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INTRODUCTION

Capturing all the physical changes in the climate system
in the form of mathematical equations is complex and
solving these equations across thousands of grid cells,
minute by minute, takes significant computing power,
and can still only approximate the complexity of what
happens in the real atmosphere and ocean, particularly
as not all of these systems are fully understood yet (e.g.
how sea-ice forms and melts).

The media is full of alarming reports of climate events and
apocalyptic projections for what will happen if we don’t
address climate change swiftly enough. What is often
harder for development practitioners to determine is
exactly which facts the science firmly backs up, what this
will mean for the areas they work in, and what changes
local communities can realistically expect to experience
and should plan for. This publication will outline some of
the basics of how climate modelling works and what is
projected for South Africa, including examining some of
the inherent uncertainties in this modelling process.

Many processes that are important in the atmosphere,
ocean, and land surface, occur at scales far too small
to directly simulate in a model – rainfall depends on
water vapor condensing onto tiny condensation nuclei
at microscopic scales, plants transpire and return
moisture to the atmosphere through their leaves, and
it is impossible to directly simulate condensation, or
moisture transpiring through each leaf. Rather, these
elements are captured as simplified representations or
“parameterisations” in climate models, and represent
a significant level of uncertainty to climate projections,
leading to differences between climate models. As an
added layer of complexity, we still don’t fully understand
how the impacts of the small-scale physics add up
and interact in complex ways to result in large-scale
phenomena, making these “emergent” qualities of the
climate system more complex to model and predict[1].

CLIMATE MODELLING
Scientists try to model what our future climate will look
like by converting theories of atmospheric physics,
solar radiation, phase state physics, etc., into sets
of mathematical formulas that can be solved by a
computer. Climate models divide the atmosphere and
ocean up into many thousands of discrete areas called
grid cells, and these sets of equations are solved for
each cell, estimating how the atmosphere changes
minute by minute.

Illustration of a GCM, RCM, physical processes in a model. (Source: Ambriszzi, T; Reboita, MS; da Rocha, RP; Llopart, M. July 2018)

Cover Photo: Dry Landscape, Heifer Project South Africa (HPSA)
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For example, the El Niño/La Niña Southern Oscillation
(ENSO), which occurs due to the interaction of
fluctuating tropical Pacific Ocean temperatures coupled
with changes in the atmosphere, has a major impact on
Southern Africa’s cyclical weather patterns.

represent different possible scenarios of greenhouse
gas concentrations moving into the future.
As there are many climate models available, each
with their own inherent strengths and weaknesses, it
is important to always consider the outputs of a range
of models to understand what the future climate might
be in a particular area. The differences between these
models can be significant and frustrating when looking
at projections for a local area to try to understand, for
example, exactly how much rainfall we can expect to
receive in the future. However, working with and planning
with uncertainty is critical to avoid maladaptation.

Climate models are routinely tested against observed
records from our present era, to see how accurately
they can simulate our current climate, and in particular,
how well they can simulate observed climate changes
such as global warming when they are provided with
observed green-house gas (GHG) emissions. While all
modern climate models realistically reproduce observed
global warming, they vary in their ability to represent
other more local scale changes, such as shifts in rainfall
in particular regions. It is challenging, and an ongoing
area of research, to evaluate model realism, particularly
where we have poor or limited records of past climate.

The latest developments in climate science, including
the results of global climate modelling, are collated by
the Intergovernmental Panel on Climate Change (IPCC)
in its periodic assessments. The IPCC’s Fifth Assessment
Report[2] included results where dozens of modelling
groups around the world ran climate models using
the same set of inputs and scenarios to create a more
accurate picture of future climate projections. The 6th
Assessment Report (AR6) WG1 (fundamental science)[3]
was released in September 2021, while the WGII report
will be released in late February 2022.

CLIMATE PROJECTIONS
A key component in modelling our future climate is
understanding factors that affect the amount of the sun’s
energy that is absorbed by the atmosphere and ocean,
which is affected by changes in the quantities of various
greenhouse gasses such as carbon dioxide, methane
and nitrous oxides that we anticipate accumulating
in the atmosphere in the future. These levels of GHG
concentrations in the atmosphere will be dependent
on which development paths countries choose and
how much we do to reduce our climate emissions
going forward. Climate models are therefore typically
run based on different “emissions scenarios” which

DOWNSCALING TO UNDERSTAND
LOCAL IMPACT
The information generated by global climate models
is often not at a fine enough level of spatial detail for
us to plan for climate impacts at the local level and
we therefore need ways to downscale this information
for a particular region. Local climate is a result of the
combined effects of large-scale climate combined with
local factors such as landscape (such as mountains), land
cover (such as forest versus grassland) and interactions
with large bodies of water (such as the oceans).
There are two main types of downscaling that climate
scientists use – dynamical, and statistical. Dynamical
downscaling involves the use of regional climate
models which are essential the same as global climate
models, but only simulate a small area. This means
that with the same computing power they can simulate
finer spatial scales. Dynamical downscaling still requires
large amounts of computing power, and is technically
very complex. Statistical downscaling uses the statistical
relationship between historically observed climate data
and the output of climate models for the same period
to calibrate course scale climate model output to local

Global update: Projected warming from Paris pledges drops to 2.4
degrees after US Summit: analysis, 2021 05 04.
(Source: climateactiontracker.org)
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conditions. This enables climate scientists to estimate
what the future climate will look like for a local region.
This methodology relies on the availability of accurate
local weather data for calibration and assumes that local
weather dynamics will not shift outside of what has been
observed. There are many approaches to statistical
downscaling with different methods having different
strengths and appropriate applications.

change in our region. These projected changes are
dependent on assumptions about future concentrations
of greenhouse gases in the atmosphere, which are in
turn dependent on global behaviour and policy choices.
Coordinated experiments, most notably the Couple
Model Intercomparison Project (CMIP) provides an
important framework for climate modelers around
the world to contribute experiments that follow very
strict protocols. CMIP coordinates a suite of emissions
scenarios capturing different possible future emissions
pathways, and climate modelers run their models using
these different emissions scenarios. Regional climate
projections are therefore simulated for a range of
emission scenarios or storylines, representing a range of
possible futures ranging from low levels of greenhouse
gas concentrations following ambitious global emission
reductions, to moderate emission scenarios or worstcase scenarios where global GHG emissions double by
mid-century.

SEASONAL FORECASTING
Seasonal weather forecasting is the use of climate
modelling to predict what the seasonal weather statistics
for the coming few months is likely to look like in a
region, and is particularly important in Southern African
due to the highly variable nature of rainfall in this region.
These forecasts are often not particularly accurate in
many areas of South Africa, as not all of the regional
and local processes influencing the climate are well
understood and/or represented in the model and
weather is inherently chaotic on shorter time scales.

OBSERVED CLIMATE CHANGES

Using weather and climate information systems is
nevertheless an important adaptation strategy to help
farmers to improve their resilience to climate change,
as this information can help to inform farmers’ strategic
decisions about when to plant crops, which crops to
plant and how to allocate their resources such as labour,
land and agricultural inputs[4].

South African climate ranges from arid in the north-west,
through Mediterranean in the south-west, all the way to
sub-tropical in the coastal north-east. The climate in
different regions is influenced by various factors such as
its latitude, proximity to the Indian and Atlantic oceans,
and topography, which result in a number of distinct
climatic zones and natural patterns of climate variability.

In South Africa these forecasts are produced by the
South African Weather Service and are published
as their “Seasonal Climate Watch”[5] publication for
5-month periods. Other forecasts are available within
South Africa and internationally. A key element of a
seasonal forecast is the skill assessment which estimates
how likely a forecast is to be accurate. Skill varies from
place to place and from month to month. It is critical to
assess the skill of a forecast before using it in practice.

Southern Africa has already seen a significant warming
trend in the past century at a rate of around 0.4°C per
decade and there’s evidence that some parts of African
continent, in particular the central western areas of
Southern Africa are warming at around 1.5 times the
global average.

CLIMATE CHANGE PROJECTIONS
FOR SOUTH AFRICA
When looking ahead to what changes in climate we can
anticipate experiencing in South Africa, it’s useful to
begin with looking at the country’s existing climate and
what changes have already been observed. We can then
use information from global climate models, possibly
downscaled with dynamical or statistical downscaling,
to understand how the climate is likely to continue to

[4]
[5]

Projected climate change in Southern Africa in (A) temperature
and (B) precipitation for 2050.
(Source: Taylor, WA; Lindsey, PA; Davies-Mostert, HT.)

Diouf et al, 2020
https://www.weathersa.co.za/home/seasonalclimate
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This area is characterised by significant rainfall variability,
and while there may not have been a change in overall
rainfall, decreases have been observed in late summer
rainfall in the western regions, and there has been an
increase in average rainfall intensity and the length of
the dry season in more arid regions.

of a risk of drier conditions to the west and south of
the country, and a possibility of wetter conditions over
eastern regions[8].
There are also indications that rainfall patterns may shift
on a seasonal basis, with central southern Africa likely to
be drier in the future during mid-summer while winter
rainfall in the Western Cape of South Africa is expected
to decline in future (Davis-Reddy & Vincent, 2017).

There is also some indication of decreases in rainfall and
the number of rainfall days over parts of South Africa
and an increase in rainfall variability since the late 1960s,
with droughts becoming more intense and frequent.

Climate models indicate that effective mitigation action
would reduce the likelihood of extreme wetting and
drying trends[9].

WARMING PROJECTIONS

EXTREME EVENTS

Climate models can predict future temperatures with
some confidence, and indicate that global temperatures
are likely to continue to increase at least until 2050, no
matter how fast we act to reduce emissions. Africa is
very likely to experience warming of between 1.5°C
and 2.5°C above pre-industrial (late 19th century)
temperatures by 2050 for all scenarios, and in high
emission scenarios warming is likely to be greater than
3°C[6].

The IPCC’s AR6 highlights that every additional 0.5°C
of global warming has a directly proportional impact
on other changes in the climate system, including
increases in the frequency and intensity of events such
as heatwaves, heavy precipitation, droughts and tropical
cyclones.
TEMPERATURE EXTREMES

Under high emission scenarios we can anticipate very
significant warming of as high as 5-8°C over South
Africa’s dry interior regions by the end of the century,
while coastal regions are likely to see slightly lower
increases as temperatures are generally moderated by
proximity to the oceans[7].

Increases in average temperature are very likely to
be accompanied by increases in the magnitude and
frequency of heatwaves for even 1.5°C of warming,
with negative implications for both human health and
agriculture[10].

Regional modelling suggests that should global
mitigation efforts be more effective, regional warming
could be more than halved to 2.5–3°C, significantly
reducing local impacts.

All warming scenarios show that we are likely to
experience more extremely hot days (days when the
temperature exceeds 35°C) and heatwaves resulting in
deadly heat stress in Southern Africa[11]. On the flip side,
global warming will likely see a decrease in cold spells
and the number of frost days.

RAINFALL PROJECTIONS

WILDFIRES

As with local short-term weather forecasts, longer-term
future rainfall is more difficult to predict with confidence.
Rainfall projections are more complex to calculate
at the local level as they are impacted by a range of
local features, and rainfall is subject to natural patterns
of variability over shorter timescales. Therefore, all
long-term rainfall projections come with high levels of
uncertainty.

Fires are a frequent risk in South Africa during the dry
seasons. The occurrence of wildfires is likely, due to
increases in temperatures combined with increasing
dry spells[12]. As the number of high fire danger days is
likely to increase in South Africa, this is likely to result
in more frequent and intense wildfires, and wildfires
affecting larger areas. Wildfires are also influenced
by changes in the fuel load resulting from changes in
vegetation growth rates. Increased CO2 can increase
some vegetation growth rates, but changes in available
moisture can also have effects. Finally, changes in wind
speed can strongly influences the spread of fires.

Under high emission scenarios, climate models indicate
the possibility of either drying or wetting trends in many
parts of South Africa (DEA, 2013). The Western Cape in
particular is expected to experience decreasing levels of
overall precipitation by 2050. There is a general pattern

[6]
[7-9]
[10]
[11]
[12]

IPCC, 2021
Department of Environmental Affairs, 2013
IPCC, 2021
Davis-Reddy & Vincent, 2017
Davis-Reddy & Vincent, 2017
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DROUGHTS AND WATER STRESS

All future climate scenarios indicate that South Africa
is likely to experience more frequent droughts in some
seasons, which would be significantly exacerbated under
high emission scenarios[13]. Increased temperatures are
associated with increased rates of evapotranspiration,
which will combine with changes in rainfall patterns to
impact significantly on water stress and the availability
of water resources in an already water-scarce country.
Areas of specific risk include the south-west, western,
and to some extent the central region and the extreme
north-east.
Livestock Drought (Source: Heifer Project South Africa)

The impact of climate change on El Niño conditions,
which are generally associated with drought in the
region, are poorly understood, but latest projections
suggest the associated El Niño Southern Oscillation will
continue unabated into the future.
HEAVY RAINFALL, FLOODING AND
TROPICAL CYCLONES

There is some evidence to suggest that heavy rainfall
events will increase resulting in a higher frequency of
flooding[14]. Areas at the highest risk of extreme rainfall
events include KwaZulu-Natal, parts of southern due to
changes in the landfall of tropical cyclones originating
in the Indian ocean, although the influence of climate
change on tropical cyclones in this region are still
poorly understood. While changes to small-scale
thunderstorms are not explicitly simulated by most
climate models, a warmer atmosphere can hold more
water vapour, making heavy rainfall events more likely.

Storm damage in Kokstad (Source: cogta.gov.za)

SEA LEVEL RISE AND COASTAL
STORM SURGES

Even if greenhouse gas emissions are stabilised, sea
level rise is likely to continue for centuries due to the
continuing impacts of global warming. Sea level rise will
likely result in the inundation of some low-lying coastal
areas and result in increased incidences of coastal
flooding[17]. One of the most visible impacts of sea level
rise will likely be during storm events such as the tropical
cyclones along South Africa’s northern East coast, which
will temporarily increase local sea levels and cause large
waves (storm surges) along the coast which can easily
overwhelm storm protection measures. An increase in
sea levels, combined with an increase in the frequency
and intensity of sea storms and increased wave heights,
is likely to increase the incidence of coastal storm

[13]
[14]
[15]
[16]

Department of Environmental Affairs, 2013
Department of Environmental Affairs, 2013
Davis-Reddy & Vincent, 2017
Davis-Reddy & Vincent, 2017

Sea level rise (Ourworld.unu.edu)

surges[18], impacting negatively on coastal infrastructure.
Sea level rise is also likely to have negative impacts
on tourism as it affects some of the country’s flagship
beaches and poses significant risks for local fisheries.
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This introductory series on the impact of climate
change on small-scale farmers is published
by the Innovative Partnerships for Change:
Raising New Climate Change Initiatives
and Champions project.
This project is being implemented by the
Association for Rural Advancement (AFRA),
Indigo Development and Change, the Institute of
Natural Resources (INR), the Farmer Support Group
(FSG) of the University KwaZulu-Natal and
Heifer Project South Africa (HPSA).
The Innovative Partnerships for Change Project
seeks to support small-scale farmers to effectively
adapt to climate change.
The overall objective of the project is to develop
a united and cohesive national civil society strategy
to address climate change impacts on the land tenure
and farming systems of small-scale farmers
in South Africa. A key element in achieving this
objective is to ensure that land and agriculture
sector Civil Society Organisations (CSOs) are
capacitated to understand the causes and
impacts of climate change.
This series of 12 publications is a resource
that seeks to develop and deepen
this understanding on the part of CSO’s.

This project is co-funded by the
European Union.
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