cycles.



All models are “wrong” – they are not an 
exact representation of reality

Climate models, hydrological models, vegetation 
model, (your investment!) financial models, 
health models, ecosystem models, etc., etc., are 
imperfect, because they are reduced complexity

Models are useful to understand & predict systems

Models are absolutely central in 
contemporary research



IPCC Ar4 Ch 1

Climate models are built on fundamental physics



Global Climate Models

The basis of (large scale) 
projections

AR4: Overview of climate change science

IPCC AR4



IPCC AR4 WG1:  Ch 1

The (implied?) improvement of regional projections 

IPCC AR4



How well do models do?  
Observed Temperature change versus IPCC projections

IPCC AR4 TS



Modeling climate in SA: A brief time line
Early 1990’s:  Weather forecasting modeling (SAWS)

Mid 1990’s: Early regional climate modeling (RCMs)
Early learning with statistical downscaling (SD)

Late 1990’s: Improved statistical downscaling
Explorations with global models
Increased confidence that robust results will emerge

Early 2000’s: Large project work with GCMs, RCMs, & SD
Emerging understanding of uncertainty and limits

Mid-late 2000’s: Increased understanding on model limits, model 
development, new investigative lines on uncertainty / probability, and 
multi-model ensemble analysis

Present: International collaboration on multi-model multi-method 
analysis, advances in developing scale relevant messages 



Early project on statistical downscaling from a single GCM produced results (in 
hindsight, wrong), but revealed valuable methodological understanding (and 
with bad quality figures)

WRC 594-1-97



Projects working with GCMs and nested RCMs were pivotal in catalyzing new 
researcher capacity, building experiential knowledge, and led to insights into 
the model limitations with simulating southern Africa climate (figures now at 
least readable)

WRC 806-1-01



Multi-institutional collaboration on seasonal forecasting opened possibilities 
and raised expectations of major developments (but still no colour figures!)

WRC 904-01-03



Large project teams use the models to explore fundamental dynamics of the 
climate system, including feedbacks, scale dependencies, high resolution 
simulations, multi-model responses, and extreme events

WRC 1154-1-04

(Colour figs!)



Multi-institutional large project teams expand to more in-depth exploration of 
coupling global models, downscaling, and impact models.  This was a period 
of a shift in the centre of gravity of research to explore coupling with impacts.

WRC 1430-01-05

(Many colour figs!)



Extensive exploration of the emerging robust messages and their regional 
eco-hydrological responses to South African climate using coupling of GCMs, 
downscaling, and hydrological modeling

WRC 1562-1-10



Expansion of activities into diverse research areas, including exploring climate 
information relevant to stakeholder’s decision-space, and digging into 
fundamental physical process issues such as the role of aerosols.

WRC 1566-1-09
WRC 1681-1-10



Questions we need to stop and 
periodically ask

• Why model … what is the imperative 
behind this approach?

• What is our goal in modeling?

• Which are the current priority knowledge 
gaps that relate to advancing the value of 
our research?



Why are we focusing on modeling?

Climate is now non-stationary … a human-modulated 
moving target!  If we cannot predict, all we can do is react. 



Why are we focusing on this?

The changing dynamics are already beginning to exceed the 
operating parameters of some social and physical systems.  
Impact comes through exceeding thresholds.

Changes in the 
length of the growth
period by 2050 with
the SRES B1 
emissions scenario

Source: ILRI/TERI/ACTS, 2006

HadCM3 ECHam 4



What are we trying to achieve with modeling

For a given spatial scale, variable, and application, the 
prediction skill is a function of time scale

Daily     2-3 weeks    Months   Seasonal    Decadal   Century
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The questions that producers of climate information 
need to answer:

1. Is the message plausible: Does it fall within the 
envelope of known possible variability?

2. Is the message defensible: On a regional scale, am I 
able to explain the understanding in terms of physical 
processes and dynamics?

3. Is the message actionable: at the time and space 
scales of user decision making, can I defend decisions 
based on the probabilistic climate information?  
(Would I spend my own money?)



Data
Climate models, historical 

observations, trends, 
downscaling, projections, event 

frequency, …

Information
Measures of vulnerability and 
risk, threshold exceedence, 

combinatory impacts, 
uncertainty and confidence, 
regional scale variations, … 

Knowledge
Assessing options, understanding 

consequences, evaluating 
responses, informing decision 

making, …

A basis for action
Balance competing priorities, 

strategic investments in 
adaptation and mitigation, new 
research avenues, coordination 

of response frameworks, …

Generated by models, 
analyses, downscaling, 
observations …

We are not always sure 
when we have “information”

Comes with close coupling 
between science and society

Actions are risky, and takes 
place within a multi-stressor 
context
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75th percentile

Multi-GCM 
Median
“Best estimate?”

25th percentile

Downscaled rainfall change (11 GCMs, 2050 anomaly, SRES A2)
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Emerging understanding of how to building regional messages
Single model sources are dangerous

Regional Integration and Understanding

Data products with 
articulated uncertainty

Storylines and robust 
messages of anomaliesIn
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Adapted from Hewitson et al., 2010

Contextualization 
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New approaches needed to find the value in 
the explosion of multi-model data?

Consider the following combination:

GCM-a, ~2 deg resolution, 10 ensemble members
GCM-b, ~1 deg resolution, 5 ensemble members
GCM-c, ~2.5 deg resolution, 1 simulation
RCM-a 25 downscaling of 3 ensemble members from GCM-a
RCM-b 5km downscaling 1 ensemble member from GCM-b
Statstical downscaling to point scale of all ensemble 

members from GCM-a and GCM-b

1. Which sources do you use, and according to what metric?
2. If you use only some sources, there will be contradictions 

with other sources, how do you explain the contradiction?
3. If all sources are used, how do you combine multiple 

models, methods and resolutions?



Communication: are we delivering 
the relevant information?

Uptake of seasonal forecast per farm activity
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NARCCAP

CLARIS

ENSEMBLES

RCMIP

+ polar regions From Colin Jones

New unprecedented collaborative opportunities: 

e.g. CMIP5 and CORDEX (multi-model and multi-method)



The state of play, the related challenges:

• A strong capacity has been built; where does this 
growth in scientific capacity find their career path?

• Clearer understanding of historical change; what is the 
future of the observing network of measurements, and 
the coordination, quality control, and sharing?

• Solid awareness on knowledge gaps; the relationship 
between change and variability, and the advance in 
methods, opens new avenues to address emerging 
grand-challenge questions.

• New established multi-institutional partnerships; A 
new modality of team research needs new structures.



Conclusion: we have moved substantially in 
15 years; the need is greater than ever

WRC 40th, August 2011

Bruce Hewitson
University of Cape Town

 Capacity exists

 Understanding of the 
strengths and 
weaknesses is clear

 The need for 
predictability has 
rapidly expanded

 The shift is from 
research capacity to 
application

 The changing climate 
is an imperative


