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Background

Extreme weather events 
are becoming more 

frequent and intense with 
climate change 

Growing & urbanising 
population will continue to place 

pressure on infrastructure & 
service delivery

Exacerbate vulnerabilities of 
communities & place more 

people at risk of climate 
induced disasters
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Background

Growth can be a catalyst 
for economic growth but 

effective planning & 
policy interventions are 

needed

Spatial planning will be vital to 
securing peoples sustainable 

livelihoods

Sustainable and resilient 
settlements
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the Green Book

Knowing what change to adapt for and how to 

adapt for this change is of critical importance to 

decision makers involved in the 

planning and design of human settlements. 



The Green Book was commissioned with the aim of supporting municipal 

planning on the development of climate-resilient cities and settlements through 

research in climate adaptation. 

Focus on generating scientific evidence, namely climate change projections, 

vulnerability assessments, population growth projections and hazard footprints, in 

order to compile risk profiles for settlements and to link adaptation actions to these 

profiles 

the Green Book
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The research design
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The research design

The Green Book methodology is a novel attempt at multi-
disciplinary integrated applied science that combines the 

expertise of 46 researchers from multiple research fields 

including climatology, demography, disaster risk science, 
geography, urban planning, economics, ecology, architecture, 

anthropology, hydrology and statistics. 



a likely 2050 future highlighting settlements predicted to 

experience vast growth coupled with increases in natural 

weather related hazards

(*initial findings *low-mitigation scenario)
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South Africa’s urban future
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Population pressure
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2050 Population pressure areas (Medium growth)

Settlements most at risk of 
increasing population pressure
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2050 Projected changes in climate (RCP 8.5)
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Settlements at risk to increase in heat stress by 2050

Increase 
in 

Very Hot 
Days

Increase in Heat Wave Days

-1 - 5 5 - 10 10-15 15-25 25-40

0 - 10 318 116 167 174 0

10 - 30 65 73 218 125 7

30 - 50 1 51 154 63 11

50 - 70 0 5 11 36 14

70 -
100 0 2 1 2 23

Heat stress score No. Settlements
4 Extreme 87
3 High 367
2 Medium 684
1 Low 499

Total 1637

Settlements at risk to increase 
in heat stress by 2050



Settlements at risk to increases in 
urban floods by 2050

Flood potential score No. Settlements
4 Extreme 82
3 High 256
2 Medium 547
1 Low 752

Flood 
hazard 
index

Extreme rainfall

No 
increase

Low High

High 278 177 82

Medium 314 197 79

Low 309 129 72

Settlements at risk to increase in urban flooding 2050

* Downstream effects not taken 

into account 



No 
increase 
in FDD

Low 
increase 
in FDD

High 
increase 
in FDD

Very high 
increase 
in FDD

Likely 73 318 384 6

Possible 114 212 186 16

Unlikely 0 5 3 0

Rare 43 35 130 71

WUI hazard Score No. Settlements

4 Extreme 397

3 High 588

2 Medium 553

1 Low 87

Settlements at risk to 
increases in wild fires 

by 2050

Settlements at risk to increase in wildfire (WUI) 

* Future fuel loads not taken into account



Groundwater pressure 
areas No.

Settlements
4 Extreme 41
3 High 156
2 Medium 242
1 Low 233

Settlements 
dependent on 
Ground Water 672

Groundwater dependent 
settlements at risk to 

decreasing groundwater 
supply & increasing 

population pressure by 
2050

Settlements at risk to decreasing groundwater supply & increasing 

population pressure



Settlements at risk to coastal flooding

Risk Score
# Coastal 
Settleme
nts

4 Extreme 10

3 High 33
2 Medium 56
1 Low 67



Settlements at risk to increase drought tendencies

Risk Score
# 
Settlements

4 Extreme 306

3 High 282

2 Medium 390

1 Low 659
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Settlements subjected to a range of multiple pressures
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Settlements at risk to the impacts of climate change

Zeerust

North West Limpopo

Mankweng

LOW SEV
High % of households 
live under minimum 

living level & High % of 
Female and Child 

headed households

High EVI 
High inequality  & Low 
GDP production & Low 

GDP per Capita

High PV
Road infrastructure & 

High density population 
covering large area

High EV
Ecological infrastructure 

(High amounts of 
conservation & protected 
areas) & Environmental 

governance 
(Encroachment on 

protected areas & Stressed 
catchments)

Average SEV
High % of households 
live under minimum 

living level & High % of 
population have low 

literacy level

High EVI
Low GDP growth & 

Low GDP production & 
Low GDP per Capita

High PV
Road infrastructure 

(Low road density) & 
High % of informal or 

subsidised housing

Average EV
Human influence (Urban 

encroachment)
& Ecological 

infrastructure (High 
amounts of conservation 

& protected areas)



South Africa’s coastal zone

• 45 small towns

• 2 large cities exceeding 500 000 people

• 3 metropolitan cities exceeding 1 million people 

• Significant economic dependency on coastal resources and trade 

infrastructure

• Coastal flooding already cause havoc to coastal infrastructure

• Additional growth pressure predicted for coastal settlements



Adaptation actions

• Needs to cover spatial planning, land use management, engineering 

services, environmental planning, landscape and urban design, building 

design etc.

• Spatial planning action e.g Determine coastal management lines

• Land use management e.g Enforce coastal management lines

• Urban & landscape design e.g Visibly demarcate flood lines and coastal 

risk areas

• Environmental planning e.g Maintain and rehabilitate dunes

• Engineering services e.g Construct flood protection measures



Adaptation actions

• Needs to cover spatial planning, land use management, engineering 

services, environmental planning, landscape and urban design, building 

design etc.

• Spatial planning action e.g Determine coastal management lines

• Land use management e.g Enforce coastal management lines

• Urban & landscape design e.g Visibly demarcate flood lines and coastal 

risk areas

• Environmental planning e.g Maintain and rehabilitate dunes

• Engineering services e.g Construct flood protection measures
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The purpose is to highlight settlements that needs to start 

thinking creatively about how adaptation actions can 

strategically be woven into the design of these 

settlements in order to protect the lives of its occupants and 

ensure a sustainable resilient future
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Implications for Settlements

• The significant population growth projected, if not managed and planned for effectively, will 
place an enormous amount of pressure on bulk infrastructure delivery and will have critical 
implications for peoples exposure to natural disasters 

• Increase demand for critical resources 

• Climate change is expected to amplify extreme weather events  in South Africa, 
particularly floods, droughts, wildfires and storms 

• This increase will impact infrastructure & housing

• High exposure and vulnerability of settlements will transform even small-scale and slow-
onset events into disasters 

• Infrastructure deterioration and failure due to increased runoff, inundation and heat stress
• Heat stress on human comfort– specifically elderly, lower income & youth
• Growing population & warmer climate will have impacts on energy demand 

• Impacts are intensely felt by vulnerable and marginalised groups and communities
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In conclusion

• Given these risks, there is a great need for investment in adaptation actions in South African 
settlements

• Multiple actors and role players involved in the designing and building of climate resilience 
settlements

• Much of the infrastructure needed to accommodate the projected growth haven't been built yet –
this allows an opportunity of designing principles of resilience into our cities

• Regular maintenance and proactive response through retrofitting and protecting vulnerable 
infrastructure 

• “How we design, set policies, finance, govern and manage these immense challenges will define 
different futures for different cities”… T. Reubold

• “We cant follow poverty & politics, we need to be proactive about restructuring cities & 
settlements” … M. Napier

• Are our regulatory and financing frameworks geared to respond to the projected population growth 
and climate change?

• The infrastructure we built today will stick around for the next 3 decades – future proof it 
(resilient, sustainable, energy efficient, water sensitive, hazard resistant settlements)

• To create resilient settlements we need spatial planning and land use management systems, 
innovative building technologies, decision support tools, novel construction approaches and rapid 
construction methods



Thank you 

________________________________

Alize le Roux

ALeroux1@csir.co.za


