
CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-- 

 

 

 

 

 

 

 

 

BACKGROUND REPORT ON 

CLIMATE SCIENCE INPUT INTO MUNICIPAL 

CLIMATE ADAPTATION PLANS 
AUGUST 2014 

 
 

Climate System Analysis Group 
University of Cape Town C

SA
G

  

http://www.westerncape.gov.za/


CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

CLIMATE SCIENCE INPUT INTO 

MUNICIPAL CLIMATE ADAPTATION 

PLANS 
 

Report compiled by:  

Climate System Analysis Group (CSAG), University of Cape Town 

 

Contributors to this report, in alphabetical order: Ross Blamey, Chris Jack, Anna Steynor, Kate 

Sutherland and Sheveenah Taukoor. 

 

CONTACT DETAILS 
 
Climate System Analysis Group (CSAG) 
EGS Department 
University of Cape Town 
Private Bag X3 
Rondebosch 
7701 
Cape Town 
Email: climate@csag.uct.c.za 
Tel: +27-21-650-2784 
 

Cover Photo: Winelands in the Western Cape, Claire van Wyk, 2013 

This publication was produced for the Western Cape Government by the Climate System Analysis Group 

(CSAG) at the University of Cape Town.  The contents are the sole responsibility of CSAG and do not 

necessarily reflect the views of the Western Cape Government. 

 

 

mailto:climate@csag.uct.c.za


CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

 

 

 

 

 

 

DISCLAIMER 

This report constitutes the copyright of the University of Cape Town or its providers, and is protected by 

copyright and other intellectual property laws.  All trade names, trademarks, service marks and other 

product and service names and logos contained in this report are proprietary to their respective owners 

and are protected by applicable trademark and copyright laws.  Any of the trademarks, service marks or 

logos (collectively, the “Marks”) displayed in this report may be registered or unregistered marks of the 

University of Cape Town or others.  Nothing contained in this report should be construed as granting any 

license or right to use any of the Marks displayed in this report without the express written permission 

of the University of Cape Town or a third party owner of such Marks. Illegal and unauthorized uses of 

the Marks or any other content contained herein are strictly prohibited. 

 

Neither the University of Cape Town, nor its affiliates, nor their third party providers guarantee the 

accuracy, completeness, timeliness or availability of any information provided in this report.  The 

University of Cape Town, its affiliates or their third party providers and their directors, officers, 

shareholders, employees or agents are not responsible for any errors or omissions, regardless of the 

cause, or for the results obtained from the use of such information. THE UNIVERSITY OF CAPE TOWN, ITS 

AFFILIATES AND THEIR THIRD PARTY PROVIDERS DISCLAIM ANY AND ALL EXPRESS OR IMPLIED 

WARRANTIES, INCLUDING, BUT NOT LIMITED TO, ANY WARRANTIES OF MERCHANTABILITY OR FITNESS 

FOR A PARTICULAR PURPOSE OR USE. In no event shall the University of Cape Town, its affiliates or their 

third party providers and their directors, officers, shareholders, employees or agents be liable to any 

party for any direct, indirect, incidental, exemplary, compensatory, punitive, special or consequential 

damages, costs, expenses, legal fees, or losses (including, without limitation, lost income or lost profits 

and opportunity costs) in connection with any use of such information even if advised of the possibility 

of such damages. 

 

 

August, 2014



CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

i 
  

TABLE OF CONTENTS 

 
TABLE OF CONTENTS ..................................................................................................................................... i 

ACRONYMS AND ABBREVIATIONS ............................................................................................................. iii 

EXECUTIVE SUMMARY ................................................................................................................................ iii 

1. INTRODUCTION ........................................................................................................................................ 1 

2. SOURCES OF CLIMATE INFORMATION .................................................................................................... 2 

2.1 OBSERVED DATA .......................................................................................................................... 2 

2.2 GLOBAL CLIMATE MODELS .......................................................................................................... 3 

2.3 DOWNSCALED PRODUCTS ........................................................................................................... 3 

2.4 DEALING WITH UNCERTAINTY ..................................................................................................... 6 

2.5 ACCESSIBLE DATA SOURCES ......................................................................................................... 8 

2.6 DATA SOURCES SUMMARY .......................................................................................................... 8 

3. CLIMATE TRENDS AND VARIABILITY ...................................................................................................... 10 

3.1 INTRODUCTION .......................................................................................................................... 10 

3.2 HISTORICAL CLIMATE TRENDS ................................................................................................... 11 

3.2.1 Background ................................................................................................................................ 11 

3.2.2 Data and Methods ..................................................................................................................... 12 

3.2.3 Results ........................................................................................................................................ 13 

3.3 TRENDS SUMMARY .................................................................................................................... 15 

4. HISTORICAL CLIMATE EVENTS IN THE PROVINCE .................................................................................. 21 

4.1 CASE STUDIES OF HISTORICAL EVENTS ...................................................................................... 21 

4.1.1 Case study 1: Flash floods in Laingsburg January 1981 ............................................................ 21 

4.1.2 Case study 2: Heat waves in Cape Town, December 1999 ....................................................... 22 

4.1.3 Case study 3: Drought in the Western Cape, 2003.................................................................... 23 

4.1.4 Case study 4: Floods in southern Cape, March 2003 ................................................................ 23 

5. CLIMATE PROJECTIONS FOR THE PROVINCE ......................................................................................... 25 

5.1 BACKGROUND ............................................................................................................................ 25 

5.2 RESULTS ...................................................................................................................................... 25 

5.2.1 Temperature ............................................................................................................................... 25 

5.2.1.1 Maximum temperatures ............................................................................................................ 26 

5.2.1.2 Minimum temperatures ............................................................................................................. 26 



CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

ii 
  

5.2.2 Rainfall ....................................................................................................................................... 31 

5.2.2.1 Winter Rainfall ........................................................................................................................... 31 

5.2.2.2 Summer Rainfall ......................................................................................................................... 36 

5.3 FUTURE CLIMATE SUMMARY .................................................................................................... 40 

6. REFERENCES ............................................................................................................................................ 41 

 

 

 



CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

iii 
  

ACRONYMS AND ABBREVIATIONS 
 
AR5  Fifth Assessment Report 

CIP  Climate Information Platform 

CMIP  Coupled Model Inter-comparisons Project  

CMIP3  Coupled Model Inter-comparisons Project Phase 3 

CMIP5  Coupled Model Inter-comparisons Project Phase 5 

CSAG  Climate System Analysis Group 

DEA  Department of Environmental Affairs 

DJF  December, January and February 

ENSO  El Niño-Southern Oscillation 

GCM  Global Climate Model 

IPCC  Intergovernmental Panel on Climate Change 

JJA  June, July and August 

LTAS  Long-term Adaptation Strategy 

MAM  March, April and May 

NOAA  National Oceanic and Atmospheric Administration 

RCM  Regional Climate Model 

RCP  Representative Concentration Pathway  

SAWS  South African Weather Service 

SRES  Special Report on Emissions Scenarios 

SON  September, October and November 

SST  Sea Surface Temperature 

VIA  Vulnerability, Impacts and Adaptation 

WMO  World Meteorological Organization 

 

- - - - - - 

 



CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

iii 
  

EXECUTIVE SUMMARY 
 
The Western Cape faces an almost certainly warmer future.  This alone poses serious threats to several 

important socio-economic sectors.  For example, viticulture and fruit production are closely linked to 

temperature, with both requiring a very specific temperature range to produce the best quality fruit.  

Much of this product is targeted at the export market, which is an important part of the Western Cape 

economy.  Added to the temperature increases, possible shifts and changes in rainfall makes it clear that 

climate change is a very real concern for the Western Cape.  

 

The province covers a wide range of climates ranging from the relatively arid southern Karoo through to 

some of the highest rainfall locations in the country, such as the Jonkershoek Mountains.  Human 

activity and livelihoods in the province are closely linked to the availability of rainfall within the region 

whether for rain-fed agriculture, irrigation, industry, or domestic consumption.  Within the province 

approximately 50% of water is allocated to domestic consumption and the large majority of this is within 

the rapidly growing greater City of Cape Town.  

 

It is evident from historical climate observations as well as historical records that water shortages, heat 

waves, and flooding events, are part of the Western Cape climate landscape. Extreme rainfall events 

regularly cause severe problems and damage to both formal and informal infrastructure and 

settlements.  Such events negatively impact the quality of life for many residents in the province and 

pose serious challenges to housing and other development in the region. It is therefore clear that 

weather and climate plays an important role within the Western Cape and the potential vulnerability to 

changes in the climate in the future are large. Understanding the current climate, its variability, drivers 

of variability, and critically, how it might change in the future is therefore of great importance for both 

government and non-government entities within the province wrestling with growing the local 

economy, lifting people out of poverty and enhancing quality of life in the region.  The climate science 

challenge is large as the confluence of mountains, oceans, highly variable southern ocean weather, and 

complex regional dynamics results in a complex climate system that is currently fairly poorly 

understood. 

 

Observations of climate play a key role in the advancement of climate science in the region.  The lack of 

observations and the decline of the observational network is a critical barrier to further advancement 

and is an area that should be strategically addressed if future climate changes are to be adequately 

monitored and the understood.  Existing observations reveal that temperatures throughout the region 

are rising, most rapidly in the inland drier areas, less rapidly in coastal areas.  Trends in rainfall are much 

more complex and very limited by observations but it is clear that the mountains play an important part 

in regional climate variations. 

 

From global climate models, projected changes for the future show strong signals of continued warming 

throughout the province with more than 1°C warming very likely by the 2040s.  At the moment, while 

large scale projections of rainfall changes suggest that drying is likely, finer scale projections paint a 
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more nuanced picture of both spatial diversity and shifts in seasonality, once again pointing to a 

complex climate system. 

 

Climate projections for the Western Cape reveal that many challenges still exist for the climate 

community. The key challenge highlighted by this report is the need to better understand the regional 

climate system given limited observations, as well as unpack the varied messages of future changes 

derived from multiple climate models, downscaling methods, and analysis approaches.  The report 

presents the current state of understanding in this area but points towards significant opportunities for 

further research feeding into better informed decision making and planning in the province. 

 

- - - - - - 

 

 

 



CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

1 
 

1. INTRODUCTION 
 

It is widely recognized that there has been a detectable 

rise in global temperature during the last forty years, 

which is commonly referred to as anthropogenic 

climate change.  The latest Intergovernmental Panel on 

Climate Change (IPCC) reports suggest that the Earth 

has warmed up by about 0.85°C from 1880 to 2012.  

However, this increase in temperature is not uniform, 

with some regions having experienced a greater 

change than others.  Changes in rainfall are typically 

harder to detect due to its greater variability, both in 

time and space.   Results indicate that the continued 

emission of greenhouse gases will more than likely 

cause further global warming. The level of warming 

appears to be very much dependent on the choices we, 

mankind, make regarding greenhouse gas emissions, 

particularly in the second half of the 21st century and 

onwards.  It is also accepted that regional climate 

patterns will likely respond differently to a global 

change and that natural climate variability will 

continue to dominant in the near future. 

 

Amongst the many unanswered questions regarding 

climate change, is how best to communicate these 

findings to a wide audience?  The communication of 

climate science to various sectors / users is fraught 

with difficulties, ranging from matters related to the 

technical aspects of climate models through to 

understanding the nature of the climate system.  To 

date, there is no set method or practice amongst the 

scientific community which accurately conveys the 

complex nature of climate change in a way which is 

understandable to most sectors of society.  

 

In recent years the development of ‘climate services’ 

groups within various institutions around the world has 

assisted in temporarily filling this communication void.  

Each group deals with the communication aspect 

differently and it is often tailored to the users/sectors 

that they most frequently deal with.  This in itself has 

caused many challenges because the “user” can vary 

from people that have a reasonable level of scientific 

background to the general public, with varying levels of 

understanding/sophistication.  In addition to this, most 

institutes (amongst many other organisations), host 

data portals containing various levels of climate data or 

information. However, it is arguable that the abundant 

availability of this climate data has added to the 

confusion and misinterpretation of information that is 

actually relevant.  Users are confronted by multiple 

sources of data, often created through multiple models 

or even multiple methods.  The problem that can arise 

is what happens the message coming out of each data 

source is contradictory?  This disagreement is often still 

a valid message that needs to be communicated to the 

user community which the climate science community 

is actively pursuing.  

 

This report arises from a co-exploration activity 

between the Western Cape Government and the 

Climate System Analysis Group based at the University 

of Cape Town.  The principal aim in this report is an 

attempt to simplify climate information, which includes 

projections from models and the various methods used 

to extract finer scale information, so that municipal 

mangers within the local government can be better 

equipped when dealing with climate information.  By 

building a community that consists of both users of 

climate information and climate scientists will 

hopefully narrow the communication gap and assist in 

adapting to a changing climate. 

 

 

-  -  -  - -
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2. SOURCES OF CLIMATE INFORMATION 
 
A key foundation of responding to climate change is 

using climate information that is both relevant and 

useful.  A single source of climate data is not enough to 

develop a valid storyline of regional climate change, 

which is why the climate science community relies on 

various sources of data.  Each source is applicable on 

different space and time scales. 

 

In terms of understanding regional climate, both past 

and future, there are three principal sources of climate 

information that can be used, which include: 

 

2.1 Observations (e.g., a weather station and satellite 

data), which provide the context to the regions 

climate 

2.2 Global Climate Models1 (GCMs), which highlight 

large-scale changes under climate change; and 

2.3 Downscaling methods, which produce finer 

detailed information on future climate. 

 

At the municipal scale we consider observations and 

downscaled projections of climate change to be the 

most appropriate sources of information for use in 

responding to climate change.  These two data sources 

focus on the recent past (time frame) and the longer 

term future (2020 -2040 period onwards) respectively.  

It is recognised that nearer term projections of change 

(the next 10 years) are of particular interest in a 

planning context.  However, for near term projections 

it is often difficult to determine the climate change 

signal relative to natural variability.  Therefore 

projections of climate change are for 20-year averaged 

future periods starting in 2020, in order to extract the 

climate change signal.  The viability of near term 

projections is an on-going focus of research.  

 

                                                           
1
 Note that a General Circulation Model is used to simulate 

the circulation of the atmosphere (AGCM) or ocean (OGCM). 
When you add these models with other components, such as 
those representing sea-ice and the land-surface, the term 
used is a Global Climate Model. 

2.1  OBSERVED DATA  
 

Observations form the building blocks of our 

understanding of the climate system. These 

observations provide current and historical climate 

information, which is used to assess past trends and 

variability. Observations are also used to validate the 

output from climate models and used in climate model 

downscaling methods.  

 

In order to understand possible future climate changes, 

the first step should be to undertake a vulnerability 

assessment to understand the system in question.  A 

key component in this vulnerability assessment is to 

build a picture of the baseline climate to investigate 

what has taken place in the past.  The use of observed 

data in this step is important because it allows for the 

development of a baseline climate and highlights areas 

of vulnerability.   

 
Using observed data in a vulnerability analysis has 

many advantages: 

 

 It provides an opportunity to quantify the climate 

conditions that led to previous climate impact 

events. 

 It can lead to an understanding of ‘critical 

thresholds’ (see box on Thresholds included 

below) and sensitivities either physically or 

socially defined, which can be used to understand 

how risks might change under different climate 

and socio-economic scenarios for the future.  

 It allows one to focus in on the most high risk 

climate variables and time frames of concern 

when looking to the future. 
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2.2  GLOBAL CLIMATE MODELS 
 

Climate projections are produced using a Global 

Climate Model (GCM).  This is a piece of software that 

solves a set of mathematical equations which are 

designed to simulate the dynamics of the climate 

system. These equations are solved numerically with 

the use of powerful computers. The equations are 

solved for rectangular grid boxes (average size 250km) 

across the globe such that values assigned to each grid 

box represent the average atmospheric state 

(temperature, humidity, wind speed, etc.) within the 

box.  

 

There are a number of different centres in the world 

running GCMs and each set up their model slightly 

differently leading to a range of projections of change.  

The Coupled Model Intercomparison Project (CMIP) 

was set up to bring all these models together for the 

Intergovernmental Panel on Climate Change (IPCC) 

assessment reports (see box on the IPCC, CMIP5, and 

Emissions Pathways).  Each of the models produce 

projections that are equally viable and all must be 

considered within a decision-making framework. This 

means that no particular model projection is more 

likely than another projection. 

2.3  DOWNSCALED PRODUCTS 
 

Although, GCMs are useful for providing an overall 

picture of the climate, the grid resolution of a GCM is 

very coarse, typically on scales around 2.5 degrees 

(±250 km) resolution.  On a municipal scale, this is too 

coarse to be of use, thus other sources of information 

are needed that may be of more use for municipal 

managers.  Downscaled data is one such source and it 

is derived from GCMs by applying a procedure to 

extract finer scale information (i.e. downscaling). 

Downscaling uses the assumption that the local climate 

is driven by the large-scale climate but modified by 

some local factors, such as mountains and proximity to 

oceans and lakes. There are two main types of 

downscaling; dynamical and empirical / statistical. 

 

 

Thresholds 

Critical thresholds can be drawn out during a vulnerability assessment. In this context, thresholds are points 

at which a climatic event starts to impact on ordinary functioning. Thresholds can be identified by analysing 

the historical climatic information associated with an event that was identified in the vulnerability 

assessment. For instance, if a heatwave was identified in the vulnerability assessment and the dates of that 

event were known, the historical climate records can reveal exactly how hot it was for the duration of the 

event. This will provide an indication of what temperatures may lead to a similar magnitude impact. 

 

The identification of thresholds is particularly useful for assessment of future vulnerability because it ties 

vulnerability to a measureable climatic variable. The frequency of these threshold climate conditions can then 

be extracted from future climate projections to give an indication of how often those conditions may occur 

during a specified future time period. With this information, planning measures can be put in place to 

mitigate against the impacts of those particular events in the future. 



CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

4 
 

Dynamical downscaling techniques produce a 

simulation of the regional climate using the physics and 

dynamics equations that describe the climate system. 

The most common approach is to force a Regional 

Climate Model2 (RCM) with the output of the GCM 

                                                           
2
A Regional Climate Model, such as Weather Research and 

Forecasting model (WRF; www.wrf-model.org), is a numerical 

(Giorgi and Mearns, 1999; Castro et al., 2005). This 

means that the boundary of the RCM is driven by the 

large scale pressure, moisture and momentum fields 

from the GCM.3 Using the same physics equations as in 

                                                                                                    
model that is run at a much higher spatial (10 to 50 km) and 
temporal resolution over a limited geographical area.   

3
Note that the input for the downscaling procedure varies 

depending on the time scale of interest (i.e., short-term forecast, 

 

IPCC, CMIP5 and Emissions Pathways 

The Intergovernmental Panel on Climate Change (IPCC) is a scientific body that was established in 1988 to 

oversee the latest research on climate change.  The IPCC develops periodic reports which highlight the latest 

research and its relevance for policy and decision-making.  It is currently publishing the fifth Assessment 

report (AR5), which is being released in phases from September 2013 to October 2014. Working Group 1 

from AR5 consists of 259 authors from 39 countries, while Working Group 2 has 308 authors from 70 

countries. 

 

The group of GCMs used to produce projections for the IPCC assessment reports comes out of a project called 

the Coupled Model Intercomparison Project. Phase 3 of this project (CMIP3) was used to produce projections 

for the IPCC 3rd and 4th assessment reports and Phase 5 of the project (CMIP5) is being used to produce 

projections for the 5th assessment report. CMIP5 includes models from many reputable modelling centres 

around the world. 

 

As we do not know to what degree emissions cutting targets will be met, the IPCC reports present projections 

for different possible future emissions pathways.  In the fourth assessment report, these emissions pathways 

came from the Special Report on Emissions Scenarios (SRES) but the fifth assessment report uses 

Representative Concentration Pathways (RCPs).  The two dominant RCPs used in planning are RCP 4.5 and 

RCP8.5.  RCP 4.5 represents an emissions pathway that stabilizes before 2100 with emissions peaking around 

2040. RCP 8.5 represents a high emissions future where emissions continue to increase into the future (see 

Figure 2.1). 

 
 

Figure 2.1 | SRES emissions pathways from the 4th assessment report and RCP scenarios from the 5th 

assessment report 

 

http://www.wrf-model.org/
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the GCM, the RCM is run at a much higher spatial 

resolution (25 to 50 km), and thus can capture finer 

scale processes.  

 

Land surface features, such as topography, regional 

water bodies, and vegetation cover, are also better 

represented in the RCM due to the higher resolution. 

This suggests that local climate features will be better 

resolved in the RCM.   

 

Empirical/Statistical downscaling methods on the other 

hand use historical climate data to build empirical 

relationships between large-scale processes and the 

local climate (Hewitson and Crane, 1996; Wilby and 

                                                                                                    
seasonal prediction, climate change). See Castro et al. (2005) and 
Wilby and Fowler (2010) for an overview. For the purpose of this 
report we are referring to downscaling methods for medium to 
long-term climate change. 

Fowler, 2010). These relationships are then applied to 

the output from a GCM to construct a local climate. 

Within Empirical/Statistical downscaling there are 

roughly three categories of approaches, which are 

broadly defined as transfer functions, weather 

generators, and weather analogues. For brevity, a 

detailed description of these approaches is not 

provided here, but if the reader wants a more detailed 

description, they can be directed to Maraun et al., 

(2010), for a review. It should be noted that the spatial 

and temporal detail captured by each approach 

depends heavily on how the statistical relationship 

between the local variable of interest (e.g., rainfall) and 

large-scale circulation (e.g., pressure, humidity) is 

 

Limitations of the different Downscaling Techniques 

For dynamical downscaling, it needs to be remembered that although the RCM is run at a higher spatial 

resolution than a GCM, there are atmosphere processes that are still required to be parameterized (e.g., 

convection, which plays a key role in the development of some rain producing systems). It is also assumed 

that the boundary conditions provided by the GCM are accurate enough to force the local climate. If there 

are any errors in the GCM, these will be retained and could be amplified through the RCM. Questions have 

been raised whether GCMs can skillfully simulate regional climate variations driven by major atmospheric 

circulation features such as El Niño – Southern Oscillation (ENSO) and monsoons (Paeth et al., 2008). There is 

also no two-way interaction between the GCM and RCM, meaning that any alterations made by the higher 

resolution RCM are not fed back into the GCM. Another limiting factor with this method is computational 

constraints. Running an RCM is a computationally expensive process, which limits the number of simulations 

that can be performed. Ideally one would like a large ensemble of simulations to encompass the range of 

future projections. 

 

The main advantage of statistical downscaling is that it can provide projections at the spatial scale of 

observations, whereas the RCM is limited by its grid resolution. So information can be provided down to the 

“station scale” at a daily resolution using this method. This appears to make the task of comparing historical 

observations at a station with future projections slightly easier. Additionally, it does not require intense 

computation like dynamical downscaling, which results in the production of more downscaled datasets. 

 

There are a few assumptions included in this methodology, with the first being that the main drivers for the 

local climate are large-scale circulation.  However, there may be some processes not captured by the 

statistical model as there are other factors that are important for local weather patterns besides large-scale 

circulation. The second assumption is that the GCM can accurately simulate the large-scale circulation. If the 

GCM fails to do so, the errors will propagate through the downscaling process. Similarly, if the quality of the 

observation data used to derive the statistical relationship is poor, then this will negatively affect the 

projections. Possibly the biggest assumption with this method is that the relationship between the large-scale 

drivers and local climate will be the same in the future as in the past. This is likely of greater concern for long-

term projections, whereas near-term projections often assume climate stationarity (future climate dynamics 

will be the same as the past). 
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derived.  These two downscaling approaches have their 

own strengths and limitations, which is described in 

more detail in the box on Limitations of the different 

Downscaling Techniques.  

2.4  DEALING WITH UNCERTAINTY 
 
Both GCMs (coarse scale projections) and downscaled 

projections (finer scale projections) include a range of 

uncertainties.  It is important to understand that the 

climate is changing however there is a range of 

uncertainty in the magnitude of change because of 

limitations in our scientific understanding of the 

climate system and hence methods used to project 

future climate.  As spatial scales become finer, there 

are more uncertainties introduced into the modelling, 

therefore the range of possible climate response 

widens.  This means that it is challenging to identify a 

robust message at municipal spatial scales.  

 

Uncertainty in downscaled climate projections is a 

complex subject and is the focus of much ongoing work 

worldwide.  Progress is being made on understanding 

the underlying sources of uncertainty, and how best to 

manage these. These sources of uncertainty include: 

 

 Natural variability: It is not possible to accurately 

define the limits of the natural variability, both 

due to the relatively short time historical records 

have been kept, but also because the climate 

system is chaotic. This source of uncertainty will 

never completely disappear meaning that users 

need to evaluate a range of possible futures. 

 Future emissions: The range of possible societal 

development pathways will have significant 

impacts on the greenhouse gas emissions and 

other environmental forcing factors. Two 

dominant emission scenarios (see box on the 

IPCC, CMIP5, and Emissions Pathways) used in 

planning are Representative Concentration 

Pathway 4.5 (RCP 4.5) and Representative 

Concentration Pathway 8.5 (RCP 8.5).   RCP 4.5 

represents an emissions pathway that stabilizes 

before 2100 with emissions peaking around 2040. 

RCP 8.5 represents a high emissions future where 

emissions continue to increase into the future. 

 Uncertainty in the science: Current knowledge 

and understanding of the dominant physical 

processes controlling the regional climate system 

and how these processes might change in the 

future. 

 Structural uncertainty: Imperfect downscaling 

tools and methods, including their inappropriate 

application.  

 Data uncertainties: errors in the information used 

as input into the climate modelling as well as that 

used to test the results. Downscaling cannot 

improve the uncertainty of the driving GCM and 

actually introduces further uncertainty that limits 

the confidence in the size of the projected 

change.  However, the pattern of change can 

often be interpreted with greater certainty. 

 

Some uncertainty issues can be addressed through 

improved methodologies. However, some proportion 

of uncertainty will always remain. Each modelling 

centre around the world is addressing these sources of 

uncertainty in slightly different ways, therefore the 

best way to understand the possible range of projected 

changes is to combine as many models as reasonably 

possible under one emissions pathway. What results is 

a range and a best estimate of likely change.  This 

allows the user to have a more defensible projection of 

the direction of change, even though the size of 

projected change is less certain. 
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Using climate projections in decision-making 

When considering any aspect of the future there will always be uncertainty and we must acknowledge this 

when making decisions about the future.  Of course some aspects of the future are more certain and/or likely 

than others. For example, we can say with high confidence that a partial solar eclipse will occur on 4 

November 2040, and that it will be visible in North and Central America. However, we have less confidence 

about other aspects of the future, such as how much house prices might change in individual suburbs of Cape 

Town by 2020.  We are fairly certain that house prices will increase in most areas but we are unsure of the 

magnitude of change.  Similarly with climate, we are sure that the climate will change into the future, we can 

make projections about how it might change, but there are uncertainties around the magnitude of that 

change.  It is important to note that uncertainty in climate modelling will never completely disappear so 

waiting for a more certain answer will mean waiting for the reality of climate change to occur, and that is not 

an option if one wants to be adapted to the future climate.  Uncertainty should not be a reason to avoid 

making decisions. 

Each climate modelling centre around the world is addressing the sources of climate modelling uncertainty in 

slightly different ways, therefore the best way to understand the possible range of projected changes is to 

combine as many models as reasonably possible under one future emissions trajectory to create a range (see 

figure).  What results is a range of likely change that can be used to make a decision within personal risk 

tolerances.  

 

 

Figure 2.2 | Example showing a range of potential future Maximum temperature changes.  The lines 

represent each individual models projection of future temperature throughout the year.  The bars represent 

the range of projections across all the models, per month (excluding outliers) 

This kind of information is hard for decision makers to receive and interpret for decisions.  One response is to 

formulate adaptation decisions that would respond to the whole range of possible future projections. The 

benefit of doing this would need to be traded off against the cost of implementing measures that span the 

entire projections space.  Alternatively, depending on ones risk tolerance, one might make a decision that 

covers some, but not all, of the projections space.  Again this would need to be done through a cost-benefit 

analysis.  Ideally any adaptation measure would be flexible to change thereby allowing for modification in the 

future, should it be required. 
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2.5  ACCESSIBLE DATA SOURCES 
 

There are many ways of accessing climate data and 

information. A quick internet search will produce a 

number of research, parastatal and private institutions 

that provide climate data that may be applicable for 

the Western Cape. Such institutions provide different 

forms of data such as historical data containing past 

climate observations (See section 1.1 above) and 

future data products, such as that from global climate 

models (See section 1.2 above) and downscaling 

products (See section 1.3 above). It needs to be 

remembered that the quality of climate information 

can vary, depending on the provider, where or how the 

data was sourced, the methods used, etc. This can be 

problematic because often the user does not have the 

background knowledge to assess the quality or 

usefulness of the information. This potentially leads to 

poor decision making based on poor information. 

 

Different institutions communicated climate data 

across the internet through different forms; some 

containing raw downloadable data in the form of 

spread sheets/numbers (i.e., it is up to the user to 

produce the necessary images/messages from the 

data), whilst others produce platforms or portals that 

contain interactive/static visualizations/images of the 

data (in the form of tables and/figures). The latter is 

often accompanied by guidance text for users with 

important additional information about climate 

models, methods used, definitions of terms used, data 

limitations and other cautions that users should be 

aware of. Institutions provide such data sources or 

platforms at either no cost to the users or apply a cost 

depending on whether it is privately, academically or 

commercially used. Below is a table (Table 2.1) of a 

selected number of data sources available through the 

internet with descriptions of data and a ranking 

according to predefined criteria for each. 

 

 

2.6  DATA SOURCES SUMMARY 
 
There are different types of data that are required for 

decision-making.  These include observed data, Global 

Climate Model data and downscaled projections of 

change.  Observed data is required for trend analysis 

and assessing current vulnerability while Global 

Climate Models and downscaling methods are used to 

future produce future projections of change.  

Downscaling is the method used to extract finer 

resolution information from the Global Climate 

Models.  The results of downscaling are appropriate for 

use at a municipal level, however, this technique 

introduces further uncertainties that need to be taken 

into account in decision-making.  These uncertainties 

are not uncertainties about whether climate change is 

real but rather uncertainties in the modelling process.   

 

A summary of a few of the accessible sources of data is 

available in Table 2.1. There are many sources of 

climate information on the internet.  All have 

advantages and disadvantages for use and are 

appropriate for different applications. For this reason, 

no commentary is provided on recommendations for a 

particular data source.  The choice of which data 

source to use will depend on the context in which the 

information is being applied. 

 

 



Table 2.1 | A selection of online climate data portals. A description of the type and medium of data available on these websites. A list of criteria, ranking 
these websites, is also provided. Please note: Climate data sources were subjectively chosen based on their applicability within the Western Cape and 
criteria are based on users experience, more advanced users might find data sources more easily navigable.  

 
 

Data Criteria

Institute / Platform Country Historical Images Raw Access. Guidance Sci. Robust Coverage Costs *

GCM DP

Climate Research Unit (CRU) 1 UK X X Free

CSAG Climate Information Platform (CSAG-CIP) 2 South Africa X X X X Free

Global Historical Climate Network (GHCN) 3 USA X X Free

International Research Unit for Climate and Society  (IRI) 4 USA X X X X X Free

IPCC Data Distribution Centre (IPCC-DDC) 5 Global X X X X Free

KNMI Climate Explorer (KNMI) 6 Netherlands X X X X X Free

South African Weather Service (SAWS) 7 South Africa X X X
World Bank Climate Change Knowledge Portal (CCKP) 8 Global X X X X X Free

WorldClim 9 USA X X X X Free

Criteria Key Low Medium High
Historical - Station or gridded products containing past climate observations

Future - Describes future climate products on the long term

GCM - Global Climate Model 1 http://www.cru.uea.ac.uk/

DP - Downscaling Product (either dynamical or statistical) 2 http://cip.csag.uct.ac.za/webclient2/app/

Images - Portal contains downloadable images 3 http://www.ncdc.noaa.gov/ghcnm/v3.php

Raw - Portal contains downloadable data 4 http://iri.columbia.edu/

Access. - Accessibility of the website 5 http://www.ipcc-data.org/

Guidance - Guidance based on documentation available on the portal only 6 http://climexp.knmi.nl/start.cgi?id=someone@somewhere

Sci. Robust - Scientific Robustness refers to methods and data being peer reviewed by the scientific community 7 http://www.weathersa.co.za/web/

Coverage - Data coverage over the Western Cape 8 http://sdwebx.worldbank.org/climateportal/index.cfm

Costs * - Although some data may be freely available, costs may apply for commercial use of data 9 http://www.worldclim.org/

Future

Table Headings and Abbreviations:

Links
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3.  CLIMATE TRENDS AND VARIABILITY  

3.1  INTRODUCTION 
 
The Western Cape climate is classed as Mediterranean 

and as such, is largely a winter (June - August) rainfall 

region (e.g., Figure 3.1).  In general, due to the location 

of South Africa, the climate and rainfall variability is 

influenced by circulation features in both the tropics to 

the north and mid-latitudes to the south. The most 

prominent features are the semi-permanent anti-

cyclonic systems associated with the high-pressure belt 

encircling the Southern Hemisphere around 30°S. 

These high pressure systems play a large role in 

influencing our climate by controlling wind patterns, 

moisture transport, suppressing favourable conditions 

for rainfall, etc. As the season changes from summer to 

winter, as the sun migrates to the northern 

hemisphere, these anticyclones weaken and shift 

slightly towards the equator.  At the same time 

weather systems in the mid-latitudes below South 

Africa also shift further towards the equator and now 

bring rain to the Western Cape. Most of the winter 

rainfall is produced by cold fronts and associated extra-

tropical cyclones, but other weather phenomena, such 

as cut-off lows, may on occasion also produce 

significant/extreme rainfall over the region (Section 4 

provides some examples). 

 

The southern coastal area of the province, which is 

where the Eden District Municipality is located,  

contains a slightly different rainfall pattern in that it 

experiences rainfall almost all year round (e.g., bottom 

panel of Figure 3.1).  This is a result of the onshore 

flow of moisture from the south (over the warm 

Agulhas Current), rising up the coastal mountains and 

producing summer rainfall.  Additionally, moisture 

originating from the tropics in the north is transported 

southwards towards the southern Cape during the 

summer months, which leads to occasional favourable 

conditions for rainfall.  The region also experiences the 

frontal systems during the winter months as found 

further to the west.  

 

In the Western Cape, the rainfall is dominated by both 

spatial variability (i.e., how rainfall differs across the 

entire region) as well as interannual variability. It 

should be noted that the climate of a region is often 

dominated by interannual variability, which means that 

it varies from one year to the next. The cause of this 

variability can often be attributed to large-scale 

anomalies (i.e., changes from the mean) within the 

atmosphere or ocean found elsewhere in the world.  

The atmosphere and ocean are a coupled system, 

which means that changes in the one usually has a 

direct feedback to the other.  For example, a warm 

ocean surface has an effect on the amount of moisture 

and energy in the atmosphere directly overlying it. 

Simplifying the process, this then impacts rainfall 

patterns and the wind field (pressure patterns) via 

numerous feedbacks. Thus, large-scale changes in a 

given region in the world are then propagated across 

the globe.  

 

It can be difficult to isolate the drivers or mechanisms 

behind climate variability of a region, particularly those 

that are “natural” with those that are anthropogenic.  

For example, land cover changes, which can be natural 

or human related, have often thought to play a role in 

modifying regional climate.  Rainfall in the Western 

Cape is linked to numerous factors, such as the 

geographic location of the region, the influence of the 

surrounding oceans and the complex regional 

topography.  

 

- - - - - - 
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3.2  HISTORICAL CLIMATE TRENDS 

3.2.1 Background 

It is widely recognized that there has been a detectable 

rise in global temperature during the last forty years, 

which is commonly referred to as global warming / 

climate change.  The latest IPCC4 reports suggest that 

the Earth has warmed up by about 0.85°C from 1880 to 

2012 (IPCC, 2013). However, this increase in 

temperature is not uniform, with some regions having 

                                                           
4
 Intergovernmental Panel on Climate Change (IPCC) is a 

scientific intergovernmental body that was set up in 1988 to 
provide the most current assessment of the state of the 
climate. The fifth assessment report was released in 2013. 

experienced a greater change than others.  Changes in 

rainfall are typically harder to detect due to its greater 

variability, both in time and space.  There is however 

evidence to suggest that changes in rainfall 

characteristics (e.g., frequency, location, seasonal, etc.) 

have taken place in many parts of the globe over the 

last few decades.  It is important to emphasise that 

some regions experience more detectable or obvious 

change than others (see box on Signal versus Noise).  

Why is it important to understand past climate trends?   

 

 

 
 

 
 

Figure 3.1 | Average monthly rainfall (mm, blue bars), maximum temperature (°c, red line) and minimum 

temperature (°c, green line) for stations located in Cape Town International Airport (top), and George airport 

(bottom). Cape Town receives most the annual rainfall during the cold months of May to August, while 

George receives rainfall nearly all year round.  
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A key component in understanding possible future 

climate change is by investigating what has taken place 

in the past through a trend analysis.  Not only does this 

give some perspective on the historical climate, but it 

may also provide some insight to possible changes that 

can be expected to take place, particularly in the near 

future5. It is often also very useful for decision makers 

to know if the climate has shown a consistent long 

term change over recent decades, as this can provide 

some insight into historical trends of impacts such as 

water scarcity, crop yields, dam levels, disease spread, 

etc. Linking historical climate change with observed 

impacts of this change provides very useful insights 

into the potential impacts of climate change in the 

future. It is therefore essential that we continue to 

explore and better describe historical change and 

variability in our region of interest. 

 

Determining historical trends of rainfall over South 

Africa has been an ongoing challenge for many years.  

The challenge is largely a result of two factors; high 

natural rainfall variability that results in low occurrence 

of statistically significant trends, and low data 

continuity and coverage over a significant time period.  

The recent work done by MacKellar et al. (2014), 

emerging from work contributing to the Long Term 

Adaptation Strategy (LTAS6) historical change report, 

re-iterated these particular challenges and reports on 

only a small number of stations that show statistically 

significant rainfall trends. The lack of any statistically 

significant rainfall trends is not unique to South Africa 

with many studies documenting similar findings in 

other southern Africa countries (e.g., New et al. 2006; 

Aguilar et al. 2009; Mazvimavi 2010). 

 

 

                                                           
5
 Beyond the decadal time frame, the robustness of a trend 

extrapolation is very poor because of non-linear feedbacks 
and other complexities that could rapidly begin to alter the 
regional response in ways that have not been observed. 
6
http://www.sanbi.org/programmes/risks-threats-

biodiversity/climate-change-and-bioadaptation-division/ltas 

3.2.2 Data and Methods 

A common question asked when performing trend 

analysis is, how far back in time does one have to go to 

get an accurate idea of trends? In an ideal scenario it 

would be for as long as possible, because the climate 

operates on various timescales, with some processes 

(i.e., the climate drivers) having a more immediate 

impact than others.  For example, a change in 

neighbouring sea surface temperature can have an 

immediate impact (i.e., within months), whereas 

changes in the composition of the atmosphere through 

greenhouse gas emissions can take much longer (a few 

decades) to impact the regional climate. 

 

Prior analysis has also shown that there can be very 

complex patterns of trends through the year for a 

particular location.  Some analyses focus on trends in 

annual statistics (i.e., trends over a year).  This ignores 

the fact that many trends show as changes in 

seasonality (e.g., when the rainy season starts or stops) 

which may or may not also impact trends in annual 

aggregate statistics.  For this reason other analyses 

have used aggregated statistics on seasonal time scales 

(December – February, March – May, etc).   However, 

even such seasonal analyses have the potential to blur 

and hide potentially important trends in particular 

months. Thus, the results presented here are from a 

trend analysis that is done on individual calendar 

months through time (based on daily station data).  

The focus here is on total monthly rainfall and the 

number of days it rained during the month. 

 

Station selection for this analysis draws from a suite of 

524 rainfall observing stations across the Western 

Cape, with some extending from as early as 1850 

through to the end of 2012 which is the most recent 

update of data obtained from the South African 

Weather Service (SAWS).  Stations for the analysis 

were selected by finding all stations that had less than 

10% of values missing during the period 1960 through 

to the end of 2012 (i.e. if it had more that 10% missing 

values it was removed from the analysis).  This resulted 

in only 119 stations being used in the rainfall analysis 
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and even less for temperature.  As alluded to 

previously, a large concern within South Africa is the 

reduction in the number of weather stations 

distributed across the country or the continuity of data 

records (also see box labelled Where did all the 

weather stations go?). The two primary issues related 

to this is that it restricts our understanding of how 

climate may be changing at local scales (i.e., regions 

within a province) and secondly, limits our 

understanding of what changes may have taken place 

over recent times. 

 

3.2.3 Results 

The results here are presented as monthly maps of 

station trends.  For each month, only those stations 

that exhibit a statistically significant trend at the 90th 

percent level are displayed.  Because trends are 

calculated for individual months through time this 

means that different months will produce a different 

set of stations with statistically significant trends.  

Therefore the stations plotted on the maps for each 

month can differ from other months. The stations are 

represented as filled circles where the size of the circle 

indicates the degree to which it is statistically 

significant.  Therefore a bigger circle is more 

statistically significant than a smaller circle (i.e. the less 

chance the finding is wrong).  Rainfall and temperature 

trends are currently presented as percentage change 

over 10 years (i.e. per decade).  Percentage change is 

problematic because it can identify very strong trends 

in very dry months (e.g., summer months in Cape 

Town) which are seldom really important.  Absolute 

trends likewise are problematic as they will almost 

always show strong trends in very wet months but the 

magnitudes of the trends may not be significant in 

comparison to the underlying climatology.  It is 

therefore important to examine the trends with due 

consideration of the underlying climatology. 

 

Signal versus Noise  

It is evident that temperatures have increased across the world in recent decades, but this signal is often 

obscured by natural climate variability.  It is the combination of this “signal” in temperature change and the 

“noise” of natural climate variability which is currently experienced by society as climate change. In regions 

where there is a lot of climate variability (i.e. lots of noise) it is extremely difficult to detect the signal, which 

is often the case when focusing on shorter time scales (e.g. on a decadal time scale).  It should also be noted 

that there is often more variability/noise in other climate variables, such as rainfall, when compared to 

temperature.  

 

The IPCC AR5 defines the period where the “signal” is of a significant magnitude relative to this “noise” as the 

“time of emergence”.  It is often measured or described as the climate change signal versus the amplitude of 

local variability (termed signal-to-noise ratio). What this is trying to establish is when climate scientists can be 

confident that a significant change in climate has taken place.  In some regions, such as the tropics, the 

climate change signal in temperature has already emerged. This is due to the tropics being characterized by 

little variability compared to other regions.  In contrast, the climate change signal for rainfall over South 

Africa, along with many other regions, is yet to emerge.  The climate change signal for temperature in South 

Africa, along with most of the world, has already emerged. 

 

Why is it important to understand when the climate change signal will clearly emerge against the backdrop of 

variability? Remember that society, economies and ecosystems are likely to have adapted to various levels of 

local climate variability. Thus, when climate goes beyond the levels of current variability, it is possible that the 

effects or impacts will be more damaging. 
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Where did all the Weather Stations go? 

Critical to research about climate and how it may change is a good observation network of weather stations 

around South Africa.  These records are required in all aspects of climate science.  For instance observed 

weather records are used for analysis of climate variability and trends but also to provide ground-truthing in 

the development of climate models and station scale projections of future climate. 

 

Current local research is restricted by the poor coverage of observing stations in South Africa.  In particular, 

there are very few good long term rainfall records in the high mountains which are our water catchment 

areas and thus, we have little understanding of the climate dynamics in these locations.  Even in the low lying 

areas which are dominated by various forms of agriculture, we often do not have good observations over a 

long period (30+ years) which are required to perform robust analyses of climate variability and trends.  This 

is not a problem limited to just South Africa, but is found in many other countries around the world.  

 

 

Figure 3.2 | Location of weather station spread across the country. The length of record varies between the 

stations, with some dating back as far as 1850 until present and others only containing a few years of data. 

Other sources of information, such as rainfall estimates from satellites, has attempted to fill the void for 

station sparse regions.  However, the full utilization of satellite-based rainfall datasets is hindered by the 

uncertainty and reliability associated with the rainfall estimates.  It needs to be remembered that although 

stations do not extend over the same range as satellite-derived rainfall products, they have the advantage of 

recording the rainfall that actually reaches the surface.  Ultimately, satellite-derived rainfall data should not 

be seen as a replacement for rain-gauge data in South Africa, but rather as an additional source of 

information. 

 

A prominent concern within South Africa is the continuing reduction in the number of weather stations 

distributed across the country or the continuity of data records. The reduction in the number of observing 

stations can be attributed to numerous factors, ranging from financial constraints through to neglect and 

poor maintenance. This is restricting our understanding of how climate may be changing at local scales (i.e. 

regions within a province) and secondly, limits our understanding of what changes may have taken place over 

recent times.  For this reason, it is important to highlight the pressing need for the installation (and adequate 

maintenance) of more weather observing stations across South Africa in order to support the critical need for 

research into South African climate futures. It is likely that issue will only be addressed once more of a 

collaborated effort amongst the South African Weather Service, various research institutes (e.g. Universities, 

Agricultural Research Council, etc.) and private collectors / weather enthusiasts is put in place.  
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Figure 3.3 shows the monthly trends for stations 

distributed throughout the Western Cape.  One 

obvious feature is the lack of stations that contain a 

statistically significant trend (see Figure 3.2 for all the 

stations available), which does limit an analysis.  

Possibly the most visible statistical trend is found along 

the southern Cape.  Many stations in the region appear 

to have seen a reduction in monthly rainfall during the 

months of March and September.  Considering that the 

region receives rainfall nearly all year round, these 

changes could be important for the region, particularly 

agriculture activities.  The reduced monthly totals in 

the region appear to be linked to a decrease in the 

number of rain days during the particular month 

(Figure 3.4). The decrease in the number of rain days is 

not limited to just March and September, but can be 

seen in many other months. This suggests that some 

change in the synoptics (e.g., regional wind patterns) 

may have taken place, resulting in this gradual 

decrease in monthly rainfall. 

 

There is some evidence to suggest that some regions 

within the province, such as locations along the north-

eastern and eastern border, may have received an 

increase in summer rainfall (e.g., December and 

February) over the last few decades.  These stations fall 

along the fringe summer rainfall region and thus do not 

necessarily receive that much summer rainfall.  If the 

analysis is extended to a wider region (not shown) it is 

evident that these positive trends extend all the way 

into the interior of the country. This suggests that 

possible changes in the location or frequency of one of 

the main rainfall producing systems, known as tropical 

extra-tropical cloud bands, may have taken place over 

the last few decades. The mean positioning of these 

cloud bands during summer can vary depending on 

large-scale drivers, such as sea surface temperatures 

anomalies in the Pacific Ocean.  Thus, any future 

analysis should include looking at trends in circulation 

patterns or large-scale climate drivers that may be 

behind the increase in summer rainfall over the interior 

and in parts of the Western Cape. 

 

Temperature patterns show more consistent changes 

compared to rainfall, with nearly all locations across 

South Africa indicating an increase in maximum 

temperature since 1960 (Figure 3.5).  Focus is placed 

on the whole of South Africa here and not just the 

Western Cape to highlight the spatial scale of warming.  

One noticeable feature is the lack of stations with long 

/ complete temperature records across the country, 

including the Western Cape (e.g. see Figure 3.2 versus 

Figure 3.5).   

 

Most stations also reveal an increase in minimum 

temperature across the country (apart from a few in 

the interior) since 1960 (Figure 3.6).  The reasons 

behind the decrease in minimum temperature at these 

locations in not completely understood and are part of 

an on-going investigation (e.g. MacKeller et al. 2014). 

 

Overall, the positive trend seen in temperature records 

over the past 50 years, both in maximum and minimum 

values, in South Africa is consistent with that found 

elsewhere around the world.  

3.3  TRENDS SUMMARY 
 

Historical climate records allow us to build up a picture 

of what the climate was like in the past and what it 

could potentially be like in the near future. A trend 

analysis is used to establish if a change has taken place 

and to put a value and associated confidence levels to 

it. However, in South Africa this process is not as 

simple as it appears because of regional climate 

variability, particularly in rainfall patterns, and the 

relative lack of adequate records of climate data.  

Across the Western Cape, there is evidence to suggest 

that the region has gone through changes in both 

rainfall and temperature, with the latter being more 

obvious.  However, only a few of the stations show 

trends in rainfall totals that are statistically significant, 

which means one cannot say with certainty or 

extremely high confidence that rainfall amounts are 

changing across the province.  This does not mean 
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climate change has not had an impact, but rather that 

rainfall changes that have occurred are just not 

statistically identifiable.  Trends in derived statistics, 

such as the number of monthly rain days, appear to be 

more statistically significant than first order total 

monthly rainfall statistics (i.e. total monthly rainfall).  

Analysis of trends in extremes (e.g., heavy rainfall 

events) is not directly addressed here due to the 

different methodology required.  However previous 

work has suggested that on long time scale there is 

evidence of increases in intensity of rainfall events 

across South Africa. 

On a more local scale, there is some evidence to 

suggest that in some regions within the province there 

is some consistency in rainfall changes.  One of the 

most noticeable trends seen in the Western Cape is the 

downward trend in monthly rainfall at the end of 

summer and start of spring along the southern Cape.  

The fact that it takes before and after the main rainfall 

season in the Western Cape suggests that some 

feature/s in atmospheric dynamics may have changed. 

The cause/s behind this is not well understood and 

warrants further investigation.   

 

 

- - - - - 
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Figure 3.3 | Statistically significant (90% - 99% levels) monthly total rainfall trends for stations across the Western Cape expressed as percentage change 
per decade. The colour of the circle indicates a positive (blue) or negative (red) rainfall trend with a colour range centred on white for zero trends.  Note 
that only stations that are statistically significant for that month are plotted. 
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Figure 3.4 | Statistically significant (90% - 99%) monthly wet day trends for stations across the Western Cape expressed as percentage change per 
decade. Red circles show a decrease in wet days, while blue circles show an increase. Only station that are statistically significant are plotted. 
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Figure 3.5 | Statistically significant changes in maximum temperature across South Africa expressed as percentage change per decade. Red circles show 
an increase in maximum temperature, while blue circles show a decrease. Only station that are statistically significant are plotted. 
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Figure 3.6 | Statistically significant changes in minimum temperature across South Africa expressed as percentage change per decade. Red circles show 

an increase in minimum temperature, while blue circles show a decrease. Only station that are statistically significant are plotted. 
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4. HISTORICAL CLIMATE EVENTS IN THE PROVINCE 
 

4.1  CASE STUDIES OF HISTORICAL 

EVENTS 
 
In this section, four different historic climatic events in 

the Western Cape, dating back from 1980 to 2005, are 

highlighted. The Western Cape is often affected by 

natural disasters triggered by climatic conditions.  

These include events such as heat waves - sometimes 

leading to fires, cut-off lows often resulting in flash 

floods, and droughts which affected the population 

and the environment. The four case studies below 

illustrate some of these natural disasters which caused 

major impacts on the society and the ecology of 

Western Cape. 

 

4.1.1 Case study 1: Flash floods in Laingsburg 

January 1981 

In January 1981, one of the most memorable floods 

occurred in Laingsburg, a modern Karoo town, situated 

280 km away from Cape Town in the Western Cape. 

The stations recorded a total amount of 425mm of 

rainfall on the 24th and 25th of January (Note the 

average January rainfall at Robertson – the close 

station on CIP – is 12.47mm) (Caelum, 1988: 89). 

The flooding was triggered by a cut-off low. As the cut-

off low remained in position for an unusually long time, 

it resulted in prolonged localised rainfall which rapidly 

turned into a dangerous flash flood. Cut off lows have 

often caused devastating floods in the Western Cape 

Province but due to a lack of proper disaster 

management, Laingsburg was highly affected. The 

flooding destroyed Laingsburg, killing 104 people, and 

damaging 185 houses and infrastructure (Caelum, 

1988: 89).  

 

One of the main contributing factors of this disastrous 

flooding was that the Buffalo River burst its banks. The 

soil could not retain the water and most of it drained 

into the river. This river flows North-South through the 

town and as it burst its banks, a high wall of water 

swept through the town, carrying away some 

inhabitants of Laingsburg, a bridge and debris. 

 

This cut-off low did not only affect Laingsburg, 

inhabitants of Robertson, Montagu and Ladismith also 

suffered from this flooding (Caelum, 1988: 89). 

 

 
 

Figure 4.1 | Photos of the natural disaster in Laingsburg.  
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4.1.2 Case study 2: Heat waves in Cape Town, 

December 1999  

In December 1999, temperatures kept rising in Cape 

Town. According to CIP, the average maximum 

temperature recorded was 28.53°C in December 1999. 

Sea surface temperatures also rose to record levels in 

the northern part of Cape Town and were the highest 

recorded temperatures in 40 years (Jury, 2001).  

 

The heat was an outcome of a ‘blocking high’. Upper 

air blocking highs and shallow coastal surface troughed 

over the Western Cape as a high ridged along the east 

coast, resulting in easterly offshore flow and associated 

adiabatic warming beneath the western escarpment 

(Jury, 2001). 

 

Heat waves are very common in the Western Cape and 

can cause huge impacts on the population and the 

environment. In December 1999, it affected the health 

of people, disturbed the terrestrial and marine ecology. 

It also posed a threat to the Koeberg power station 

which almost closed (Jury, 2001). In January 2000 

several run-away fires occurred in Cape Town as a 

consequence of the hot dry December conditions 

 

 
 

Figure 4.2 | Graph of total monthly rainfall of Robertson from 1979 to 1981 (source: CIP) 

 

 
 

Figure 4.3 | Graph of maximum average temperature in Cape Town from 1996 to 2000 (source: CIP) 
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before the 25th December 1999 (Jury, 2001).  

4.1.3 Case study 3: Drought in the Western 

Cape, 2003  

Another historic climatic event was the severe drought 

of 2003. This dry spell affected several parts of the 

Western Cape, mostly the wheat production areas. The 

decrease in rainfall and soil moisture in the Western 

Cape resulted in a decrease in the yield of wheat and 

barley.  As the satellite pictures show, the vegetation 

health deteriorated from 21st July 2002 to 21st July 

2003. Some regions, mostly between Cape Columbine 

and the southern part of Cape of Good Hope 

experienced dramatic changes. 

 

4.1.4 Case study 4: Floods in southern Cape, 

March 2003  

In March 2003 there was a devastating flash flood in 

the southern Cape.  The past records show that about 

300 mm of precipitation were recorded during a 24 

hour period over western South Africa (Singleton and 

Reason 2006).  This flash flooding was the outcome of 

extreme rainfall, over a 10-day period (21-31 March 

2003) as a result of a cut-off low (Singleton and 

Reason, 2006).  

 

The south coast of the Western Cape and the 

surrounding regions recorded about 100-200 mm of 

rainfall, which is more than 200% of the climatic mean 

for an entire month (Singleton and Reason, 2006). The 

highest amount of precipitation was recorded from 

23rd to 25th of March at Heidelberg station, which 

recorded 101 mm in 24 hours (Singleton and Reason, 

2006). At that same time, a cloud band bringing heavy 

rainfall stretched inland from Heidelberg. It caused 

some major impacts in Montagu. The Montagu rain 

gauge recorded 178mm of rain in 24 hours and 

persistent rainfall resulted in the banks of the local 

river bursting (Singleton and Reason, 2006). 

 

The 24 hour rainfall on the 23rd and 24th of March was 

also recorded at several coastal weather stations.  The 

extreme rainfall caused major damage to property, loss 

of livestock and injured many inhabitants on the coast. 

 

 
Figure 4.4 | Satellite image showing vegetation cover changes in the western parts of the Western Cape in 

2002 (left) and 2003 (right) (source: MODIS rapid respond unit) 

http://eoimages.gsfc.nasa.gov/images/imagerecords/11000/11912/SouthAfrica_drought_lrg.j
http://eoimages.gsfc.nasa.gov/images/imagerecords/11000/11912/SouthAfrica_drought_lrg.j
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Figure 4.5 | This map depicts all the different regions which received rainfall, ranging from 0-500mm on that 

10 day period of March 2003 (source: Singleton and Reason, 2006). 

 

 
 

Figure 4.6 | Meteosat infrared image at 10:00 24 March 2003 (Source: Singleton and Reason, 2006) 
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5. CLIMATE PROJECTIONS FOR THE PROVINCE 
 

5.1  BACKGROUND  

 

In 2013, the IPCC released its latest report on climate 

change based on the current research from the 

scientific community (IPCC, 2013).  Results indicate 

that continued emission of greenhouse gases will more 

than likely cause further global warming. The level of 

warming appears to be very much dependent on the 

choice of emission scenario (see box on the IPCC, 

CMIP5, and Emissions Pathways), particularly in the 

second half of the 21st century.  Model results suggest 

that mean global surface temperature at the end of the 

21st century will more likely than not be warmer by 

2°C and will continue to rise in all scenarios, except not 

in RCP2.6. Interannual and decadal variability will also 

continue to be evident in temperature patterns.  

Extreme warm events, like heat waves, will likely 

continue to increase in both frequency and duration in 

to the future.  Near-term climate and climate on the 

regional scale will still be highly influenced by natural 

variability.  Model simulations suggest that mean 

global surface temperature will rise by 0.3° to 0.7° C for 

the period 2016-2035 compared to the 1986 – 2005 

period.  Obviously this is dependent on numerous 

factors, such as no major volcano eruptions or major 

changes in total solar radiance. 

 

Changes in rainfall patterns are projected to not be 

uniform across the globe. Results suggest that 

contrasts between wet and dry regions or wet and dry 

seasons will likely increase.  For example, in many mid-

latitude and subtropical dry regions the mean rainfall 

will likely decrease, while in mid-latitude wet regions, 

the rainfall will likely increase under the RCP 8.5 

scenario.  Again, this is not consistent across all regions 

and across all scenarios.  Rainfall characteristics, such 

as frequency, intensity and duration of events, are 

slightly more difficult to evaluate from the model 

output.  Extreme rainfall events in the wet tropical 

regions and mid-latitude land masses will likely 

become more frequent and intense towards the end of 

the century (see box discussing the Difficulty in 

simulating future climate extremes). 

5.2  RESULTS  
 

Projections of climate change are presented below for 

both precipitation and temperature variables.  The RCP 

8.5 scenario from the CMIP5 models has been chosen 

for presentation here.  This is a high emission scenario 

(see box on the IPCC, CMIP5, and Emissions 

Pathways).  No likelihood can be ascribed to this 

outcome but the RCP 8.5 scenario is a good fit to 

current emissions trajectories. 

 

Results are presented from both the coarser GCMs and 

from the finer resolution downscaled modelling.  

Remember that further uncertainties are introduced 

into the projections during the downscaling process, so 

the GCM projections are presented here for 

completeness.  Note that individual GCM grids are 

shown in the figures. Each panel within the figure 

represents CMIP5 model projections from different 

modelling centres around the world. Therefore, the 

“mean” map should not be construed as the “correct” 

projection but simply a map which shows areas of 

consensus across the models. 

 

5.2.1 Temperature 

Temperature is, relatively, an easier variable to model 

than rainfall.  There is more consensus in the 

temperature projections across models in that all the 

models project an increase in temperatures for the 

future.  Where the models vary is on the size 

(commonly referred to as the magnitude) of the 

increase. 
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Maps of temperature have been presented here for 

the summer months of December, January and 

February.  These months were chosen for presentation 

because an increase in temperature is likely to have 

the greatest impact during the summer months. 

 

5.2.1.1 Maximum temperatures 

The majority of the models project increases in 

summer maximum temperatures of between 1.5° and 

2.25°C, however one model projects changes in 

maximum temperature of up to 3°C.  Projections for 

the southern Cape show a smaller increase than 

projections of the northern and inland areas of the 

Western Cape.  It should be noted that the climate of 

coastal regions are influenced by the local sea surface 

conditions.  In this case, it is likely that sea surface 

temperatures and prevailing winds keep the southern 

Cape slightly cooler than that found inland (somehwat 

similar to present climate conditions).  

5.2.1.2 Minimum temperatures 

The majority of the models project increases in 

summer minimum temperatures of between 1° and 

2°C, however one model again projects changes in 

minimum temperature of up to 3°C.  Projections for 

the southwest and southern Cape show a smaller 

increase than the inland areas. Again, this is likely due 

to the influence of the neighbouring ocean. 

 

 

- - - - - 

 

Difficulty in Simulating Future Climate Extremes 

Weather/climate extremes are generally defined as the occurrence of an event that has a climate variable or 

variables that is above or below a threshold value that is either at the upper or lower ends of the observed 

range.  In some cases, climate extremes may be the combination of weather patterns or events that on an 

individual scale are not an extreme, but the accumulation of them makes it extreme (e.g., consecutive dry 

days leading to a drought).  It also needs to be remembered that floods and other hazards are often a result 

of a number of different non climate variables alongside the climate variable (e.g., topography, population 

density, vegetation etc.), therefore it would be difficult and irresponsible to assign risk probabilities to 

changes in these events from purely an assessment of the climate variables.  

 

Climate extremes (or extreme events), particularly rainfall events, are harder to simulate than changes in the 

mean climate, largely because GCMs are low resolution parameterised versions of the real climate and thus, 

may fail to capture important mechanisms such as intense and localised convective rainfall.  Whilst some 

downscaling relates the large scale atmospheric GCM fields to observed rainfall and temperature, and is 

therefore good at projecting realistic climate on average, it still relies on the GCM simulations to model the 

change in atmospheric dynamics.   

 

Some statistical downscaling techniques used can only simulate daily rainfall values seen in the historical 

record.  This means that it may underestimate increases in rainfall due to increases in intensity, especially at 

the extreme tail of the distribution.  Given that increases in intensity are possible in a hotter climate with 

more moisture for rainfall, this is a shortcoming of some of the statistical downscaling methodologies.  Using 

Regional Climate Models (RCMs), which are not restricted by such limits, is currently a limited option as there 

are few RCM simulations for multiple GCMs available for the region (in order to construct envelopes of 

change and assess the probability/risk of particular changes).   
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Figure 5.1 | GCM projections of DJF (summer) Maximum temperatures, RCP8.5, 2040-2060. 
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Figure 5.2 | Downscaled projections DJF (summer) Maximum temperatures, RCP8.5, 2040 – 2060. 
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Figure 5.3 | GCM projections of DJF (summer) minimum temperatures, RCP8.5, 2040-2060. 
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Figure 5.4 | Downscaled projections DJF (summer) minimum temperatures, RCP8.5, 2040 – 2060. 
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5.2.2 Rainfall 

 

5.2.2.1 Winter Rainfall 

Maps of rainfall are first presented for the winter 

months of June, July and August.  The south-western 

Cape is a winter rainfall region so changes to rainfall in 

the winter months may have impacts for the region, 

particularly in terms of storage of water for the dry 

summer months.  

 

As mentioned above, rainfall is a much harder variable 

to model than temperature.  As a consequence, the 

downscaled models do not show an agreement as to 

the sign of change across the Western Cape – 

particularly in the downscaled projections.  The GCM 

projections show fairly good agreement towards a 

decrease in total winter rainfall in the future period, 

while the ensemble mean of the downscaled 

projections shows that the mean across the 

downscaled models actually shows a wetting.  It needs 

to be remembered that GCMs are at a much lower 

resolution than downscaled products, which can 

explain some of the opposite messages.  For example, 

a GCM more than likely will not capture the strong 

topography (i.e., mountains) found in the region, which 

have a huge influence on local rain patterns. 

 

It is also useful to look at the projections of change in 

intense rainfall (rainfall of greater than or equal to 

10mm/day).  This will provide an indication of whether 

rainfall is projected to become more concentrated on 

fewer days of the season.  A concern is that although 

total rainfall may not change, there still may be 

changes in the characteristcs (e.g., rainfall intensity) 

which will have an influence on various sectors, such as 

in agriculture. 

 

Again there is very little agreement across the models 

so very little inferrence can be made as to the 

projected change in winter rainfall for the Western 

Cape.  This kind of information is hard for decision 

makers to receive and interpret for decisions.  In this 

situation,a robust decision-making approach might be 

used (see box on Robust Decision Making) whereby 

decisions are made within the whole range of possible 

future projections. Alternatively, depending on ones 

risk tolerance, one might make a decision that covers 

some, but not all, of the projections space.  This would 

need to be done through a cost-benefit analysis.  

Ideally any adaptation measure would be flexible to 

change thereby allowing for modification in the future, 

should it be required. 

 

Robust Decision-Making 

One theoretical approach to the use of multi-model projection envelopes, as provided in this report, is to 

consider the decision making process as the starting point.  If we consider each identified vulnerability as 

describing the context of an adaptation decision then it is possible to explore that decision given a projected 

range of future climate states.  For example, if a vulnerability to reduced water supply has been identified 

then that would predicate a number of possible adaptation measures such as building a dam or reducing 

water usage.  Within each of those possible measures there is a decision point or threshold where the 

decision to invest in an adaption measure would be taken.  If such a threshold can be described, either 

quantitatively or even just qualitatively, then the position of the threshold within the range of projected 

changes can be identified. 

 

Clearly, if the decision point doesn’t fall within the range of projections then there is little justification for a 

particular adaptation measure.  However, if the decision point falls well within the projected envelope of 

changes then that measure should be considered.  For marginal cases the decision is less clear and further 

exploration and risk analysis would need to be done to inform the decision. 



CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

32 
 

 

 

 

 

 

 

 
Figure 5.5 | GCM projections of JJA (winter) total average rainfall change, RCP8.5, 2040-2060.  
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Figure 5.6 | Downscaled projections JJA (winter) total average rainfall change, RCP8.5, 2040 – 2060.  
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Figure 5.7 | GCM projections of JJA (winter) change in rainfall days equal to or greater than 10mm, RCP8.5, 

2040-2060. 
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Figure 5.8 | Downscaled projections JJA (winter) change in rainfall days equal to or greater than 10mm, 

RCP8.5, 2040 – 2060. 
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5.2.2.2 Summer Rainfall 

Inland areas of the Western Cape and the southern 

parts experience some rainfall during the summer 

months.  Therefore, projections of summer rainfall are 

presented here.  Again there appears to be little 

consensus across the models about the direction of 

change of rainfall.  Most of the downscaled projections 

show an increase in summer rainfall whereas the GCM 

projections appear to be showing a decrease in 

summer rainfall. When we look to the change in rain 

days equal to or greater than 10mm/day we see that 

the GCMs show very little change and the ensemble 

mean of the downscaled models also shows no clear 

direction of change. 

 
Figure 5.9 | GCM projections of DJF (summer) total average rainfall change, RCP8.5, 2040-2060. 
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Figure 5.10 | Downscaled projections DJF (summer) total average rainfall change, RCP8.5, 2040 – 2060. 

 



CLIMATE SCIENCE INPUT INTO MUNICIPAL CLIMATE ADAPTATION PLANS   

38 
 

 

 

 

 

 
Figure 5.11 | GCM projections of DJF (summer) change in rainfall days equal to or greater than 10mm, 

RCP8.5, 2040-2060. 
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Figure 5.12 | Downscaled projections DJF (summer) change in rainfall days equal to or greater than 10mm, 

RCP8.5, 2040 – 2060 
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5.3 . FUTURE CLIMATE SUMMARY  
 

Regional messages of climate change are needed by 

users of climate information.  Global Climate Models 

(GCMs) are too coarse to provide this information and 

therefore downscaling methods are needed to provide 

the climate change information at a scale needed to 

make decisions. Downscaling can be separated into 

two main classes; dynamical downscaling using 

Regional Climate Models and statistical/empirical 

downscaling which represent a range of different 

techniques.  Both classes of downscaling have their 

own strengths and weaknesses.  In this chapter we 

present only results from statistical downscaling, but 

have also shown output from the GCMs.  

 

A clear message of warming over the Western Cape is 

seen in the raw GCM output as well as the downscaling 

method.  Warming is projected to be most intense over 

the drier parts of the interior, while less intense along 

the coast.  Disagreement in the exact spatial 

distribution and magnitude of warming is evident 

between GCMs and between the different downscaling 

products. This is somewhat expected given the lower 

resolution of the GCMs. 

 

Projected changes in precipitation into the future are 

less confident than for temperature.  GCMs disagree 

on the sign of change over the region with some 

projecting wetting while others projecting strong 

drying.  The range projected by the downscaling 

method is narrower than that of the driving GCMs.  

However, there is still strong disagreement in the sign 

of change and placement of areas of wetting or drying. 

The ensemble mean change also disagrees between 

the two downscaling methods which widens the 

spread of projected changes. 

 

What this chapter has highlighted is the dangers of 

using a single GCM or a single downscaled product. The 

alternative, using multiple downscaling methods driven 

by a range of GCMs and emission scenarios, is far more 

complicated and time consuming.  The messages 

coming out of each data source can also be 

contradictory, as in this case, but this disagreement is 

still a valid message and needs to be communicated to 

the users of climate information.  The next phase for 

the climate science community is to better understand 

how to incorporate all these difference sources of data, 

the different messages they entail and how best to 

communicate the output in the form of robust 

messages. 

 

- - - - - - 
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