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1.

Introduction

With increased risks posed by global warming and climate change
to various climate sensitive sectors, many studies have already been
conducted on generating or analysing possible near to far term
future projections of likely changes in atmospheric variables. South
Africa, which is regarded to be specifically vulnerable to climate
change due to its geographical location in the dry sub-tropics and
socio-economic landscape, is no exception. On a policy basis, South
Africa has already made considerable progress through its
Department of Environmental Affairs (DEA) in developing a National
Climate Change Response White Paper (DEA, 2011), and is
advancing towards putting a National Adaptation Plan (NAP) on the
table.
These precautions depend on reliable projections of key impact meteorological
variables, like rainfall and temperature, in response to an increase in anthropogenic
Greenhouse Gas (GHG) concentrations. The only scientific resources that are
capable of generating such projections, are atmospheric models, which are
sophisticated computer programmes written to solve the equations of atmospheric
flow dynamics and physics. Fundamentally, projections are currently being
generated by different Global Climate Models (GCMs) hosted by different research
institutions, each with its own formulation of the atmospheric flow dynamics and
physics. Significant differences might therefore occur in projection results, which can
contribute to uncertainties in what the future might hold. However, when taking an
ensemble of such projections into consideration, one might either identify consistent
change patterns or larger variability in model outputs. Consistent change patterns
might provide more confidence in the likelihood of a projection to occur, while higher
variability in model output could lead to greater uncertainty.
Therefore, the larger the number of GCM generated projections, the better the
possibility of capturing cross-model output spread and the better the opportunity to
address uncertainties in future climate projections.
The purpose of the South African Weather Service (SAWS) Climate Change Reference
Atlas is therefore not only to provide a visual platform for viewing various climate
projections of rainfall and temperature, but also to add to the number of projections
that are already available in South Africa for comparison.

2.

Projection area

The area considered in the atlas extends from 14.96° to 34.40° East, and 35.64° to
20.24° South, which does not only include South Africa, Lesotho and Swaziland, but
also the southern parts of Namibia, Botswana, Zimbabwe and Mozambique. In
addition, South African province borders were also included to provide a spatial
provincial perspective to future climate change projections.
3

3.

Variables and time periods

Future projections of rainfall and near-surface temperature are presented for the two
30-year periods extending from 2036 to 2065 (near future) and 2066 to 2095 (far future).
Projected changes are expressed relative to the historical 30-year period of 1976 to
2005. Daily model simulated values of rainfall totals and temperature averages are
used to generate projections of annual change, as well as projections of 3-month
seasonal change. The seasons considered are December-January-February (DJF),
March-April-May (MAM), June-July-August (JJA) and September-October-November
(SON). For both variables, projections are expressed in terms of change of the median,
change of the 10% percentile (change in the lower spectrum of values) and change
of the 90% percentile (change in the higher spectrum of values). I addition, rainfall
total change are also expressed as percentage (%) change relative to the historical
period.

4.

GHG concentration pathways

Four Representative Concentration Pathways (RCPs) have been considered in the
fifth Assessment Report (AR5) (Taylor et al., 2012) of the Inter-Governmental Panel on
Climate Change (IPCC) (IPCC, 2013). These Greenhouse Gas (GHG) concentration
(not emission) trajectories, which are all considered as realistic, were used by
modellers as atmospheric system forcing for generating climate response and
change projections. The RCPs, namely RCP2.6, RCP4.5, RCP6.0 and RCP8.5, have
been defined according to their contribution to atmospheric radiative forcing in the
year 2100, relative to pre-industrial values. For example, the addition to Earth’s
radiation budget as a result of an increase in GHGs are RCP2.6 = +2.6 W.m-2, RCP4.5 =
+4.5 W.m-2, RCP6.0 = +6.0 W.m-2 and RCP8.5 = +8.5 W.m-2.
For generating climate change projections for South Africa in this atlas, a medium-tolow (RCP4.5) and high (RCP8.5) pathway were selected. The RCP4.5 and RCP8.5
trajectories are associated with CO2 concentrations of approximately 560 ppm and
950 ppm, respectively, by the year 2100 (Riahl et al., 2011). The RCP8.5, also known as
“business as usual” are projected to increase even further to a CO 2 concentration
ceiling of approximately 1200 ppm after the year 2100, while the RCP4.5 is based on
active GHG emission reduction interventions that could lead to a ceiling of
approximately 560 ppm (a doubling of concentrations since the start of the industrial
revolution) by the year 2100, while concentrations could stabilise or even decrease
after the year 2100.

5.

Models and downscaling

Results from historically and projected (historically: 1976 to 2005; projected: 2006 to
2095) simulations by nine GCMs (Table 1) were analysed for this atlas. Climate change
projection output from all nine GCMs were included in the IPCC AR5 reports. As
indicated in Table 1, the spatial resolution of GCM grid squares are relatively coarse,
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especially if applied to produce South African provincial scale climate change
projections.

Model name

Institute/country

Resolution

Literature

CanESM2m

CCCMa (Canada)

2.8° x 2.8°

Arora et al., (2011)

CNRM-CM5

CNRM-CERFACS(France)

1.4° x 1.4°

Voldoire et al., (2013)

CSIRO-Mk3

CSIRO-QCCCE (Australia)

1.9° x 1.9°

Rotstayn et al., (2013)

IPSL-CM5A-MR

IPSL (France)

1.9° x 3.8°

Hourdin et al., (2013)

MICRO5

AORI-NIES-JAMSTEC (Japan)

1.4° x 1.4°

Watanabe et al., (2011)

HadGEM2-ES

Hadley Centre (UK)

1.8° x 1.2°

Collins et al., (2011)

MPI-ESM-LR

MPI-M (Germany)

1.9° x 1.9°

Ilyina et al., (2013)

NorESMI-M

NCC (Norway)

1.9° x 2.5°

Tjiputra et al., (2013)

GFDL-ESM2M

GFDL (USA)

2.0° x 2.5°

Dunne et al., (2012)

Table 1: Projections from nine Global Climate Models (GCMs) were used for downscaling to a finer spatial
resolution (0.4° x 0.4°) using the RCA4 Regional Climate Model (RCM).

To address the spatial scale limitations posed by the GCM fields, dynamical
downscaling to a finer spatial resolution (0.44° x 0.44°) was obtained using the Rossby
Centre regional model (RCA4), forced across its lateral boundaries by the nine listed
GCMs. Nine ensemble member projections were therefore available for calculating
ensemble means, and the spread in model output across the nine ensemble members
were used in an effort to quantify uncertainty (see Section 7).
The RCA4 is a coupled ocean-atmosphere Regional Climate Model (RCM) based on
the Numerical Weather Prediction (NWP) model HARLAM (Undén et al., 2002). The
RCA4 simulated projections considered for this atlas formed part of the Coordinated
Regional Climate Downscaling Experiment (CORDEX) (Jones et.al., 2011).

6.

Quantification of uncertainty

Climate change projections are based on probable future outcomes, and are
therefore associated with uncertainties. In this atlas, uncertainties are assumed to be
a result of our understanding of the flow dynamics and physics of the atmosphere,
and our ability to formulate these processes in terms of numerical techniques and
empirical estimates or physical parameterization in climate models. Globally, climate
models are developed by a variety of research groups. Although there is a fair
agreement in the formulation of flow dynamics, each one of these groups still follows
unique methods in physical parameterizations. This approach could lead to variations
in model simulated output, accompanied by uncertainties regarding the
performance of models.
Therefore, an important aspect is our common understanding, amongst different
model developing groups, of the formulation of physical processes. For example,
limited understanding of the physical formulation of an atmospheric process might
5

result in more diverse answers, which might result in a wider spread of model
outcomes. It is therefore assumed that the spread of model outcomes is a reflection
of our ability to resolve atmospheric processes, and can therefore be associated with
the degree of uncertainty in the model output. The larger the spread, the larger the
uncertainty, and the more confined model output, the smaller the uncertainty.
It is known that ensemble averaging of output from a range of climate models might
produce a better reflection of reality, in contrast to output from a single model (Giorgi
and Mearns, 2002). For a group of N models, the direct (non-weighted) ensemble
average of a variable T, which represent the average of differences between the
actual and projected values (or residuals), can be calculated by:

N

1
̅̅̅̅
∆T = ∑ ∆Ti
N
i=1

where Δ indicate the model simulated change.
The spread in model outcomes amongst the residuals (∆Ti ), may be expressed as the
root-mean-square difference (rmsd):

N

𝛿∆𝑇

1
̅̅̅̅)2 ]½
= ∑[(∆Ti − ∆T
N
i=1

The uncertainty range, centred around ̅̅̅̅
∆T, is then given by ±𝛿∆𝑇 . Note that if the
projection change follows a Gausian Probability Density Function (PDF), 𝛿∆𝑇 would be
equivalent to the standard deviation and 1 x ±𝛿∆𝑇 (2 x ±𝛿∆𝑇 ) would approximately
cover the 68% (95%) confidence interval, or 68% (95%) of the residuals will fall within
the 1 x ±𝛿∆𝑇 (2 x ±𝛿∆𝑇 ) range.
For each projection map in this atlas, the associated rmsd map is also provided (blue
shading to the right of each projection map). At each map location, this provides
valuable information about the uncertainty range (±𝛿∆𝑇 ) of projected model
simulated residual values, and also gives a relative perspective of spatial areas
associated with higher and lower projection uncertainties.
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7.

Model verification

Before climate model projections can be used, it is appropriate to first verify the
historical model simulations against observations. This is because one can argue that
if a model performs well in reflecting observed climate in its historical simulations, the
models might also perform well in generating climate projections.
Firstly, historical (1976 to 2005) nine-member ensemble mean RCA4 RCM simulations
of average annual total rainfall (mm.year-1) and annual mean temperature (°C) have
been compared to the associated observational fields. For observed rainfall, data
obtained from the Global Precipitation Climatology Centre (GPCC) (Scheider et al.,
2011) were used, while the NOAA GHCN_CAMS Land Temperature Analysis were
selected to represent observed temperature (Fan and van den Dool, 2008).

AVERAGED RAINFALL TOTAL (1976-2005)
Observed

Annual

Modelled

Figure 1: Average of observed annual total rainfall (mm.year-1), from
the Global Precipitation Climatology Centre (GPCC) (left), compared
to the associated nine-member ensemble mean rainfall as simulated
by the RCA4 RCM (right), for the period 1976-2005.

AVERAGE TEMPERATURE (1976-2005)
Observed

Annual

Modelled

Figure 2: Average of observed annual mean temperature (°C), from
the NOAA GHCN_CAMS Land Temperature Analysis (left), compared
to the associated nine-member ensemble mean temperature as
simulated by the RCA4 RCM (right), for the period 1976-2005.
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According to Figure 1, the
spatial rainfall distribution of
higher rainfall totals in the
east, compared to the west,
are captured in the model
simulations. The simulated
rainfall is, however, is slightly
overestimated in most part of
the country, including for
Botswana and Namibia.
Values are more realistic in the
west, although rainfall is lower
than observed in the Cape
Town region.
The model performed very
well in the simulation of
temperatures (Figure 2). The
cooler conditions in the
Lesotho highlands are
captured, as well as he
warmer conditions in the
northern and north-eastern
parts of the country.
In general, the model
succeeded in reproducing
the most important annual
rainfall and temperature
fields, although biases occur
in some areas – especially as
far as rainfall is concerned.

AVERAGE TEMPERATURE (1976-2005)
Observed

December-January-February Modelled

Observed

March-April-May

Modelled

Observed

June-July-August

Modelled

Observed September-October-November Modelled

Secondly, seasonal model
simulated results were
compared with observations
(Figures 3 and 4). Both in terms
of spatial distribution and
magnitude of values, the
model, again, performed well
in generating realistic
temperature fields. In both
observations and model
simulated maps, the warmest
season is indicated as DJF,
while the coldest season is
indicated as JJA. For DJF, the
model succeeded in
capturing the hot conditions
experienced in the northwestern Kalahari region,
although slightly lower than
observed, while the cooler
temperatures in the Lesotho
highlands have also been
generated in model
simulations. The same applies
for autumn (MAM), but again
with slightly lower
temperatures in the Kalahari
area in the model field. In
general, winter (JJA)
temperatures are wellrepresented since there is a
very good agreement
between observations and
model simulations.
Observations and model
simulation results for spring
(SON) is again highly
comparable.

Figure 3: Average of observed seasonal mean temperature (°C), from the NOAA GHCN_CAMS Land Temperature
Analysis (left), compared to the associated nine-member ensemble mean temperature as simulated by the RCA4 RCM
(right), for the period 1976-2005.
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AVERAGED RAINFALL TOTAL (1976-2005)
Observed

December-January-February Modelled

Observed

March-April-May

Modelled

Observed

June-July-August

Modelled

Observed September-October-November Modelled

Across most of the country,
model simulated rainfall for
DJF are slightly lower than
observed, although the eastwest gradient in rainfall is
adequately represented. Note
the higher rainfall values
against the edges of high
topography (e.g. northeastern Lesotho) which occur
in both observational and
model fields. Autumn (MAM),
which is the transition period
between summer and winter,
denote slightly higher rainfall
in the observed east and
Western Cape region. Winter
(JJA) rainfall is higher in the
Cape Town region in the
observations, compared to
the model simulations.
However, the dry conditions in
the rest of the country that
characterises the winter
season are well-captures in
the model simulations. For
spring (SON) observed rainfall
is slightly higher in the
observed map, compared to
the model simulations. In
general, the model
succeeded in capturing the
major spatial rainfall patterns,
as well as the seasonal cycle
of a wetter/drier summer in
the east/west, and a
drier/wetter winter in the
east/west.

Figure 4: Average of observed seasonal total rainfall (mm/3-month season), from the Global Precipitation
Climatology Centre (GPCC: www.gpcc.dwd.de) (left), compared to the associated nine-member ensemble mean
rainfall as simulated by the RCA4 RCM (right), for the period 1976-2005.
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PAGE REFERENCE TABLE
Mean
temperature
change (°C)

Period 1: 2036 – 2065
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 90% percentile
 Median
 10% percentile

Period 2: 2066 – 2095

Total rainfall
change (mm)

Period 1: 2036 – 2065

of the
 90% percentile
 Median
 10% percentile
Percentage (%)
change in total
rainfall

Period 2: 2066 – 2095

Period 1: 2036 – 2065

Period 2: 2066 – 2095

RCP 4.5

Annual (page 11)

RCP 8.5

Annual (page 21)

RCP 4.5

Annual (page 11)

RCP 8.5

Annual (page 21)

RCP 4.5

Annual (page 12)

RCP 8.5

Annual (page 22)

RCP 4.5

Annual (page 12)

RCP 8.5

Annual (page 22)

RCP 4.5

Annual (page 31)

RCP 8.5

Annual (page 32)

RCP 4.5

Annual (page 31)

RCP 8.5

Annual (page 32)

10

DJF
MAM
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JJA
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SON
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SON
JJA
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JJA
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(page 14)
(page 14)
(page 24)
(page 24)
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(page 16)
(page 26)
(page 26)
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(page 34)
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RCP 4.5: Annual mean temperature change (ºC) relative to 1976-2005
2066-2095

10% percentile

Median

90% percentile

2036-2065

Figure 5: Annual mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
11 (1976-2005), under conditions of the RCP 4.5 pathway. The corresponding root-meanrespectively) projected for 2036-2065 (left) and 2066-2095 (right), relative to present
square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 4.5: Annual total rainfall change (mm per year) relative to 1976-2005
2066-2095

10% percentile

Median

90% percentile

2036-2065

Figure 6: Annual total rainfall (mm per year) change (1 st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows, respectively)
12 under conditions of the RCP 4.5 pathway. The corresponding root-mean-square
projected for 2036-2065 (left) and 2066-2095 (right), relative to present (1976-2005),
difference (rmsd) in mm per year between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.

12

RCP 4.5: Seasonal mean temperature change (ºC) for 2036 – 2065 - relative to 1975-2005
MAM

10% percentile

Median

90% percentile

DJF

Figure 7: Seasonal mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
13 (left) and MAM (right) seasons under conditions of the RCP 4.5 pathway. The
respectively) projected for 2036-2065, relative to present (1976-2005), for the DJF
corresponding root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 4.5: Seasonal mean temperature change (ºC) for 2036 – 2065 - relative to 1975-2005
SON

10% percentile

Median

90% percentile

JJA

Figure 8: Seasonal mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
respectively) projected for 2036-2065, relative to present (1976-2005), for the 14
JJA (left) and SON (right) seasons under conditions of the RCP 4.5 pathway. The corresponding
root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 4.5: Seasonal mean temperature change (ºC) for 2066 – 2095 - relative to 1975-2005
MAM

10% percentile

Median

90% percentile

DJF

Figure 9: Seasonal mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
15(left) and MAM (right) seasons under conditions of the RCP 4.5 pathway. The
respectively) projected for 2066-2095, relative to present (1976-2005), for the DJF
corresponding root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 4.5: Seasonal mean temperature change (ºC) for 2066 – 2095 - relative to 1975-2005
SON

10% percentile

Median

90% percentile

JJA

Figure 10: Seasonal mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
16(left) and SON (right) seasons under conditions of the RCP 4.5 pathway. The corresponding
respectively) projected for 2066-2095, relative to present (1976-2005), for the JJA
root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 4.5: Seasonal total rainfall change (mm per season) for 2036 – 2065 - relative to 1975-2005
MAM

10% percentile

Median

90% percentile

DJF

Figure 11: Seasonal total rainfall (mm per 3-month season) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
17(left) and MAM (right) seasons under conditions of the RCP 4.5 pathway. The
respectively) projected for 2036-2065, relative to present (1976-2005), for the DJF
corresponding root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 4.5: Seasonal total rainfall change (mm per season) for 2036 – 2065 - relative to 1975-2005
SON

10% percentile

Median

90% percentile

JJA

Figure 12: Seasonal total rainfall (mm per 3-month season) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
18(left) and SON (right) seasons under conditions of the RCP 4.5 pathway. The corresponding
respectively) projected for 2036-2065, relative to present (1976-2005), for the JJA
root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 4.5: Seasonal total rainfall change (mm per season) for 2066 – 2095 - relative to 1975-2005
MAM

10% percentile

Median

90% percentile

DJF

Figure 13: Seasonal total rainfall (mm per 3-month season) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
19 (left) and MAM (right) seasons under conditions of the RCP 4.5 pathway. The
respectively) projected for 2066-2095, relative to present (1976-2005), for the DJF
corresponding root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 4.5: Seasonal total rainfall change (mm per season) for 2066 – 2095 - relative to 1975-2005
SON

10% percentile

Median

90% percentile

JJA

Figure 14: Seasonal total rainfall (mm per 3-month season) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
20(left) and SON (right) seasons under conditions of the RCP 4.5 pathway. The corresponding
respectively) projected for 2066-2095, relative to present (1976-2005), for the JJA
root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 8.5: Annual mean temperature change (ºC) relative to 1976-2005
2066-2095

10% percentile

Median

90% percentile

2036-2065

Figure 15: Annual mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
21 (1976-2005), under conditions of the RCP 8.5 pathway. The corresponding root-meanrespectively) projected for 2036-2065 (left) and 2066-2095 (right), relative to present
square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 8.5: Annual total rainfall change (mm per year) relative to 1976-2005
2066-2095

10% percentile

Median

90% percentile

2036-2065

Figure 16: Annual total rainfall (mm per year) change (1 st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows, respectively)
22 under conditions of the RCP 8.5 pathway. The corresponding root-mean-square
projected for 2036-2065 (left) and 2066-2095 (right), relative to present (1976-2005),
difference (rmsd) in mm per year between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 8.5: Seasonal mean temperature change (ºC) for 2036 – 2065 - relative to 1975-2005
MAM

10% percentile

Median

90% percentile

DJF

Figure 17: Seasonal mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
23 (left) and MAM (right) seasons under conditions of the RCP 8.5 pathway. The
respectively) projected for 2036-2065, relative to present (1976-2005), for the DJF
corresponding root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 8.5: Seasonal mean temperature change (ºC) for 2036 – 2065 - relative to 1975-2005
SON

10% percentile

Median

90% percentile

JJA

Figure 18: Seasonal mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
24(left) and SON (right) seasons under conditions of the RCP 8.5 pathway. The corresponding
respectively) projected for 2036-2065, relative to present (1976-2005), for the JJA
root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 8.5: Seasonal mean temperature change (ºC) for 2066 – 2095 - relative to 1975-2005
MAM

10% percentile

Median

90% percentile

DJF

Figure 19: Seasonal mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
25 (left) and MAM (right) seasons under conditions of the RCP 8.5 pathway. The
respectively) projected for 2066-2095, relative to present (1976-2005), for the DJF
corresponding root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 8.5: Seasonal mean temperature change (ºC) for 2066 – 2095 - relative to 1975-2005
SON

10% percentile

Median

90% percentile

JJA

Figure 20: Seasonal mean near-surface (2m) temperature (°C) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
respectively) projected for 2066-2095, relative to present (1976-2005), for the JJA 26
(left) and SON (right) seasons under conditions of the RCP 8.5 pathway. The corresponding
root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 8.5: Seasonal total rainfall change (mm per season) for 2036 – 2065 - relative to 1975-2005
MAM

10% percentile

Median

90% percentile

DJF

Figure 21: Seasonal total rainfall (mm per 3-month season) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
27 (left) and MAM (right) seasons under conditions of the RCP 8.5 pathway. The
respectively) projected for 2036-2065, relative to present (1976-2005), for the DJF
corresponding root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 8.5: Seasonal total rainfall change (mm per season) for 2036 – 2065 - relative to 1975-2005
SON

10% percentile

Median

90% percentile

JJA

Figure 22: Seasonal total rainfall (mm per 3-month season) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
28 (left) and SON (right) seasons under conditions of the RCP 8.5 pathway. The corresponding
respectively) projected for 2036-2065, relative to present (1976-2005), for the JJA
root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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Figure 23: Seasonal total rainfall (mm per 3-month season) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
29 (left) and MAM (right) seasons under conditions of the RCP 8.5 pathway. The
respectively) projected for 2066-2095, relative to present (1976-2005), for the DJF
corresponding root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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RCP 8.5: Seasonal total rainfall change (mm per season) for 2066 – 2095 - relative to 1975-2005
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Figure 24: Seasonal total rainfall (mm per 3-month season) change (1st and 3rd columns) from the median (middle row) and the 10% and 90% percentiles (bottom and top rows,
30(left) and SON (right) seasons under conditions of the RCP 8.5 pathway. The corresponding
respectively) projected for 2066-2095, relative to present (1976-2005), for the JJA
root-mean-square difference (rmsd) in °C between the nine ensemble member change anomalies is indicated by the maps in the 2 nd and 4th columns.
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Figure 25: Annual total rainfall percentage (%) change (left) from the median projected for 2036-2065 (top) and 2066-2095 (bottom), relative to present (1976-2005), under conditions
of the RCP 4.5 pathway. The corresponding root-mean-square difference (rmsd) in31percentage (%) between the nine ensemble member change anomalies is indicated at the
right.
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Figure 26: Annual total rainfall percentage (%) change (left) from the median projected for 2036-2065 (top) and 2066-2095 (bottom), relative to present (1976-2005), under conditions
of the RCP 8.5 pathway. The corresponding root-mean-square difference (rmsd) in percentage (%) between the nine ensemble member change anomalies is indicated at the
32
right.
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Figure 27: Seasonal total rainfall percentage (%) change (1st and 3rd columns) for the seasons DJF (left) and MAM (right) from the median projected for 2036-2065 (top) and 2066-2095
(bottom), relative to present (1976-2005), under conditions of the RCP 4.5 pathway. The corresponding root-mean-square difference (rmsd) in percentage (%) between the
nine ensemble member change anomalies is indicated in the 2nd and 4th columns.
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Figure 28: Seasonal total rainfall percentage (%) change (1st and 3rd columns) for the seasons JJA (left) and SON (right) from the median projected for 2036-2065 (top) and 2066-2095
(bottom), relative to present (1976-2005), under conditions of the RCP 4.5 pathway. The corresponding root-mean-square difference (rmsd) in percentage (%) between the
nine ensemble member change anomalies is indicated in the 2nd and 4th columns.
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RCP 8.5: Seasonal percentage (%) change in total rainfall - relative to 1975-2005
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Figure 29: Seasonal total rainfall percentage (%) change (1st and 3rd columns) for the seasons DJF (left) and MAM (right) from the median projected for 2036-2065 (top) and 2066-2095
(bottom), relative to present (1976-2005), under conditions of the RCP 8.5 pathway. The corresponding root-mean-square difference (rmsd) in percentage (%) between the
nine ensemble member change anomalies is indicated in the 2nd and 4th columns.
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Figure 30: Seasonal total rainfall percentage (%) change (1st and 3rd columns) for the seasons JJA (left) and SON (right) from the median projected for 2036-2065 (top) and 2066-2095
(bottom), relative to present (1976-2005), under conditions of the RCP 8.5 pathway. The corresponding root-mean-square difference (rmsd) in percentage (%) between the
nine ensemble member change anomalies is indicated in the 2nd and 4th columns.
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