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Headlines for the East-Southern Africa Region'

+ Observed decreases in mean rainfall
+ Observed and projected increases in heavy rainfall and flooding
+ Observed and projected increases in aridity and droughts

* Projected increases in mean wind speed and fire weather
conditions

* Increase of average tropical cyclone wind speeds and associated
heavy precipitation and of the proportion of category 4-5 tropical
cyclones.

' From:
https://www.ipcc.ch/report/ar6/wg1/downloads/factsheets/IPCC_AR6 WGI Regional Fact Sheet Africa.pdf
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With additional increases in
global warming, changes

in hot and cold temperature
extremes, mean and
maximum one day
precipitation get larger.

1.5°C global warming

Projected changes in
annual maximum
temperature (TXx), annual
minimum temperature
(TNn), annual mean
precipitation and annual
maximum daily precipitation
(RX1day) at 1.5°C, 2°C, and
4°C of global warming (in
rows) compared to
1851-1900. Results are
based on simulations from
the CMIP6 multi-model
ensemble mean.
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Figure 1: Summary of projected changes in Africa. Figure from the IPCC AR6 Regional
Fact Sheet - Africa®

2 From:
https://www.ipcc.ch/report/ar6/wg1/downloads/factsheets/IPCC_AR6_WGI_Regional_Fact_Sheet_Africa.pdf
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IPCC AR6 Climate Change 2021:

This document synthesizes data on the East Southern-Africa region in the new “Climate
Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change”. The full report can
be found at: https://www.ipcc.ch/report/ar6/wg1/

The Intergovernmental Panel on Climate Change (IPCC) is a United Nations body mandated
to provide objective scientific information on climate change. As part of their remit the IPCC
has produced a series of assessment reports. The First Assessment Report was published in
1990, with subsequent reports in 1995, 2002, 2007, and 2014 (the Fifth assessment report,
also referred to here as AR5). The sixth assessment report (AR6) is being published in 2021
and 2022. Each report collates, assesses, and evaluates the latest research in climate
change, and stands as a state-of-the-art synthesis of current best understanding of climate
change. The authors of the report are nearly all university research scientists in the field of
climate change. They are not paid.

This document focuses on the recent publication of the Working Group 1 report (AR6 WGH1).
Working Group 1 focuses on the physical science behind climate change, using evidence
from observations, paleoclimate, climate physics and climate model simulations. Working
Groups 2 and 3 report on climate impacts, vulnerability, adaptation, and mitigation, i.e.,
interactions with human society and processes to reduce emissions and lessen impacts.
Reports from Working Groups 2 and 3 are expected in 2022, with a summary expected by
the end of 2022.

If you use this document, we ask that you cite both this document and the AR6 WG1 report:
IPCC, 2021: Climate Change 2021: The Physical Science Basis. Contribution of
Working Group | to the Sixth Assessment Report of the Intergovernmental Panel
on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C.

Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell,
E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T. Waterfield, O. Yelek¢i, R. Yu and
B. Zhou (eds.)]. Cambridge University Press. In Press.

The AR6 WG1 report comes with the following disclaimer:
The Summary for Policymakers (SPM) is the approved version from the 14th
session of Working Group | and 54th Session of the Intergovernmental Panel on
Climate Change and remains subject to final copy-editing and layout. The
Technical Summary (TS), the full Report Chapters, the Annexes and the
Supplementary Materials are the Final Government Distribution versions, and
remain subject to revisions following the SPM approval, corrigenda, copy-editing,
and layout. Although these documents still carry the note from the Final
Government Distribution “Do Not Cite, Quote or Distribute” they may be freely
published subject to the disclaimer above, as the report has now been approved
and accepted.

A copyright statement for the AR6 WG1 report can be found as
https://www.ipcc.ch/copyright/
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ARG6 Regions:

Climate change does not impact the world uniformly. To simplify discussion the AR6 WGH1
report divides the world into climatic regions. These regions have a broadly similar climate
and similar future projections.

As computing power increases and climate models become more advanced, it becomes
possible to assess model predictions of future climate change in smaller and smaller regions.
The climate regions used in the AR6 WGH1 report are therefore different to those used in
previous reports. In Africa, several regions have been split into smaller components,
including the East Africa Region (EAF) into the Northern East-Africa (NEAF) and Southern
East-Africa (SEAF), and the South Africa region (SAF) into West Southern-Africa (WSAF),
East Southern-Africa (ESAF) and Madagascar (MDG). This report focuses on the East
Southern Africa region. The region is a rhomboid between vertices at 25°E/10°S (NW corner),
25°E/36°S (SW corner), 31°E/36°S (SE corner) and 46.5°E/10°S (NE corner). This includes all
of Mozambique, Zimbabwe, Eswatini and Lesotho, all but the extreme north of Malawi, and
the majority of Zambia and South Africa.

However, that is not to say that the ESAF region is entirely climatically homogenous. In
general terms the AR6 WGH1 report talks about changes in East and West Southern Africa as
changes in semi-arid areas with a subtropical climate (highly seasonal rainfall with distinct
wet and dry seasons). There may be exceptions: for example, Northern Malawi may conform
more to the climate projections of the more tropical Southern East-Africa (SEAF), especially
for rainfall projections, which are often the opposite to the ESAF region.
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Figure 2: AR6 Regions, from lturbide et al., (2020)
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Key AR6 WG1 terms:

A complete AR6 WGT1 report glossary can be found at:
https://www.ipcc.ch/report/ar6/wqg1/downloads/report/IPCC AR6 WGI Annex VIl.pdf

Confidence and Likelihood:

In the AR6 WG1 report (and in this document), when observed changes or model projections
are derived from individual scientific studies, those are referenced. When the IPCC authors
have collated or combined multiple lines of evidence to talk more broadly about changes in
climate then those are given a confidence or likelihood rating. These rates describe how sure
we are that changes have occurred or are likely to occur in the future.

Confidence is a qualitative expert judgement based on the quality and consistency of
available data. How much does data from different sources agree? How trustworthy is the
data? etc. Confidence is given when the data might not be good enough to make a statistical
analysis, but scientific understanding of the climate processes behind the change is well
understood. Confidence values include Low, Medium, and High but are generally not
given numbers (Previous IPCC reports did attempt to quantify these values as 2, 5 and 8 in
ten chances but the AR6 does not do this).

Likelihood is a quantitative measure based on observations and model results. If a likelihood
is given, the confidence is usually high. Likelihood values include Likely: 66-100% chance,
Very Likely: 90-100% chance, Extremely Likely: 95-100% chance, and Virtually Certain:
99-100% chance. However, expert opinion still influences likelihood values. For example, if
models are known to not capture all processes correctly, which might alter the spread of
future projections, then expert opinion can change likelihood values.

Climate Scenarios:

There are an infinite number of possible pathways that our future emissions might take. To
compare results from different studies and different climate models its necessary to model
the same emissions pathway. Therefore, most studies stick to five pathways outlined by the
IPCC. In the ARB, the updated set of scenarios include both the emissions pathway and
societal changes (SSPs). The numbers after the hyphen represent the emissions pathways
(RCPs) used in climate models and are largely consistent with the RCPs used in the AR5
report. This allows those working in impact modelling to follow a similar set of controlled
criteria.

SSP1-1.9 (previously RCP 1.9): most optimistic scenario with net zero CO, emissions at
2050, temperatures peak around 1.5°C, and stabilize at 1.4°C above pre-industrial
temperatures.

SSP1-2.6 (previously RCP 2.6): CO. emissions are cut severely but not fast, with net zero
after 2050. Global temperatures stabilize at 1.8°C.

SSP2-4.5 (previously RCP 4.5): Middle of the road scenario. CO, emissions hover around
current levels until the middle of the century, with net zero reached by 2100. Socioeconomic
factors follow historic trends. Progress is slow and uneven. Temperatures reach 2.7°C by
2100.

Scroxton 2021, University College Dublin, Self Help Africa 7



Future emissions cause future additional warming, with total warming
dominated by past and future CO, emissions

a) Future annual emissions of CO, (left) and of a subset of key non-CO, drivers (right), across five illustrative scenarios
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b) Contribution to global surface temperature increase from different emissions, with a dominant role of CO, emissions
Change in global surface temperature in 2081-2100 relative to 1850-1900 (°C)

SSP1-1.9 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
“e He H{e e G
6 6 6 6 6
5 5 5 5) 5
4 4 4 4 4
3 3 3 3 3
2 2 2 2. 2
1 I I 1 i 1 I 1 i 1 i
0 - == 0 i = 0 H Ed 0 0 ’
-1 -1 -1 -1 F -1
Total  CO; Non-CO, Aerosols Total  CO, Non-CO, Aerosols Total  CO; Non-CO, Aerosols Total  CO, Non-CO, Aerosols Total ~ CO; Non-CO, Aerosols
(observed) GHGs ~ land use (observed) GHGs  Land use (observed) GHGs ~ Land use (observed) GHGs  Land use (observed) GHGs ~ Land use

Total warming (observed warming to date in darker shade), warming from CO,, warming from non-CO, GHGs and cooling from changes in aerosols and land use

Figure 3: Different climate scenarios used in the AR6 WG1 report. Figure from the IPCC
Summary for Policymakers (IPCC, 2021).
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SSP3-7.0 (previously RCP7): CO, emissions rise steadily to double current levels by 2100.
Countries becomes more competitive and isolationist when securing their own food
supplies. Temperatures rise by 3.6°C by 2100.

SSP5-8.5 (previously RCP 8.5): Worst case scenario. Current CO, emissions continue to
accelerate, doubling by 2050. The global economy grows rapidly, fueled by fossil fuels. By
2100, temperatures rise to 4.4°C, or higher.

The SSPs represent an emissions pathway through time rather than a temperature
‘destination’. However, for many components of the climate system, the destination is not
influenced much by the route. l.e., expected temperature and precipitation patterns from 2°C
look very similar regardless of whether the pathway to get there followed RCP4.5 or RCP8.5.
Therefore, the IPCC, and many climate modelling studies, also report changes to the earth’s
climate at a common reference point of globally averaged warming: usually 1.5, 2, 3 and 4°C
(although the 3°C warming is less used and reported).

This is not always the case, for example total ice-sheet melt is, somewhat intuitively,
dependent on the temperature pathway, not just the instantaneous temperature.

Drought:
The AR6 WG report refers to several different kinds of drought which have specific

scientific definitions and ways of measuring. These are combined into four separate
categories.

Meteorological drought:  relating to changes in rainfall only

Hydrological drought: relating to changes in the hydrologic system such as river flows,
river levels, lake levels, groundwater levels etc.

Agricultural drought: relating to changes in soil moisture that influence crop growth.
Agricultural drought is dependent on rainfall and evaporation.

Ecological drought: relating to the availability of water to different ecosystems. In the

AR6 WG1 this is often incorporated into agricultural drought.

Scroxton 2021, University College Dublin, Self Help Africa 9
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TEMPERATURE

Positive trends are already observed in annual mean, maximum and minimum temperatures
in all seasons from 1960-2003 (Collins, 2011; Kruger and Shongwe, 2004; Kruger and
Sekele, 2013; MacKellar et al., 2014; Zhou et al., 2010). Minimum temperatures are
increasing faster than maximum temperatures (New et al., 2006). In AR5 an anthropogenic
cause of observed warming over Africa was given medium confidence, all other inhabited
continents were at high confidence. In the new ARG report, an anthropogenic cause is now
given high confidence.

The strongest warming in the southern hemisphere is expected to occur in subtropical
regions (high confidence). All Southern Africa will warm faster than the global average.
1.5°C of globally averaged warming will see 1.5-2°C of warming in Southern Africa, 2°C of
global warming will see 2-3°C of regional warming, 4°C of global warming will see 4-5°C of
regional warming, etc. Above average temperature increases are likely to impact all seasons
by the end of the century.

There is spatial variability to warming in Southern Africa. Interior Southern Africa has seen
minimum temperatures decrease (MacKellar et al., 2014), perhaps due to high pressure
systems. For future projections, the interior of West Southern-Africa (Namibia, Botswana) will
warm even faster, which may influence south-eastern Zambia. The spatial patterns of
change do not change under different warming scenarios (high confidence).

TEMPERATURE EXTREMES: It is likely that there has already been an increase in both the

intensity and frequency of hot extremes, and a corresponding decrease in the intensity and
frequency of cold extremes. (Dunn et al., 2020; Kruger and Nxumalo, 2017; Mbokodo et al.,
2020; Perkins-Kirkpatrick and Lewis, 2020; Russo et al., 2016). There is high confidence in

role of human contribution to this change (Seong et al., 2021).

Climate model projections predict further increases in the intensity and frequency of hot
extremes. For 1.5°C global warming this is considered Likely (relative to today) or Very Likely
(relative to pre-industrial climate). For 2°C of global warming it is considered Very Likely
(relative to today) or Extremely Likely (relative to pre-industrial climate). For 4°C of global
warming the increase in hot extremes is considered Virtually Certain (Coppola et al., 2021a;
Engelbrecht et al., 2015; Giorgi et al., 2014; Li et al., 2021; Weber et al., 2018). For example:
the number of days with max temperatures above 35°C is expected to increase by 40-
50 days per year by 2050 under the low emissions scenario SSP1-2.6 and 50-100 days
per year under SSP5-8.5 (Coppola et al., 2021b) (high confidence). As a result, mortality-
related heat stress and deadly temperatures are very likely to become more frequent
(Ahmadalipour and Moradkhani, 2018; Coffel et al., 2017; Zhao et al., 2015).

Cold events have likely decreased in frequency in the last few decades. Cold spells are likely
to decrease under lower warming scenarios and are virtually certain to decrease under high
warming scenarios. This may have positive benefits on the risk of frost damage to agriculture
but may have other health and ecosystem consequences.

Scroxton 2021, University College Dublin, Self Help Africa 11
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RAINFALL

Rainfall changes are harder to observe than temperature changes because of a high degree
of natural variability. For example: an increase in Southern African rainfall between 1983 and
2010 is linked to decadal scale climate variability in the Pacific (Maidment et al., 2015).
Further, in many regions of Africa, a lack of robust observational data further limits our ability
to draw conclusions on rainfall variability, and there are significant discrepancies between
different observation datasets (Panitz et al., 2014; Sylla et al., 2013). General trends are
therefore slower to emerge in observations, at least to a degree of statistical significance.
Nevertheless, there is medium or high confidence in projections for a future decrease in
rainfall in Southern Africa due to global warming.

TOTAL RAINFALL: Climate models project a decrease in rainfall in subtropical areas such as
Southern Africa at all four levels of global warming (likely). The decrease will amplify at higher
levels of global warming (high confidence). Annual average streamflows in Southern Africa
are already declining (Gudmundsson et al., 2019) and are expected to continue to decrease.
(Doll et al., 2018).

RAINFALL SEASONALITY: Wet seasons are projected to get wetter and dry seasons to
get drier in southern Africa (high confidence), although changes under low warming
scenarios (SSP1-2.6) are small compared to internal variability. The contrast between the
wettest and driest month of the year is likely to increase by 3 to 5% per °C of warming
(medium confidence), for rainfall, water availability (Precipitation — Evaporation) and runoff.
Increased rainfall seasonality will lead to increased seasonality in streamflows (high
confidence).

WET SEASON ONSET AND DURATION: Observations suggest that the Southern African wet
season is beginning earlier (1985-2007). In contrast, models predict a delayed onset to the
wet season (Dunning et al., 2018; Maidment et al., 2015). In southern Africa the wet season

may be shorter by 5-10 days by the end to the 21st century (Dunning et al., 2018).

RAINFALL EXTREMES: There is medium confidence that there has already been an increase
in the intensity of heavy rainfall in East Southern Africa (Donat et al., 2013; Sun et al., 2021),
although direct attribution to human activity is so far limited. Under 1.5°C warming, increases
in both the intensity and frequency of heavy rainfall has medium confidence compared to
today and high confidence compared to the pre-industrial. This increases to high confidence
and Likely for 2°C global warming, and Very Likely and Extremely Likely for 4°C of global
warming. Relative to today increases of more than 2% in the 1 day and 5 day extremes are
predicted for the lower degrees of global warming, but 15% in 4°C scenarios (Li et al., 2021).
Pinto et al., 2018

SURFACE HUMIDITY: Models project a decrease in near-surface relative humidity. Under
low-emissions scenarios (SP1-2.6) decreases will be insignificant compared to natural
variability. Under high emissions scenarios (SSP3-7.0) decreases are expected to be
significant.

Scroxton 2021, University College Dublin, Self Help Africa 13
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DROUGHT

There is medium confidence that anthropogenic warming has contributed to recent drought
events in Southern Africa.

In the future, the likelihood of extreme droughts (less than 10% of the 1851-1880 average
rainfall) will double under low emissions scenarios, and treble or even quadruple under
high emissions scenarios (Cook et al., 2020). Significant increases in drought duration are
expected in southern Africa. Droughts will be longer by 0.5-1 month for a moderate
emissions scenario (SSP2-4.5) and 2 months for a high emissions scenario (SSP5-8.5)
(Ukkola et al., 2020).

METEOROLOGICAL DROUGHT

There is medium confidence that there has already been in an increase in meteorological
drought in ESAF both through a decrease in the amount of rainfall and through an increase in
the number of consecutive dry days (Dunn et al., 2020; Spinoni et al., 2019). While there is
limited evidence (low confidence) attributing this trend to human activity, there is medium
confidence that humans have influenced recent meteorological droughts (Bellprat et al.,
2015; Funk et al., 2018; Yuan et al., 2018).

Climate model projections suggest a medium confidence in there being an increase in
consecutive dry days and the number of dry days under 1.5°C warming. This increases to
high confidence under 2°C warming and Likely at 4°C warming (Coppola et al., 2021b;
Madure et al., 2018). Changes in rainfall amount leading to drought are slightly less certain
under weaker warming scenarios (Abiodun et al., 2017) but are predicted to occur under
stronger warmer scenarios (Abiodun et al., 2019).

AGRICULTURAL DROUGHT

There is medium confidence that there has already been an increase in agricultural drought
(Dai and Zhao, 2017; Greve et al., 2014; Padroén et al., 2020; Spinoni et al., 2019). Flash
droughts (rapid onset and durations from days to months) have increased by 220% between
1961 and 2016 because of human acitivity, but evidence for human activity driving other
droughts is currently limited (Yuan et al., 2018). Soil moisture is expected to show
significant decreases even under low emissions scenarios (SP1-2.6)(high confidence).
Future projections have a medium confidence in an increase in agricultural drought, but the
magnitude of change is inconsistent (Cook et al., 2020; Naumann et al., 2018; Xu et al.,
2019). At 4°C global warming, there is a high confidence in agricultural drought increasing
(Cook et al., 2020; Vicente-Serrano et al., 2019).

HYDROLOGICAL DROUGHT

There is limited evidence of increased hydrological drought in ESAF in the recent past, and
hydrological drought may not increase under 1.5°C of global warming (Touma et al., 2015).
This is a decrease in certainty relative to the AR5 observation (all be it of the entire Southern
Africa region). Under the 2°C and 4°C warming projections there is medium confidence in
increased hydrological drought (Cook et al., 2020; Touma et al., 2015; Zhai et al., 2020).

Scroxton 2021, University College Dublin, Self Help Africa 15
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OTHER COMPONENTS OF THE CLIMATE SYSTEM

WIND: There is medium confidence for an increase in average wind speed (Jung and
Schindler, 2019; Karnauskas et al., 2018). There is low confidence of a general increasing
trend in extreme wind speeds.

FIRE: Days prone to fire conditions will increase due to the increasing aridity (high
confidence) and reduction in soil moisture (high confidence) (Abatzoglou et al., 2019;
Engelbrecht et al., 2015).

TROPICAL CYCLONES: There has been an observed increase in Category 5 cyclones in the
Southern Indian Ocean (Fitchett, 2018). There is a projected decrease in the frequency of
cyclones making landfall in the EASF region in a warmer world (medium confidence)
(Knutson et al., 2020; Malherbe et al., 2013; Muthige et al., 2018; Roberts et al., 2015;
Roberts et al., 2020). However, there is also medium confidence for an increase in the
intensity of cyclones in African regions.

SAND AND DUST STORMS: There is little confidence over any global warming related
trends in either observations or projections of changes in sand and dust storms. This is
mainly due to the complex feedbacks and responses sand and dust storms have to multiple
aspects of the climate system (wind, precipitation, vegetation) and to human and pest
related land use change.

SOLAR RADIATION (ie. SUNSHINE): There is medium confidence that solar radiation will
increase in ESAF (Sawadogo et al., 2021; Sawadogo et al., 2020; Soares et al., 2019; Tang et
al., 2019; Wild et al., 2015; Wild et al., 2017).

FLOODS: Flood trends in Southern Africa were decreasing prior to 1980 and increasing
afterwards (medium confidence) (Tramblay et al., 2020). River discharge is expected to
increase across Africa by up to 10% (Dankers et al., 2014), increasing river floods.

SEA LEVEL: The 1900-2018 sea-level rise on the Indian Ocean coastline was at about
1.33mm per year (Frederikse et al., 2020), slightly lower than the global average of 1.77 mm
per year. More recently, the 1993-2018 rise was 3.65 mm per year, higher than the global
average of 3.25mm per year. Sea level rise is virtually certain to continue and ranges from
0.4-0.5m by 2100 under SSP1-2.6 to 0.8 to 0.9m under SSP5-8.5, within the range of the
global average.

COASTAL FLOODS AND EROSION: Absolute sea-level is only one component of coastal
flooding, tides, storm surges and coastal geometry all contribute. Coastal flooding is
predicted to occur both more frequently and with higher magnitudes in the future (high
confidence). In Southern Africa the present day 1 in 100 year ‘extreme total water level’ is
projected to have a return time of 1:10 to 1:20 years by 2050 and 1:1 to 1:5 years by 2100
(Vousdoukas et al., 2018). Under RCP4.5 coastlines in ESAF will retreat by ~30m by 2050
(Vousdoukas et al., 2020), although this masks areas with higher retreat, and some areas
may prograde due to increased sediment supply.
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Figure 8: IPCC ARG6 Table 12.3 (with watermark unfortunately)
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What changes in the climate system are behind these projections?

Projected changes in the future climate of East Southern Africa relative to today might seem
complex at first. However, many are driven by a few fundamental changes in atmospheric
circulation over Africa. This page details the changes that influence mean conditions while
the following page on global climate modes considers the changes to year-to-year
(interannual) climate variability.

ITCZ POSITION: Greenhouse gas warming is expected to intensify the heat low over the
Sahara. (Dong and Sutton, 2015) This will cause the tropical rainbelt (also known as the
ITCZ) to migrate further north during the northern hemisphere summer and stay further north
for longer (Cook and Vizy, 2012; Dunning et al., 2018; Wainwright et al., 2019) (Medium
Confidence). Consequently, there is an expected delay to the southward movement of the
tropical rainbelt in the northern hemisphere autumn/southern hemisphere spring, and its
arrival over East South Africa in the southern hemisphere summer. Therefore, wet season
onset in East Southern Africa is expected to occur later and the wet season will be shorter in
duration (Dunning et al., 2018), leading to an overall drying.

Enhanced high pressure systems also lead to an increased drying out of soils (Engelbrecht et
al., 2015; Vogel et al., 2017). In East Southern-Africa there is a strong relationship between
soil moisture and temperature. This is the likely cause of the above-average increases in
temperature (relative to the global average) in the region.

ITCZ WIDTH: The ITCZ is also likely to contract. Under warmer conditions convection gets
stronger and more focused within the core of the ITCZ (Byrne and O'Gorman, 2018; Lau and
Kim, 2015). Cloud feedbacks reinforce this change (Popp and Silvers, 2017; Su et al., 2017;
Su et al., 2019; Su et al., 2020; Talib et al., 2018). This leads to stronger rainfall in the core of
the ITCZ and weaker rainfall at the edges (Byrne and Schneider, 2016). How this might
impact individual locations is uncertain as ITCZ position is also important, but it is likely that
this process will serve to increase drying in East Southern-Africa.

ATMOSPHERIC RIVERS:

A warmer atmosphere holds more moisture (about 7% per °C). The amount and intensity of
rainfall in extra-tropical storms is expected to increase, particularly in atmospheric rivers.
This will drive increased rainfall intensity and flooding (Algarra et al., 2020; Espinoza et al.,
2018; Xu et al., 2020; Yettella and Kay, 2017; Zavadoff and Kirtman, 2020; Zhao, 2020).
Atmospheric rivers are important for non-ITCZ related rainfall in the subtropics including over
the Shire Basin in Malawi and the Zambezi River system, and to a lesser extent over the
Limpopo (Munday et al., 2021).
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Changes to Global Climate Modes

Interannual rainfall variability in the ESAF region is influenced by several global climate
‘modes’ including El Nino-Southern Oscillation, the Indian Ocean Basin Mode and Pacific
Decadal Variability. These tend to influence the year-to-year climate variability.

El Nifio-Southern Oscillation (ENSO) is a cross basin dipole of sea surface temperatures and
associated changes in atmospheric circulation in the Pacific Ocean, i.e., the east and west
shift in the opposite direction to each other. It has far reaching climate consequences around
the globe through what are known as teleconnections. ENSO has a strong control on
summer temperatures and medium control on rainfall in the ESAF region. Specifically, El
Nifio events decrease precipitation. Longer term decadal variability in the Pacific (PDV) also
has a small control on rainfall variability. Models do not agree on whether there will be a
change in the amplitude of ENSO (Cai et al., 2015; Power et al., 2013). It is uncertain how the
teleconnections from ENSO that influence other regions will change in the future (AR5:
(IPCC, 2013)).

The Indian Ocean Basin Mode (IOBM) is a basin wide oscillation of sea surface
temperatures, i.e., the entire tropical Indian Ocean warms or cools. The IOBM has a medium
control on southern hemisphere autumn temperatures and small control on rainfall. The
Indian Ocean Basin is the fastest warming ocean basin in the world. However, there is no
robust evidence for significant changes in the IOBM in the near term.

The Indian Ocean Dipole (IOD) is a cross basin dipole of sea surface temperatures and
associated changes in atmospheric circulation in the Indian Ocean, i.e., the east and west
shift in the opposite direction to each other. The IOD does not significantly control variability
in the ESAF region. This is because the 10D mainly influences spring rainfall rather than
summer rainfall or temperature. The 10D is very important further north in Eastern Africa.
Faster warming of the west Indian Ocean basin than the east suggests that the mean state of
the Indian Ocean may resemble a positive IOD event in the future. This change may lead to a
reduction in the amplitude of IOD events, but there is no evidence for this leading to a
cessation of 10D variability, or any change in the frequency of events (Cai et al., 2014).

Summary:

The East Southern-African region is likely to warm at a faster rate than the
global average, and across all seasons. Cold extremes will decrease, and warm
extremes will increase. Annual rainfall is expected to decrease. However,
rainfall seasonality is expected to increase, with more extreme precipitation
events and more extreme dry spells. This will likely lead to greater seasonal
variation in streamflow, increased flooding, and more droughts.
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