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Introduction 

The main purpose of this chapter is to 1) note the impacts of climate change on human settlements 

and vice versa, and 2) propose design and institutional strategies to improve the resilience of human 

settlements to withstand these impacts or at least reduce the vulnerability of human settlements to 

these impacts. 

This chapter constructs a Human Settlement Resilience Framework and interventionist strategies. 

These strategies are based on the premise that resilience can be built into human settlement 

development.  

Background and Context 

Living conditions – economic, social, environmental, and institutional – are changing on Earth. 

This is not new, nor is it unique. The economic, social, environmental and institutional world 

constitutes a dynamic system, always in transformation from one state to another, sometimes 

smoothly and sometimes turbulently. However there is sufficient scientific consensus that 

anthropogenic impacts are resulting in an alarming degree of climatic, environmental and social 

change beyond rates experienced over the last 650 000 years (IPCC2007).  

Global temperatures cycle between geological intervals of warmer global average temperature known 

as Interglacial Periods, and periods of colder global average temperature, known as Glacial Periods. 

Long glacial periods are therefore separated by more temperate but shorter interglacials. During 

these past interglacials, where the climate more or less matched present day temperatures, the 

tundra (vast level treeless Arctic region where subsoil is frozen) receded towards the poles. As the 

tundra recedes it gets replaced by forests. This alternating cycle of floral and faunal expansion and 

retraction enables palaeontologists to study the climatic conditions prevalent at the time and the age 

of the particular interglacials (Kottak 2005).  

Periods do occur within an interglacial where conditions are optimal, known as the climatic optimum of 

an interglacial, and this generally occurs during the middle part of the interglacial. The climatic 

optimum is preceded and followed by periods that are less favourable although it is still better than the 

conditions found in the preceding/succeeding glacial.  

The current Holocene interglacial period, which commenced about 11 400 years ago (the end of the 

Pleistocene which lasted 2.5 million years) and in which we now find ourselves, experienced its 

climatic optimum roughly 3000 BC-500BC, resulting in an environmentally benign period highly 

supportive of human development. This period coincides with the transition out of the Stone Age to 



the Bronze Age and into the Iron Age. Our current climatic phase following this optimum is still within 

the same interglacial (the Holocene).  

The history of ancient Mesopotamia, coinciding as it did with the Bronze Age, begins with emergence 

of urban societies during the Ubaid Period (ca. 5300 BC). It is also perhaps not coincidental that in 

historical archaeology the ancient literature of the Iron Age includes the earliest texts preserved in 

manuscript tradition, including the oldest parts of the Hebrew Bible. 

What distinguish our current climate of change from previous periods of change are two factors – 

human consumption growth, and anthropogenic induced environmental impacts. 

The global population breached 7.0 billion in November 2011. Over half of this population live in 

poverty, and over half live in cities (and there is a strong correlation between the two). There has 

therefore been a concentration of population within urban areas: there are now 21 megacities in the 

world (UNEP 2011). Urbanisation generally improves standard of living resulting in higher rates of 

resource consumption: it is not coincidental that global GDP has increased by 74 per cent over the 

past 20 years (UNEP 2011). 

The natural environment goes through cycles of growth and decline in response to climate change: 

however what is different now is the coupling of anthropogenic and climate change impacts on the 

natural environment. The sheer „weight‟ or footprint of the current human consumption on natural 

resources (resource depletion), the reduction in biodiversity (replaced by mono-agriculture), and the 

influence of climate change on ecosystem health and distribution, is projected to result in an extinction 

event (Woolridge 2008).  

Resilience 

In environmental terms ecosystem resilience can be defined as “the capacity of an ecosystem to 

tolerate disturbance without collapsing into a qualitatively different state that is controlled by a 

different set of processes” (Holling 1973). An ecosystem demonstrates resilience by withstanding 

shocks and the ability to rebuild itself. Disturbance of sufficient magnitude or duration may profoundly 

affect an ecosystem and may force it to a threshold point beyond which a different set of processes 

and structures predominates (Folke et al 2004). One such disturbance is human activities including 

reduction of biodiversity, exploitation of natural resources, pollution, land-use, and anthropogenic 

climate change (Folke et al 2004).   

Resilience can also be applied to social systems: resilience in psychology refers to an individual‟s 

ability to cope with stress and adversity, or what is commonly referred to as a person‟s ability to 

„bounce back‟ (Masten 2009). Research indicates that resilience is the result of an individual‟s ability 

to interact with their environments and the processes that either promote well-being or protect them 

against the overwhelming influence of risk factors (Zautra et al 2010).  

When applied to human settlements resilience has been defined as “the capacity and ability of a 

community to withstand stress, survive, adapt, bounce back from a crisis or disaster and rapidly move 

on. Resilience needs to be understood as the societal benefit of collective efforts to build collective 



capacity and the ability to withstand stress” (ICLEI 2011a), and “the ability of a system, community or 

a society exposed to hazards to resist, absorb, accommodate to and recover from the effects of a 

hazard in a timely and efficient manner, including through the preservation and restoration of its 

essential basic structures and functions” (ICLEI 2011b).  

The ICLEI (2011) submits that urban resilience is therefore the ability of urban systems to withstand 

certain levels of stress by: 

 Having flexible systems to absorb sudden shocks and slow onset of events; 

 Distributing stress across systems and avoiding single pressure points; 

 Restoring functionality in a timely manner to contain loss and avoid disruption; 

 Having substitutable systems if a major loss in functionality occurs; 

 Designing systems that safely fail to avoid catastrophic failure; and 

 Developing the ability to identify problems and building capacity to deal with them, establish 

priorities and mobilise resources to respond, adapt, and rapidly move on. 

The current interdisciplinary discourse on resilience is now studying the interactions of humans and 

ecosystems via socio-ecological systems, and the need for shift from the maximum sustainable yield 

paradigm to environmental management which aims to build ecological resilience through resilience 

analysis, adaptive resource management, and adaptive governance (Walker et al, 2004).  

It is thought that there have been five mass extinctions in the last 540 million years when over 50 per 

cent of animal species died (Sepkoski and Raup 1982). A mass extinction is characterised by a sharp 

drop in the diversity and abundance of macroscopic life (Nee 2004).  

Notwithstanding these five events, the Earth has been able to recover, albeit over millions of years. 

And each recovery has demonstrated an outburst of new specie development and growth (Benton 

2004; van Valkenburgh 1999). 

Projections of ongoing specie loss point to the potential of a sixth mass extinction (Woolridge 2008; 

Jackson 2008). The Living Planet Index (LPI) is used as an indicator of the state of global biological 

diversity based on trends in vertebrate populations of species from around the world: between 1970 

and 2007 the index fell by 28 per cent suggesting that anthropogenic influences are degrading natural 

ecosystems at an unprecedented rate (LPI 2010).  

Figure 1: Living Planet Index 

 

 

 

 

 

 

 



Source: http://www.maps.grida.no  

While it is likely that the Earth would recover from such a sixth extinction (based on evidence from the 

previous five) the future of terrestrial specie, including Homo Sapiens, is not clear. Given that the 

greatest driver of this unprecedented global warming is anthropological in origin, logic would suggest 

that the risk of a sixth extinction could be reduced. The ability to survive this type of event requires 

human resilience and since the dominant location of the specie is in urban areas, by implication the 

ability that is sought could be called human settlement resilience.  

The resilience of human settlements will be supported if the causes of mass extinctions can be 

identified. The relationship between mass extinctions and causes was summarised by MacLeod 

(2001) as follows: 

Flood basalt events – involves the formation of large igneous provinces which produce dust and 

particulate aerosols which inhibit photosynthesis; emit sulphur oxides which are precipitated as acid 

rain causing specie poisoning; and emit carbon dioxide resulting in sustained global warming. 

Sea-level falls – reduces the continental shelf area (the most productive part of the oceans) 

sufficiently to cause a marine mass extinction, and disrupt weather patterns sufficiently to cause 

extinctions on land. 

Asteroid impacts – the impacts from large enough asteroids or comets cause food chains to collapse 

both on land and at sea by producing sufficient dust and particulate aerosols to inhibit photosynthesis. 

Sustained global cooling – kills many polar and temperate species while forcing others to migrate 

reducing the area for tropical species, and makes the Earth more arid by locking up moisture in ice. 

Sustained global warming – has the opposite effect of cooling i.e., tropical species migrate thereby 

reducing the area for polar species, makes the Earth wetter, and possibly causes anoxic events in the 

oceans. There is sufficient evidence to confirm sustained global warming as a cause of extinctions 

(Mayhew, Jenkins, and Benton, 2008). 

Anoxic events – are events in which the middle and even upper layers of the ocean become deficient 

or totally lacking in oxygen. 

Hydrogen sulphide emissions from the seas – in which warming disturbs the oceanic balance 

between photosynthesising plankton and deep-water sulphate-reducing bacteria resulting in massive 

emissions of hydrogen sulphide which poisons life on land and in the oceans (Kump, Pavlov and 

Arthur, 2005).  

Oceanic overturn – is a disruption of thermo-haline circulation which lets surface water (which is more 

saline than deep water because of evaporation) sink down, bringing anoxic deep water to the surface 

resulting in the death of most oxygen breathing organisms inhabiting the surface and middle depths 

(Wilde and Berry, 1984). High levels of carbon dioxide have caused global warming in the past, and 

influenced ocean circulation and how that warmth was distributed around the globe. The Late 

Cretaceous Epoch is a perfect example of greenhouse climate on Earth and mimics the conditions 
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currently manifesting: carbon dioxide levels are rapidly approaching levels most recently experienced 

during ancient greenhouse times (Macleod et al, 2011).  

Plate tectonics – continental movement can cause or contribute to extinctions through initiating or 

ending ice ages; altering climate through changed ocean and wind currents; exposing seaways and 

land bridges, and creating super continents which reduces the continental shelf, the species-rich 

portion of the ocean.   

Anthropogenic influences on disruption events 

There are at least two major impacts of anthropogenic origin which impact negatively on ecosystem 

resilience namely agriculture and human settlements. Recent research suggests that in the US about 

50 per cent of the warming that has occurred since 1950 is due to land use changes in the form of 

clearing forests for crops and cities rather than to the emission of greenhouse gases made up 

predominantly of carbon dioxide, methane, nitrous oxide, and halocarbons (Georgia Institute of 

Technology, 2009). 

Agricultural activities displace indigenous biodiversity and replace it with monoculture crops, such as 

wheat, maize, and fruit. In addition, the use of pesticides and herbicides further undermines the 

resilience of the remaining ecosystem. Large-scale farming production is also dependent on an 

energy-intensive supply chain, a significant contributor to greenhouse emissions. 

Human settlements also displace indigenous biodiversity, but replace it with concrete and tar and, 

where planting is done, generally with alien vegetation.  

Figure 2: Reconstructed before and after view of Manhattan Island, New York 

 

 

 

 

 

 

 

 

 

 

 

Source: http://www.strangecosmos.com/   
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Fossil fuel burning for energy in buildings and transportation account for 23 per cent and 31 per cent 

of total carbon emissions in South Africa (cidb 2009). However, fossil fuel is also consumed to pump 

water (along the whole supply chain) and sewerage (again along the whole supply chain). An 

appropriate mix of government regulation, energy savings technologies and behavioural change could 

substantially reduce carbon dioxide emissions from the built environment (UNEP 2007). 

These two anthropogenic impacts increase with population growth and/or income, in terms of land 

use change, increasing food production, extracting raw materials, and providing shelter. Despite 

China‟s efforts to reduce their carbon emissions, emissions increased between 1992 and 2007 largely 

on the back of infrastructure investment and its energy intensive supply chain such as steel and 

cement production (UEA, 2011). With the world population expected to breach 7 billion on 1
st
 

November 2011, and 9 billion by 2050, the global extinction crisis for animals and plants imperilled by 

overpopulation‟s effect on habitat, water, air and other natural resources is expected to increase 

(Center for Biological Diversity, 2011).  

Building resilient human settlements 

This nexus between people and planet can therefore be described as a reciprocal relationship with 

disruption events impacting on both sides: major disruption events as a result of natural causes 

increases the vulnerability of both the planet and people, and so will anthropogenic contributions to 

typical causes of disruption events as listed earlier. This nexus is also the focus of research on 

building resilience in a climate of change. 

From the above the following interventions need to be implemented if human settlements are to 

become resilient, i.e., less vulnerable to disturbance events. 

1) Reduce the loss of biodiversity 

2) Reduce the exploitation of natural resources 

3) Reduce pollutants  

4) Eco-management of land use 

5) Reduce anthropogenic contributions to climate change 

6) Building in flexibility and substitutable systems to reduce failure and promote recovery. 

In the Global Change Grand Challenge National Research Plan, South Africa, four major cross-cutting 

knowledge challenges and 15 key research themes are identified (DST 2009). The four cross-cutting 

knowledge challenges are: 

 Understanding a changing planet 

 Reducing the human footprint 

 Adapting the way we live 

 Innovation for sustainability 



This provides a useful framework to use to focus on building resilient human settlements. Using the 

research findings from above, the four major cross-cutting intervention areas and the corresponding 

key strategies can be described as indicated in Table 1 below. 

Table 1: Framework for Building Resilient Human Settlements 

Understanding socio-

ecological systems  

Reducing human 

settlement footprint 

Adapting the way we 

live 

Innovating for 

resilience 

Observation and 

monitoring 

Net-zero greenhouse 

gas emissions 

Denser mixed-use 

urban development 

Passive technologies 

(natural heating and 

cooling, lighting, 

ventilation) 

Dynamics of 

ecosystem and human 

settlement interaction 

Net-zero potable water 

consumption 

Transit-oriented 

development (bike, 

bus, rail) 

Active technologies 

(intelligent lighting and 

hvac, phase-change 

materials) 

Linking land use 

change, climate 

change and 

disturbance events 

Net-zero waste 

production 

Re-establishing 

biodiversity in urban 

areas 

Developing bio-based 

materials 

Improving model 

predictions at different 

scales (urban, events) 

Net-zero biodiversity 

loss 

Reducing resource 

consumption 

Solar technology 

Food and water 

security 

Net-zero toxic 

emissions (VOC, ODP) 

Reducing vulnerability 

to disturbance events 

(sea-level rise, 

flooding, heat, drying, 

precipitation, wind) 

Preparing for rapid 

change and 

disturbance events 

Conclusion 

Building human settlement resilience is wholly within our capability: all of the technology required and 

the enabling policies are do-able. There are areas, most notably in the science of earth systems, and 

the socio-ecological interactions where our knowledge is insufficient. Similarly, the modelling 

technology and the efficiency ratios of solar energy generators, requires further development. But 

principally the pathway to resilience is known. 

The biggest hurdle to success is located in a willingness to adapt the way we live: will our species 

have the resolve to make the adjustments, and will it do so in time? Early signs emanating from civil 



society are that there is a groundswell of recognition that all is not as it should be. It may just signal a 

changing of the guard.    

References 

Benton, M.J. (2004). “6 Retiles of the Triassic”. Vertebrate Palaeontology. Blackwell. ISBN 

0045660026. Online http://www.blackwellpublishing.com/book.asp?ref=0632056371.  

Center for Biological Diversity, (2011). “Global Population Passes 7 Billion, Crowding Out Imperiled 

Animals, Plants; Species Face Mass Extinction.” Online http://www.enn.com/press_release/3867/  

Cidb (2009). Greenhouse Gas Emission Baselines and Reduction Potentials from Buildings in South 

Africa, (p. 27). Pretoria: CIBD/UNEP. 

DST (2009). Global Change Grand Challenge National Research Plan, South Africa. Pretoria: 

Department of Science and Technology. 

Folke, C., Carpenter, S., Walker, B., Scheffer, M., Elmqvist, T., Gunderson, L., Holling, C.S. (2004). 

"Regime Shifts, Resilience, and Biodiversity in Ecosystem Management". Annual Review of Ecology, 

Evolution, and Systematics 35: 557–581. doi:10.1146/annurev.ecolsys.35.021103.105711 

Georgia Institute of Technology, (2009). “Reducing Greenhouse Gases May Not Be Enough To Slow 

Climate Change.” Science Daily. Retrieved September 27, 2011. Online 

http://www.sciencedaily.com/releases/2009/11/091111083055.htm  

Holling, C., (1973).”Resilience and stability of ecological systems.” Annual Review of Ecology and 

Systematics 31:425. Doi:10.1146/annurev.ecolsys.31.1.425  

ICLEI (2011a). “Towards urban resilience”. Online http://www.iclei.org/  Source: ICLEI 2011. 

ICLEI (2011b). “Towards urban resilience”. Online http://www.iclei.org/  Source: United Nations 

International Strategy for Disaster Reduction, UNISDR Terminology on Disaster Risk Reduction 

(2009). 

IPCC (2007). Climate Change 2007: Synthesis Report. International Panel on Climate Change, 

Online http://www.ipcc.ch/  

Jackson, J. B. C. (Aug 2008). "Colloquium paper: ecological extinction and evolution in the brave new 

ocean". Proceedings of the National Academy of Sciences of the United States of America 105 Suppl 

1: 11458–11465. Bibcode 2008PNAS..10511458J  

Kottak, C., (2005). Window on Humanity, New York: McGraw-Hill. 

Kump, L., Pavlov, A., and Arthur, M., (2005). “Massive release of hydrogen sulphide to the surface 

ocean and atmosphere during intervals of oceanic anoxia.” Geology v.33, p.397-400. Online 

http://geology.geoscienceworld.org/cgi/content/abstract/33/5/397  

LPI (2010). Living Planet Report 2010. Online http://www.wwf.com/  

http://www.blackwellpublishing.com/book.asp?ref=0632056371
http://www.enn.com/press_release/3867/
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1146%2Fannurev.ecolsys.35.021103.105711
http://www.sciencedaily.com/releases/2009/11/091111083055.htm
http://www.iclei.org/
http://www.iclei.org/
http://www.ipcc.ch/
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=18695220
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=18695220
http://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2008PNAS..10511458J
http://geology.geoscienceworld.org/cgi/content/abstract/33/5/397
http://www.wwf.com/


Macleod, K., Londono, C., Martin, E., Berrocoso, A., and Basak, C., (2011). “Changes in North 

Atlantic circulation at the end of the Cretaceous greenhouse interval.” Nature Geoscience, 2011; DOI: 

10.1038/ngeo1284.  

MacLeod, N., (2001). “Extinction!” Online http://www.firstscience.com/home/articles/earth/extinction-

page-3-1_1258.html 

Masten, A., (2009). “Ordinary Magic: Lessons from research on resilience in human development”, 

Education Canada 49 (3): 28-32. Online http://www.cea-ace.ca/sites/default/files/EdCan-2009-v49-n3-

Masten.pdf.   

Mayhew, P., Jenkins, G., and Benton, T., (2008). “A long-term association between global 

temperature and biodiversity, origination and extinction in  the fossil record”. Proceedings of the Royal 

Society B: Biological Sciences. 275 (1630): 47-53. Online 

http://www.rspb.royalsocietypublishing.org/content/275/1630/47.full  

Nee, S. (2004). “Extinction, slime, and bottoms”. PLoS biology 2 (8): E272.  

doi:10.1371/journal.pbio.0020272.  

Raup, David M. and Sepkoski, J. John, Jr. (1982). "Mass extinctions in the marine fossil record". 

Science 215 (4539): 1501–3. Bibcode 1982Sci...215.1501R 

UEA (2011). Growing CO2 Emissions from China due to Construction. Study undertaken by the 

University of East Anglia. Online 

http://www.uea.ac.uk/mac/comm/media/press/2011/October/chinaemissions  

UNEP (2007). Buildings and Climate Change: Status, Challenges and Opportunities. Sustainable 

Building and Construction Initiative, United Nations Environment Programme, Nairobi. 

UNEP (2011). Keeping track of our changing environment: From Rio to Rio+20 (1992-2012). Division 

of Early Warning and Assessment (DEWA), United Nations Environment Programme, Nairobi. 

Van Valkenburgh, B. (1999). “Major patterns in the history of carnivorous mammals”. Annual Review 

of Earth and Planetary Sciences 26: 463–493. Bibcode 1999AREPS..27..463V  

Walker, B., Holling, C. S., Carpenter, S. R., Kinzig, A. (2004). "Resilience, adaptability and 

transformability in social–ecological systems". Ecology and Society 9 (2): 5. Online 

http://www.ecologyandsociety.org/vol9/iss2/art5/. 

Wilde, P., and Berry, W., (1984). “Destabilization of the oceanic density structure and its significance 

to marine „extinction‟ events.” Palaeogeography, Palaeoclimatology, Palaeoecology 48 (2-4); 143-

162. Online http://www.marscigrp.org/ppp84.html  

Wooldridge, S. A. (9 June 2008). "Mass extinctions past and present: a unifying hypothesis". 

Biogeosciences Discuss (Copernicus) 5 (3): 2401–2423. doi:10.5194/bgd-5-2401-2008  

http://www.firstscience.com/home/articles/earth/extinction-page-3-1_1258.html
http://www.firstscience.com/home/articles/earth/extinction-page-3-1_1258.html
http://www.cea-ace.ca/sites/default/files/EdCan-2009-v49-n3-Masten.pdf
http://www.cea-ace.ca/sites/default/files/EdCan-2009-v49-n3-Masten.pdf
http://www.rspb.royalsocietypublishing.org/content/275/1630/47.full
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1371%2Fjournal.pbio.0020272
http://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/1982Sci...215.1501R
http://www.uea.ac.uk/mac/comm/media/press/2011/October/chinaemissions
http://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/1999AREPS..27..463V
http://www.ecologyandsociety.org/vol9/iss2/art5/
http://www.ecologyandsociety.org/vol9/iss2/art5/
http://www.ecologyandsociety.org/vol9/iss2/art5/
http://www.marscigrp.org/ppp84.html
http://www.biogeosciences-discuss.net/5/2401/2008/bgd-5-2401-2008.html
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.5194%2Fbgd-5-2401-2008


Zautra, A.J., Hall, J.S. & Murray, K.E. (2010). Resilience: A new definition of health for people and 

communities. In J.W. Reich, A.J. Zautra & J.S. Hall (Eds.), Handbook of adult resilience (pp. 3-34). 

New York: Guilford. 

 

 


