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EDITORS NOTES

WELCOME TO THE SECOND EDITION OF THE SMARTAGRI WELCOME TO THE SECOND EDITION OF THE SMARTAGRI 
BAROMETER OF 2022/2023.BAROMETER OF 2022/2023.

It’s been an eventful and exciting quarter (June It’s been an eventful and exciting quarter (June 
to September)! Several key themes relating to the to September)! Several key themes relating to the 
understanding of, and responses to, climate change understanding of, and responses to, climate change 
in the agricultural sector emerged during the in the agricultural sector emerged during the 
compilation of this edition of the Barometer. They give compilation of this edition of the Barometer. They give 
us hope, but also a renewed sense of responsibility in us hope, but also a renewed sense of responsibility in 
dealing timeously with the climate crisis.dealing timeously with the climate crisis.

First and foremost, this was a quarter in which the First and foremost, this was a quarter in which the 
youth took centre stage. The first Climate Change youth took centre stage. The first Climate Change 
and Agriculture Youth and Young Researcher’s and Agriculture Youth and Young Researcher’s 
Convention was successfully hosted at Elsenburg, with Convention was successfully hosted at Elsenburg, with 
more than 100 young delegates. Two youth delegates more than 100 young delegates. Two youth delegates 
report on their experience in this edition, and more report on their experience in this edition, and more 
detailed feedback will be included in the next edition. detailed feedback will be included in the next edition. 
This generation sometimes feels hopeless and anxious This generation sometimes feels hopeless and anxious 
w.r.t. climate change, but our delegates departed w.r.t. climate change, but our delegates departed 
with a keen sense of the role they can play. The event with a keen sense of the role they can play. The event 
will in future take place every year, alternately at will in future take place every year, alternately at 
Elsenburg and in a rural district. We also report on a Elsenburg and in a rural district. We also report on a 
visit by the SmartAgri Steering Committee to the De visit by the SmartAgri Steering Committee to the De 
Rust Futura Academy, an agriculture focus school in Rust Futura Academy, an agriculture focus school in 
Grabouw, and an inspiration to all!Grabouw, and an inspiration to all!

Rigorous and relevant scientific research provides Rigorous and relevant scientific research provides 
essential analysis and improved understanding of the essential analysis and improved understanding of the 
problem, and helps to guide planning and action for problem, and helps to guide planning and action for 
climate change mitigation and adaptation. Several climate change mitigation and adaptation. Several 
articles cover the recent advances made, from the articles cover the recent advances made, from the 
large global effort of the IPCC 6th Assessment Report, large global effort of the IPCC 6th Assessment Report, 
to the updated Climate Change and Agriculture to the updated Climate Change and Agriculture 
Status Quo Report for the Western Cape Department Status Quo Report for the Western Cape Department 
of Agriculture. Also showcased are the advanced of Agriculture. Also showcased are the advanced 
hydrological modelling conducted at Stellenbosch  hydrological modelling conducted at Stellenbosch  

University, the work of the new School for Climate University, the work of the new School for Climate 
Studies at Stellenbosch University, and the transfer Studies at Stellenbosch University, and the transfer 
of knowledge of Conservation Agriculture science of knowledge of Conservation Agriculture science 
and practice to farmers at the CAWC Conference. and practice to farmers at the CAWC Conference. 
Our colleagues at the Climate Change Our colleagues at the Climate Change 
Directorate of the Department of Environmental Directorate of the Department of Environmental 
Affairs & Development Planning (Western Cape Affairs & Development Planning (Western Cape 
Government) have been exceptionally busy, Government) have been exceptionally busy, 
and, as always, committed partners in SmartAgri. and, as always, committed partners in SmartAgri. 
This edition covers various aspects of their work, This edition covers various aspects of their work, 
and participation in SmartAgri events, as well as and participation in SmartAgri events, as well as 
a new appointment who comes with invaluable a new appointment who comes with invaluable 
experience in the field.experience in the field.

Finally, SmartAgri is being shared with international Finally, SmartAgri is being shared with international 
audiences, and we are in turn learning valuable audiences, and we are in turn learning valuable 
lessons from our counterparts in parts of the lessons from our counterparts in parts of the 
world with similar climates and climate change world with similar climates and climate change 
dynamics. Events in this quarter included a webinar dynamics. Events in this quarter included a webinar 
with the California Department of Food and with the California Department of Food and 
Agriculture, and participation in the International Agriculture, and participation in the International 
Horticultural Congress held in France. We are Horticultural Congress held in France. We are 
excited about hosting the next International excited about hosting the next International 
Symposium on Irrigation of Horticultural Crops in Symposium on Irrigation of Horticultural Crops in 
Stellenbosch next year, with delegates registering Stellenbosch next year, with delegates registering 
from many countries.from many countries.

We hope that you enjoy the read! Please feel We hope that you enjoy the read! Please feel 
free to send your feedback and ideas, and to free to send your feedback and ideas, and to 
disseminate to other interested parties.disseminate to other interested parties.

To access previous editions of the SmartAgri To access previous editions of the SmartAgri 
Barometer, please visit Barometer, please visit www.greenagri.org.zawww.greenagri.org.za and  and 
click on SmartAgri.click on SmartAgri.
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WELCOMING MPFUNZENI WELCOMING MPFUNZENI 
TSHINDANE TSHINDANE 

Mpfunzeni Tshindane recently joined the 
Department of Environmental Affairs and 
Development Planning (DEA&DP) in the 
Climate Change Directorate and will be 
leading the adaptation programmes of 
work. 

He will be responsible for developing a 
Climate Change Adaptation Pathway 
that will be aligned to the Western 
Cape’s Climate Change Response 
Strategy and Implementation Plan. He 
will also be involved in coordinating 
and mainstreaming climate change 
adaptation across provincial sector 
departments in the Western Cape.

Prior to this role, Mpfunzeni was with 
the South African National Biodiversity 
Institute (SANBI) where he was involved 
in mobilising and programming climate 
finance in South Africa from international 
funding bodies such as the Adaptation 
Fund and the Green Climate Fund. 
This led to the successful development 
and implementation of projects which 
implement adaptation measures such 
as Ecosystem-based Adaptation and 
Climate-Smart Agriculture.

Mpfunzeni holds an MSc from the 
University of Kwa-Zulu Natal. His research 
focused on assessing the impacts of land 
cover change on ecosystem services 
delivery using Geographic Information 
System, Remote Sensing and social 
innovation at Duiwenhoks catchment in 
the Western Cape. He has a passion for 
biodiversity conservation, sustainable 
land-use management, environmental 
education and building socio-economic 
resilience to climate change impacts. 

Mpfunzeni has contributed to capacity 
development initiatives for knowledge 
generation to address capacity gaps on 
climate change for NGOs and the private 
sector through various roles at national, 
regional and international platforms, such 
as the Adaptation Network, Southern 
African Climate Finance Partnership 
(SACFP) and the Community of Practice 
for Direct Access Entities (CPDAE) of the 
Adaptation Fund and Green Climate 
Fund.

The SmartAgri team at the Department 
of Agriculture warmly welcomes 
Mpfunzeni – we look forward to working 
with you!



On a beautiful sunny spring day 
(6 September), 12 members of the 
SmartAgri Steering Committee 
gathered in the boardroom of the 
De Rust Estate in the Elgin Valley. 
We were kindly hosted by Dr Paul 
Cluver Sr. and his staff. The business 
of the day was dealt with, covering 
the various activities within the 
programmes of the Western Cape 
Department of Agriculture and 
the Department of Environmental 
Affairs & Development Planning 
(Climate Change Directorate) that 
contribute to the implementation of 
the SmartAgri plan. 

We then made our way to the De 
Rust Futura Academy situated just 
outside the gates of De Rust Estate. 
The school was started more than 
60 years ago by Dr Cluver’s mother, 
with 23 learners from neighbouring 
farms. Over the years, the school 
has grown in leaps and bounds and 
is now a public no-fee agricultural 
focus school from Grade R up 
to Grade 12. Learners come from 
surrounding farms and small towns 
to benefit from an education that 
ably prepares them for career 
opportunities in the agricultural 

and rural economy. They are taught 
how to establish and maintain 
fruit orchards, vegetable and 
herb production units outside 
and inside tunnels, and a cattle 
herd, and practical skills needed 
on farms. Theoretical subjects 
include Agricultural Management 
Practice, Agricultural Technology, 
Mathematics and Economics. The 
curriculum also covers aspects 
relating to global climate change. 
The fresh produce is sold on the 
commercial market.

The current principal (since 2004), 
Mr Wandred Theunis, took time 
out of his busy schedule to show 
the group around the premises 
and we could engage with learners 
doing practical work and peep 
into the modern tunnels recently 
established. The visitors were highly 
impressed with, and inspired by, 
what is being achieved here. This is 
a model that should be replicated 
in other parts of the province.

To read a recent article on the 
Academy, please go to: The Future 
Is Education - Hortgro

SMARTAGRI STEERING SMARTAGRI STEERING 
COMMITTEE VISITS COMMITTEE VISITS 
DE RUST FUTURA DE RUST FUTURA 

ACADEMYACADEMY
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Mr Wandred Theunis (3rd from right), Principal of the 
De Rust Futura Academy in Grabouw, speaking to 

members of the SmartAgri Steering Committee.

Learners conduct practical work in tunnels and in open fields, 
surrounded by commercial fruit farms.

Inside view of one of the new tunnels 
for vegetable and herb production.

Learners doing field work and engaging with members of the 
Steering Committee.

Entrance to the agriculture education 
facility at De Rust Futura Academy in 

Grabouw. 
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KLIPRAND BOEREDAG 
FOCUSES ON CLIMATE 
CHANGE

The sheep farmers of Kliprand and surrounding region in the far north-
eastern corner of Matzikama (West Coast District) have finally received 
some rain. The result was a wonderfully colourful and heart-warming 
spring flower display across what is otherwise an arid veld. But this is 
somewhat deceiving – more rain is needed to help the battered 
veld to recover from 7-8 years of drought, and to recharge the vital 
groundwater resource. This recovery will take several years of ‘normal’ 
rainfall which is by no means a certainty. Farmers are well aware 
of the threat of climate change and the expectation that rainfall 
could be decreasing in future, together with rising temperatures.

On 7 September, Prof Stephanie Midgley (Climate Change), 
Ms Jody Wentzel (Disaster Risk Reduction) and Ms Nelmarié 
Saayman (Plant Sciences, veld specialist) of the Western Cape 
Department of Agriculture (WCDoA) made the long journey to 
share the latest information on their subjects with the members 
of the Kliprand Farmers’ Association. Mr Stephan Louw of 
Veekos gave a presentation on animal nutrition. The day 
was organized by Mr Albertus Dyason, agricultural extension 
specialist of the Department based in Vredendal. Some 
of the questions and needs of the farmers relate to the 
poor weather station network in this remote area, how 
to manage veld for rehabilitation, and concerns over 
the groundwater resource. Drought relief provided by 
WCDoA has been received with gratitude, but there is a 
realization that new ways of farming are needed in this 
region that provide resilience and help to reduce the 
severe climate risks.



Spring flowers in the small town of Kliprand

The road to Kliprand through the Knersvlakte, with its typical Succulent Karoo flora.

The Knersvlakte is semi-arid and suited only to extensive sheep 
production
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Prof Stephanie Midgley travelled to Angers, 
France, from 13-22 August 2022, to participate in 
the 31st International Horticultural Congress. 

The Congress brought together 2500 horticultural 
scientists from around the world. She gave an 
oral presentation entitled “Water-related climate 
adaptation strategies for the horticultural sector 
in the Western Cape, South Africa” during 
Symposium 12 (“International Symposium on 
Water: A Worldwide Challenge for Horticulture”). 
This included information on the implementation 
of water-related actions outlined in the SmartAgri 
plan. 

Other relevant Congress Symposia included 
“Adaptation of Horticultural Plants to Abiotic Stress”, 
“Plant Nutrition, Fertilization, Soil Management”, 
“Agroecology and System Approach for 
Sustainable and Resilient Horticultural Production”, 
and “Innovative Perennial Crops Management”. 
Furthermore, she participated in a technical 
excursion to a winery and vineyard in the Loire 

Valley, where the topic was terroir and climate 
change, guided by a climate change expert in 
the wine industry. The opening plenary of the 
Congress had the title “Adaptation to Climate 
Changes and Effect Mitigation”.

Prof Midgley gained a better understanding of 
the state-of-the-art research and technologies 
from around the world, particularly in other 
regions with a drying and stressful climate such 
as Mediterranean and warmer temperate 
climates. She also re-connected with the leading 
researchers working on climate change related 
projects.

Prof Midgley used several opportunities at 
the Congress to announce and promote the 
Xth International Symposium on Irrigation of 
Horticultural Crops, which the Western Cape 
Department of Agriculture (with Prof Midgley 
as Convenor) is hosting in Stellenbosch from 29 
January to 2 February 2023.

SS  
  
MARTAGRI GOEMARTAGRI GOES TOS TO THE  THE 

INTERNATIONAL HORTICULTURAL INTERNATIONAL HORTICULTURAL                                 
                              CONGRESS 2022CONGRESS 2022



Vineyards in the Loire Valley, France, are also impacted by climate change 
risks such as extreme heat.

Ms. Ncamsile Shongwe (2nd from right) of the University of Pretoria, South 
Africa, received the Young Minds Award for the best poster by a young 

researcher in Symposium 12: “International Symposium on Water:  
A Worldwide Challenge for Horticulture”.

Prof Karen Theron, Stellenbosch University, giving a keynote presentation.

11  SMARTAGRI NEWSLETTER



As part of the Climate Smart Agriculture Webinar 
Series presented jointly by the California Department 
of Food and Agriculture (CDFA) and the Western 
Cape Department of Agriculture (WCDoA), a third 
webinar was held on 21 June 2022. The intent of 
this series is connect farmers/ranchers, academia 
and policy makers in both countries to engage on 
shared climate challenges. On 11 March 2022, the 
WCDoA and CDFA officially signed a Memorandum 
of Understanding (MoU) to promote cooperation in 
agriculture.  

The focus of this webinar was on the wine industries 
in both regions. Presentations covered the work of 
the California Sustainable Winegrowing Alliance, the 
research programme of Winetech (South Africa), and 
perspectives on practical lessons, especially relating 
to drought management, in both the Western Cape 
and California.  

To access the video recording of the webinar please 
click here: https://youtu.be/1MxTiev0gJg

JOINT WESTERN CAPE AND 
CALIFORNIA WEBINAR ON CLIMATE 
CHANGE ADAPTATION IN THE WINE 

INDUSTRY

https://youtu.be/1MxTiev0gJg


In this webinar, WWF South Africa will present the findings of our report on some of the innovative financial
instruments for catalysing greater investment into the sustainable agriculture sector to address climate change
impacts. 

The one-and-a-half hour session has an introductory segment on key recommendations identified in the Climate
Change Investment and Finance Opportunities in South African Agriculture Report.

This webinar will showcase innovative instruments that enhance environmental and socio-economic impact focused
on regenerative agriculture by Restore Africa Fund, cultivated meat by Mzansi Meat and Nedbank's Citrus Shade-
netting finance facility. A Q&A segment will follow.

The South African Financial Sector ESG Analytical Services
Project is funded by the Lewis Foundation and implemented
by partners WWF South Africa, Just Share and the National
Business Initiative. The project aims to build the capacity of
the South African financial services sector to better
understand and integrate climate risk into decision-making
in ways that drive climate action in South Africa.

CLIMATE
FINANCE FOR
SUSTAINABLE
AGRICULTURE
ABOUT THIS EVENT

SPEAKERS
Wendy Engel 

Brett Thompson 

Nic Van Schalkwyk 

ZHANN MEYER 

WWF South Africa

Mzansi Meat 

Restore Africa Funds 

Nedbank CIB

REGISTER
NOW FOR

THE
WEBINAR

THIS VIRTUAL EVENT IS HOSTED BY CLIMATE AND SUSTAINABLE INVESTMENT IN PARTNERSHIP WITH

AND
SUPPORTED

BY: 

DATE & TIME
8 June 2022 10-11h30 CEST

FINANCE FOR SUSTAINABLE 
AGRICULTURE

On 8 June 2022, a webinar on Climate Finance for 
Sustainable Agriculture was presented by WWF 
South Africa, Just Share, and the National Business 
Initiative, based on a project funded by the Lewis 
Foundation. In this webinar, the findings of a 
report “Climate Change Investment and Finance 
Opportunities in South African Agriculture” on 
some of the innovative financial instruments for 
catalysing greater investment into the sustainable 
agriculture sector to address climate change 
impacts were presented. 

The webinar began with an introductory segment 
on key recommendations identified in the report. 
Thereafter, presentations showcased innovative 
instruments that enhance environmental and 
socio-economic impact focused on regenerative 
agriculture (Restore Africa Fund), cultivated meat 
(Mzansi Meat) and Nedbank’s Citrus Shade-
netting finance facility.

To access the video recording of the webinar 
please click here: https://youtu.be/5TbAuzA_Ydk
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UPDATED CLIMATE CHANGE SCIENCE 
REPORT PROJECTS A VARIED FUTURE 

ACROSS THE WESTERN CAPE – FUTURE 
PROJECTIONS

Stephanie Midgley
Based on the full report by Chris Jack



In the previous edition of the SmartAgri Barometer, 
we introduced the project to update the analysis 
of historical observed and future projected climate 
over the Western Cape province. The study was 
conducted by climate scientists at the Climate System 
Analysis Group, University of Cape Town, and was 
completed in early 2022. Mapping was conducted 
for 23 SmartAgri zones that capture the climatic 
gradients, complex topography, oceanic influences, 
soils and farming systems across the province. 

The report provides strong evidence that the climate 
of the region is shifting and will continue to shift into 
the future. The previous article showed how the region 
has experienced significant increases in temperature 
and Potential Evapotranspiration (PET) across all 
zones and all seasons in the period 1902-2020. Rainfall 
has decreased strongly during the autumn season in 
the period 1982-2020. The role of climate change in 
the increasingly frequent and intense droughts in the 
region was also highlighted. In this article we present 
the analysis of future projected climate across the 
province.

CLIMATE CHANGE PROJECTIONS - METHODS

A multiple lines of evidence approach was used, as 
documented in the IPCC AR6: Chapter 10 (Doblas-
Reyes et al., 2021). This approach looks across 
multiple model ensembles and downscaling to 
identify common agreement as well as aspects of 
disagreement.

MODEL ENSEMBLES

For this study, three model ensembles were analysed:

CMIP5
The 5th iteration of the Coupled Model Intercomparison 
Project (CMIP5, Taylor et al., 2012), used with 
Representative Concentration Pathways (RCP, Van 
Vuuren et al., 2011) to describe different future socio-
economic scenarios and their associated emissions 
related scenarios (greenhouse gases, aerosols and 
land use change). Specifically, results for RCP 4.5 (a 
‘middle of the road’ scenario) and RCP 8.5 (a very 
negative scenario) are presented. 

CMIP6
The 6th iteration of the CMIP experiment (CMIP6, 
Eyring et al., 2016), used with Shared Socioeconomic 
Pathways (SSPs, O’Neill et al., 2014) scenarios. SSP2 4.5 
(roughly equivalent to RCP 4.5) and SSP5 8.5 (roughly 
equivalent to RCP 8.5) are presented. The CMIP6 
ensemble includes several improvements in aspects 
of the modelling compared to CMIP5. 

CORDEX
The Coordinated Regional Downscaling Experiment 
(CORDEX, Giorgi et al., 2009) is a globally coordinated 
project with the objective of dynamically (and 
statistically) downscaling the CMIP model ensembles, 
as well as further develop regional downscaling. 

CORDEX Africa developed dynamical downscaling 
of CMIP5 across the entire African continent at a 
grid resolution of around 0.44° horizontally (45-50km). 
CORDEX Africa has been extensively analysed and 
used to develop climate impacts assessments across 
Africa. The higher spatial resolution of the participating 
dynamic downscaling models makes it very suitable 
for application to the Western Cape.

PLUME PLOTS

Plume plots provide a visualisation of the range of 
projections resulting from multiple models as members 
of ensembles, from historical periods into future 
periods. Multiple model ensembles can be overlaid 
and agreements and disagreements easily identified.
To obtain a workable number of plume plots, it was 
decided to cluster the original SmartAgri Zones based 
on a measure of climatic similarity, in this case the 
inter-annual variability of annual rainfall. This resulted 
in six clusters (Figure 1).
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Figure 1: Clustered SmartAgri zones based on similarity of inter-annual total rainfall variability.

PROJECTION ARCHETYPES

In order to simplify the application of the climate 
projections, four “archetype” models have been 
identified that broadly represent the range of 

projected changes in temperature and precipitation. 
To more clearly identify archetypes with large 
magnitude differences, the CMIP6 SSP5 8.5 emissions 
pathway was used. The resultant four archetype 
models are (Table 1):

Table 1: Description of the four archetype models used.

Archetype model name Provincial scale projection
MPI-ESM1-2-LR Almost no rainfall change, low magnitude temperature increase (~1.2°C)
TaiESM1 High temperature increases (~2.4°C), large rainfall reduction
GFDL-CM4 Moderate temperature increases (~1.7°C), large rainfall reduction
EC-Earth3 Moderate temperature increases (~1.7°C), mixed spatial pattern of rainfall 

change (increases in Nelspoort region, decreases elsewhere). [Note, this 
pattern occurs in multiple models, hence identifying it as plausible archetype]

CLIMATE CHANGE PROJECTIONS - RESULTS

MULTI-ENSEMBLE PLUME PLOTS

Figure 2 presents plume plots for each of the six 
clustered zones for annual mean temperature 
as a primary indicator of climate change across 
the region. All clustered zones exhibit very similar 
behaviour, with the strongest projected changes 

occurring in the Cederberg to Sandveld and the 
Little Karoo to Nelspoort zones. The future projected 
changes show that the strongest warming will occur in 
the interior summer rainfall regions, further away from 
the moderating influence of the oceans. Increases 
in the maximum temperatures in the hot season 
and minimum temperatures in the cold season show 
spatial patterns that are similar to those of average 
temperatures.
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Figure 2: Plume plots of annual mean temperature change across CMIP5, CMIP6 and CORDEX ensembles (sets of global circulation 
models) and the clustered SmartAgri zones for the RCP 4.5 and SSP2 4.5 scenarios.
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Figure 3 presents plume plots for total annual rainfall 
change. There is a broadly consistent message of 
decreasing rainfall across all regions and hence 
across the whole province. Changes in rainfall 
indices, on the other hand, show some variation 
across the province so that, while reductions in rainfall 
are strongly dominant, it is possible that different 
patterns of change may unfold. Different dynamics 

are involved in producing changes in summer rainfall 
over the northern/eastern parts of the province versus 
the southern regions and the western regions. The 
clear message is that reductions in rainfall should be 
anticipated across the region, but some subregions 
may experience much stronger reductions than other 
subregions.

Figure 3: Plume plots of annual mean rainfall change (%) across CMIP5, CMIP6 and CORDEX ensembles (sets of global circulation mod-
els) and the clustered SmartAgri zones for the RCP 4.5 and SSP2 4.5 scenarios.
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The analysis of projected changes in water balance 
(Standardised Precipitation Evaporation Index, SPEI) 
and Potential Evapotranspiration (PET) shows very 
clearly that increases in temperature, involving very 
little uncertainty, strongly dominate any uncertainty 
in rainfall changes (results not shown). A clear 
message of increasing water deficit frequency as 
well as increasing frequency and intensity of drought 
conditions emerges. This is the key message for 
agriculture across the province.

The archetype projected changes in annual rainfall 
and annual mean temperatures are presented 

in Figures 4 and 5, respectively, for SSP5 8.5 for the 
future period 2030-2060. The archetypes identified 
are useful in providing a smaller sample of the full 
ensemble that roughly represent the same range of 
plausible projected changes.  However, it must be 
noted that archetypes are a compromise and by no 
means should be assumed to be representative of 
the full range of plausible futures across all seasons, 
SmartAgri zones or indices. They are intended to 
be used as illustrative projected changes and/or to 
guide further analysis of impacts.

Figure 4: Projected changes in annual total rainfall (mm) across the SmartAgri zones derived from the CMIP6 
model ensemble SSP5 8.5 pathway experiment for the period 2030-2060 for the 4 archetype models. Figure 

titles are the name of the model and the area average change in rainfall (mm). Diagonal hashing indicates 
trends that are not statistically significant with a p-value threshold of 0.05.
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Figure 5: Projected changes in annual mean temperature (°C) across the SmartAgri zones derived from 
the CMIP6 model ensemble SSP5 8.5 pathway experiment for the period 2030-2060 for the 4 archetype 

models. Figure titles are the name of the model and the area average change in temperature (°C).
Diagonal hashing indicates trends that are not statistically significant with a p-value threshold of 0.05.

The updated climate analysis for the agricultural 
sector of the Western Cape will now be widely 
disseminated, and used to update the SmartAgri 
plan where necessary.  To download the full report, 
please click here: 

For more information, contact Stephanie Midgley at 
Stephanie.Midgley@westerncape.gov.za
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Déna Jansen (left) and Jody Brown (right) at the Climate Change and Agriculture Youth and 
Young Researchers’ Convention at Elsenburg.

The Western Cape Department of Agriculture’s (WCDoA’s) 
first ever Climate Change and Agriculture Youth and Young 
Researchers’ Convention was held on 20 and 21 July at Elsenburg. 
More than110 youth came together to brainstorm and debate 

on solutions to the global issue of climate change. 

YOUNG 
PROFESSIONALS 
RECOUNT THEIR 

EXPERIENCE OF THE 
YOUTH CONVENTION
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The WCDoA’s Rural Development Youth Programme, 
tertiary educational institutions, other provincial and 
national departments, the Agricultural Research 
Council, small and emerging farming enterprises, 
non-governmental and non-profit organisations, and 
young professionals and graduate interns from each 
WCDoA programme attended the convention.  Jody 
Brown, Environmental Officer, and Déna Jansen, 
Climate Change Adaptation Intern from DEA&DP’s 
Climate Change Directorate attended the event. 
Here is what they experienced and said about the 
convention. 

EXCITING ANTICIPATION ON THE WAY TO ELSENBURG

Jody Brown (JB): I was quite excited to engage with 
fellow professionals, up-and-coming youth, as well as 
experts on the many challenges and opportunities 
existing within the climate change and agriculture 
sectors. This was also one of my first in-person events 
attended since the lockdown, so I was excited to 
meet people in person and see their smiles mask 
free.

Déna Jansen (DJ): As a fresh intern I was not expecting 
too much. By that I mean I was open to receive 
whatever and just sponge it all up. One thing I was 
particularly looking forward to is seeing people my 
age who are also passionate and concerned about 
climate change, especially through the agricultural 
lens.

2 DAYS OF INSIGHTS, NETWORKING AND FUN

JB: The event was well organised, where it had a 
combination of interesting talks, panel discussions, 
as well as interactive opportunities to engage with 
particular themes in the agriculture and climate 
change space.

DJ: Agreed. And, getting freebies by way of goodie 
bags upon entry and some lucky-draw games is 
always fun.

JB: There was a vibrant energy in the room, with a 
buzz from young students eager to learn, combined 
with young professionals looking to enhance their 
viewpoints, interactions and understandings in the 
space. The first day focused predominantly on the 
facts and science around climate change, and how 
we engage it. The second day focussed more on 
climate change and agriculture as sectors, with an 
emphasis on career and development opportunities 
for youth.

DJ: Thankfully, all that was energetically facilitated 
by our programme directors, Dr Gillian Arendse 
and Dr Ilse Trautmann, as we enjoyed the insights of 
speakers ranging from the likes of professors, farmers, 
radio personalities and economists. But, of course 
the real stars were the youth in attendance.

JB: I really enjoyed the very charismatic presentation 
from Dr Peter Johnston who communicated the 

evidence and projections for climate change on the 
Western Cape in an easy to understand manner. He 
also made the case for a climate emergency, where 
he ensured that there was a clear understanding of 
the fundamentals of climate change and its impact, 
which often gets confused or misused in practice. 

Another highlight was the inclusion of a panel of 
climate change champions, which consisted of 
young professionals sharing information on impact 
and opportunities within their respective fields. It 
was also quite refreshing to listen to the experience, 
expertise and competence of fellow professionals 
who could relate to my experiences and needs as 
a younger person. This emphasises the impact of 
representation.  

DJ: My favourite highlights from the youth in 
attendance were the plethora of masters projects 
in the climate adaptation for agriculture space, 
ranging from research in GMOs [genetically modified 
organisms] to IKS [indigenous knowledge systems]. 

It was also encouraging to hear of young people 
running outdoor classrooms and eco-clubs as well 
start-ups focussed on open access education and 
capacity building for youth. As we contemplate 
our own need to daylight our impacts as the 
Environmental Sustainability Chief-Directorate [at 
DEA&DP], real-life examples of communication and 
education avenues are necessary food for thought.

FORWARD-LOOKING REFLECTIONS

JB: Something that stood out to me was the already 
existing competence and capacity that youth have 
within the climate change space, both as students, 
but also as professionals already integrated into the 
workforce. This holds great promise and potential 
to, in fact, engage more and make use of this 
already existing resource to galvanise buy-in and 
development of the youth in climate change 
matters for the province and country. To me, this 
forum demonstrated the strength and capability 
of the youth to impact change and to use their 
meaningful perspectives to contribute to decision 
making, research and planning processes.

DJ:  The energy and drive among the youth is definitely 
there. It just seems to be a question of ‘how, when 
and where’? This reminds me of a point noted on 
one of the panels: most of our municipalities are not 
sufficiently capacitated in terms of environmental 
affairs, let alone climate change. 

As I endeavour into the policy arena with this 
internship, I’m thinking a lot about the decentralisation 
of responsibilities and technical knowledge. Could 
creating and filling those jobs be one way of 
addressing the lack of climate change capacity 
and youth unemployment at the same time? I’m not 
sure yet, but I know that where there is a gap, there is 
opportunity for something creative to happen.



Conservation Agriculture Western Cape (CAWC) 
celebrated a big milestone in August – the 10th annual 
Jack Human Conservation Agriculture Conference 
took place from 2-3 August 2022. The lecture day was 
presented at Nooitgedacht Estate near Stellenbosch 
and the practical day at Tygerhoek Research Farm 
near Riviersonderend.

Three international and nine local speakers delivered 
talks on the lecture day. Stuart Grandy, Professor in Soil 
Biogeochemistry and Fertility and Co-Director of the 
Centre of Soil Biogeochemistry and Microbial Ecology 
from the University of New Hampshire in America, 
focussed on the role of soil microbes on nitrogen 
release and building soil organic matter. 

Dr Chloe MacLaren, a plant ecologist from 
Rothamsted Research in the United Kingdom, shared 
the results from a comparative study of 30 long-term 
trials across the world (including the Langgewens 
long term conservation agriculture trial) and what it 
means for the Western Cape. 

The results showed that yield stability and improved 
yields can be obtained through lower inputs, 
although there should be a systems approach. She 
also congratulated the Western Cape Department 
of Agriculture on the importance and impact of their 
long-term conservation agriculture trial and said the 
size of the trial and the scale of data that is generated, 
is unique in the world.

Dr Angela van de Wouw from the School of BioSciences 
at the University of Melbourne in Australia, discussed 
blackleg research in terms of canola and practical 
tips for canola production.

South African farmers also shared their knowledge 
and advice. Piet Gildenhuys (farms with wheat, 
barley, canola, lucerne and sheep at Heidelberg in 
the Southern Cape) and Hannes Botha (farms with 
livestock and maize at Carolina in Mpumalanga) 
shared their experiences of conservation and 
regenerative agriculture.

In conclusion, seven fruit farmers from the Western 
Cape shared their different experiences with cover 
crops in vineyards and orchards.
On the second day of the conference, delegates 
visited Tygerhoek Research Farm where several trials 
could be visited and discussed, for example:
• A regenerative trial;
•  Seed and in-furrow treatments in wheat, barley 

and canola;
•  Canola blackleg spray trial and practical tips;
•  Nitrogen fixing in different legume crops and 

pastures; and Cover crops as pastures – production, 
feed quality and practical demonstration.

Attendance of the 10th annual conference was 
excellent – 264 people attended the lecture day 
and 120 people visited Tygerhoek. We would like to 
thank all our sponsors, especially the Protein Research 
Foundation who sponsored Dr van der Wouw’s visit. A 
big thank you also goes to the Tygerhoek Research 
farm for all the trials and the set-up of the venue. This 
was the second year that the Soil Health Support 
Centre joined the CAWC and Landbouweekblad in 
hosting the conference.

Dr Johann Strauss
Senior Scientist, Sustainable Cropping Systems 
Research, Western Cape Department of Agriculture
CAWC Secretary
Johann.Strauss@westerncape.gov.za

CAWC CONFERENCE 
– VALUE ADDITION 
THROUGH EXPERIENCE 
AND RESEARCH
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A special honor to Abrie Richter for his contribution to the 
expansion of conservation agriculture, the promotion 
of sustainable crop production, healthy soil and the 

strengthening of the rural economy.

A special tribute to JP and Cobus Bester for their contribution 
to the development of conservation agriculture, the 
promotion of sustainable crop production, healthy soil and 

the strengthening of the rural economy.

A special honor to Junior Herholdt for his contribution to the 
expansion of conservation agriculture, the promotion of 
sustainable crop production, healthy soil and the strengthening 

of the rural economy.

A special tribute to CD du Toit for his contribution to the 
development of conservation agriculture, the promotion of 
sustainable crop production, healthy soil and the strengthening 

of the rural economy.

A special tribute to Dr. Johan Labuschagne for his contribution 
to the development of the principles of conservation 

agriculture through his valuable research in this area.

A special tribute to Pieter Greeff for his contribution to 
developing the principles of conservation agriculture 
through his enthusiasm for imparting knowledge and for his 

continued commitment to sustainability.



CONFERENCE PHOTOS



“Building a more holistic and ambitious 
disaster-resilience framework for agriculture is 
crucial to ensuring sustainable development 
– which is a cornerstone for peace and the 

basis for adaptation to climate change.”  José 
Graziono da Silva (FAO)

As part of a series of articles in coming editions 
of the SmartAgri Barometer, the Western 
Cape Department of Agriculture’s (WCDoA) 
Disaster Risk Reduction unit will speak to various 
aspects of its work within the climate change 
environment. 

Approximately eight hundred and forty two 
million Rand (R842 000 000.00) has been 
successfully implemented on disaster related 
projects solely within the WCDoA in the last 
seven years. We have seen a dramatic increase 
in both the frequency and intensity of disasters 
within the Western Cape.  This trend, if allowed 
to continue, poses a very real threat to food 
security in this province. That the agricultural 
sector has weathered the impact of these 
disasters, including the Covid-19 pandemic, 
speaks to the resilience within this sector. 

Agriculture is the life-blood of many rural 
economies, contributing significantly 
to economic growth, employment and 
social cohesion. WCDoA recognises and 
acknowledges this contribution and by 
establishing a dedicated Disaster Risk 
Reduction (DRR) unit, further demonstrated 
its commitment to ensuring a sustainable and 
resilient agricultural sector.

In the last seven years, the WCDoA, in conjunction 
with the National department of Agriculture, 
Land Reform and Rural development (DALRRD) 
has made significant financial investments into 
disaster-related projects. Investing millions of 
Rands in post-disaster support and recovery 
projects, whilst necessary and needed, is 
not sustainable. Re-focusing our efforts on 
prevention, reduction and mitigation of disasters 
is not only more cost effective, but also ensures 
a more inclusive approach. This approach 

compelled the DRR unit to work closely with all 
its key stakeholders, translating into a cohesive 
and proactive disaster response, benefitting all. 
Whilst engaging with one’s key stakeholders is 
paramount, critical to any disaster risk reduction 
or prevention strategy is understanding the 
root cause of disasters. After all the debates, 
discussions, panels, social movements and 
COP (United Nations Conference of the Parties) 
conferences, there is now irrefutable evidence 
that climate change is the key driver affecting 
disasters globally. 

It is therefore no co-incidence that the 
department, in addition to its DRR unit, 
established a Climate Change Unit in 2021. 
Synergy between these two units will ensure 
that the department can deal effectively 
with the threat of both climate change and 
disasters. Our earlier stakeholder engagements 
revolved predominantly around understanding 
the impact of disasters on farmers, their 
families, their staff, and their ability to remain 
economically viable. This approach has since 
shifted and with the introduction of a climate 
change component, as part of our stakeholder 
engagement, we have seen a definite shift in 
our farmers’ approach to climate change and 
disaster management. 

As an introduction to climate change, Professor 
Stephanie Midgley, the department’s climate 
change specialist, delivered a brief, 30-minute 
presentation to our drought-affected farmers. 
What surprised the DRR team was the farmers’ 
willingness to engage with Professor Midgley on 
various aspects of climate change. Professor 
Midgley’s climate change ‘talks’ now form an 
integral part of our stakeholder engagements. 

In our next article contribution to the Agri-Smart 
Barometer, we will expand on the changes 
farmers introduced to their farming practices 
as a result of climate change and disasters. For 
more information, contact Leslie Marthinussen 
at Leslie.Marthinussen@westerncape.gov.za

DISASTER RISK REDUCTION 
(DRR) AT THE WESTERN CAPE 

DEPARTMENT OF AGRICULTURE

Leslie Marthinussen
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FruitLook is a freely available remote sensing data platform in the 
Western Cape, fully funded by the Western Cape Department of 
Agriculture. FruitLook is set up to be an extra layer of information on 
the farm that can support management practices and sustainable 
water and nutrient usage. Interested in using FruitLook and 
learning more about the service? Visit www.fruitlook.co.za.
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Dianca Yssel

http://www.fruitlook.co.za. 
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This is the third in a series of articles highlighting the 
commodities in the Western Cape of South Africa and 
their usage of FruitLook data. Each article focuses on 
a specific crop, its growing area and its preferences 
linked to FruitLook data. For this issue, we will focus on 
rooibos tea. 

The long-term (since 2006) average annual 
production of rooibos is approximately 14 000 tons in 
South Africa, with a total production of 20 000 tons 
achieved in the 2019/2020 season alone (Rooibos 
Council, 2020A). There are estimated to be 350 – 550 
rooibos tea farmers in South Africa, and 11 larger 
processors which are responsible for 90% of the global 
rooibos market (Rooibos Council, 2020A).

South Africa exports more than 7 000 tons of rooibos 
annually; the majority of which gets imported by 
Germany, the Netherlands, Japan, the United 
Kingdom, and the United States (The Rooibos 
Marketplace, 2022). In the 2020/2021 season, rooibos 
was reported to have a gross production value of 
approximately R822 million (DAFF, 2022). 

In 2019, the total area under rooibos production 
was 67 000 hectares (Pretorius, 2019). The majority 
of rooibos is grown in the Olifants River area and 
the Sandveld, covering 36 000 hectares (Green 
Agri, 2022). The largest concentration of rooibos tea 
production is however in the West Coast area of the 
Western Cape, with a much smaller concentration in 
the Cape Agulhas area of the Overberg. (Barends-
Jones, 2022).

These areas are characterized by hot and dry 
summers and cool wet winters, with 300-350 mm of 
rainfall per annum and winter temperatures of 2-6 
°C (Barends-Jones, 2022). Rooibos grows well in arid, 
infertile land that is characterized by well-drained, 
deep sandy and loamy soils (Rooibos Council, 2020B). 
Rooibos is primarily a dryland crop and thus its 
production depends on the amount of rainfall 
received in winter to replenish soil moisture and 
stimulate germination and seed establishment 
(Barends-Jones, 2022). Some rain during the summer 
is required to enable the survival of young seedlings 
through the dry summer months (Green Agri, 2022). 

The traditional process of preparing rooibos is 
fermentation. The process consists of the cutting, 
bruising, and wetting of leaves and then the 12-hour 
fermentation of damp leaves. Enzymatic oxidation 
follows, causing the rooibos to change from green 
to it’s distinctive amber colour. The final step in the 
process is the drying of the rooibos by spreading the 
leaves out in the sun (Rooibos Council, 2020B). 

A rooibos plant has a 6-year lifespan on average, 
during which it can deliver four harvests. On average, 
a yield of 1.8 tons per hectare can be expected from 
a rooibos plant over its lifespan (Rooibos Council, 
2019). Crop rotation systems are essential in rooibos 
due to the need for the soil to rest for at least two years 
before replanting a field (Pretorius, 2019). The yield 
and quality of rooibos are both greatly influenced 
by the climate, in particular the variability of rainfall. 
Budding occurs throughout the year in response to 

Map of the Western Cape Province showing the 23 
agro-climatic zones and the Rooibos Tea growing regions. 
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Map of the Western Cape Province Map of the Western Cape Province 
showing the 23 agro-climatic zones and showing the 23 agro-climatic zones and 

the deciduous fruit growing regions the deciduous fruit growing regions 
(circles)(circles)

precipitation availability (rain, mist, or dew). A shift in 
the seasonality of rainfall may impact both cultivated 
and wild rooibos, especially in the northern area of 
distribution with more variable rainfall (Green Agri, 
2022). According to the Smart Agri brief for the 
rooibos industry, climate modelling has indicated a 
high probability of continued warming and reduced 
winter rainfall experienced in the western parts of the 
Western Cape in the future, and thus some of the 
major regions within which rooibos production falls 
(Green Agri, 2022). 

Weather data has already shown signs of warming 
by 1 °C on average over the past 50 years in mid to 
late summer, with the number of rainy days during 
late spring increasing for the Cederberg-Olifants-
Sandveld region (Green Agri, 2022). 

Increases in temperatures in the future are almost 
certain and the greatest of these increases are likely 
to occur inland and in the lower-lying places along 
the coast. Heat stress for crops will be increased 
due to increases in both maximum and minimum 
temperatures. An increase in extreme weather 
events, such as flooding due to extreme rainfall events 
or heat waves, surely poses risks to crop production in 
the Cederberg-Olifants-Sandveld region (Green Agri, 
2022).

The projections for a changing climate for the rooibos 
growing regions pose a great concern as they are 
indicative of more variability in rainfall availability, 
possible increase in prolonged dry spells, delayed 
onset to the winter rainfall season, heavier rainfall in 
late summer (seasonal shifts), higher temperatures 
and an increase in both frequency and intensity 
of heat waves. Rooibos plants are prone to fungal 
diseases borne from the soil, which would only be 
exacerbated by increased heavy rainfall events 
due to climate change, while severe droughts are 
a primary concern for rooibos production as they 
significantly reduce rooibos yields (Green Agri, 2022). 

FruitLook can provide a solution for producers to 
determine the general growing conditions of rooibos. 
The below image from FruitLook provides an example 
of spatial variation in the biomass production of a 
rooibos tea field. 

Point A in the image indicates the area in the field 
with the lowest biomass production as a result of a 
lower plant density. The producer should perhaps 
focus his management decisions on improving the 
soil health in this part of the field or consider using 
foliar treatments. The rooibos plants growing in points 
B and C on the other hand, showed very high growth 
due to the prevalence of weeds. The producer could 
consider doing targeted weed control at points B 
and C in the field to increase the yield potential from 
the rooibos growing here. 

Gerhard Pretorius from NaturaLibra Environmental 
Services makes use of the information FruitLook 
provides to assist with annual harvest estimates. 
“Year-on-year comparisons of fields in FruitLook give 
an indication of the health and biomass growth of 
a field if you correlate it with weather conditions 
and field age.” Gerhard mentioned that in some 
cases strong correlations have been found between 
Fruitlook’s data and actual harvest data for Rooibos. 
“It may also indicate where something is wrong with 
a field if performance is less than expected.”

NaturaLibra has a large number of rooibos fields 
registered on Fruitlook across the different regions, 
which allows the possibility to make comparisons 
between regions. “This information is very useful 
to calibrate the aerial survey which takes place 
during December every year. It helps to know from 
the Fruitlook data how weather conditions are 
affecting growth in the regions, and to incorporate 
this information into the data collected during the 
survey.”

A spatial map from FruitLook that shows 
variation in the biomass production of a 

rooibos tea field
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Are you a rooibos producer and not using FruitLook 
yet? Have a look at the portal and get in touch 
with the FruitLook team. We will help you set up 
and interpret the data for your fields. Not growing 
Rooibos? We will focus on another commodity in our 
next article! For more information, contact Dianca 
Yssel at dianca@bluenorth.co.za.
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THE CLIMATE CHANGE 
DIRECTORATE AT DEA&DP – 

COORDINATING THE WESTERN 
CAPE RESPONSE TO CLIMATE 

CHANGE 

Stephanie Midgley 

The Climate Change Directorate (CCD) at the 
Western Cape Department of Environmental Affairs & 
Development Planning (DEA&DP) is a long-standing 
partner of the Department of Agriculture with 
respect to the development and implementation 
of the SmartAgri plan. The development of the plan 
over a 20-month period in 2014-2016 was a joint 

project between the two Departments, and the 
collaboration has continued strongly since then. The 
Director of the CCD, Mr Goosain Isaacs, and Ms Lize 
Jennings-Boom (responsible for the provincial climate 
change mitigation programme of work) have been 
members of the SmartAgri Steering Committee (see 
under News Snippets) since its inception in 2016, to 
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help guide the implementation of the plan. More 
recently, Mr Mpfunzeni Tshindane has joined the 
team, responsible for the provincial adaptation 
programme of work (see under News Snippets). Mr 
Gerard van Weele also makes valuable contributions 
in the field of risk and vulnerability assessment and 
mapping.

The Climate Change Directorate coordinates the 
provincial response to climate change. Its aim is 
to integrate response actions into the social and 
economic developmental service delivery goals of 
the Western Cape Government. The services offered 
by the unit include:

• Coordinate the Western Cape Climate Change 
Response Strategy, and the institutional 
arrangement, focussing both on internal and 
external stakeholders;

• Coordinate and provide technical advice on 
integrating climate change responses across all 
sectors;

• Undertake climate change policy and strategy 
development and implementation support;

• Catalyse climate change research, knowledge 
development, partnerships and financing;

• Lead the coordination of energy consumption 
and greenhouse gas emissions reporting;

• Provide climate change Municipal Support.

Mr Isaacs and his team are currently hard at work 
finalising the newly revised Western Cape Climate 
Change Response Strategy: Vision 2050 (WCCCRS). 
This is a strategy and pathway which aims to achieve 
a climate resilient province by 2040 and to be a net 
Zero Emitter by 2050, with significant in-roads made 
in the strategy implementation by 2030. Since a 
strategy on its own does not represent a step forward 
– it must be translated into meaningful action – an 
accompanying Implementation Plan (IP) is also 

currently under development. The IP adds detail, and 
serves to accelerate the province’s climate response 
actions as outlined in the strategy. This will require 
coordination of existing initiatives and institutional 
structures, at the provincial and local levels. The IP 
also identifies the role-players required to drive the 
actions, and specifies timeframes for the actions and 
an evaluation framework. The agricultural sector and 
the support needs of rural communities, including key 
elements of the SmartAgri plan, play a prominent role 
in the draft WCCCRS and the draft IP. 

Further information on the valuable work of the 
CCD can be found at this website: https://www.
westerncape.gov.za/eadp/about-us/meet-chief-
directorates/environmental-sustainability/climate-
change

The website provides links to documents under the 
following headings:

• Policies and Monitoring and Evaluation, including 
Municipal Climate Change Response Plans

• Research reports
o The Economic Risks and Opportunities of  
        Climate Resilience in the Western Cape (2018)
o Assessing Climate Change Risks and Impacts  
    on the Health Sector in the Western Cape,  
       South Africa (2018)
o Climate Change Mitigation Scenarios for the  
       Energy Sector (2015)
o  Sea Level Rise Risk Assessments (2011/12)
o  Other Research Reports

• Greenhouse Gas emissions reporting
• Climate Change brochures and posters
• Climate Change finance

For more information, contact Goosain Isaacs at 
Goosain.Isaacs@westerncape.gov.za

The four guiding objectives giving structure to the draft revised Western Cape 
Climate Change Response Strategy - Vision 2050: A vision for a resilient Western 

Cape
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IPCC SIXTH ASSESSMENT 
REPORT: FOOD, FIBRE, AND 

OTHER ECOSYSTEM PRODUCTS - 
ADAPTATION

Stephanie Midgley

In Issue #21 (June 2022) of the SmartAgri Barometer 
provided a brief overview of the IPCC AR6 chapter 
on Food, Fibre, and other Ecosystem Products 
(Chapter 5). This chapter forms part of the Working 
Group II contribution, Climate Change 2022: Impacts, 
Adaptation and Vulnerability, of the Sixth Assessment 
Report of the Intergovernmental Panel on Climate 
Change (IPCC AR6). In the article, the headline 
statements (from the Executive Summary) for current 
and projected impacts as relevant to terrestrial food 
and fibre production systems were presented.

In this follow-up article, the headline statements for 
adaptation are presented, once again verbatim 
since the exact wording of these statements is very 
important. The full summary can be read in the IPCC 
report. I again close with some thoughts on the 
relevance of the findings to agriculture in the Western 
Cape of South Africa.

Many autonomous adaptation options have been 
implemented in both terrestrial and aquatic systems, 
but on-farm adaptations are insufficient to  meet  SDG21  
(high confidence2). Autonomous responses include 
livestock and farm management, switching varieties/
species and altered timing of key farm activities such 
as planting or stocking (high confidence). However, 
because of limited adaptive capacities and non-
climatic compounding drivers of food insecurity, 
SDG2 will not be met (high confidence).

Various adaptation options are currently feasible 
and effective at reducing climate impacts in different 
socio-cultural, economic, and geographical 
contexts (high confidence) but some lack adequate 
economic or institutional feasibility or information on 
limits (medium confidence). Feasible and effective 
options include cultivar improvements, community-
based adaptation, agricultural diversification, 
climate services, adaptive eco-management in 
fisheries and aquaculture. There is limited evidence, 
medium agreement on the institutional feasibility or 
cost effectiveness of adaptation activities, and the 
limits to such adaptations.

Ecosystem-based approaches such as diversification, 
land restoration, agroecology, and agroforestry 
have the potential to strengthen resilience to climate 

change with multiple co-benefits but trade-offs and 
benefits vary with socio-ecological context (high 
confidence). Ecosystem-based approaches support 
long-term productivity and ecosystem services such 
as pest control, soil health, pollination and buffering 
of temperature extremes (high confidence), but 
potential and trade-offs vary by socio-economic 
context, ecosystem zone, species combinations and 
institutional support (medium confidence). 

Bio-based products as part of a circular bioeconomy 
have potential to support adaptation and mitigation, 
with sectoral integration, transparent governance 
and stakeholder involvement key to maximizing 
benefits and managing trade-offs (high confidence). 
A sustainable bioeconomy relying on bioresources 
will need to be supported by technology innovation 
and international cooperation and governance of 
global trade to disincentivize environmental and 
social externalities (medium confidence).

Sustainable resource management in response to 
distribution shifts of terrestrial and aquatic species 
under climate change is an effective adaptation 
option to reduce food and nutritional risk, conflict and 
loss of livelihood (medium confidence). Adaptive 
transboundary governance and ecosystem-based 
management, livelihood diversification, capacity 
development and improved knowledge-sharing will 
reduce conflict and promote the fair distribution of 
sustainably-harvested wild products and revenues 
(medium confidence). Other options include shared 
quotas and access rights considering trade-offs, 
shifting livelihoods to follow target species, new 
markets for emerging species, and technology.

Implemented adaptation in crop production 
will be insufficient to offset the negative effects 
of climate change (high confidence). Currently 
available management options have the potential 
to compensate global crop production losses 
due to climate change up to ~2-°C warming, but 
the negative impacts even with adaptation will 
grow substantially from the mid-century under high 
temperature change scenarios (high confidence). 
Regionally, the negative effects will prevail sooner 
where current temperatures are already higher as in 
lower latitudes (high confidence).
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Supportive public policies will enhance effectiveness 
and/or feasibility of adaptation in ecosystem 
provisioning services (medium confidence). Policies 
that support system transitions include shifting 
subsidies, removing perverse incentives, regulation 
and certification, green public procurement, 
investment in sustainable value chains, support for 
capacity-building, access to insurance premiums and 
payments for ecosystem services, social protection, 
among others (medium confidence).

Harnessing youth innovation and vision alongside 
other SDGs such as gender equity, Indigenous 
knowledge, local knowledge, urban and rural 
livelihoods, will support effective climate change 
adaptation to ensure resilient economies in food 
systems (high confidence). Adaptation strategies 
that address power inequities lead to co-benefits in 
equity outcomes and resilience for vulnerable groups 
(medium confidence). Indigenous knowledge and 
local knowledge facilitate adaptation strategies for 
ecosystem provisioning, especially when combined 
with scientific knowledge using participatory and 
community-based approaches (high confidence).

Policy decisions related to climate change 
adaptation and mitigation that ignore or worsen 
risks of adverse effects for different groups and 
ecosystems increase vulnerability, negatively affect 
capacity to deal with climate impacts, and impede 
sustainable development (medium confidence with 
robust evidence, medium agreement). Lacking 
sufficient stakeholder participation, large-scale land 
acquisitions have had mostly negative implications for 
vulnerable groups and climate change adaptation 
(high confidence). Policy and program appraisal of 
adaptation options that consider the risks of adverse 
effects across different groups at different scales and 
use inclusive rights-based approaches help avoid 
maladaptation (medium confidence).

Financial barriers limit implementation of adaptation 
options in agriculture, fisheries, aquaculture 
and forestry and vastly more public and private 
investment is required  (high confidence). Public-
sector investment in adaptation of agriculture, 
forestry and fisheries has grown four-fold since 2010 
but adaptation costs will be much higher to meet 
future adaptation needs (medium confidence). 
Expanding access to financial services and pooling 
climate risks will enable and incentivize climate 
change adaptation (medium confidence).

Climate-resilient development pathways offer a 
way forward to guide climate action in food system 
transitions, but operationalisation is hampered 
by limited indicators and analyses (medium 
confidence). Robust analyses are needed that detail 
plausible pathways to move towards more resilient, 
equitable and sustainable food systems in ways 
that are socially, economically and environmentally 
acceptable through time (high confidence). 
Appropriate monitoring and rapid feedback to 
food system actors will be critical to the success of 

many current and future adaptation actions (high 
confidence).

Adaptation in agriculture in the Western Cape

Climate change adaptation for the agricultural sector 
of the Western Cape is comprehensively covered in 
the SmartAgri Plan. The plan covers the majority of the 
actions outlined above from the IPCC chapter, and 
several are already being implemented. However, 
deficits in adaptive capacity, limited understanding 
of the cost effectiveness of such actions, and financial 
constraints limit the adoption of adaptive practices 
and technologies.

A long history of ecosystem-based approaches in 
the Western Cape (and South Africa), such as the 
clearing of invasive alien plants in our catchments, 
and restoration of degraded farmlands, is a well-
supported approach because it is generally cost-
effective and has multiple socio-economic and 
climate change mitigation co-benefits. Two of the 
priority projects in the SmartAgri plan relate to this 
approach. Much more needs to be done to research 
and implement regenerative agricultural practices 
with benefits to soil health and ecosystem services 
such as pollination.

It is of great concern, also in the Western Cape, that 
“Implemented adaptation in crop production will be 
insufficient to offset the negative effects of climate 
change” in many agricultural contexts. Adaptation 
has limits which are very poorly understood; the limits 
depend on the starting point (how hot is a specific 
area already), the genetic resilience of the crops 
used in the area, the state of natural resources (e.g. 
are there options for increasing water availability), 
and is there sufficient human capacity and skill to 
make the necessary changes. At some point in the 
future, especially for the scenario of low mitigation 
(slow global progress in reducing greenhouse gas 
emissions), a much more radical approach will be 
required to respond to rapid and severe climate 
change. Transformational adaptation is much 
researched and discussed, but it is often not clear 
what this looks like, and how to achieve it. This should 
also become a topic in the context of agriculture in 
the Western Cape.

1 Goal 2 of the Sustainable Development Goals: End hunger, 
achieve food security and improved nutrition and promote 
sustainable agriculture.
2  In this Report, the following summary terms are used to 
describe the available evidence: limited, medium, or 
robust; and for the degree of agreement: low, medium, or 
high. A level of confidence is expressed using five qualifiers: 
very low, low, medium, high, and very high, and typeset in 
italics, e.g., medium confidence. For a given evidence and 
agreement statement, different confidence levels can be 
assigned, but increasing levels of evidence and degrees 
of agreement are correlated with increasing confidence.
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SCHOOL FOR 
CLIMATE STUDIES 
– STELLENBOSCH 

UNIVERSITY

The School for Climate Studies at Stellenbosch University was established in 2021. It is 
a world-class academic faculty conducting interdisciplinary and transdisciplinary 

climate-related research in and for Africa.

From an agricultural perspective, the School is working with several affiliates 
(see full list below) including TerraClim: Climate change adaptation decision-
making tool for agriculture; SU Food Security Initiative; SA Research Chair in Food, 
Environments, Nutrition and Health; Stellenbosch University Water Institute (SUWI); 
SA Research Chair in Postharvest Technology; and the Hortgro Chair in Applied 

Pre-harvest Deciduous Fruit Research. 

Websites:

https://climate.sun.ac.za/
http://www.sun.ac.za/english/research-innovation/Climate-Studies

Contact: ychirango@sun.ac.za

To access this publication, please click HERE: 
https://online.fliphtml5.com/cvapr/mqnb/#p=1
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The School engages in the following activities:

Research and development

Developing and implementing an Africa-
relevant research programme that responds to 
existing and emerging issues in climate change 
impacts, adaptation and mitigation responses, 
thus supporting human climate resilience. We will 
consolidate and integrate current disciplinary and 
transdisciplinary thinking on climate, conduct and 
coordinate primary research, publish and make 
accessible research results, and create or support 
the required platforms for data-intensive research 
and innovation.

Collaboration and capacity building

Facilitating, strengthening and expanding climate 
related multi- and inter-disciplinary collaborations 
at SU, and establishing new strategic partnerships 
and collaborations in regionally and internationally.

Developing new academic capacity, career paths 
and infrastructure for climate studies, creating 
opportunities for students to gain work experience 
in leading national and international public and 
private entities engaged in fundamental and 
applied climate studies.

Learning and teaching

Facilitating and developing curricula, sharing 
climate training and learning expertise across 
multiple faculties at SU through undergraduate and 
postgraduate modules, and coordinating internal 
and external climate training through workshops, 
short courses, training events, and congresses.

Commercialisation and social impact

Offering consultancy services and climate expertise 
to SU divisions and partners, as well as to industry and 
other private and public organisations, within the 
School’s capacity and the SU policy framework. We 
will contribute to the development and application 
of climate-related technologies that address issues 
on the broader social agenda, such as diversity, 
inclusivity, poverty alleviation and job creation.

The School’s Affiliates at Stellenbosch University:

• DSI-NRF Centre of Excellence for Invasion 
Biology (CIB)

• School for Data Science and Computational 
Thinking

• The Global Change Biology Group
• Centre for Complex Systems in Transition (CST)
• African Research Universities Alliance (ARUA) 

Centre of Excellence (CoE) in Energy
• Stellenbosch University Water Institute (SUWI)
• Department of Mechanical and Mechatronic 

Engineering
• Department of Earth Sciences
• Department of Botany and Zoology
• Department of Conservation Ecology and 

Entomology

Other Affiliates:

• The CL· I· M· E Lab
• Research Group of Prof Mike Cherry
• The Esler Plant Ecology Laboratory
• Department of Mathematical Sciences
• School of Public Leadership
• Development and Rule of Law Programme 

(DROP)
• Department of Sociology and Social 

Anthropology
• Division of Family Medicine and Primary Care
• Department of History
• TERRACLIM: Climate change adaptation 

decision-making tool for agriculture
• Centre for Food Safety (CFS)
• Institute for Water and Environmental 

Engineering
• Centre for Renewable and Sustainable Energy 

Studies (CRSES)
• SU Food Security Initiative
• SU’s Master’s Programme in Food and Security
• Centre for Collaboration in Africa
• Sustainability Institute (SI)
• SA Research Chair in Food, Environments, 

Nutrition and Health
• SA Research Chair in Postharvest Technology
• HORTGRO Chair in Applied Pre-harvest 

Deciduous Fruit Research
• ERWAT Research Chair in Wastewater 

Management
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SHOWCASING YOUNG 
SCIENTISTS AND 
RESEARCHERS
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MASTER OF SCIENCE, 
STELLENBOSCH UNIVERSITY: 

MATTHEW DANCKWERTS
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PHYSICAL PATTERNS AND POST-HOC MEASURES 
OF WILDFIRE BEHAVIOUR IN GRASSLAND – 

RELEVANCE OF FORENSIC INDICATORS IN WILDFIRE 
INVESTIGATIONS

Supervisor: Prof Guy Midgley, Department of Botany and Zoology, 
Stellenbosch University

Co-supervisor: Dr Heath Beckett, Department of Botany and 
Zoology, Stellenbosch University



THESIS ABSTRACT

Wildland fires are an intrinsic feature of seasonal 
grassland and savanna ecosystems, and are thus 
guaranteed to occur at some frequency in these 
systems. In addition, fire managers and practitioners 
in southern Africa use fire as a management tool 
in these rangeland systems to achieve an array of 
management goals for ecological, agricultural, and 
safety purposes. The occurrence of uncontrolled 
fires potentially attributable to human agency 
and accompanied by damage to property and 
associated litigation is an inevitable outcome in 
these wildland fire systems. The fields of fire litigation 
and forensics are, however, under-developed 
for such wildfire systems in which the inference of 
deliberate, accidental, and natural contributors 
to events is critical. Post-hoc physical indicators 
of wildfire pattern and spread, as well as fire 
behaviour prediction models are used by experts 
to determine origin, spread, and behaviour of fires 
in forensic wildland fire investigations conducted in 
contemplation of litigation. 

A review of post-hoc wildfire behaviour indicators 
relevant to forensic wildfire investigations, detailing 
application, reliability, and limitations, identified 
a suite of indicators of potential value in such 
circumstances. Selected post-hoc indicators and 
prediction models of fire behaviour were then 
tested for their suitability and utility across a range of 
fuel and weather conditions in montane grassland 
systems of the Greater Winterberg region, Eastern 
Cape, South Africa. 

Real-time fire behaviour data were gathered from 
143 fires across seven sites and compared with 
corresponding post-fire indicator expression and 
prediction model outputs. Slope proved to be a 

critical driver of fire behaviour in the mountainous 
Eastern Cape grassland systems. Fire behaviour 
models (encompassing a wide range of fuel model 
configurations constructed for southern African 
grassland systems), did not suitably predict (or 
retrodict) actual fire conditions, generally under-
predicting rate of spread, fire intensity, & flame length 
values. McArthur models, derived from field-based 
data, proved to be the most suitable predictors of 
fire behaviour in Eastern Cape montane grasslands. 
It is recommended that current fuel model and 
input assumptions which exist for southern African 
grassland and savanna systems be re-evaluated. 

Residual ash colour, curling, spalling, and residual 
ash organic carbon content were found to be 
unreliable forensic indicators of wildfire pattern and 
spread. Foliage freeze, cupping of grass tussocks, 
consumption depth of grass tussocks, amount of 
residual unburnt plant litter, protection, sooting, & 
staining were considered reliable, but in some cases 
may be site specific and need to be applied in 
conjunction with each other to draw accurate and 
reliable conclusions of fire pattern and spread. The 
presence of undercut culms and leeside charring on 
pole-type fuels are almost unequivocal indicators 
of back fires and wind direction, respectively. 

These findings suggest that certain post-hoc 
wildland fire pattern and spread indicators must 
be re-evaluated, and practitioners are advised 
to adopt an adaptive approach to indicator 
interpretation, applying fire behavioural science 
of the processes and drivers of indicator formation 
and expression, while collectively incorporating 
several indicators in conjunction with each other 
before forming conclusions on origin, cause, and 
spread of ‘runaway’ wildfires.
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Researchers at Stellenbosch University, Dr 
Andrew Watson and his co-workers, have over 
the last couple of years developed powerful new 
hydrological modelling approaches and tools. The 
research includes both surface and groundwater 
resources at various catchment spatial scales and 
under varying rainfall scenarios. The work has great 
relevance to the management of water resources in 
the Western Cape under climate change.

1. Estimation of groundwater recharge via 
percolation outputs from a rainfall/runoff model 
for the Verlorenvlei estuarine system, west coast, 
South Africa.

Watson, A., Miller, J., Fleischer, M., and de Clercq, W. 
(2018). Journal of Hydrology, 558: 238-254.

https://doi.org/10.1016/j.jhydrol.2018.01.028

https://www.researchgate.net/
publication/323491113_Estimation_of_
groundwater_recharge_via_percolation_outputs_
from_a_rainfallrunoff_model_for_the_Verlorenvlei_
estuarine_system_west_coast_South_Africa

ABSTRACT

Wetlands are conservation priorities worldwide, 
due to their high biodiversity and productivity, 
but are under threat from agricultural and 
climate change stresses. To improve the water 
management practices and resource allocation in 
these complex systems, a modelling approach has 
been developed to estimate potential recharge for 
data poor catchments using rainfall data and basic 
assumptions regarding soil and aquifer properties. 

The Verlorenvlei estuarine lake (RAMSAR #525) 
on the west coast of South Africa is a data poor 
catchment where rainfall records have been 
supplemented with farmer’s rainfall records. The 
catchment has multiple competing users. To 
determine the ecological reserve for the wetlands, 
the spatial and temporal distribution of recharge 
had to be well constrained using the J2000 rainfall/
runoff model. 

The majority of rainfall occurs in the mountains (±650 
mm/yr) and considerably less in the valley (±280 mm/
yr). Percolation was modelled as ∼3.6% of rainfall in 
the driest parts of the catchment, ∼10% of rainfall 
in the moderately wet parts of the catchment and 
∼8.4% but up to 28.9% of rainfall in the wettest parts 
of the catchment. 

The model results are representative of rainfall 
and water level measurements in the catchment, 
and compare well with water table fluctuation 
technique, although estimates are dissimilar to 
previous estimates within the catchment. This is most 
likely due to the daily time-step nature of the model, 
in comparison to other yearly average methods. 

These results go some way in understanding the 
fact that although most semi-arid catchments 
have very low yearly recharge estimates, they are 
still capable of sustaining high biodiversity levels. 
This demonstrates the importance of incorporating 
shorter term recharge event modeling for 
improving recharge estimates.

RECENT PUBLICATIONS ON 
HYDROLOGICAL MODELLING 

IN THE WESTERN CAPE

Part of Verlorenvlei in February 2019 when most of the vlei 
in the foreground was already dry. (Photo: John Yeld)

https://doi.org/10.1016/j.jhydrol.2018.01.028
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F323491113_Estimation_of_groundwater_recharge_via_percolation_outputs_from_a_rainfallrunoff_model_for_the_Verlorenvlei_estuarine_system_west_coast_South_Africa&data=05%7C01%7CStephanie.Midgley%40westerncape.gov.za%7C6f02512327e14a52a15808daacd74ab1%7Cae74bf7fcfc34760a1fe0731afaa5502%7C0%7C0%7C638012337934104067%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=yChjoho1qZUtkgClLFc14YFK4E59QY88an4ppCb1fhA%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F323491113_Estimation_of_groundwater_recharge_via_percolation_outputs_from_a_rainfallrunoff_model_for_the_Verlorenvlei_estuarine_system_west_coast_South_Africa&data=05%7C01%7CStephanie.Midgley%40westerncape.gov.za%7C6f02512327e14a52a15808daacd74ab1%7Cae74bf7fcfc34760a1fe0731afaa5502%7C0%7C0%7C638012337934104067%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=yChjoho1qZUtkgClLFc14YFK4E59QY88an4ppCb1fhA%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F323491113_Estimation_of_groundwater_recharge_via_percolation_outputs_from_a_rainfallrunoff_model_for_the_Verlorenvlei_estuarine_system_west_coast_South_Africa&data=05%7C01%7CStephanie.Midgley%40westerncape.gov.za%7C6f02512327e14a52a15808daacd74ab1%7Cae74bf7fcfc34760a1fe0731afaa5502%7C0%7C0%7C638012337934104067%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=yChjoho1qZUtkgClLFc14YFK4E59QY88an4ppCb1fhA%3D&reserved=0
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2. Determining Hydrological Variability Using a 
Multi-Catchment Model Approach for the Western 
Cape, South Africa

Watson, A., Midgley, G., Künne, A., Kralisch, S. and 
Helmschrot, J. (2021) Sustainability, 13: 14058.

https://doi.org/10.3390/su132414058

https://agris.fao.org/agris-search/search.
do?recordID=CH2022164345

ABSTRACT

Understanding the impacts of climate change 
requires the development of hydrological modelling 
tools. However, data scarcity hinders model 
application, performance, process simulation and 
uncertainty, especially for Sub-Saharan Africa. In 
this study, a multi-catchment approach was used to 
assess hydrological process variability in the Western 
Cape (WC) of South Africa using the JAMS/J2000 
rainfall–runoff model and a Monte Carlo analysis 
(MCA).  Due to much steeper slopes and lower 
evapotranspiration, the models suggest that WC 
is dominated by surface runoff from mountainous 
regions and regional groundwater flow. The results 
highlight the impact of the catchment size, availability 
and position of hydroclimatic and anthropogenic 
factors and the frequency of the signal-to-noise ratio 
(water balance). 

For large catchments (>5000 km2), the calibration 
was able to achieve a Nash–Sutcliffe efficiency (NSE) 
of 0.61 to 0.88. For small catchments (<2000 km2), 
NSE was between 0.23 to 0.39. The large catchments 
had an overall surface runoff, interflow and baseflow 
contribution of 44, 19 and 37%, respectively, and 
lower overall uncertainty. 

The simulated flow components for the small 
catchments were variable and these results are less 
certain. The use of a multi-catchment approach 
allows for identifying the specific factors impacting 
parameter sensitivities and in turn provides a means 
to improve hydrological process simulation.

3. How Climate Extremes Influence Conceptual 
Rainfall-Runoff Model Performance and Uncertainty

Watson, A., Midgley, G., Ray, P., Kralisch, S. and 
Helmschrot, J. (2022) Frontiers in Climate, 4: 859303.

https://www.frontiersin.org/articles/10.3389/
fclim.2022.859303/full

ABSTRACT

Rainfall-runoff models are frequently used for 
assessing climate risks by predicting changes in 
streamflow and other hydrological processes due 
to anticipated anthropogenic climate change, 
climate variability, and land management. Historical  
observations are commonly used to calibrate 

empirically the performance of conceptual 
hydrological mechanisms. As a result, calibration 
procedures are limited when extrapolated to novel 
climate conditions under future scenarios. In this 
paper, rainfall-runoff model performance and 
the simulated catchment hydrological processes 
were explored using the JAMS/J2000 model for the 
Berg River catchment in South Africa to evaluate 
the model in the tails of the current distribution of 
climatic conditions. An evolutionary multi-objective 
search algorithm was used to develop sets of 
parameters which best simulate “wet” and “dry” 
periods, providing the upper and lower bounds for a 
temporal uncertainty analysis approach to identify 
variables which are affected by these climate 
extremes. 

Variables most affected included soil-water 
storage and timing of interflow and groundwater 
flow, emerging as the overall dampening of the 
simulated hydrograph. Previous modeling showed 
that the JAMS/J2000 model provided a “good” 
simulation for periods where the yearly long-term 
mean precipitation shortfall was <28%. Above this 
threshold, and where autumn precipitation was 
reduced by 50%, this paper shows that the use of a 
set of “dry” parameters is recommended to improve 
model performance. These “dry” parameters better 
account for the change in streamflow timing of 
concentration and reduced peak flows, which occur 
in drier winter years, improving the Nash-Sutcliffe 
Efficiency (NSE) from 0.26 to 0.60 for the validation 
period 2015–2018, although the availability of 
climate data was still a potential factor. 

As the model performance was “good” (NSE > 
0.7) during “wet” periods using parameters from a 
long-term calibration, “wet” parameters were not 
recommended for the Berg River catchment, but 
could play a large role in tropical climates. 

The results of this study are likely transferrable to other 
conceptual rainfall/runoff models, but may differ for 
various climates. As greater climate variability drives 
hydrological changes around the world, future 
empirically-based hydrological projections need to 
evaluate assumptions regarding storage and the 
simulated hydrological processes, to enhanced 
climate risk management.

For more on the Cape 
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Executive summary 
The updated analysis of historical observed and future projected climate over the Western 
Cape SmartAgri zones presented in this report provides strong evidence that the climate of 
the region is shifting and will continue to shift into the future. The region is characterised 
by strong climatic gradients and widely varying mean temperature and rainfall magnitudes 
driven by both the complex topography as well as the adjacent ocean. As a whole, the 
region has experienced significant increases in temperature across all zones and all seasons 
over the past century, with more rapid warming over the past 30 years. 
 
The Cape Town “Day Zero” drought (Wolski, 2018) brought climate change into sharp focus 
for the province, though it must be noted that many other parts of the province experienced 
significant and impactful drought that failed to gain the same level of attention in the media. 
The role of climate change in contributing to increasingly frequent and intense droughts 
has been strongly determined through the analysis of the drought. There is now increased 
urgency to develop plans and move plans into action, to prepare for further climate shifts 
across the province. 
 
While the message of climate change is now well established by the evidence presented in 
the previous assessment, and confirmed by the assessment presented in this report, we 
must acknowledge that some uncertainty and complexity remain, especially with regard to 
changes in rainfall. The Western Cape region encompasses a number of somewhat 
independent climate zones (Wolski et al. 2021).  These can be seen in the observed climate 
trends analysed in Section 5 (e.g. Figure 15), as well as in the cited literature. 
 
Future projected changes in rainfall indices also show some variation across the province 
so that, while reductions in rainfall are strongly dominant, it is possible that different 
patterns of change may unfold.  Different dynamics are involved in producing changes in 
summer rainfall over the northern/eastern parts of the province versus the southern regions 
and the western regions. The range of possible shifts are unpacked further through the 
archetype analysis in Section 6. The clear message is that reductions in rainfall should be 
anticipated across the region, but some subregions may experience much stronger 
reductions than other subregions. 
 
Some uncertainty around projected changes in rainfall continues to play a factor in decision-
making. However, the analysis of projected changes in water balance (Standardised 
Precipitation Evaporation Index, SPEI) and Potential Evapotranspiration (PET) in Section 6 
shows very clearly that increases in temperature, involving very little uncertainty, strongly 
dominate any uncertainty in rainfall changes. A clear message of increasing water deficit 
frequency as well as increasing frequency and intensity of drought conditions emerges. This 
is the key message for agriculture across the province. 
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1. Introduction 
The report constitutes a review and update of the climate information (Status Quo Review1) 
that formed the basis for the SmartAgri Plan2. The updates entail integration of more 
analytical variety as well as more recent datasets that have become available since the 
previous report1. Inclusion of more recent literature has drawn heavily from academic 
analysis of the “Day Zero” drought event. The sections below reference the original Status 
Quo Review sections; however, some sections have been combined into a single section as 
this provides a more cohesive narrative. 
 
SmartAgri Zones 
The analysis is based on the original 23 SmartAgri Zones (Figure 1). These zones represent 
reasonably homogeneous climate and agricultural regions. Like any zonation, they 
represent various compromises, but do provide a useful spatial disaggregation for the 
region. In the section on Climate Projections (Section 6), these 23 zones are also aggregated 
into six clustered zones in order to consolidate some of the presented evidence. 
 


 
 
Figure 1: The 23 primary SmartAgri zones used for the majority of the analysis 


  


 
1 Status Quo Review of Climate Change and the Agriculture Sector of the Western Cape Province 
(2016). https://www.greenagri.org.za/assets/documents-/SmartAgri/Briefs-/Smart-Agri-Status-
Quo-Review-2016.pdf 
 
2 Climate Change Response Strategy and Implementation Plan for the Agricultural Sector of the 
Western Cape province (2016). http://www.greenagri.org.za/smartagri-2/smartagri-plan/ 
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2. Western Cape climate processes 
Update to Section 4.2 in the SmartAgri Status Quo1 Review. 


Winter rainfall region 
Classically, we consider winter rainfall to mean rainfall that occurs during the core winter 
period of June-August (JJA); however, substantial amounts of rainfall occur due to the 
same mechanisms outside of this core season. It is, therefore, important to consider rainfall 
during the autumn, March-May (MAM), and spring, September-November (SON), periods as 
part of the winter rainfall season. Importantly, some trends and projected future rainfall 
changes occur predominantly during these “shoulder” seasons (spring and autumn).   
 
Figure 2 illustrates the seasonal total rainfall across the province and the SmartAgri Zones. 
The core winter season map (JJA) clearly shows the focus of the winter rainfall over the 
high topography of the Grabouw-Villiersdorp-Franschhoek zone in the south-west of the 
province. However, winter rainfall occurs throughout much of the province, extending both 
north towards the Cederberg zone and east towards the south coast region. 
 
Extended winter (including autumn and spring) rainfall is predominantly linked to cold 
fronts associated with mid-latitude cyclones. These systems are responsible for most of the 
region’s extended winter season (March to November) rainfall; 89% of the total winter half-
year rainfall is frontal or post-frontal (Burls et al., 2019). Other winter rainfall is produced by 
cut-off lows (COLs) (Favre et al., 2013) and west coast troughs (Tyson and Preston-Whyte, 
2000).  
 
The region’s rainfall is also affected by other hemispheric phenomena such as the expansion 
of the Hadley cell (Burls et al., 2019), and the position of subtropical and polar jets. These 
phenomena share some co-variability with the Southern Annular Mode (SAM) (Reason and 
Rouault, 2005) although the relationships are weak. Rainfall in the region also potentially 
responds to some extent to sea surface temperature (SST) anomalies in the south-east 
Atlantic Ocean. This includes the Agulhas Current retroflection region, which may drive 
intensification of low-pressure systems, leading to strengthening and moistening of fronts 
as they make landfall over the Western Cape (Reason and Jagadheesha, 2005). However, 
the relationships are again weak and often do not hold up to subsequent analysis with 
longer time series. Unlike the summer rainfall regions to the north, the relationship between 
the winter rainfall region’s rainfall and ENSO is generally weak and inconsistent through 
time (Philippon et al. 2012). 
 
Out of the above, the SAM appears to be the main and the most consistent dynamic process 
affecting rainfall variability in the winter rainfall region. The mechanisms behind that 
relationship involve shifts and weakening in the subtropical jet, as well as changes in the 
low-level moisture flux, convergence, and relative vorticity over the region (Reason and 
Rouault, 2005). Note, however, that while in the post-1950 period the SAM displays a long-
term trend, the Cape Town region’s rainfall does not (Wolski et al. 2021). 
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Figure 2: Mean total seasonal rainfall [in mm/season] across the SmartAgri zones.  Values 
are derived from the CHIRPS high resolution merged rainfall product (see Section 5) 
extending from 1983 - 2020. 
 
The SAM varies with a characteristic decorrelation time of ~2 weeks, but its low frequency 
variability is influenced by greenhouse gases (GHGs) (Fyfe et al., 2012), stratospheric ozone 
(Arblaster et al., 2011, Thomson et al., 2011) and El Niño-Southern Oscillation (ENSO) (Lim 
et al., 2016). However, the influence of ENSO on SAM manifests mostly in the austral summer 
and hence there is limited, if any, influence on the Western Cape rainfall.  
 
The influence of GHGs on SAM is similar in nature to that resulting from the depletion of 
ozone in the Antarctic, with the historical trend in SAM relating mostly to ozone depletion. 
The ongoing ozone recovery compensates for GHG increase, but the GHG increase is 
projected to dominate after 2045 (Barnes et al., 2014). 
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In 2018, a multi-year drought triggered a water-supply crisis in Cape Town and its environs 
with a potential consequence of a shutdown of supply to its 3.4 million residents. The day 
when such shutdown would happen was termed “Day Zero”. That water crisis, and 
associated significant water supply restrictions, caused significant economic and social 
impacts in the city and its region. The drought has received considerable attention from 
climate and water researchers worldwide.  It became one of the case studies illustrating 
regional and local impacts of climate change presented in the Intergovernmental Panel on 
Climate Change (IPCC) 6th Assessment Report of 2021 (Doblas-Reyes et al., 2021). Due to 
the apparent singularity of that event and its significance in the context of this report, that 
event is covered extensively in a dedicated section. 


Summer rainfall region 
Only the far north-east of the province experiences dominantly summer rainfall. Variability 
in this region is expected to be subject to the same drivers of interannual variability as that 
in the broader summer rainfall region of South Africa, in that a weak relationship between 
ENSO and rainfall anomalies has been identified (Hart et al., 2013). In particular, summer 
rainfall within the summer rainfall region and the all-year rainfall region as well, is partly 
associated with the occurrence of tropical-temperate-troughs (TTT), dynamic linkages 
between the mid-latitude westerlies and the tropics. TTTs have been associated with as 
much as 50% of rainfall in early summer in the summer and all-year rainfall regions, although 
the north-east of the Western Cape province lies on the border of this TTT influence (Hart 
et al., 2013). 


All-year rainfall region 
The far eastern coastal zones (Groot Brak - Plett and Bo-Langkloof - Outeniqua) are part of 
the broader all-year rainfall region extending along the southern coast of South Africa. In 
this region, rainfall is generated by weather systems characteristic of both the winter and 
summer rainfall regimes of South Africa during their respective seasons. Similar to the 
winter rainfall region, rainfall heterogeneity in the all-year rainfall region is also affected by 
local topography and meso-scale processes such as the interaction of the Agulhas Current 
with regional circulation (Rouault et al., 2002).  
 
Jury and Levey (1993) suggested that COLs and ridging high pressure systems play a part 
in driving the interannual rainfall variability. They implied that the frequency of these 
systems is lower during dry years. Weldon and Reason (2014) showed that the occurrence 
of COLs in this region is associated with ENSO. Mature phase La Niña years are usually wet 
and accompanied by a higher frequency of COLs from late spring to early autumn. However, 
the relationship between COL frequency and ENSO is not systematic.  
 
Dry years characterised by a lower frequency of COLs might occur during neutral and 
positive ENSO years. A negative correlation is also observed between wet-day frequency 
and the Niño 3.4 index in December and January (Weldon and Reason 2014), corresponding 
to the known association between ENSO and rainfall over the summer rainfall region of 
South Africa (Landman and Beraki, 2012). The relationship between DJF and SON seasonal 
rainfall and ENSO (negative correlation implying dry anomalies during El Niño years) is 
confirmed in the analyses by Engelbrecht and Landman (2016). In addition to the above, 
Engelbrecht and Landman (2016) reveal a statistically significantly positive correlation 
between SAM and all-year zone rainfall in DJF and MAM. That association corresponds to 
the relationship between ENSO and SAM, although the latter manifests strongly only in Nov-
Feb (L’Heureux and Thompson, 2006). 
 







10 
 


Climate change and the Western Cape 
Update to Section 4.3 in the SmartAgri Status Quo1 Review. 
 
This section presents a short and general overview of understanding of the role of 
anthropogenic climate in the climate of the Western Cape, both in the historical period and 
in the future, based on literature. Dedicated analyses of data at the SmartAgri zones level 
are presented in Sections 5 and 6. 
 
This section also includes a detailed analysis of the Cape Town “Day Zero” drought, as much 
of the associated dynamics are relevant to the broader province. 


Historical trends 
It is clear that global mean surface temperature (GMST) has been increasing in the past. The 
average over the decade 2006-2015 was 0.87°C [with 95% confidence interval between 
0.75°C and 0.99°C] higher than the average over the 1850–1900 period (IPCC, 2018). 
Average temperatures in the Western Cape region have increased at 1.2 times the global 
average and the change in temperature has been larger than natural variability (Pinto et al., 
in review).  Hot extremes have increased and cold extremes have decreased over the period 
of 1931-2005 (Kruger and Nxumalo, 2017).  
 
Historical rainfall trends are less consistent. In their studies of the 2015-2017 drought, Sousa 
et al. (2018) and Mahlalela et al. (2019) revealed a strong drying trend, particularly in the 
post-1979 period.  An earlier country-scale study of rainfall trends, however, concluded that 
in the Cape Town region, 1960-2010 “trends in rainfall indices are generally not significant 
and show little spatial consistency” (McKellar et al., 2014).  Kruger and Nxumalo (2017) 
confirmed this for the 1921-2015 period. Wolski et al. (2021) performed a rigorous analysis 
of rainfall trends in station data over the western two thirds of the province, the area 
dominated by the “Day Zero” drought.  They revealed that over the most recent period 
(1981-2017) there has been a drying trend in a majority of stations, although mostly not 
statistically significant. However, during the 1981-2014 period (i.e. prior to the drought), only 
a few stations had statistically significant drying and a large number of stations in the region 
experienced an increase in rainfall (Figure 3). These results suggest that the predominant 
tendency towards decreasing rainfall noted by Sousa et al. (2018) and Mahlalela et al. (2019) 
emerged only due to the very low rainfall of the 2015-2017 drought (Figure 3). Longer-term 
trends in the period prior to the 2015-2017 drought are generally weak, with direction 
varying between individual locations and do not support a message of consistent historical 
drying (Figure 4). 
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Figure 3: Maps of trends in total annual rainfall at individual gauges in period-specific 
datasets. Filled symbols show a trend significant at the 5% level. (From Wolski et al., 2021) 
 
 
Trends on the seasonal timescale in the period prior to the 2015-2017 drought appear to be 
stronger and relatively coherent in space (Figure 4). Over the 1981-2014 period, there was 
a trend towards wetting during the core winter (June-August) period over the region, with 
strong signals in the Knersvlakte, Cederberg and Hardeveld SmartAgri Zones. During 
summer (December-February), a trend towards wetting was observed over the southern 
part of the Northern Cape. During autumn (March-April), significant drying was seen in 
almost all the stations. A drying trend was observed over the northern parts and a wetting 
trend over the southern parts of the Western Cape during September-November (Figure 4 
and Wolski et al., 2021). 
 
The recent drying trend identified in the winter rainfall region in MAM is likely associated 
with changes in large-scale drivers, in this case SAM and the expansion of the Hadley cell, 
which in turn affect the positioning of the westerlies, fronts and jet streams (Sousa et al., 
2018; Burls et al., 2019; Mahlalela et al., 2019). These processes and relationships are 
described in more detail in Section 3 devoted to the “Day Zero” drought.  
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Figure 4: Trends in seasonal rainfall totals at individual gauges in the recent period (1981-
2014, excluding the 2015-2017 drought). Filled symbols show a trend significant at the 5% 
level. (From Wolski et al., 2021) 


Future climate projections 
With increases in global warming levels, the region is expected to experience upward trends 
in hot extremes and downward trends in cold extremes (Mbokodo et al., 2020; Seneviratne 
and Hauser, 2020; Vogel et al., 2020). 
 
Projections from climate models suggest a further drying associated with the Hadley cell 
expansion, positive phases of SAM and a poleward shift of the westerlies over the coming 
decades (Lim et al., 2016; Pinto et al., 2016, 2018; Maúre et al., 2018; Seager et al., 2019; 
Almazroui et al., 2020; Naik and Abiodun, 2020; Ukkola et al., 2020). 
 
Detailed analysis of future projected changes are detailed in Section 6 below. 


Cape Town “Day Zero” 2015-2017 drought 
In this section, an overview of the literature is presented addressing the characterisation, 
drivers and role of anthropogenic climate change in the 2015-2017 drought, drawing heavily 
from the overview included in the IPCC AR6 report (Doblas-Reyes et al., 2021). By the nature 
and implications of the drought, the majority of research focused on the conditions in the 
winter rainfall region rather than on the entire Western Cape province. Consequently, so 
does this section.   
 
In terms of meteorological drought underlying the “Day Zero” water crisis － an evaluation 


of the relative role of rainfall and temperature signal gives a strong indication that a multi-
year rainfall anomaly was the primary driver of that water deficit (Otto et al., 2018).  It is 
thus not surprising that most of the research and analyses of the climatic drivers of the 
2015-2017 drought focused on the rainfall anomaly. The 2015–2017 drought had strong low-
rainfall anomalies in the shoulder seasons (March to May and September to November, 
though weaker in the latter – Figure 5), and average rainfall in June and July (Sousa et al., 
2018; Mahlalela et al., 2019). The anomaly resulted from fewer rainfall events and lower 
average intensity of events (Oudoulami et al., 2020, Burls et al., 2019). 
 
Spatial distributions of anomalies have not been analysed in detail in the available literature. 
Botai et al. (2017) analysed station-level anomalies for major stations in the entire Western 
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Cape Province, but only for the 2017 rainy season. The majority of studies focused only on 
the anomalies in the core of the winter rainfall region, i.e. the City of Cape Town and its 
immediate environs, including the mountainous catchments draining to the Cape Town 
water supply system dams. Wolski et al. (2021) analysed stations in the winter rainfall region 
only, but revealed that the drought-period anomalies were spatially varied, suggesting that 
the three-year anomaly was largest in the mountains in the vicinity of the Western Cape 
Water Supply System (WCWSS) dams, but considerably weaker in the northern and eastern 
parts of that region. The strong and systematic heterogeneity of the drought is also 
supported by recent analyses by Conradie et al. (2022). 
 
Although the 2015–2017 drought was unprecedented in the historical record, the Cape Town 
region has experienced other droughts of substantial magnitude, notably in the 1930s, 1970s 
and more recently from 2000‒2003. Long term (> 90 years) rainfall trends are mixed in 
sign, location-dependent and weak (Kruger and Nxumalo, 2017; Wolski et al., 2021, see also 
Section 5 on historical trends in this report). Mid-term (~50 years) trends are similarly mixed 
in sign (MacKellar et al., 2014). Rainfall is mostly decreasing in the post-1981 period, 
particularly in DJF and MAM. Rainfall trends of similar magnitude and duration to the post-
1981 trend accompanied previous strong droughts in the region (Wolski et al., 2021). 
 
The main drivers of rainfall and climate variability in the winter rainfall region are described 
in Section 2. Recent work towards an improved understanding of the drivers of the 2015-
2017 Cape Town drought have pointed to hemispheric processes of poleward displacement 
of the mid-latitude westerlies and expansion of the subtropical high pressure systems, which 
are linked to anthropogenic climate change, as the primary factors underlying that event 
(Sousa et al., 2018; Mahlalela et al., 2019; Burls et al., 2019; Otto et al., 2018). They are also 
responsible for the recent (post-1981) rainfall trends, particularly in MAM. 
 
Sousa et al. (2018) showed that the seasonal rainfall anomalies were driven by a poleward 
shift of the Southern Hemisphere moisture corridor delivering moisture from the sub-
tropical south-western Atlantic to the mid-latitude systems. This was associated with a 
displacement of the jet-stream and the South Atlantic mid-latitude storm-track. They also 
demonstrated that the post-1980 decreasing rainfall is consistent with an expansion of the 
semi-permanent South Atlantic high pressure and reflects the prevalence of the positive 
phase of the SAM. 
 
Burls et al. (2019) found no robust regional trend in the number of fronts reaching south-
western Africa over the last 40 years, but detected a decrease in the duration of rainfall 
events associated with cold fronts. That decrease takes the form of fewer events during 
days after the passing of the cold front over the region (so-called post-frontal rainfall). As 
a mechanism behind that effect, they showed that the poleward expansion of the Hadley 
Circulation Cell, and hence increased sea-level pressure along the poleward flank of the 
South Atlantic high pressure system, suppresses conditions promoting orographic 
precipitation. This, in particular, reduces the onshore and up-slope winds that promote 
orographic uplift. 
 
Mahlalela et al. (2019) showed that the dry conditions during the early winter months (April-
May), as experienced during the 2015-2017 drought, tend to be associated with a weaker 
subtropical jet, less moisture flowing into the domain and a more stable atmosphere. 
 
Abba Omar and Abiodun (2020) analysed variability and the nature of COLs － an 


atmospheric system responsible for ~11% of the Cape Town region’s rainfall. The formation 
of COLs over a region depends on the strength of the westerlies and position of the jets in 
the region (Favre et al., 2013) and thus likely responds to the same drivers that were 
suggested to be responsible for the 2015-2017 drought. However, Abba Omar and Abiodun 
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(2020) showed that COLs contributed an unusually large amount of rainfall in 2015 and 
2016, alleviating the drought, and that a stronger rainfall anomaly in 2017 was associated 
with fewer COL events. These year-to-year differences in COL occurrence suggest that the 
COLs were not affected by the hemispheric processes that affect the frontal rainfall and 
imply differences between the dynamics of the 2015-2016 and 2017 drought years. These 
differences have not been critically evaluated in the existing literature. 
 
It is now generally accepted that the global climate is changing and that this is largely due 
to anthropogenic impacts.  Otto et al. (2018) attributed a three-fold increase in probability 
of the observed rainfall deficit during this drought to anthropogenic climate change. The 
study was concerned with rainfall deficit only and did not consider evaporation anomalies. 
The study was done using a state-of-the-art attribution approach based on analysis of multi-
model, multi-method data. 
 
Another formal attribution study, Kam et al. (2021), analysed the role of anthropogenic 
climate change on the duration of the 2015-2019 drought using CMIP63 experiments. Their 
study revealed that there is no clear increase in probability of long-duration droughts that 
could be attributed to anthropogenic climate change.  Importantly, this result is not in 
contradiction to the result of the Otto et al. (2018) study, as these two studies consider two 
different aspects of the drought – severity and duration. 
 
In summary, there is a prevailing narrative that the 2015-2017 rainfall anomalies recorded in 
the winter rainfall region of the Western Cape were a result of hemispheric processes of 
expansion of the tropics and associated reduction of moisture supply from the sub-tropical 
Atlantic, as well as with the poleward shift of mid-latitude storm track and cyclonic systems 
and the associated key circulation process, the SAM. These processes likely manifest 
through reduction of the frequency of rain days associated with the cold fronts passing over 
the region. The process-rainfall relationships are supported by the correspondence of the 
post-1979 trends (Figure 7).  
 
There is also consistency in rainfall projections with the projections of rainfall drivers and 
with the general understanding of the influence of global warming on the circulation 
dynamics and rainfall patterns in the region as outlined above. 
 
Notably, however, some CMIP54 and CMIP6 GCMs simulate increases in rainfall in the post-
1979 period associated with positive trend in SAM, which is in contradiction to that narrative 
(Figure 7).  Additionally, there is less support for the precipitation-hemispherical processes 
relationship in historical, longer-term CMIP5 and CMIP6 simulations and reanalyses.  When 
the observational record is extended back further to times when the anthropogenic 
greenhouse forcing was weaker, there is no strong association between the SAM and Cape 
Town droughts in terms of overall pattern and trends (Figures 6 and 7). These suggest that 
other than the anthropogenic climate change-related, hemispheric processes might be 
responsible for drought conditions over the winter rainfall region of the Western Cape. 
 
As a consequence, the IPCC AR6 chapter 10.6.2 concludes with a statement of a reduced 
confidence that these process changes produced the 2015-2017 drought. Also, although 
there is a high agreement between various datasets as to the expectation of a future drier 
climate for Cape Town, a high confidence could not be attached to that expectation. 
 
 
 
3 The Coupled Model Intercomparison Project. The 6th iteration of the CMIP experiment was 
developed in preparation for the IPCC 6th assessment report published in 2021 and 2022. 
4 The 5th iteration of the CMIP experiment. 
5 https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter10.pdf 
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Figure 5: Anomalies of the accumulated daily rainfall (left) and monthly rainfall total (right) 
in the drought period (Figure replicated from Doblas-Reyes et al., 2021) 
 


 
Figure 6: SAM and rainfall anomalies in model-simulated, observed and reanalysis data. All 
data presented as 30-year running means. Anomalies calculated with respect to 1981-2010 
period. Shaded area represents central 95 percentile of range of each of the ensembles. 
(Figure replicated from Doblas-Reyes et al., 2021) 


 
Figure 7: SAM and rainfall trends (with 95% confidence interval) in model-simulated, 
observed and reanalysis data. Trends calculated using Theil-Sen approach; confidence 
intervals calculated using block bootstrapping to account for autocorrelation in data. (Figure 
replicated from Doblas-Reyes et al., 2021) 
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4. Climate indices 
In order to provide analysis and information of relevance to a wide range of stakeholders, 
though with a strong focus on agriculture, a wide suite of standard climate indices has been 
calculated for both historical observations (mean conditions and trends) as well as future 
projections. These indices are largely based on the widely adopted indices of the Expert 
Team for Climate Change Detection. Monitoring and Indices (ETCCDMI) as documented 
here: http://etccdi.pacificclimate.org/list_27_indices.shtml. 
 
Table 1 details the indices that have been used in the subsequent analyses, including some 
related to evaporation and drought that are not part of the ETCCDMI suite. The results for 
some of these indices are available in a digital appendix (see Appendix A) and are available 
on request.  
 
Table 1: Indices used in analyses presented in this report 


 Variable index Description units 
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TG mean daily mean temperature deg C 


TX mean daily maximum temperature deg C 


TXx maximum daily maximum temperature deg C 


SU30 frequency of daily maximum temperature above 30 deg C days 


TN mean daily minimum temperature deg C 


TNn minimum daily minimum temperature deg C 


FD frequency of daily minimum temperature below 0 deg C days 


TR20 frequency of daily minimum temperature above 20 deg C days 


R
a
in


fa
ll 


in
d


ic
e
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CDD maximum number of consecutive dry days days 


CWD maximum number of consecutive wet days days 


PRCPTOT total accumulated precipitation mm 


R10mm number of days with pr > 10 mm days 


R20mm number of days with pr > 20 mm days 


RR1 number of days with pr > 1 mm days 


RX1day maximum 1 day rainfall total mm 


RX5day maximum 5 day rainfall total mm 


SDII simple daily intensity index mm 


E
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g
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PET Potential evapotranspiration mm/day 


SPI Standardised Precipitation Index  


SPEI Standardised Precipitation Evaporation Index  


 
 



http://etccdi.pacificclimate.org/list_27_indices.shtml
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5. Observations and trends 
Combined update to sections 4.4 (observations), 4.5 (trends) and 4.6 (extremes) in the 
SmartAgri Status Quo1 Review. Note that the 2015-2017 “Day Zero” drought is described in 
detail in Section 3. 
 
This section describes the suite of observational data products that have been used to 
analyse observed mean climate conditions across the SmartAgri Zones, as well as analysis 
of mean climatological conditions and historical trends of a number of key climate indices 
(see Section 4). 
 
Datasets 
Challenges with obtaining reliable station observations have resulted in the selection of 
alternative datasets for historical analysis of climatology and trends. These alternative 
datasets have been carefully assessed both within the context of the Western Cape region, 
for this update, as well as more broadly.  The alternative datasets are merged/reanalysis 
products integrating station observations with satellite proxy data, and, in the case of 
reanalysis, dynamical atmospheric and land surface models.  The following quasi observed 
datasets have been used: 
 
CRU TS-4.05 
The University of East Anglia Climate Research Unit monthly global observed dataset is one 
of the most used datasets for historical climate analysis globally. It incorporates a large 
number of observed stations. The most recent iteration (Harris et al., 2020) includes 
improvements to ensure reliability for trend analysis. As the product only provides monthly 
values for some rainfall and temperature related variables, daily timescale indices such as 
short-term extremes are not available. A varying number of primary stations are integrated 
for the Western Cape region through the 1900 to present period of coverage. Consideration 
of the number of stations is important for interpretation of the analysis results. 
 
CHIRPS 
The Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) rainfall 
dataset (Funk et al., 2015) has emerged as one of the most reliable high resolution daily time 
scale rainfall proxy datasets globally and has been assessed in a number of contexts across 
southern Africa and found to be very reliable. The one advantage of this update is that 
availability of daily time scale rainfall estimates at 0.05° (~5 km) spatial resolution means 
that the strong spatial variability of rainfall across the Western Cape can be well represented 
(see comparison in the digital appendix). One uncertainty with CHIRPS rainfall over the 
Western Cape appears to be the long-term trend, which does not agree well with primary 
station observations. 
 
GPCC 
The Global Precipitation Climatology Centre daily rainfall product (Schamm et al., 2014) is 
also a widely used estimate of both daily and monthly rainfall on a regular global grid. GPCC 
daily is based on a very large ensemble of daily rainfall observations from global weather 
stations and is interpolated to a 0.5° horizontal grid using a variation on the Kriging 
algorithm. It is regularly updated to include recent observations. The current version 
extends to the end of 2020.  
 
ECMWF ERA5-Land 
The European Centre for Medium range Weather Forecasts (ECMWF) ECMWF Reanalysis 
version 5 (Hersbach et al., 2020) is the latest high resolution atmospheric reanalysis from 
ECMWF. It represents the state of the art in observational assimilation coupled to dynamical 
modelling.  The ERA5-Land product (Muñoz-Sabater et al., 2021) is based on the ERA5 
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reanalysis but includes a dynamic land surface model in order to derive higher resolution 
(~10 km) land surface parameters, including evaporation and potential evaporation. While it 
is based on a reanalysis and is relatively new, ERA5-Land is demonstrating very good 
performance in representing regional climate history. See comparisons in the digital 
appendix. 


Temperature indices climatology and trends 
Two datasets for temperature related climatology and trends were analysed. The CRU 
TS4.05 dataset extends back to 1900 and is based on primary station records, but with only 
a small number of stations contributing to the dataset pre-1960. Because CRU is a monthly 
product it is not possible to calculate most daily indices. These have been calculated using 
the ERA5-Land product. 
 
The CRU figures are shown in Figures 8 and 9, while the ERA5-Land figures are provided 
separately in digital format (see Appendix A). 
 


 
Figure 8: Mean seasonal daily minimum temperature (°C) across SmartAgri zones based on 
the CRU TS4.05 dataset from 1902-2020. 
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Figure 9: Mean seasonal daily maximum temperature (°C) across SmartAgri zones based on 
the CRU TS4.05 dataset from 1902-2020. 
 
Figures 8 and 9 illustrate spatial patterns in the seasonal mean of maximum and minimum 
daily temperatures. The overall spatial pattern reflects the coastal-to-inland gradient, with 
minimum temperature lower inland than on the coast and maximum temperature higher 
inland than on the coast. 
 







20 
 


 
Figure 10: Mean seasonal daily minimum temperature trends (°C/decade) across SmartAgri 
zones based on the CRU TS4.05 dataset from 1902-2020. 
 


 
Figure 11: Mean seasonal daily maximum temperature trends (°C/decade) across SmartAgri 
zones based on the CRU TS4.05 dataset from 1902-2020. 
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Century scale temperature trends, presented in Figures 10 and 11, indicate that temperatures 
have consistently increased over the past century at a rate close to the global mean of 
around 0.1°C/decade.  Trends in daily maximum temperature are the highest during the 
shoulder seasons of autumn (MAM) and spring (SON), with slightly weaker trends during 
the mid-winter (JJA) and mid-summer (DJF). This is in line with a common theme of 
stronger climate change signal during the shoulder seasons (Burls et al., 2018).  
 


 
Figure 12: Seasonal average number of frost days (Tmin < 0°C) over the SmartAgri zones 
based on the CRU TS4.05 observations over the period 1902-2020. Summer (DJF) has zero 
frost days on average. 
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Figure 13: Seasonal trend in the average number of frost days (Tmin < 0°C) expressed as 
change in frost days/decade over the SmartAgri zones based on the CRU TS4.05 
observations over the period 1902-2020. Diagonal hashing indicates trends that are not 
statistically significant with a p-value threshold of 0.05. 
 
Maps of mean seasonal frost days in Figure 12 illustrate the dominance of frost days in the 
higher altitude interior zones during JJA, while the strongest absolute trends in frost days 
also occur in the same zones (Figure 13). With downward trends in frost days of as high as 
-0.3 days/decade over the century, this is equivalent to a reduction in frost days of as many 
as 3 days per season or, in some zones, a 30% reduction in frost days. 
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Precipitation indices climatology and trends 
Precipitation climatology and trend indices have been calculated using CRU, GPCC, and 
CHIRPS. As CHIRPS provides the highest spatial resolution these results are presented here. 
CRU provides only monthly values and so the daily indices cannot be calculated. GPCC 
provides daily values for similar period to CHIRPS but at a lower spatial resolution. Both 
CRU and GPCC figures are made available for comparison in the digital appendix.  
 
 


 
Figure 14: Seasonal total rainfall (mm) over the SmartAgri zones based on the CHG CHIRPS 
merged rainfall product over the period 1982-2020. 
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Figure 15: Trend in seasonal total rainfall (mm/decade) over the SmartAgri zones based on 
the CHG CHIRPS merged rainfall product over the period 1982-2020. Diagonal hashing 
indicates trends that are not statistically significant with a p-value threshold of 0.05. 
 
Figure 14 clearly illustrates the dominance of winter rainfall over the province with summer 
rainfall occurring mainly in the far north-eastern zones. The all-year rainfall zones along the 
eastern coast also stand out as distinct from the rest of the province across all seasons. 
Absolute trends in rainfall (Figure 15) are strongest during the autumn season. Trends in 
core winter rainfall are quite mixed and demonstrate a dipole from the north-west towards 
the south-east. The Rûens-west zone, in particular, stands out strongly as behaving 
differently to most of the other zones, with stronger, while still not statistically significant, 
increases in rainfall than other zones. Drying in autumn is consistent with the processes 
identified that led to the “Day Zero” drought event and other analyses of climate change in 
the region (Burls et al., 2019, see also Section 3). 
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Figure 16: Seasonal maximum 1 day rainfall (mm) over the SmartAgri zones based on the 
CHG CHIRPS merged rainfall product over the period 1983-2020. 
 


 
Figure 17: Trend in season maximum 1 day rainfall (mm/decade) over the SmartAgri zones 
based on the CHG CHIRPS merged rainfall product over the period 1983-2020.  Diagonal 
hashing indicates trends that are not statistically significant with a p-value threshold of 0.05. 
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Figure 16 shows that the climatology of intense rainfall events (period maximum 1 day 
rainfall amount) follows very closely the mean precipitation climatology in spatial pattern, 
i.e. high rainfall intensity occurs in the overall wetter locations. No other patterns emerge, 
and in particular, there is no noticeable difference in intense rainfall between the different 
climatological sub-regions: summer rainfall regions dominated by convective rainfall events 
do not experience more intense rainfall, on a daily timescale, than regions more influenced 
by frontal rainfall. However, sub-daily rainfall intensities (e.g. maximum 1 hour rainfall), which 
are not possible to analyse using any of the datasets available for this report, may differ 
between convective and frontal rainfall regimes. 
 
Figure 17 similarly shows that trends in intense daily rainfall largely follow both the spatial 
pattern and the seasonal variations of total rainfall, with strongest decreasing trends 
occurring in autumn (MAM) and some non-significant increase in intense daily rainfall in the 
Rûens-west during mid-winter (JJA) and spring (SON). 
 


 
Figure 18: Seasonal mean of the maximum consecutive dry days over the SmartAgri zones 
based on the CHG CHIRPS merged rainfall product over the period 1983-2020. 
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Figure 19: Trend in season maximum consecutive dry days (days/decade) over the 
SmartAgri zones based on the CHG CHIRPS merged rainfall product over the period 1983-
2020.  Diagonal hashing indicates trends that are not statistically significant with a p-value 
threshold of 0.05. 
 
Figure 18 shows the climatology of seasonal maximum consecutive dry days across the 
region. This clearly illustrates that the northern zones experience by the far the largest dry 
spells during autumn (MAM) with some dry spells exceeding 55 days. The shorter dry spells 
in these regions during summer (DJF) is likely a result of localised convective events 
associated with summer rainfall dynamics rather than frontal rainfall. 
 
Trends in consecutive dry days, shown in Figure 19, indicate very weak trends for most 
seasons and most regions, except for strong increases in the north-west coastal region 
during autumn. This is likely a result of a southern shift in cold fronts and their northward 
extent, which would be the cause of important autumn rainfall events in this region. Some 
regions show a reduction in dry spells during spring which is not aligned very strongly with 
a reduction in total rainfall during this season, suggesting a shift towards more frequent but 
less intense rainfall. 
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Figure 20: Seasonal mean Potential Evapotranspiration (PET, mm/day) across the SmartAgri 
zones based on the CRU TS4.05 product. CRU PET is calculated using the Penman-Monteith 
method. 
 


 
Figure 21: Trend in seasonal mean Potential Evapotranspiration (PET, mm/day) across the 
SmartAgri zones based on the CRU TS4.05 product over the period 1902-2020. CRU PET is 
calculated using the Penman-Monteith method.  
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Figures 20 and 21 show the distribution, both spatially and through the seasons, of mean 
seasonal Potential Evapotranspiration (PET) and its long-term trend. In this case PET is a 
variable provided by the CRU TS4.05 data product and is calculated using the Penman-
Monteith method that includes estimates of solar radiation and atmospheric humidity. The 
next section includes future projections of PET based on the simpler Hargreaves approach. 
 
PET is clearly strongest during the core summer months and to some extent during spring 
(SON) in the far northern zones. It is important to note that PET is the potential 
evapotranspiration and assumes unlimited moisture availability. In many seasons and zones, 
evapotranspiration would be limited by soil moisture and so actual evaporation is likely 
higher during spring than mid-summer in many zones. 
 
Trends in PET are consistently positive across all zones in all seasons following the 
consistent driving positive trend in temperature.   
 
Other daily rainfall indices are available in the digital appendix (see Appendix A). 


Summary 
Temperature trends 


• Temperature trends are very consistent across all zones. Historical trends are on the 
order of 0.1°C/decade, which is in line with global rates.   


• Daily maximum trends are slightly larger in the inland (north/east) zones, in line with 
continental patterns of higher inland temperature trends. 


• Daily minimum trends are slightly larger closer to the coast and to the north, which 
likely reflects shifts in humidity and cloudiness (not analysed here). 


 
Rainfall trends 


• Rainfall trends are more mixed and, for many zones, not statistically significant (p < 
0.05). 


• Autumn (March-May) exhibits the most dominant statistically significant trends with 
largest negative trends in some of the interior zones such as the Bokkeveld. 


• The core winter season (June-August) exhibits a mix of drying and increasing trends 
but only the Bokkeveld, Cederberg and Hardeveld zones stand out as having a 
significant trend, with the Bokkeveld exhibiting very strong drying trends. 


• Spring (September-November) exhibits relatively weak and insignificant trends, 
except for some interior and northern-eastern zones which are more dominated by 
summer rainfall dynamics. These trends suggest a trend towards a later start to the 
summer rainfall dynamics. 


• Core summer (December-February) trends are largely weak and insignificant, except 
for the zones from the Cederberg through to the Sandveld/Hardeveld along the west 
coast. 


• Trends in wet days largely follow the same pattern as trends in total rainfall. 
• Trends in consecutive dry days are largely insignificant, except for a negative trend 


during the September-November period. 
 


Evaporation trends 
• Trends in PET are consistently significantly positive, driven by consistently positive 


and significant temperature trends. 
• Trends in PET are highest in the most southern and the most western zones, while 


being strongest in spring (September-November) and summer (December-
February). 
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6. Climate change projections 
Update to section 4.7 in the SmartAgri Status Quo1 Review. 
 
The approach taken to climate change projections in this analysis is based on the multiple 
lines of evidence framing well documented in the IPCC AR6: Chapter 10 (Doblas-Reyes et 
al., 2021). The multiple lines of evidence approach does not assume that any singular source 
of climate projections is superior, but rather aims to look across multiple model ensembles 
and downscaling and identify common agreement as well as aspects of disagreement. 
 
For this analysis three model ensembles were analysed: 
 
CMIP5 
The 5th iteration of the Coupled Model Intercomparison Project (CMIP5, Taylor et al., 2012) 
was the primary basis of the climate projections analysed under the IPCC 5th assessment 
report.  The CMIP5 experiment utilised Representative Concentration Pathways (RCP, Van 
Vuuren et al., 2011) to describe different future socio-economic scenarios and their 
associated emissions related scenarios (greenhouse gases, aerosols and land use change). 
Included here is RCP 4.5, which represents a “middle of the road” scenario with fairly strong 
mitigation action culminating in an increase in 4.5 W/m2 in equivalent radiative forcing by 
2100, as well as RCP 8.5, which represents a very negative scenario with very little mitigation 
of emissions into the future. While RCP 8.5 is a very pessimistic and arguably unlikely 
scenario, it is useful to analyse as it produces clearer climate change signals that are easier 
to discriminate from background variability. As a means of exploring possible directions of 
change in variables it is therefore useful, even if the magnitude of changes is unlikely. 
 
CMIP6 
The 6th iteration of the CMIP experiment (CMIP6 Eyring et al., 2016) was developed in 
preparation for the IPCC 6th assessment report. While deploying a different approach to 
future emissions scenarios called Shared Socioeconomic Pathways (SSPs, O’Neill et al., 
2014), the experiment designers did choose to align the SSPs with the CMIP5 RCPs in terms 
of radiative forcing. This means that largely equivalent scenarios across CMIP5 and CMIP6 
could be analysed.  In this case, SSP5 8.5 and SSP2 4.5 were analysed as roughly equivalent 
to RCP 8.5 and RCP 4.5. 
 
The CMIP6 ensemble includes much improved Atmosphere Ocean Global Climate Models 
(AOGCM) with, in some cases, improved spatial resolution, as well as many other 
improvements in relevant sub-processes such as land use, vegetation and ocean modelling. 
 
Projected changes derived from CMIP6 do not vary significantly to those derived from 
CMIP5 over the southern African region (e.g. Almazroui et al., 2020), though CMIP6 on 
average projects stronger temperature increases globally and there are some differences in 
regional patterns of rainfall change. 
 
CORDEX 
The Coordinated Regional Downscaling Experiment (CORDEX, Giorgi et al., 2009) is a 
globally coordinated project with the objective of dynamically (and statistically) 
downscaling the CMIP model ensembles, as well as further develop regional downscaling. 
The original CORDEX activity focused on dynamical downscaling of the CMIP5 climate 
projections across multiple regions across the globe.  CORDEX Africa developed dynamical 
downscaling of CMIP5 across the entire African continent at a grid resolution of around 
0.44° horizontally (45-50km). CORDEX Africa has been extensively analysed and used to 
develop climate impacts assessments across all regions of Africa. The higher spatial 
resolution of the participating dynamic downscaling models enables the CORDEX ensemble 
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to represent regions of complex topography more realistically (Dosio et al., 2019). Hence it 
is applied to the Western Cape in the understanding that the models will provide an 
improved representation of the impact of the regional topography on the climate and 
change in the climate. 
 
Plume plots 
An effective approach to visualising multiple climate ensembles is the plume plot. Plume 
plots provide a visualisation of the range of projections resulting from multiple models as 
members of ensembles, from historical periods into future periods. Multiple model 
ensembles can be overlaid and agreements and disagreements easily identified. 
 
Combined SmartAgri Zones 
To obtain a workable number of plume plots, it was decided to cluster the original SmartAgri 
Zones based on some measure of climatic similarity. Various approaches and numbers of 
clusters were explored and finally the inter-annual variability of annual rainfall was used as 
the clustering variable. Thus the Zones with the most similar inter-annual variability were 
clustered together. Agglomerative clustering was applied and resulted in six clusters (see 
Figure 22). Both more clusters and fewer clusters were explored. More clusters did not offer 
significant advantage as many zones, such as the central Montagu through to van Wyksdorp 
cluster, remained as a single cluster. Fewer clusters agglomerated zones that are known to 
have distinct climates. As the purpose of the clustering is purely to explore the level of 
agreement across multiple climate model ensembles, rather than provide detailed spatial 
information, it was decided to retain six clustered zones. 
 


 
Figure 22: Clustered SmartAgri zones based on similarity of inter-annual total rainfall 
variability. 
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Multi-ensemble plume plots 
Figure 23 presents plume plots for each of the six clustered zones for annual mean 
temperature as a primary indicator of climate change across the region. All clustered zones 
exhibit very similar behaviour, with the strongest projected changes occurring in the 
Cederberg to Sandveld and the Little Karoo to Nelspoort zones. Here, only the CORDEX, 
CMIP5 and CMIP6 projections for the RCP 4.5/SSP2 4.5 scenarios are included, which are 
closest to current emissions trajectories. It can be seen that both ensembles agree very well, 
with the strongest differences occurring in the Cederberg to Sandveld zone where the 
CMIP5 ensemble projects stronger temperature increases and in the Little Karoo to 
Nelspoort zone where CMIP6 projects the strongest changes. The number of models 
included in each ensemble varies by variable as different models archived slightly different 
sets of variables. 
 


 
Figure 23: Plume plots of annual mean temperature change across CMIP5, CMIP6 and 
CORDEX ensembles and the clustered SmartAgri zones for the RCP 4.5 and SSP2 4.5 
scenarios. 
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Figure 24: Plume plots of annual mean rainfall change (%) across CMIP5, CMIP6 and CORDEX 
ensembles and the clustered SmartAgri zones for the RCP 4.5 and SSP2 4.5 scenarios. 
 
Figure 24 presents plume plots for total annual rainfall change. There is relatively good 
agreement across the CMIP5 and CMIP6 ensembles in projected change in core winter (JJA) 
rainfall. The CMIP6 ensemble tends to produce weaker drying across most clustered zones, 
especially the Rûens-east to Tankwa-Van Wyksdorp zones, with the older CMIP5 ensemble 
indicating stronger drying across the zones. There is however a broadly consistent message 
of decreasing rainfall across all regions and hence across the whole province.   
 
Based on the analysis above, and the supporting plume plots in the digital appendix, it was 
decided to focus the further analysis on the most recent projections based on the CMIP6 
ensemble. 
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Projected anomaly maps and archetypes 
In this section, projected anomaly maps based only on CMIP6 are presented. The full suite 
of CORDEX and CMIP5 maps are available in the digital appendix (see Appendix A). It 
should be noted that the projected changes do not vary significantly across the different 
ensembles except the broad differences noted above (CMIP6 has a reduced magnitude of 
drying). The projected anomalies for all members of the ensemble in each map are 
presented. However, the ensemble members, and hence the submaps in each plot, are 
ordered by the spatially averaged projected change in order to help identify high, middle 
and low scenarios for each index. 
 
Projected changes in temperature indices 
Figures 25-28 represent projected changes in temperature related indices: mean annual 
temperature, average maximum daily temperature in the hot (DJF) season, average 
minimum daily temperature in the cold (JJA) season and very hot days (number of days 
with air temperature exceeding 30°C). The projections are based on the CMIP6 ensemble 
and the SSP2 4.5 “middle of the road” scenario for the 2030-2060 period. 
 
The spatial patterns of change in mean annual temperature shown in Figure 25 are fairly 
consistent across all models, even while the magnitude of changes varies from less than 
0.8°C average warming through to as high as 1.6°C warming. The strongest warming occurs 
in the interior summer rainfall regions which aligns with much other literature pointing 
towards strongest increases further away from the moderating influence of the oceans. 
 
Increases in the maximum temperatures in the hot season (Figure 26) and minimum 
temperatures in the cold season (Figure 27) show spatial patterns that are similar to those 
of average temperatures, although the range of values of the increases are slightly different: 
maximum temperatures increase by about 0.1-0.2°C stronger and minimum temperatures 
by about 0.1-0.2°C weaker than the mean annual temperature.  
 
Interestingly, some models do not demonstrate significant changes in very hot days 
(number of days with maximum daily temperature exceeding 30°C, Figure 28) despite 
increases in average temperatures. This is likely due to compensating increases in rainfall 
and moderated warming during some periods of the year. 
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Figure 25: Projected changes in mean annual daily average temperature (°C) across the 
SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 pathway experiment for 
the period 2030-2060. Figure titles are the name of the model and the area average change 
in temperature (°C). Diagonal hashing indicates trends that are not statistically significant 
with a p-value threshold of 0.05. 
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Figure 26: Projected changes in seasonal mean of maximum daily temperature in DJF (°C) 
across the SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 pathway 
experiment for the period 2030-2060. Figure titles are the name of the model and the area 
average change in temperature (°C). Diagonal hashing indicates trends that are not 
statistically significant with a p-value threshold of 0.05. 
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Figure 27: Projected changes in seasonal mean of minimum daily temperature in JJA (°C) 
across the SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 pathway 
experiment for the period 2030-2060. Figure titles are the name of the model and the area 
average change in temperature (°C). Diagonal hashing indicates trends that are not 
statistically significant with a p-value threshold of 0.05. 
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Figure 28: Projected changes in days/year with maximum temperature exceeding 30°C 
(days) across the SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 
pathway experiment for the period 2030-2060. Figure titles are the name of the model and 
the area average change in days. Diagonal hashing indicates trends that are not statistically 
significant with a p-value threshold of 0.05. 
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Projected changes in rainfall indices 
Figures 30-35 represent projected changes in precipitation related indices (total rainfall, 
maximum 1 day rainfall, consecutive dry days) based on the CMIP6 ensemble and the SSP2 
4.5 “middle of the road” scenario for the 2030-2060 period. Figures 30-32 show the core 
summer period (DJF), and Figures 33-35 show the autumn period (MAM). Projections for 
the remaining seasons (JJA and SON) are included in the digital appendices. 
 
Changes in summer (DJF) rainfall 
The projected changes vary in magnitude and pattern across the ensemble. For the core 
summer rainfall (DJF), the strongest decreases are as expected in the north-east summer 
rainfall regions, with one particular model demonstrating strong increases in summer rainfall 
for this zone (Figure 30). This can be unpacked further in the plume plot (Figure 29) where 
it is seen that all of the CMIP5, CMIP6 and CORDEX ensembles include the possibility of 
increasing summer rainfall over the Nelspoort zone.  
 


 
Figure 29: Plume plot of CMIP5, CMIP6 and CORDEX projections of total seasonal summer 
rainfall DJF for the Nelspoort SmartAgri zone illustrating the uncertainty in magnitude and 
direction of change of rainfall in this zone. 
 
Changes in intense 1 day rainfall (Figure 31) are largely not significant across the region, 
except for the interior north-eastern zones, where some models project significant increases 
in intensity of 1 day rainfall. Increases in extreme rainfall are anticipated generally under 
climate change, but do depend on the overall change in rainfall in a particular region. 
Regions experiencing a reduction in total rainfall may in some cases also experience 
increases in extreme rainfall, but often decreasing rainfall is also associated with decreasing 
rainfall intensity. It must be noted that dynamical models do tend to under-estimate the 
magnitude of changes in extreme rainfall. Recent experiments with very high resolution 
models that explicitly simulate convective dynamics have demonstrated that much stronger 
increases in convective rainfall should be anticipated across many areas of Africa (Kendon 
et al., 2019). However, for the Western Cape these increases remain weak.   
 
Projected changes in consecutive dry days (Figure 32) span both increases and decreases, 
similarly to other rainfall indices. The changes are in general weak and mostly not 
statistically significant, although several models project statistically significant increases – 
mostly in the summer rainfall region (north-eastern part of the Western Cape). 
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Figure 30: Projected changes in seasonal summer (DJF) total rainfall (mm) across the 
SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 pathway experiment for 
the period 2030-2060. Figure titles are the name of the model and the area average change 
in rainfall (mm). Diagonal hashing indicates trends that are not statistically significant with 
a p-value threshold of 0.05. 
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Figure 31: Projected changes in maximum 1 day daily rainfall (mm) for the DJF season across 
the SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 pathway experiment 
for the period 2030-2060. Figure titles are the name of the model and the area average 
change in rainfall (mm). Diagonal hashing indicates trends that are not statistically 
significant with a p-value threshold of 0.05. 
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Figure 32: Projected changes in maximum consecutive dry days for the core summer season 
DJF, across the SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 pathway 
experiment for the period 2030-2060. Figure titles are the name of the model and the area 
average change in days. Diagonal hashing indicates trends that are not statistically 
significant with a p-value threshold of 0.05. 
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Changes in autumn (MAM) rainfall 
The projected changes in autumn rainfall (Figure 33) range from very strong drying across 
all zones, but with a stronger decrease in the southern coastal zones, through to 
insignificant increases in rainfall.  
 
Projected changes in extreme 1 day rainfall are largely insignificant across the zones, with 
some models showing significant positive or negative changes in particular zones (Figure 
34). It is difficult to unpack these changes in more detail given the datasets available, but it 
can likely be concluded that this model ensemble is not projecting systematic significant 
changes in extreme daily rainfall events. 
 
Similarly projected changes in consecutive dry days, an index of importance to many 
agricultural activities, do not show much consistent significant changes, though a few 
models project increases in consecutive dry days in several zones, but without much spatial 
consistency (Figure 35). 
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Figure 33: Projected changes in seasonal autumn (MAM) total rainfall (mm) across the 
SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 pathway experiment for 
the period 2030-2060. Figure titles are the name of the model and the area average change 
in rainfall (mm). Diagonal hashing indicates trends that are not statistically significant with 
a p-value threshold of 0.05. 
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Figure 34: Projected changes in maximum 1 day daily rainfall (mm) for the MAM season 
across the SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 pathway 
experiment for the period 2030-2060. Figure titles are the name of the model and the area 
average change in rainfall (mm). Diagonal hashing indicates trends that are not statistically 
significant with a p-value threshold of 0.05. 
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Figure 35: Projected changes in maximum consecutive dry days for the MAM season, across 
the SmartAgri zones derived from the CMIP6 model ensemble SSP2 4.5 pathway experiment 
for the period 2030-2060. Figure titles are the name of the model and the area average 
change in days. Diagonal hashing indicates trends that are not statistically significant with a 
p-value threshold of 0.05. 
 
 
 







47 
 


 
Projection archetypes 
In order to simplify the application of the climate projections, four “archetype” models have 
been identified that broadly represent the range of projected changes in temperature and 
precipitation.  These archetypes have been identified by plotting the joint distribution of 
projected changes in annual mean temperature and annual total precipitation over the 
province (Figure 36), as well as taking into account some of the spatial patterns of annual 
rainfall and temperature projections (Figures 37 and 38). To more clearly identify 
archetypes with large magnitude differences, the CMIP6 SSP5 8.5 emissions pathway was 
used, whereas the plots in the main part of the document are based on the more likely 
CMIP6 SSP2 4.5 emissions pathway. 
 
The resultant four archetype models are: 
 
Archetype model name Provincial scale projection 
MPI-ESM1-2-LR Almost no rainfall change, low magnitude temperature 


increase (~1.2°C) 
TaiESM1 High temperature increases (~2.4°C), large rainfall reduction 
GFDL-CM4 Moderate temperature increases (~1.7°C), large rainfall 


reduction 
EC-Earth3 Moderate temperature increases (~1.7°C), mixed spatial 


pattern of rainfall change (increases in Nelspoort region, 
decreases elsewhere). 
[Note, this pattern occurs in multiple models, hence 
identifying it as plausible archetype] 


  
 


 
Figure 36: Joint distribution of projected changes in annual mean temperature (TG, °C) and 
rainfall (PRCPTOT, mm) across the Western Cape province for the period 2030-2060 based 
on the CMIP6 SSP5 8.5 emission pathway. 
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Figure 37: Projected changes in annual total rainfall (mm) across the SmartAgri zones 
derived from the CMIP6 model ensemble SSP5 8.5 pathway experiment for the period 2030-
2060. Figure titles are the name of the model and the area average change in rainfall (mm). 
Diagonal hashing indicates trends that are not statistically significant with a p-value 
threshold of 0.05.  
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Figure 38: Projected changes in annual mean temperature (°C) across the SmartAgri zones 
derived from the CMIP6 model ensemble SSP5 8.5 pathway experiment for the period 2030-
2060. Figure titles are the name of the model and the area average change in rainfall (°C). 
Diagonal hashing indicates trends that are not statistically significant with a p-value 
threshold of 0.05.  
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The archetype projected changes in annual rainfall and annual mean temperatures are 
presented in Figures 39 and 40, respectively, for SSP5 8.5 for the future period 2030-2060.  
Other variables and SSPs are available in the digital appendix (see Appendix A). 
 


 
Figure 39: Projected changes in annual total rainfall (mm) across the SmartAgri zones 
derived from the CMIP6 model ensemble SSP5 8.5 pathway experiment for the period 2030-
2060 for the 4 archetype models. Figure titles are the name of the model and the area 
average change in rainfall (mm). Diagonal hashing indicates trends that are not statistically 
significant with a p-value threshold of 0.05. 
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Figure 40: Projected changes in annual mean temperature (°C) across the SmartAgri zones 
derived from the CMIP6 model ensemble SSP5 8.5 pathway experiment for the period 2030-
2060 for the 4 archetype models. Figure titles are the name of the model and the area 
average change in temperature (°C). Diagonal hashing indicates trends that are not 
statistically significant with a p-value threshold of 0.05. 
 
The archetypes identified are useful in providing a smaller sample of the full ensemble that 
roughly represent the same range of plausible projected changes.  However, it must be 
noted that archetypes are a compromise and by no means should be assumed to be 
representative of the full range of plausible futures across all seasons, SmartAgri zones or 
indices.  They are intended to be used as illustrative projected changes and/or to guide 
further analysis of impacts.  
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Evaporation indices 
As the evaporation is very important for agriculture, an analysis of projected changes in 
evaporation has been attempted using Potential Evapotranspiration (PET). Whereas the 
PET presented in the observed climatology and trends section was derived using the 
Penman-Monteith approach, which includes direct changes in radiation and humidity 
(vapour pressure), projected changes in humidity, in particular, are very unreliable due to 
the simplicity of the representation of the land surface in climate models and the fact that, 
in areas of complex topography, it is not advisable to use changes in near surface humidity 
for estimating changes in evaporation. 
 
Rather, a simpler approach to estimating PET was deployed. This approach is based on the 
Hargreaves-Samani formula (Hargreaves and Samani, 1982) and accounts for changes in 
both temperature and humidity by taking into consideration the max-min temperature 
differential (which is affected by air humidity). The adopted formula also includes the proxy 
estimate of change in radiation based on changes in rainfall (Droogers and Allen, 2002), 
under the assumption that rainfall is associated with cloudiness. 
 
Figure 41 presents the projected changes in core summer (DJF) and core winter (JJA) mean 
annual PET based on this approach and the CMIP6 ensemble projections for the SSP2 4.5 
scenario and the 2030-2060 future period. These are presented as plume plots across the 
clustered zones so that the PET estimation can be readily compared across multiple 
ensembles. Observed PET from CRU (as presented in the observations section above) is 
also included. The results show that there is strong agreement across all ensembles and 
generally there is agreement with the observed PET. The model ensembles appear to under-
estimate recent observed changes in PET, particularly for the south-eastern coastal 
clustered zone (Mossel Bay to Outeniqua). As the observed PET uses the more complex 
Penman-Monteith approach, it may be that local changes in humidity are driving these 
differences. As this zone is strongly influenced by onshore moisture advection, this seems 
a reasonable conclusion.   
 
The strong agreement between observed PET calculations and the multiple model 
ensembles suggests that, given the underlying assumptions, the calculations are robust. 
These results also clearly indicate that potential evapotranspiration is almost certainly going 
to continue to increase across all regions. 
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Figure 41: Plume plots of changes in mean annual Potential Evapotranspiration (PET) derived 
from CMIP5, CMIP6 and CORDEX model ensembles, and observed PET from the CRU TS4.05 
dataset. 
 
Projected changes in drought indices 
Drought is a complex phenomenon and is often understood using different framings. 
Meteorological drought is focused on deficits in rainfall. Hydrological drought is focused on 
deficits in soil moisture and runoff. Socio-economic drought refers to the more complex 
aspects of drought as they impact the broadly-understood socio-economic system. Here, 
two very widely used drought indices are deployed.  The first is the Standardised 
Precipitation Index (SPI, McKee et al., 1993) which is a drought index based only on rainfall 
deficit. The value of SPI is that rainfall deficits (or excess) are standardised relative to the 
baseline distribution and this allows us to compare across regions with varying baseline 
rainfall distributions. SPI is calculated over different accumulation periods typically ranging 
from one month through to as long as 36 months. These accumulation periods help unpack 
the time scales of droughts.  Here, a 12-month accumulation period is applied, ending at the 
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end of the year (December) to capture annual time scale rainfall deficits dominated by 
winter rainfall.   
 
The second index uses a further development of SPI, called the Standardised Precipitation 
Evaporation Index (SPEI, Vicente-Serrano et al., 2010). This index calculates a moisture 
budget (precipitation minus potential evapotranspiration) and so comes closer to 
identifying hydrological drought.  
 
To translate SPI and SPEI into values that are more meaningful than the original statistical 
z-scores, counts of the number of years in sets of ten years (decades) were calculated, 
where SPI or SPEI is lower than -1.0. An SPI or SPEI of less than -1.0 is only a moderate 
drought condition and would normally be expected to occur around two to three times per 
decade. 
 
Figures 42 and 43 present an alternative set of plots that integrate CORDEX, CMIP5 and 
CMIP6 based projected changes in both SPI and SPEI. These plots are divided into 10-year 
segments extending from the past into the future. Each segment has three subplots that 
are violin plots representing the distribution of values from each ensemble (with “bulging” 
sections indicating a larger number of ensemble members projecting the given value).  
 
What can clearly be seen is that the different model ensembles agree very well on the 
changes in both SPI and SPEI. From this it can be concluded that these projected changes 
are relatively robust. The projected changes in SPI are much weaker than the changes in 
SPEI, which is to be expected as changes in SPI do not include the effect of increasing 
temperatures. 
 
The very clear message emerging from this analysis is that mild drought conditions under 
current or recent conditions are likely to be far more common in the future across all 
clustered zones, if the effects of increasing temperature on evaporation are included. The 
increase in such conditions in the south-eastern coastal zone (Mossel Bay to Outeniqua) is 
somewhat weaker than elsewhere. This increase in the frequency of droughts is, however, 
not limited to mild droughts only and extends to droughts of higher severity as manifested 
by frequency of drought years with SPEI12 < -2 (not shown). 
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Figure 42: Plots of changes in years/decade with SPI < -1.0 across the six clustered 
SmartAgri zones.  Each violin plot represents the ensemble distribution of projected changes 
for a particular ensemble (see the legend) for that particular 10-year period. Horizontal bar 
marks the median of the ensemble. Note that “violins” may appear truncated but reflect all 
data – the presented index (number of drought years per decade) takes only values between 
0 and 10. 
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Figure 43: Plots of changes in years/decade with SPEI < -1.0 across the 6 clustered 
SmartAgri zones.  Each violin plot represents the ensemble distribution of projected changes 
for a particular ensemble (see the legend) for that particular 10-year period. Horizontal bar 
marks the median of the ensemble. Note that “violins” may appear truncated but reflect all 
data – the presented index (number of drought years per decade) takes only values between 
0 and 10. 
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Summary of climate change projections 
 
An analysis of projected changes in climate, with respect to a number of agriculturally 
relevant climate indices, across the SmartAgri zones, is presented in this report. Selected 
results are included based on projections forced by the SSP2 4.5 shared socio-economic 
pathway, which represents a “middle of the road” global response to climate change (some 
level of mitigation). This pathway is insufficient to avoid 1.5°C global warming and shows 
some significant probability of exceeding 2°C global warming.  While of course there is 
significant uncertainty associated with the global economic and political response, the SSP2 
4.5 is a reasonable scenario to explore. 
 
To summarise the key findings of the above analysis: 
 
Temperature indices 


• Temperatures are projected to increase significantly over the next 30 to 40 years 
and beyond, across all SmartAgri zones. Projected increases in mean temperature 
averaged over the whole province are of the order of 1°C to 1.8°C by 2060 compared 
to the recent past (1981-2010). 


• Mean annual average daily temperature projections for some SmartAgri zones, most 
notably those further from the coast, are even higher, with some models projecting 
increases as high as 2°C (see Figure 25). 


• Projected changes in mean daily minimum temperatures (night time temperature) 
are also strongly positive and in some inland zones (e.g. Nelspoort) they are even 
higher than the increases in maximum temperatures, reaching as high as 2.7°C (see 
Figure 26). 


• Increases in temperature also result in an increase in the number of hot days. The 
projected increase in the number of days exceeding 30°C ranges from as few as five 
more days/year through to as many as 30 more days/year for inland zones (e.g. 
Nelspoort, see Figure 28). 


 
Rainfall indices 


• As expected, projected changes in rainfall related indices exhibit higher uncertainty, 
with some models projecting only minimal reductions in rainfall across the province 
and others projecting as much as a 20% reduction in annual rainfall averaged over 
the province (see Figure 24). 


• Most SmartAgri zones show projections of decreasing rainfall in summer (DJF), 
though in many cases these changes are small enough that they pass the statistical 
significance test. This does not mean that drying is not likely, but rather that natural 
variability (variations from year to year) is high, and so there remains some 
probability that the projected changes are the result of natural variability rather than 
climate change. 


• However, rainfall changes in some SmartAgri zones and some seasons are 
statistically significant and could be as large as a 40% reduction (e.g. Nelspoort in 
summer, see Figure 29). 


• The Nelspoort and adjacent Koup zones exhibit the highest uncertainty in projected 
rainfall changes across all seasons, most likely as a result of their location between 
the mid-latitude winter rainfall dynamics and the subtropical summer rainfall 
dynamics. Rainfall in these zones will be very sensitive to how a model represents the 
transition between these two zones. Some models project increases in summer 
rainfall in these zones, while other project very strong decreases (see Figure 30). In 
winter these zones show fairly consistent drying projections, again with statistically 
significant strong drying projected by some models. 
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• Projected changes in the number of rainy days (more than 1 mm rainfall) also involves 
fairly high uncertainty across both summer (DJF) and autumn (MAM). However, the 
reduction in wet days does not appear to be as pronounced as the reduction in 
rainfall, with most zones showing statistically insignificant changes. These suggest 
that rainfall reductions are mostly associated with less rainfall per event rather than 
fewer events (see Figures 31 and 34). 


• Similarly, projected changes in consecutive dry days, while on the whole indicating 
an increase in dry spell lengths, have weak statistical significant in most cases. 
However, some increases in dry spell duration are significant and as large as 20 days 
in summer (see Figure 32). It must be noted that in many cases the baseline maximum 
dry spell duration in these areas is large. 
 


Evaporation and drought indices 
• Projected changes in PET are consistently positive across all zones and across all 


models in all ensemble datasets, largely driven by consistent increases in 
temperature. These projections align well with analysed PET based on observations 
(see Figure 41). 


• Projected changes in frequency of drought events as determined by SPI and SPEI 
threshold exceedance (SPI or SPEI < -1) indicate consistent increases in frequency of 
drought events towards the end of the century, with more rapid increases for SPEI 
based drought due to the inclusion of temperature driven evaporation (see Figure 
43). 


• For many of the clustered zones a 1-in-10 drought event under current conditions is 
projected to shift towards a 1-in-2 event (five events per decade) by mid-century 
when the effect of increasing temperature on evaporation is considered. 


 


Concluding remarks 
In conclusion, the results presented above, while encapsulating several persistent sources 
of uncertainty ranging from global socio-economic scenarios, through to modelling 
uncertainties and natural variability, paint a clear picture of negative impacts of climate 
change across the province, especially with respect to agriculture. Decreasing rainfall 
should be expected in most areas and even when rainfall decreases are not projected, or do 
not manifest, increasing temperatures will almost certainly bring significant water balance 
challenges to agriculture. 
 
Ongoing monitoring of hydro-climate variables across the province is critical to further 
refining and understanding emerging trends, as well as improving our ability to simulate the 
regional climate and reduce some of the significant uncertainties. 
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APPENDIX A:  LIST OF MAPS AVAILABLE IN DIGITAL 
APPENDIX 
 
Given the large number of plots available they have been made available as a separate ZIP 
file with a clear structure that allows specific plots to be readily located. The ZIP file 
directory structure is described below.   
 


The “observations_and_trends” directory includes directories for all the observed datasets 


(CHIRPS, CRU, ERA5-Land and GPCC). Within each of these there are two subdirectories 
(climatologies and trends). Within each of these are the plots for all of the available indices. 
Note: CHIRPS and GPCC are daily rainfall datasets and therefore do not contain any 
temperature indices. CRU is a monthly dataset and therefore only provides indices that can 
be calculated from monthly data. 
 


The “climate_change_projections” directory includes three subdirectories for the different 


types of plots. The “cmip6_multi-panel_plots” directory includes two subdirectories for 


each of the two future experiments (ssp245 and ssp585). Each of these contain plots 
showing the future change (or anomaly) projected for the different climate indices. Each 
plot contains subplots for each of the 28 CMIP6 models. There are also plots showing just 


the four “archetype” models. The “pet_spei” and “plumeplot” directories include 


subdirectories for each of the two future experiments (rcp45-ssp245 and rcp85-ssp585). 
The plots use data from CMIP5, CORDEX and CMIP6 and present the data for the six larger 
zones rather than the 23 SmartAgri zones. 
 
  


• observations_and_trends 
◦ CHIRPS-2.0-0p05 


▪ climatologies 
▪ trends 


◦ CRU_TS-4.05 
▪ climatologies 
▪ trends 


◦ ERA5-Land 
▪ climatologies 
▪ trends 


◦ GPCC-FDD-2020 
▪ climatologies 
▪ trends 


 
• climate_change_projections 


◦ cmip6_multi-panel_plots 
▪ ssp245 
▪ ssp585 


◦ pet_spei 
▪ rcp45_ssp245 
▪ rcp85_ssp585 


◦ plumeplots 
▪ rcp45_ssp245 
▪ rcp85_ssp585  
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