
Three Elephants, 2010 by Andries Botha 
© Photographer, Patrick McGee



WORLD SOCIAL SCIENCE REPORT 2013: CHANGING GLOBAL ENVIRONMENTS © ISSC, UNESCO 2013 223

Part 3
The consequences of global 

environmental change 

for society

.28 The consequences of global environmental change 
 Introduction to Part 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  225
 Diana Feliciano, Frans Berkhout.29 Are Algerian agro-pastoralists adapting to climate change? . . . . . . . . . . . . . . . . . . . . .  230
 Slimane Bédrani, Mohamed El Amine Benhassine.30 Relocation as a policy response to climate change vulnerability in northern China  . . .  234
 Yan Zheng, Jiahua Pan, Xiaoyu Zhang.31 Climate change, flooding and economic well-being in Nigerian cities . . . . . . . . . . . . . .  242
 Isaac B. Oluwatayo.32 Resilience and adaptation in Dhaka, Bangladesh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  246
 Saleh Ahmed.33 Population and land-change dynamics in the Brazilian Amazon . . . . . . . . . . . . . . . . . . .  250
 Julia Cortes, Álvaro D’Antona.34 The risks of global warming to coral reef ecosystems . . . . . . . . . . . . . . . . . . . . . . . . . .  255
 Sabah Abdullah.35 Vulnerable and resilient children after disasters and gene–environment interplay  . . .  257
 Rainer K. Silbereisen, Marinus van Ijzendoorn, Kan Zhang.36 Migration as an adaptation strategy to environmental change . . . . . . . . . . . . . . . . . . .  261
 W. Neil Adger, Helen Adams.37 The paradoxes of climate change and migration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  265
 Andrew Baldwin, François Gemenne.38 The role of the social sciences in adapting to climate change in northern Europe  . . . .  269
 Carina Keskitalo .39 Women and climate change adaptation in Zimbabwe  . . . . . . . . . . . . . . . . . . . . . . . . . .  273
 Donald Chimanikire.40 Ex-rubber tappers’ and small farmers’ views of weather changes in the Amazon . . . . .  277
 Erika Mesquita





World Social Science Report 2013 

Changing Global Environments 

© ISSC, UNESCO 2013

225

28. The consequences of global 
environmental change 

Introduction to Part 3

by 
Diana Feliciano and Frans Berkhout

This section identifies current and future consequences of global environmental change 
events for people and communities, with special attention to the poorest and most 
vulnerable. Understanding how global environmental change events will impact on the 
different groups and sectors within societies is essential to improving current policy 
measures and to design effective solutions.

To many, “global environmental change” is still an impenetrable and distant concept, 

and projections of doom and gloom – however often repeated – fail to make it more 

meaningful. Yet droughts kill crops that undermine farmers’ livelihoods. Storms wipe  

out homes that families have occupied for generations. Loss of species and land can  

mean loss of food, clean water, medicines, landscape, access to ancestral grounds, and 

essential income. 

Social science research is essential to understand how changes in our water, air, 

climate, environment and oceans influence individuals and communities, organisations 

and businesses in society, through time and in very different social contexts around the 

world. Social science also plays a role in the development of responses that can build 

resilience and reduce risks and vulnerabilities for people. Parry, Canziani and Palutikof 

(2008) define resilience as the ability of a social or ecological system to absorb disturbances 

while retaining the same basic structure and ways of functioning; the capacity to adapt 

to stress and change. Climate change resilience requires flexibility, skills and capabilities, 

redundancy, collaborative multisector approaches, planning and foresight, diversity and 

decentralization and plans for failure (Parry et al., 2008). This combination of capacities 

and activities will reduce the risk of climate change affecting natural and human systems  

and regions, and the extent to which climate change may damage or harm a system. In 

other words, it will reduce the vulnerability of the system to new conditions.

Environmental and natural resource management, and hazard and disaster risk 

management, have long been studied by social scientists. They tell us that we cannot fully
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understand the risks and benefits that arise from the environment without understanding 

the role of people in causing, making sense of and responding to these risks and benefits. 

Nor is it possible to identify effective solutions without understanding social interactions 

and practices. To put this differently, the consequences of global environmental change will 

always remain unclear if we study the physical environment alone. Resilience is the capacity 

of people and ecosystems to cope with and respond to changes in their environment and 

the resources available to them. New risks may emerge through the interaction of social 

change with environmental changes.

The consequences of global environmental change

Part 3 looks at global environmental change around the world, including droughts 

in China (Zheng, Pan and Zhang) and North Africa (Bédrani and Benhassine), floods 

in Nigeria (Oluwatayo), biodiversity loss (Cortes and D’Antona), coral reef bleaching 

(Abdullah), and extreme events and disasters more generally (Silbereisen, van Ijzendoorn 

and Zhang). These contributions illustrate how the consequences of climate and 

environmental change for society can be direct or indirect. Direct impacts often entail 

familiar, but more frequent or severe, hazards, but may also involve challenges that 

are new, at least in the affected region. Indirect impacts include changes to underlying 

biophysical systems which generate benefits to society (so-called ecosystem services) 

and which form the basis for social and economic activities. By exploring these linkages 

in social-ecological systems, the social sciences offer essential contributions to our 

understanding of vulnerability, impacts and resilience, people’s capacity to cope and 

respond to risk and change.

The perpetual challenge: The social basis and context of risk

Contemporary analysis of the impacts of climate and environmental change is 

concerned with the factors that underpin risk, vulnerability and human resilience, and 

how these are perceived, framed and managed in different social contexts. In the quest 

for more reliable interventions to reduce risk and vulnerability, many researchers attempt 

to define them absolutely, for instance as a basis for standard setting. Such studies often 

use relatively common, geo-referenced socio-demographic information to identify the 

most vulnerable groups. Others contend that such data are inconclusive, and instead focus 

greater attention on the extent to which risk, vulnerability and resilience are shaped by the 

social relations and the social context in which they emerge.

Two contributions illustrate the first approach. Zheng, Pan and Zhang develop 

a vulnerability assessment for rural communities to measure the vulnerability of a 

community in China, and find it a useful index to guide policy interventions. Similarly, 

Oluwatayo measures households’ vulnerability to floods in relation to social parameters 

such as household size and income level, as climate change contributes to an increased 

frequency of these events. Ahmed’s contribution, by contrast, illustrates the second 

approach with a focus on social capital, which is considered a good predictor of risk 

and resilience by many. In this case study of Dhaka, Bangladesh, a metropolitan area 

with more than 10 million people, the research shows how limited social capital is 

contributing to the low resilience of residents as natural hazards increase as a result 

of climate and global environmental change. Developing vulnerability indicators for 

urban areas is highly relevant considering that the great majority of the world’s future 
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population growth is predicted to take place in cities and urban landscapes. The United 

Nations (2006) estimates a global increase of 2.9 billion urban residents to 5 billion by 2030, 

with most of this growth occurring in Africa and Asia. The impacts of climate change on 

cities already affected by poverty, pollution and disease are currently threatening quality 

of life and economic and social development in urban areas. UN-Habitat (2011) argues 

that urban areas have a pivotal role in both climate change mitigation and adaptation, 

through for example the adoption of changes in transportation, land-use patterns, and 

production and consumption patterns of people living in cities.

The ways in which social and environmental factors interact to create risk, vulnerability 

and resilience are specific to place and context. Social and economic change itself is 

often an important driver of vulnerability and resilience, with climate and environmental 

change playing not a leading but a reinforcing role. Because of societies’ variable social 

basis and because climate and environmental change is not uniform, risk, vulnerability 

and resilience are highly differentiated over social, spatial and temporal scales. It remains 

difficult for scientists to aggregate countless case studies into overarching conclusions, 

just as it remains problematic for policymakers to design effective context-sensitive 

interventions on the basis of overall indicators of risk, vulnerability or resilience, globalising 

risk, vulnerability or resilience indicators.

The crucial role of resilience

Resilience and adaptive capacity are always present to some extent even in the least 

well-resourced groups and societies. They enable them to respond to environmental 

risks and vulnerabilities, and to adapt to change. Depending on their level of available 

human, social, natural and financial capital, such responses can involve a portfolio 

of strategies. They might include resource sharing (informal and formal), self-

organisation and co-operation to manage risk, market mechanisms such as insurance, 

the development of social norms and public policies (rule setting, distributive policies 

and information provision), and other forms of managing or living with risk, such as 

migration. Since the distribution of risks and the capacity to cope with risk are uneven, 

they are the subject of debate at all levels of social organisation. Differential responsive 

capacity also raises many questions of rights, responsibilities, governance and equity, 

with a range of principles and approaches being suggested for handling them (see 

Parts 5 and 6).

A theme of Part 3 is the importance of people’s choices in their responses to 

climate change, their capacities to moderate their experience of these hazards, and how 

environmental change can itself impinge on people’s ability to respond. Adger and Adams 

suggest that environmental change affects patterns of migration because it influences the 

location and mix of economic activities. They also argue that migration could mitigate risks 

associated with global environmental change through the changed spatial organisation 

of economic activities internationally. However, for Baldwin and Gemenne vulnerable 

populations do not have the resources, networks or information needed to migrate, and 

are trapped; exposed to the consequences of global environmental and climate change. 

Abdullah points out that in the case of coral reef degradation, the populations of countries 

with high levels of economic development have greater adaptive capacity to deal with the 

problem than those with fewer resources.
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Keskitalo emphasises that adaptation is most needed and cost-effective where risks 

associated with climate change result in economic vulnerability, even in the short term. 

Silbereisen, van Ijzendoorn and Zhang argue that children’s vulnerability to disasters 

is not only directly influenced by exposure and greater sensitivity, but also indirectly 

by an extreme event’s impact on parental care, as well as by genetic factors influencing 

children’s resilience. Turmoil in a disaster-affected region is translated into a range 

of adversities experienced by victims, such as the breakdown of established family 

relationships and routines. Chimanikire shows that Zimbabwean women in rural areas 

are more vulnerable to the effects of climate change than men, as they provide water 

and fuel for cooking. Reduced rainfall means they have to walk farther to collect these 

resources. However, women can also be active agents of change, as they possess unique 

knowledge and adaptation skills (see also Agarwal, Part 1). Farmers and indigenous 

peoples in the Amazonian region are also adapting by re-learning how to predict the 

weather by observing modifications in animal behaviour due to weather changes 

(Mesquita). These cases illustrate the universal and flexible interaction of people with 

nature as vulnerability and resilience are socially constructed and lived. 

The contribution of social science research

Social science research is essential for understanding the risks, vulnerabilities and 

social response capacity in light of climate and global environmental change. Social science 

researchers can translate indigenous knowledge to decision-makers (Mesquita), establish 

how the equity and identity dimensions of climate change-induced migration intersect 

with wider issues of ethnicity, gender and age (Baldwin and Gemenne), and reveal the links 

between human migration and environmental change (Adger and Adams). Social science 

researchers can also provide adaptation and disaster response guidelines (Oluwatayo; 

Silbereisen, van Ijzendoorn and Zhang), help create collaborative resiliency and adaptive 

capacity (Ahmed), help understand strategies for marine ecosystems by accounting 

for their resiliency (Abdullah), or create indicators of vulnerability to climate change  

(Zheng, Pan and Zhang). 

 A century and a half after George Perkins Marsh’s seminal work on how people shape, 

and are shaped by, their environment, and more than six decades after Gilbert White’s 

foundational work on the social dimensions of hazards and risk, the all-too-real and 

emerging consequences of environmental change bring home in tangible experiences 

what we all now must grapple with. We are responsible for the consequences of climate 

change, now we have to find a way of mitigating the impacts. With more than 7 billion of 

us having the economic and technological power to alter the planet, the social sciences 

have the task of untangling the complex, multi-scale and dynamic processes. Processes 

whereby people in one part of the world suffer the consequences of climate change due 

to the behaviour of people in another part of the world.
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29. Are Algerian agro-pastoralists  
adapting to climate change?

by 
Slimane Bédrani and Mohamed El Amine Benhassine 

Climate change in Algeria has led to increasing drought and erosion, damaging the 
livelihoods of agro-pastoralists trying to eke out a living on the steppe. In trying to 
adapt, herders have altered their traditional practices and behaviour over the years. 
Government policies – mainly subsidies – have had largely negative consequences. This 
is a good example of maladaptation.

Introduction

The Algerian steppe, which covers about 300 000 km2 with 100 to 400 mm per year of 

rain (MARA, 1974), is pastoral feeding ground for 15 to 23 million livestock animals. It has 

experienced recurrent droughts since the 1970s and is highly exposed to wind and water 

erosion, mainly as a result of overgrazing and unregulated land clearing. Agro-pastoralists 

have had to change their farming practices to adapt to these increasing droughts. Their 

changed practices are not entirely because of climate change, however; they may be related 

to altered consumption patterns and to government policies regarding subsidies. This 

article explores Algerian agro-pastoralists’ perceptions of climate change, whether they 

have changed their behaviour to adapt to climate change and other contextual changes, 

and the different types of behaviour they exhibit.

Methods

A survey was undertaken at the weekly livestock markets in the northern province 

of Laghouat during the summer of 2011. Approximately 600 agro-pastoralists from the 

12 isolated communities in this region agreed to answer the questionnaire. An agro-

pastoralist typology was created with the logistical tool STATISTICA 8 by means of the 

principal component analysis method. Three criteria were selected, each with a significant 

weight in the correlation analysis of the quantitative and qualitative variables: herd size, 

the size of the tilled area and the size of the areas used for grazing. 

Four types of agro-pastoralists were identified (see Table 29.1).



231

PART 3.29. ARE ALGERIAN AGRO-PASTORALISTS ADAPTING TO CLIMATE CHANGE?

WORLD SOCIAL SCIENCE REPORT 2013: CHANGING GLOBAL ENVIRONMENTS © ISSC, UNESCO 2013

Table 29.1. Characteristics of the average holdings of a sample of pastoralists  
in rural Algeria, per agro-pastoralist type

Number of agro-pastoralists Herd size (number) Tilled area (ha) Grazing areas (ha)

Type 1 416 16 44 67

Type 2 138 33 91 176

Type 3 34 32 109 562

Type 4 12 38 55 2 000

Total 600 22 58 159

Perceptions of climate change

About 55% of the respondents had heard about climate change and knew what it is 

about. Of these, 70% had heard about it on the radio. Those who had heard about climate 

change saw it as lack of rain, higher temperatures, more frequent sand storms, sand 

accumulations and a decrease in the land cover. About 88% added that climate changes 

had led to a lack of water in freshwater springs and wadis.1

Changes over the last 60 years

Several changes, which are not all related to climate change, have occurred over the 

last 60 years and increased pressure on the land: 

 Population density has increased, which, combined with weak job creation in the non-

agricultural sectors, has put pressure on the land. 

 The increase in purchasing power due to the wide-scale redistribution of oil revenues – 

mainly to city dwellers – has led to an increase in the demand for lamb, the most popular 

meat for festive purposes in Algeria.

 Government policy has maintained free-to-harvest natural fodder units on state grazing 

land, which has led urban investors to invest in extensive sheep farming. This has 

resulted in an increase in livestock and, consequently, in overgrazing.

 Various government subsidy schemes, aimed at maintaining livestock numbers, have 

also led agro-pastoralists to change their practices.

Changing practices of different agro-pastoralists 

There have been various changes in farming practices. The reaction of some agro-

pastoralists to increasingly frequent droughts, which have caused a decrease in the 

vegetation-covered area, is – if they can afford it – to increase the size of the areas previously 

used for grazing and clear them to produce cereals (Bédrani, 1995). The questionnaire 

shows that 45% of the agro-pastoralists cultivate a broader area now than they did before. 

Only 30% of the respondents said they cultivated a smaller area, probably because of the 

impact of soil erosion on the available areas of arable land. 

Most respondents (95%) said that the land supports fewer cattle than it did in the 

1960s: of the respondents, 52% – mostly small-scale agro-pastoralists – reported having 

fewer sheep than before. Nevertheless, 28% mentioned that they owned more sheep and, 

of these, 67% were large-scale agro-pastoralists (type 4). The growing demand for meat and 

the state policy of providing low-price fodder during periods of scarcity could explain this 

anomaly.
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Sheep fattening was traditionally undertaken in the north of the country, but 16% 

of the respondents now buy fodder to fatten their sheep directly on the steppe. This new 

fattening practice started in the 1980s and 1990s, when the state started to import and 

distribute livestock feed at subsidised rates or at prices much below market prices.

Irrigation is another new agro-pastoralist practice on the Algerian steppe. About 

37% of the respondents irrigated their land. Although droughts have been frequent since 

the 1970s, about 79% of those who are currently irrigating only started doing so in the 

2000s, when the state started to subsidise irrigation. Only 12% of those who irrigate 

the land produce fodder to feed their own animals. It has become more profitable for 

agro-pastoralists to produce vegetables than fodder, as buying imported fodder is less 

expensive.

Livestock feeding methods have also changed: of the respondents, 40% reported 

supplementing their cattle’s yearly regimen with bought fodder rather than with grazing 

as they had done before. Of the agro-pastoralists, 60% said they only resorted to imported 

fodder in bad years.

Since the 1960s, the most relevant change in farming management has been the 

decrease in transhumance. In the 1960s, about 65% of the agro-pastoralists practised 

transhumance, but in 2011 only 22% did so. These were mainly small and medium-scale 

agro-pastoralists. This change is causing overgrazing, as the pastures now support sheep 

all year round. 

Poor agro-pastoralists are abandoning cattle breeding along with their nomadic 

lifestyle. To mitigate the negative effects of frequent droughts, the poorest agro-pastoralists 

herd the cattle of others in exchange for wages. Of the respondents, 29% reported doing 

this, most of whom (76%) were small-scale agro-pastoralists. Of these, 44% had been doing 

so since the 1960s and 1970s, with only 9% starting after the 1990s and in the 2000s. Herding 

the cattle of others is therefore a traditional practice that is slowly decreasing in popularity 

as the poorest agro-pastoralists are increasingly settling down. 

Conclusion

Most of the survey respondents appeared to know about climate change and its 

consequences for their land and livelihoods. In response to increased droughts, they 

have been altering their approaches to managing their herds, by increasing the area 

of cleared pasture and their herd size, buying more subsidised imported fodder and 

decreasing transhumance. It is nevertheless difficult to say to what extent these new 

herd-managing practices follow from climate change, or from other processes and 

contextual changes.

Increased irrigation and subsidies have not resulted in increased fodder production, 

which might have reduced overgrazing. These strategies have led to an increase in wind 

and water erosion and a decrease in vegetation or land cover on the steppe. Government 

measures and subsidy policies have not only failed to achieve what they were supposed 

to, but have to some extent exacerbated the situation. These maladaptation strategies are 

unlikely to lead to the sustainability of pastures and livestock, as Barnett and O’Neill (2010) 

point out.

To reverse this trend and ensure sustainable conservation of the Algerian steppe, the 

government needs to abandon its undifferentiated policy of supporting fodder production, 

and instead target the poorest agro-pastoralists. It should also require the large agro-
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pastoralists, who are primarily urban investors, to pay for the use of natural pasture. In 

addition, such a “grazing tax” would allow the government to invest more in effective 

policies to conserve grazing land. 

Finally, participatory research methods are needed to design and experiment with 

sustainable rangeland management, while increasing the income of the poorest agro-

pastoralists.

Notes

 1. A valley, gully or streambed that remains dry except during the rainy season.
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30. Relocation as a policy response  
to climate change vulnerability  

in northern China

by 
Yan Zheng, Jiahua Pan and Xiaoyu Zhang

Taking the Ningxia Autonomous Region in China as an example, and applying 
participatory social research, this article assesses the important determinants of 
vulnerability to climate change in rural communities and the relative degree of spatial 
vulnerability. Over the past decades, rural households have undertaken self-initiated 
adaptation, while the local government is in the process of permanently relocating some 
inhabitants to less vulnerable regions.

Introduction

The severity of climate change impacts depends on the level of exposure and 

vulnerability (IPCC, 2012). In China, poverty-stricken areas are ecologically fragile  

and therefore prone to such risks (Xu and Ju, 2009).1 These underdeveloped areas have to 

deal with a “development deficit” and an “adaptation deficit” (Pan, Zheng and Markandya, 

2011).

With an annual average precipitation below 400 mm, the Ningxia Autonomous 

Region is situated in the arid and semi-arid north-western part of China. Except for 

the narrow areas along both banks of the Yellow River, 80% of the land suffers from 

ecological fragility and desertification. Topographically, Ningxia is divided into three 

subregions: the Northern Yellow River Irrigation Region, the Central Semi-Arid Region 

and the Southern Arid Mountainous Region. Ningxia is one of the poorest provinces 

in China, with a per capita gross domestic product of USD 3 800 and a rural income of 

USD 535 per capita in 2010. Of the 6.33 million residents in 2010, 3.37 million lived in 

rural areas.
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In the past decades, Ningxia has experienced a noticeable warming trend and 

declining rainfall (see Figure 30.1), which are consistent with the overall characteristics of 

global climate change. Rainfall has decreased by 5.5 mm every ten years, and by 12.6 mm 

every ten years in the central arid area (Zhang et al., 2012). An increase in temperature 

exacerbates the reduced rainfall further, intensifying water scarcity, and leads to more 

frequent droughts and land degradation. The livelihood of the rural community in Ningxia 

has become increasingly unsustainable, leading people to relocate to better areas (Li et al., 

2008; Sjögersten et al., 2013).

Figure 30.1. Variation in annual temperature and precipitation  
in Ningxia, 1961 to 2010
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Vulnerability assessment of the Ningxia rural community

Vulnerability is “a propensity or predisposition to be adversely affected”, depending 

on economic, social, geographic, institutional, and environmental factors (IPCC, 2012). A 

vulnerability assessment is widely used to address climate change impacts, to identify risks 

and to support policy-making (Adger, 2006; Patt et al., 2011; Preston, Yuen and Westaway, 

2011). 

To understand the complex causes of environmental change in Ningxia’s rural 

community, an integrated vulnerability assessment for rural communities (VARC) was 

designed. This was used to gather and assess qualitative and quantitative information, 

and consisted of a three-step process. First, a conceptual framework, which includes the 

physical, ecological, social, livelihood and institutional dimensions of vulnerability, was 

developed using the Sustainable Livelihood approach (Chambers and Conway, 1992)2 to 

identify the most important determinants. This framework was used during field visits 

to survey more than 300 farmers from 15 villages in seven counties. Qualitative and 

quantitative data were obtained from stakeholder meetings with local officials, group 

interviews with villagers, a questionnaire survey, and visits to rural households. Second, 

the relative weight of each vulnerability dimension was quantified at a stakeholder 

meeting in Ningxia.3 The important indicators were identified by means of a literature 

review, an expert evaluation, and statistical analysis (Table 30.1). The third step was to 

quantify the VARC Index at the county level and to visualise the results on a map (see 

Figure 30.2).4

Table 30.1. Determinants and indicators to understand the vulnerability  
of the Ningxia rural community to climate change

Dimensions (weights/importance) Determinants Indicators

Physical vulnerability
(0.20) 

Water accessibility
Transport facilities
Communication

Tap water coverage rate in villages1

Bus route coverage rate in villages1

 Mobile phone users per 1 000 rural 
households1

Ecological vulnerability
(0.27)

Ecological sensitivity
Water resources availability
Climatic disasters

Ecological sensitivity index2

Water resources per capita2

Climate-related disasters index2

Livelihood vulnerability
(0.165)

Climate-dependent livelihood
Livelihood diversity

Farming-based income1

Percentage of migrant workers3

Social vulnerability
(0.175)

Health
Education
Public medical service

Mortality rate1

Illiteracy rate3

Number of doctors per 1 000 people1

Institutional vulnerability
(0.18)

Financial support Financial expenditure per capita1

Sources: 1 Ningxia Statistical Yearbook 2010; 2 Ningxia Ecological Planning Office 2012; 3 Ningxia Social Survey Data 
2010.
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Figure 30.2. Ningxia rural community vulnerability mapping
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Policy implications

The results indicate that the central and southern parts of Ningxia have a 

high level of vulnerability. The regions are ecologically vulnerable, as evidenced by 

climatic disasters (drought, flooding, freezing weather and so on), desertification 

and a low level of per capita freshwater resources. The northern counties, which 

have easier access to water from the Yellow River, are much less vulnerable to 

drought and water scarcity. Rural communities in the mountainous areas are 

more vulnerable because of more climatic hazards, poor crop yields, shortage of 

freshwater supply and public transport infrastructure. The findings also show that 
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poverty is closely linked to an area’s ecological status, and also to social indicators, 

such as higher illiteracy, birth and mortality rates, inadequate public medical 

services and less financial support.

On the basis of Providing Regional Climates for Impacts Studies (PRECIS) modelling, 

it is projected that the surface runoff in the middle and southern areas of Ningxia will 

decrease at a rate of 1-2% and 8-16% respectively between 2020 and 2040, compared with 

a benchmark of the annual average surface runoff between 1961 and 1990 (Fang, Yang and 

Chen, 2012). It is also clear that the livelihoods of the rural population will deteriorate 

because of variations in temperature and precipitation and through other climate extremes 

in the future. 

 Relocation planning has become an effective adaptation policy option to reduce 

climate-induced vulnerability and poverty. Based on group interviews of rural 

communities in the southern counties, many farmers had to seek seasonal jobs in urban 

areas to supplement family income in the severe drought years. However, this situation 

has become routine practice in many middle and southern rural communities in the 

past decade because of increasing frequency of drought and unsteady crop yields. In  

the southern mountains, 35.4% of households in rural communities are migrant workers, 

while the rate in the northern plain area is only 28% (Ningxia Provincial Bureau of 

Statistics, 2010a). The Ningxia government helped 786 000 rural people living in the central 

and southern arid areas to resettle in regions with better access to water between 1983  

and 2010 (see Table 30.2). Another 346 000 rural people will be moved out of the vulnerable 

areas (NXDRC, 2010). The four most vulnerable counties (VI=5) in Figure 30.2 (Haiyuan, 

Xiji, Yuanzhou and Tongxin) are also the top four priority counties in the new relocation 

plan. This indicates that the government has already identified the link between climate 

change adaptation and migration.

Table 30.2. Stages of Ningxia government-sponsored relocation projects  
since the 1980s

Stage/period Number of rural people relocated Responsible agency Objectives or concerns

Stage1: 1983-1997 198 000 Poverty Alleviation Office Poverty alleviation

Stage 2: 1998-2000 301 000
Yellow River Diversion Irrigation 
Project Office NX Water Bureau

Development project, poverty alleviation

Stage 3: 2001-10 286 800 Relocation Office NXDRC
Development project, poverty alleviation, 
ecological restoration

Stage 4: 2011-15 346 000 Relocation Office NXDRC
Poverty alleviation, ecological restoration, 
adaptation to climate change

Source: Adapted from J. S. Zhang et al. (2012)

Conclusion

Water availability, ecological degradation and poverty demonstrate the connections 

between climate change and the vulnerability of rural livelihoods in arid areas. In 

climatically constrained areas, relocation to reduce people’s exposure to climatic extremes 

in the most vulnerable areas is the best form of adaptation. The local government relocation 

schemes implemented over the past decades have proved this in Ningxia. Future relocation 
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plans have to be based on future climate trends with evidence from vulnerability and risk 

assessments.
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Notes

 1. According to the Ministry of Environmental Protection, 95% of people in absolute poverty (annual 
expenditure income per capita of rural households below national poverty line at RMB 785) were 
living in ecologically vulnerable and degraded areas in 2005.

 2.  The components of well-being, which include physical capital, economic capital, natural capital, 
social capital and financial capital, are used to evaluate sustainable livelihood. 

 3.  This meeting was attended by representatives from the Ningxia Development and Reform 
Committee, the Ningxia Ecological Planning Office, the Ningxia Agro-livestock Agency, the 
Ningxia Education Bureau, the Ningxia Forestry Bureau, the Ningxia Poverty Alleviation 
Office, the Ningxia Water Resources Bureau, the Ningxia Meteorological Bureau, the Ningxia 
Economic Development Research Centre, the Ningxia Meteorological Science Institute and 
other bodies.

 4.  Weights mean the relative importance of each dimension in terms of the integrated  
VARC Index. The indicators were selected to reflect all the determinants indicated  
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31. Climate change, flooding  
and economic well-being  

in Nigerian cities

by 
Isaac B. Oluwatayo

Climate-induced flooding has a severe effect on the livelihoods and economic well-being 
of households in urban Nigeria. Data from 350 households in urban Nigeria reveals 
that education levels, household size, poverty, membership of co-operatives and distance 
from canals are important determinants of vulnerability. Education and information 
sharing are two important ways to help households face or reduce climate-induced risk.

Introduction

The intensity and frequency of natural disasters such as flooding and landslides have 

been increasing for several decades. This has resulted in loss of life, damage to property 

and destruction of the environment. The number of people at risk from natural disasters in 

developing countries has continued to increase because of increasing poverty and limited 

income opportunities (ISDR, 2004).

Poor people, according to Grunfest (1995), have become more vulnerable to natural 

disasters because they live in hazardous areas such as slums, flood plains and steep 

hills. They have fewer resources to cope with such shocks and to reduce the losses they 

cause, which in turn makes them even more vulnerable. They are also less likely to 

receive warning signals because of their poor access to basic weather information and 

infrastructures.

Nigerian cities have a long history of flooding (Odemerho, 1988), with devastating 

effects on lives and properties. Urban Nigeria is particularly vulnerable to climate change 

and flooding because of its geography, the increasing influx of people and the inadequate 

capacity of its drainage facilities. Changes in its ecosystem, resulting from soil being 

replaced with concrete and from the deforestation of hillsides, have led to increased runoff 

of water, increased erosion and the silting up of drainage channels (Adedeji, Odufuwa 

and Adebayo, 2012). According to ActionAid (2006), flood hazards are natural phenomena, 

but damage and losses from floods are the consequences of human activities.
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Nigeria has a 5.5% annual urbanisation rate (Babanyara, Usman and Saleh, 2010), 

which, together with the increasing rural–urban drift, means that its cities face serious 

problems in relation to the changing climate (Adefolalu, 2007; Gupta, 2007). It is therefore 

important to examine the impact of climate-induced flooding on the livelihood, security 

and economic well-being of Nigeria’s urban dwellers.

Household vulnerability to flooding

Climate change leads to dangerous increases in sea levels that threaten many 

urban coastal areas (Dodman, 2009). This risk is exacerbated because in an urbanising 

environment like Nigeria, the land’s ability to absorb water is reduced by the replacement 

of ground cover with water-resistant urban surfaces (Odemerho, 1988). According to the UN 

International Strategy for Disaster Reduction (ISDR) (2009), urbanisation and a lack of good 

local governance are the main causes of urban flooding.

The findings presented in this article are based on data collected from a random 

sample of 350 households in two cities in Nigeria, Ado-Ekiti and Ibadan. The survey 

covered 130 households in Ado-Ekiti and 220 in Ibadan, where there are more residents. 

Analysis of the data revealed that flooding had been reported in these cities, especially 

within the past two years, with devastating effects on the inhabitants’ well-being. Artisans 

in Ado-Ekiti and Ibadan lost an average of NGN 81 070.29 (Nigerian nairas; USD 529) and 

NGN 273 000.55 (USD 1 750) respectively to flooding. Farming households in the two cities 

lost an estimated NGN 125 210.67 (USD 816) and NGN 105 321.08 (USD 675) respectively. 

These disparities indicate the relative importance of these types of livelihood in the study 

area. Besides climate change making the weather less predictable, rains more uncertain and 

heavy storms more likely (ActionAid, 2006; Darteh, 2010), notable contributors to flooding 

include blocked drains, poor channelling of water, building along waterways, uncontrolled 

deforestation (because of the high cost of cooking fuel), the poor economic circumstances 

of residents, and reservation areas or forest belts being turned into event and recreation 

centres. All this leads to flooding, which has led to the loss of livelihood opportunities, 

wastage, and the destruction of lives and properties.

Once the causes of household vulnerability to flooding had been determined (measured 

by the difference in their income before and after the shock), the results of the statistical 

analysis (in the form of a Tobit model1) revealed the following aspects as important:

 level of education attained

 household size

 poverty (expenditure below two-thirds of mean per capita expenditure)

 membership of co-operatives

  awareness of and distance from canals. 

The coefficients for education, membership of co-operatives and awareness were 

negative, meaning they reduce household vulnerability to climate-induced flood risk as 

they enable respondents to prepare for it. Poverty, household size and the distance of their 

homes from canals were positive, so that these increase household vulnerability. 

Conclusion and recommendations

Climate-induced flooding is a major environmental challenge for urban Nigeria 

and for other countries in sub-Saharan Africa. Nigerian cities are particularly vulnerable 
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because of their geography and their poor infrastructure, which can no longer cope with the 

increasing influx of rural people. The deteriorating economic situation has made matters 

worse for many urban dwellers, with negative consequences for their livelihood, security 

and economic well-being. 

The government and other relevant agencies need to provide residents in high-risk 

areas with information on climate change and flooding patterns to allow them to prepare 

properly and take preventive measures to reduce, or at least mitigate, the negative impacts 

of climate change. In particular:

 Local and state governments need to build the capacity of urban Nigeria’s residents to 

understand and interpret simple weather forecasts. This will make them more active 

in managing or at least mitigating the negative impacts of climate change. This would  

in turn translate into improved standards of living.

 Urban dwellers should be encouraged to form or join co-operative societies which can 

help provide up-to-date information on the weather and on risk sharing, especially in 

the absence of accessible social protection or social safety nets. 

 Urban residents should be constantly sensitised to the dangers of blocking waterways 

and dumping refuse in streams and water bodies. The government and relevant agencies 

should enforce and prioritise the rules and regulations governing urban planning and 

construction work to curb indiscriminate building of houses, shops and kiosks along 

waterways.

Note

 1. A Tobit model is an econometric model in which the dependent variable is censored; in the original 
model of Tobin (1958), for example, the dependent variable was expenditures on durables, and the 
censoring occurs because values below zero are not observed.
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32. Resilience and adaptation  
in Dhaka, Bangladesh

by 

Saleh Ahmed

Megacities in the South are particularly at risk from climate change. They are poor, 
with weak social and physical infrastructures that can barely cope with the negative 
effects of climate change, including migration. Collaborative resilience and the social 
and physical capacity to adapt are at the heart of human survival strategies. What 
Dhaka needs are flexible institutions, good governance and transparency, and strong 
social systems and networks.

Background

Poorer countries are often dependent on foreign aid. Their political structures and 

economic stability may be weak, their populations huge, illiteracy common and their 

institutional and financial capacity feeble. Megacities – those with more than 10 million 

inhabitants – often face similar challenges.

Dhaka has 15.4 million inhabitants. By 2025, it is likely to be the world’s eighth largest 

city with a population of nearly 23 million (United Nations, 2011). The city authorities 

cannot provide essential urban services, such as housing and water, to most of its poor 

citizens. Climate change will worsen the situation. Migration into the city will increase, 

putting even more pressure on Dhaka’s capacity to provide urban services. Increasingly 

common urban climate events, such as flooding or increased summer temperatures, will 

strain its infrastructure further.

How many people will migrate as a result of climate change is not known, but most of 

those who come to Dhaka will originate from the southern coastal region of Bangladesh, 

where people are already heavily exposed to extreme climate events. Climate change 

impacts will often be felt beyond the city limits. For example, rising sea levels, increased 

water salinity and riverbank erosion are likely to affect 25-35% of southern Bangladesh. 

Many people will have no choice but to become climate refugees.

People’s experience of climate change will be different in northern Bangladesh, where 

the inhabitants are likely to see increased desertification and riverbank erosion. These 

changes are already happening.
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Most migrants are likely to head for Dhaka, seen as a beacon of hope with livelihood 

opportunities. Part of the reason is that effective decentralisation has never happened. The 

state has also failed to create opportunities in education, rural employment, health and 

industrialisation across the country.

The migrants will need places to live, means to earn a living, and opportunities to 

progress. In the absence of adequate urban services and employment opportunities, 

concerns that social structures and infrastructure will collapse are real. Climate challenges 

are thus important for local people. In this context, interdisciplinary, multidisciplinary and 

transdisciplinary thinking and research are necessary. They need to focus on how Dhaka 

can become resilient and develop capacity to adapt despite the region’s lack of financial, 

social and institutional ability to do so. 

Resiliency, adaptation and adaptive capacity

The climate crises experienced in the megacities of the developing world are complex. 

A transformational approach is needed rather than mere recovery. Resiliency, adaptation 

and the capacity to adapt form the core of survival mechanisms.

Resiliency is the capacity of a system to retain its function, its structures or the core 

values of its major features upon experiencing shocks (Walker et al., 2006). It is the ability 

to bounce back following a human-made or natural crisis and to learn to adapt to reduce 

future risks and vulnerabilities (Bojorquez-Tapia and Eakin, 2012). Resiliency is strongly 

linked to adaptation, the ability of a system to cope better with change or stress (Smit 

and Wandel, 2006). The adaptive capacity of megacities such as Dhaka depends largely on 

their governance and financial capacities. Adaptation requires financial commitment and 

good governance, above all. Furthermore, social capital, engaged civil society and social 

innovations can play critical roles in enhancing adaptive capacity.

A climate-resilient society (or megacity) should be able to respond to unexpected and 

unwelcome extreme climate events. Communities, groups and individuals should be able 

to work together to lessen the negative impacts of crises and retain a city’s core functions 

without external intervention. Achieving this type of resilient capacity is complex. It 

requires large-scale public engagement, continuous social innovation and the social and 

institutional flexibility to adapt to changing dynamics.

Scholars have found that megacity resiliency combines physical and social resiliency. 

Physical resilience is the capacity of physical infrastructure to be flexible and adapt to 

climate shocks and crises. Social resilience is about how quickly individuals, groups, 

organisations and institutions can respond (Zellner, Hoch and Welch, 2012). With increased 

physical and social resilience, there will be less damage and fewer negative effects. Social 

capital may be a good predictor of social resilience. Poor social capital is likely to mean that 

communities have inadequate social capacity to deal with the negative effects of climate 

change.

Dhaka’s physical infrastructure does not have the capacity to cope with additional 

influxes of people into the city. It has already reached a tipping point and might collapse if 

further stress or burden is added. Neither can its social structures cope. Illiteracy, poverty 

and confrontational national politics also have a direct impact on community-level social 

capital. And the city is divided by two hostile political ideologies, making it difficult to 

reach consensus on any issue.
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Megacities in the South often have limited capacities to adapt to, and reduce the risks 

and vulnerabilities associated with, climate change (McBean and Ajibade, 2009). Their 

priorities are more often related to acute problems of poverty, equity and distributive 

justice. Indeed, it is impossible to address climate change without dealing with these 

issues, for example by reducing consumption and adopting more sustainable lifestyles. 

Changing the global environment will require social processes to be embedded in our 

social systems. It is critical to understand how we can improve physical and social 

resiliency through socially supported or generated mechanisms. Collaborative resiliency 

is an extension of this idea.

Collaborative resiliency and improved adaptive capacity

Given Dhaka’s weaknesses and challenges, collaborative resiliency could contribute to 

improving the city’s capacity to adapt. It would allow the city to identify its own problems, 

prioritise the challenges it faces and contribute to articulating strategies to cope with 

changing climate scenarios. Mechanisms need to be collaborative, and include wider 

goals of sustainable development (McBean and Ajibade, 2009). This would allow the city to 

increase its adaptability and contribute to developing the best opportunities for social and 

human development. 

How can Dhaka rise to the challenge? First, the city needs a high degree of social 

and institutional flexibility to accept the new views and perspectives required for  

decision-making and interaction in the relevant agencies and stakeholder groups. This will 

help local social innovation, and enable society to respond appropriately from different 

perspectives to different climate challenges. The state must ensure (and invite) bottom-up, 

grassroots development, rather than colonial-style, top-down development.

Second, good governance and transparency are crucial at all stages of climate resiliency 

and adaptation planning. People need access to a continuous flow of information on local 

initiatives. They need to be able to participate within the larger governance framework, and 

access relevant information. This would contribute to inclusive development and prevent 

citizens from feeling alienated; it would also decrease corruption.

Social and physical resiliency and adaptation measures should focus on Dhaka, but 

also reach beyond the city’s geographical boundaries. Climate impacts will be felt further 

afield. Resiliency and adaptation measures need to be put in place in the regions so that 

people can adapt locally rather than migrate to Dhaka. The government needs to encourage 

climate-resilient farming practices, create rural employment opportunities, strengthen 

rural infrastructure and promote growth-centred development.

The framework of collaborative resiliency in Dhaka requires a high level of 

governance capability to put local decisions into practice. Collaborative resiliency and 

improved adaptive capacity will also enhance distributive development opportunities. 

Post-colonial megacities have traditionally suffered from a lack of democracy. 

By contrast, the core ethos of collaborative resiliency and adaptation planning 

builds consensus innovatively by changing conventional assumptions, behaviours, 

processes and structures for the greater good. Collaborative resiliency can strengthen 

local democratic and distributive systems (Sassen, 2009) and ensure that poor and 

marginalised people participate in, and have a greater chance of benefiting from, local 

development initiatives. 
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The role of the social sciences

In Dhaka, the negative impacts of the changing climate are already being felt and seen in 

daily life. More and more people from the southern and northern regions of Bangladesh are 

coming to the city. The societal, economic and political effects are enormous. The response 

should be holistic, involving citizens, scientists, development practitioners, politicians 

and the international development community. This will provide opportunities to analyse 

local realities from interdisciplinary, transdisciplinary and multidisciplinary social science 

perspectives. Megacities like Dhaka will benefit from the transformative role of social 

sciences, which will create collaborative resiliency and build local resilience capacity 

through innovative collaboration. The processes and capacity needed to confront climate 

change effects are mostly embedded in society’s collective capability. A transformative 

role of social science research is therefore critical. But if citizens and policymakers fail to 

address this, the impacts could be enormous, with immense human and economic losses.
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33. Population and land-change 
dynamics in the Brazilian Amazon

by 
Julia Cortes and Álvaro D’Antona

This paper presents a synthesis of the theoretical and methodological insights that 
the social sciences bring to land-change science, using the example of deforestation in  
the Brazilian Amazon. Social sciences were crucial in moving across scales – from regional 
to local – in incorporating rural smallholders in the land-change studies and in enhancing 
the discussion about the strategic role of farming families in forest conservation and food 
security.

Deforestation and land-change science 

Deforestation is occurring at an alarming rate, particularly in South America where 

an average 410 000 km2 a year was cleared between 1990 and 2010 (see Figure 33.1). 

Deforestation in Brazil is decreasing, but it still suffered an annual loss of 250 000 km2 of 

primary forest from 2000 to 2010, 170 000 km2 of which was in the Amazon (FAO, 2011).

Figure 33.1. Annual change in forest area by region
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Source: Data from the Food and Agriculture Organization of the United Nations (2011), State of the World’s Forests, 
Rome, www.fao.org/docrep/013/i2000e/i2000e00.htm.
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Deforestation has widespread effects on ecosystem services, including the climate, 

the hydrological cycle, biodiversity and carbon stock. It was one of the three main sources 

of Brazil's greenhouse gas emissions in 2010. In 1980, concerns about the effects of 

deforestation motivated the first studies on land use and land cover change. Initially the 

main objective was to identify the causes of deforestation, but more recently studies have 

included other aspects such as biodiversity, soil degradation, greenhouse gases, agriculture, 

urbanisation and human dynamics.

Land-change science is an interdisciplinary field based on environmental, social and 

economic theories and methodologies. It aims to make sense of the complex relationships 

between the causes and consequences of land-change. In this article we present a synthesis 

of the theoretical and methodological insights of land-change science which have been 

gained from social sciences. We explore how populations fit into land use dynamics, and 

discuss its perspectives and challenges.

The role of population in land-change transitions

The social sciences approach brings a range of different perspectives to land-

change science. At first the focus was on processes at regional levels, and recently it has 

shifted to local levels. Populations played a secondary role for many decades, because 

economic and political structures were considered crucial to land-change (Lambin and 

Geist, 2006). When demographic elements were included in the discussion, population 

growth and volume were considered the main drivers of deforestation (Bilsborrow and 

Hogan, 1999). This regional approach to deforestation, however, reveals gaps in our 

understanding of the impacts of individual actions, and of sociological factors driving 

land use at local levels.

In the 1970s, the Amazon had a low population density and its severe deforestation 

was attributed to intense human migration. The “lot turnover” hypothesis was adopted to 

explain the effects of the new population dynamics on deforestation. The hypothesis is 

that settlers abandon their lots, for various reasons, and migrate to urban or new areas. 

People with capital then take over, bringing with them large-scale agriculture and cattle 

production. Deforestation thus gains a political and economic context (Alston, Libecap and 

Schneider, 1996). 

This regional model was applied throughout the Amazon and replicated until recently. 

Although smallholders occupy a considerable portion of the Amazon basin, they are 

absent from regional discussions about land-changes. Their invisibility, maintained in the 

theoretical models, simplifies the debate about forest conversion and compromises public 

policies.

In the mid-1990s, social scientists brought a fresh perspective by adopting a local 

approach that focused on household dynamics. It was clear that understanding the many 

interacting causes and consequences of these dynamics on land-change is a challenging 

task, and requires studies that take the local, regional (Figure 33.2) and global levels into 

account (Carr, Suter and Barbieri, 2005).
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Figure 33.2. The fishbone land pattern along the Amazonian highways (A)  
and property with multiple land uses and cover (B)
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Recent social science contributions to land-change science

The social sciences have contributed to the theory and methods of land-change science. 

In the 1990s, social scientists started to survey households in order to better understand the 

demographic, economic, social and environmental processes occurring at the local level. 

Household lots were geographically located, which allowed the data to be directly linked 

to satellite and aerial imagery. The surveys generated additional variables and led to new 

hypotheses, resulting in a different view of the relationship between the population and 

the environment, which until then had only been interpreted from a regional perspective.

The local approach culminated in the household lifecycle model. This attempts to 

correlate the patterns of land use on a property with information on household members, 

such as their ages and number of children (Figure 33.3). Each household stage is associated 

with a specific labour force, which depends on the number of older children, and correlates 

with the strategies employed on the land, including different deforestation pathways and 

land use patterns. If the household is young, deforestation is high so that it can use the land. 

These households would choose to grow annual crops which provide a rapid return and do 

not need hard labour. Older households, with a larger labour force of family members and 

more savings, may choose other types of land use, such as perennial cropping, agroforestry 

or cattle ranching (McCracken et al., 1999).

The lifecycle model has been tested in a range of places and with variable results, 

suggesting that areas vary widely and that the processes are more complex than previously 

expected (VanWey, D’Antona and Brondízio, 2007; Guedes et al., 2011). For instance, the 

model was not corroborated in old settlement areas, and in places with more advanced 

household stages, land use was less dependent on the population and more dependent 

on external factors. Despite the difficulties experienced with fitting the model to different 

realities and the linear idea implicit in it, the household lifecycle model has provided
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Figure 33.3. Association between household stage and type of land use  
in the household lifecycle model
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useful insights for land-change science. It shows that land-change is a process with 

multiple causes occurring on many spatial levels, and that changes in land use are not 

only a product of the activities of large landowners and enterprises. There is in fact a set 

of relevant demographic factors that will remain invisible if a regional perspective alone is 

taken into consideration.

Social science challenges

One of the main challenges is to ensure that the recent social science approaches 

are used consistently in regional land-change science. The integrative nature of land-

change science can be maintained by clarifying the role of the population in land-use  

change dynamics. The influence of local processes on regional patterns, and vice versa, 

should be examined. This will require studies to take different spatial scale levels into 

consideration and integrate distinct science disciplines.

The models used so far show that a new demographic and sociological 

approach should take into consideration population mobility, spatial configuration, 

urbanisation, family relationships, and the values and identities created with the 

place of settlement. Research tools, such as surveys, should be constantly updated to 

capture these variables.
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A more realistic regional model needs to consider the many differences within the 

Brazilian Amazon. A more comprehensive understanding of the dynamics of land use 

change and cover can be gained if all relevant actors and variations in the demographic, 

environmental and economic processes are combined. Adding the role of smallholders to 

the deforestation debate will help us better understand and manage the various functions 

that rural smallholders contribute to forest conservation and food security.
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34. The risks of global warming  
to coral reef ecosystems

by 
Sabah Abdullah

Coral reefs are said to be the world’s most biodiverse environments. Many coastal 
communities are highly dependent on the ecosystem services they provide. But rising 
water temperatures contribute to their degradation. The BIOCORE project works to 
devise policy suggestions to minimise these losses and ensure sustainable management 
and conservation of coral reefs.

Threats such as natural and anthropogenic stress are compromising the ocean’s 

ability to provide ecosystem services. Combinations of stressors such as climate change, 

overfishing and pollution are overwhelming the ocean’s inherent resilience and natural 

balance, making it harder to reverse this damage, while the degradation of marine 

and coastal ecosystems results in the loss of goods and services to coastal and inland 

communities (UNEP, 2006).

As the Intergovernmental Panel on Climate Change (IPCC, 2007) has highlighted, coral 

reefs are under great stress as a result of global warming. Their low adaptive capacity 

results in particular vulnerability to thermal change. They are also sensitive to other effects 

of global warming such as ocean acidification, and can suffer in coral bleaching events.

Most coral reef areas are in developing countries where people are poor. They 

are highly dependent on these ecosystems for food, employment in fishing, shoreline 

protection, recreational services through tourism, and cultural and spiritual benefits. Burke 

et al. (2011) point out that the adaptive capacity of countries to avoid reef degradation and 

loss is greater for nations with high levels of economic development and resources, for 

example oil producers or those that offer offshore financing schemes, as do the Caribbean 

islands, than for countries in conflict areas. It is vital, when mapping these ecosystems, to 

consider the socio-economic and political drivers in order to assess the vulnerability of the 

community and ecosystem.

As part of the Seventh Framework Programme for Research, funded by the European 

Union, the BIOCORE project – Risks of global warming: The case of coral reef ecosystems in 

developing countries – aims to assess the contribution of coral reefs to human well-being 

under the effects of climate change.
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This project has again revealed that high-income countries adapt better after bleaching 

events. This means that their adaptation efforts have improved over time. This shows 

the importance of adaptation plans and strategies when assessing the vulnerability of 

communities in low-income and emerging countries to climate change. The project is in its 

last phase, during which analysis will estimate the impact of coral reef ecosystem quality 

on the socio-economic and cultural values of countries. The findings were presented in 

early June 2013.

One recommendation identified by BIOCORE is to bridge the gap between policy and 

science in marine ecosystems and in communities facing the challenges of climate change. 

The idea is to develop a co-ordinated approach to examine the ecological, socio-economic 

and cultural issues. Specifically, there is an enormous opportunity for social science 

researchers to investigate the resilience and recovery of marine ecosystems and human 

communities. This can be done by identifying key vulnerable ecosystem states and areas, 

evaluating how increases in global temperature affect them, providing early warning of 

disaster, and recommending conservation and management strategies for communities 

to help them adapt to climate change effectively and efficiently. Moreover, the governance 

challenges in the ecological and social context cannot be ignored. Awareness-raising and 

information dissemination programmes concerning marine ecosystems should be tailored 

to suit policymakers and other stakeholders. They should also be based on scientific 

evidence, and provide fair and unbiased ways to manage the adverse effects of climate 

change on human and ecosystem well-being.
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35. Vulnerable and resilient  
children after disasters  

and gene–environment interplay

by 
Rainer K. Silbereisen, Marinus van Ijzendoorn and Kan Zhang

The World Health Organization (WHO) estimates that disaster doubles the occurrence 
of mental distress. Yet certain children show huge resilience, despite losing their 
homes and parents, while others suffer enormous mental distress. Gene–environment 
interdependence plays a crucial role in children’s different reactions: experience of 
disasters is genetically influenced, and may influence the rest of a victim’s life.

Disasters affect a large share of the world’s population, but hit some regions more 

than others. In the past decade, about 40% of natural disasters took place in the Asia-

Pacific region, bringing untold damage, loss of life and hardship, especially to countries 

with less well-developed infrastructures and weak rescue systems. Beyond physical and 

infrastructural devastation, disasters and their aftermath have psychological consequences 

related to the loss of family and friends, property, environment and personal injury, as well 

as many other stressors.

According to World Health Organization (WHO) estimates, a disaster doubles the 

prevalence of mental distress. Research syntheses on children and youth (Furr et al., 2010) 

have demonstrated associations between exposure to disaster of various kinds (proximity, 

perceived threat, distress at the time) and broad indices of psychopathology, particularly 

post-traumatic stress symptoms and disorder (PTSD). The specific mechanisms by which 

such stressors impact human behaviour and development have so far been attributed 

to the breakdown of the family, local communities and other social mechanisms. Such a 

breakdown makes it hard to satisfy the basic emotional needs of children and adolescents, 

which is necessary for their healthy development toward a balanced and productive 

adulthood. Skills that are fundamental for adequate social relationships and the regulation 

of impulses are especially likely to be underdeveloped when such stress is prevalent (Norris 

et al., 2002).

Looking at the impact of such disasters on young people, scientists and practitioners 

have long wondered about the great range of responses to such misfortune. Individuals 

can exhibit anything from devastating psychopathologies to almost intact functioning, 
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or resilience, despite a seemingly equal level of exposure to disaster-related stressors. 

Now recent cross-disciplinary research on the heterogeneity of response demonstrates 

pathways of behavioural, brain-related and genome activity that may shed new light on the 

various ways in which humans respond to disasters, and especially on the risk of lasting 

adverse psychosocial conditions or the ability to survive such disasters in a resilient way 

(Masten and Osofsky, 2010).

At the core of this new research are three concepts of the interdependence between 

genes and the environment that play a crucial role in normative or psychopathological 

development (for an overview, see Rutter, 2012).

The first is the gene–environment correlation, which addresses the various 

environmental risk factors that ultimately derive from human behaviour mediated by 

genetics. This means that the experience of disasters is itself influenced in part by genetics.

The second is the gene–environment interaction, which means that genes moderate 

environmental effects, making people more or less susceptible to negative or positive 

environmental effects. Interest in this kind of interaction in disaster research was prompted 

not only by the limited prevalence of PTSD following exposure, but also by the fact that 

it runs in families. It is now well known, for instance, that genes related to serotonin 

production (5HTTLPR, a contributor to feelings of anxiety and depression) interact with 

particular early environments, such as child maltreatment. More specifically, some less 

effective polymorphisms of the gene (those with short alleles) promote the development 

of lasting clinical depression in later life if individuals are exposed to maltreatment (Caspi 

et al., 2003). Likewise, early exposure to child abuse in interaction with polymorphisms on 

the FKBP5 gene – an important regulator of the stress hormone system – increases adults’ 

vulnerability to PTSD in response to disaster. It may not be the initial event so much as its 

consequences, perhaps involving displacement promoting physical and emotional neglect, 

that imply aggravated risks for genetically vulnerable children. 

The third new strand of research on gene–environment interdependence – and 

maybe the most relevant for human response to disaster – refers to the modulation of 

gene expression at the molecular level through environmental stressors. These so-

called “epigenetic” processes do not represent a change of the structural DNA sequence, 

but instead concern biochemical changes, such as DNA methylation, which alter the 

expression of particular DNA segments, or their “readability”, in the regulation of protein 

and enzyme production. Recent research with animal and plant models shows that these 

changes, induced by environmental forces, are reversible but can be transmitted to future 

generations (Yehuda and Bierer, 2009).

With regard to disasters, the best example is probably the following pathway: turmoil 

at the aggregate level of a disaster-affected region is translated into a range of particular 

adversities experienced by the victims in their own contexts, such as the breakdown 

of established and secure family relationships and routines. The subsequent trauma 

experienced by parents may result in a sharp decline in the quality of parenting and even 

atypical, neglectful parental behaviours that are damaging to the child.

Such experiences, especially concerning maternal care and attachment relationships 

during the first few years of life, lead to individual differences in the expression of genes 

involved in the regulation of the cortisol levels in the brain and body – such as FKBP5 – which 

may provoke differences in habitual stress response. More specifically, drastic changes in 

parent–infant interaction may modify epigenetic markers or regions of DNA that regulate 
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the HPA axis response to stress, with enduring effects on biological, psychological and social 

development. Recent research has gone beyond earlier animal models, and has shown that 

differences in DNA methylation in FKBP5 or 5HTTLPR resulting from early trauma (such as 

child maltreatment) may have a persistent influence on PTSD and even on propensity to 

suicide (van Ijzendoorn, Bakermans-Kranenburg and Ebstein, 2011).

Such processes offer new explanations for the role of family history of PTSD, the 

cumulative effects of exposure to disasters, and intergenerational effects in general. The 

core pathway seems to be triggered by deficits in maternal care. This has an enduring 

effect on gene expression that underlies individual differences in endocrine functioning 

and ultimately how offspring respond to environmental challenges, including disasters.

 Questions for further research relate to which particular environmental influences 

bring about the largest epigenetic changes, in which body tissues, and at what stage of 

development. Thus far, the effects of some adverse events and treatments concerning small 

children have been studied on the HPA axis with cortisol as its product, but other pathways 

can be imagined, for example using the dopamine system. The reason we focus on stress is 

because several models of individual consequences of negative societal change, including 

disasters, have put the experience of adverse conditions and coping with ensuing stress in 

the foreground (Meaney, 2010).

It is not new for genetic endowment and environmental processes to work 

interdependently in human development. But now, for the first time, the biochemical 

processes which translate experiences into modifications of physiological and brain 

processes can be addressed specifically. This means that we are able to create a 

full picture, from the objective environment, via psychological experience and the 

biochemical modifications of the genes involved in the production and transfer of major 

neurotransmitters and hormones, to behaviour. From a basic science perspective, this 

brings psychology and its allied disciplines back to the middle of recent progress in the 

natural sciences. From an applied point of view, many years of talking about the ecology 

of human behaviour and development have led to a specific focus on where and how to 

intervene early in the chain of processes leading to maladjustment (Silbereisen, Ritchie 

and Overmier, 2010). 

In spite of their biochemical nature, adverse DNA methylation and similar processes 

may be influenced by changing a specific environmental trigger, such as disaster-

induced inept parenting. More specifically, it has been shown that it is possible to 

reprogramme methylation through later positive experiences, at least in animal models. 

It is even imaginable that in the distant future, protective medication will be able to 

prevent biochemical modification. Further, as the three facets of gene–environment 

interdependence do not work in isolation, their interaction can be used for prevention 

and intervention. Exposure to potentially damaging experience by particular genetically 

influenced behaviours might be reduced at the beginning of the process. Further, 

knowledge about genetic susceptibility to environmental effects may be used to reduce 

risks, for instance, by offering positive alternative environments with less risk potential.

This exciting new research on gene–environment interdependence should be the start 

of a new collaboration between the various fields of social and behavioural science, especially 

with the aim of improving mental health and the adaptive development of competence 

under extremely adverse conditions. It will be a point of departure for more research on 

how the environment, with its challenges and opportunities, leaves traces on human 
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behaviour and development. This research will provide a new scientific underpinning of 

disaster response guidelines that will demand priority in nurturing adaptive systems for 

human development, and restoring the secure base of attachment relationships.
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36. Migration as an adaptation  
strategy to environmental change

by 
W. Neil Adger and Helen Adams

Environmental change affects patterns of migration by altering the location and mix 
of economic activity. While immobility leaves vulnerable populations at increased risk, 
the trend to migrate to cities as an adaptation strategy also involves risk for migrant 
populations.

Migration as an adaptation to environmental change

Changes to global environmental systems are already causing disruption by 

altering the landscape of risk and opportunity. Projected changes in climate, sea level 

and ecosystem service provision may profoundly alter the world’s economic geography. 

For example, the changed productivity of agricultural land, the loss of settlements on 

eroding or inundated coasts, the altered liveability of cities and the opening of the Arctic 

to shipping as a result of the loss of sea ice, could all change to flow of capital and alter 

settlement patterns (Foresight, 2011).

Analysis from social science has already demonstrated that adaptation to such 

environmental risks seeks to prevent adverse impacts on society. This adaptation includes 

land use planning processes that take environmental changes into account; guidelines 

for designing and implementing adaptation activities; and enhanced understanding by 

policymakers of personal values and ways of life at risk (Adger, Lorenzoni and O’Brien, 2009). 

But to date, these analyses have under-emphasised the role migration plays in mediating 

global environmental risks. Migration will, we argue, be critical to the readjustment and 

evolution of this economic geography.

There has been a renaissance in environmental and migration research. This work 

moves beyond neo-Malthusian predictions of large-scale human displacement, to reveal 

the complexity of the relationship between economic migration and environmental 

risks and resources (Piguet, Pécoud and de Guchteneire, 2011). Migration is a well-known 

strategy to spread risks under difficult environmental conditions. However, research 

shows that migration may not be an outcome of environmental change if people do not
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have sufficient economic resources, networks and capital; that individuals may choose to 

remain in a risky location due to high levels of attachment to place; and that migration can 

lead people into situations of increased risk instead of away from them.

Immobility under environmental change

Empirical evidence shows that certain populations do not have the resources to migrate 

when their well-being is reduced by environmental change. Figure 36.1 illustrates these 

dynamics and shows that vulnerability is inversely correlated with mobility: that is, people 

who are most exposed and vulnerable to the impacts of climate change are least capable 

of migrating. It has therefore been suggested that people who are trapped by their lack of 

mobility (Black et al., 2013) suffer a significant injustice. Furthermore, communities where 

populations are in decline can have difficulties sustaining themselves and maintaining 

community unity and adaptive capacity. Here diaspora links and networks are increasingly 

important in dealing with many environmental risks.

Figure 36.1. Relationship between vulnerability  
to environmental change and mobility 
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Source: Adapted from R. Black et al. (2013).

Migration is embedded in identity and culture. Recognising these dimensions is critical 

for planning and governing mobility to adapt to future risks. While the economic benefits 

of migration are well documented, its social and psychological costs and benefits are not 

so well understood. It is often these less visible psychological and emotional trade-offs 

that keep a person in a specific location. New research demonstrates the importance of 

attachment to place for those facing decisions to relocate because of environmental risks. 

Such resistance is also apparent in the conflicts about planned resettlement proposed by 

governments and other institutions. People object to these schemes even if they believe the 

risks of remaining are high (de Sherbinin et al., 2011).
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Migration under environmental change

Some dimensions of the relationship between environment and migration remain 

under-analysed. They relate to the vulnerability of migrants in receiving locations; the 

mobility of natural resources (ecosystem services) on which people depend; and some of 

the negative consequences of a more mobile, interconnected world.

Mobility has a significant potential to generate new risks and vulnerabilities, including  

vulnerability to environmental harm of migrants themselves (McMichael, Barnett and 

McMichael, 2012). Environmental change is likely to strengthen existing migration trends. 

Recent decades have seen population drift to cities and to coastal zones, which are also 

at risk (de Sherbinin et al., 2012). In addition, migrants to cities are often more vulnerable 

than longer-term residents. They cluster in high-density areas, often on steep hillsides or 

flood plains, where there is vacant and cheap land, and many low-income migrants lack 

access to health services and political representation. However, well-established networks 

and social capital can counter this vulnerability, as can selecting migrants from healthy 

and adaptable members of the population.

The existence and mobility of ecosystem services, the aspects of ecosystems that 

ensure human well-being (Fisher et al., 2009: 645), are affected by the same environmental 

changes that affect human activities. All biological resources change over time and 

space, and are likely to affect human migration and the sustainability of resource use. 

For example, climate change is already affecting ocean fisheries. This means lower yields 

in the tropics, a changing range of important commercial species in temperate regions, 

and greater variability in productivity and species composition in virtually all oceans 

(MacNeil et al., 2010). As a result, fishers often have to relocate to continue to access such 

resources. Other natural resources fluctuate seasonally (for example, agricultural output 

or the availability of products such as dry fuel wood or honey), and people migrate to 

access different ecosystem services at different times of the year. The social practices and 

lifestyles created around such ecosystem services can contribute significantly to people’s 

sense of place and identity.

The increasingly connected nature of the world presents new challenges and produces 

new risks, making vulnerabilities to environmental change increasingly interdependent. 

Processes of economic globalisation have altered the rate and scope of environmental 

change and its associated vulnerabilities. The global reach of capital and the swifter spread 

of technologies challenge the competences of institutions and governance. Vulnerabilities 

are therefore linked between distant places and communities (Adger, Eakin and Winkels, 

2009). Migration, together with systemic environmental change and global economic 

integration, is the primary mechanism of this interdependence. International migration 

has remained stable in recent decades – at around 3% of the global population – but the 

level of migration within national boundaries has increased many times, as have flows of 

goods and materials around the world, increasing the connectivity of risks.

Conclusion

New and exciting social science reveals a complex set of relationships between human 

migration and environmental change. We highlight the emerging issue of vulnerability in 

this context, such as the case of populations who cannot migrate from risk, and those who 

are migrating into risk. All this happens in a world where our natural resources are also 

mobile across time and space, and where increased mobility means our vulnerabilities 
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are interconnected across the globe. The social sciences have a unique role in pointing to 

mobility as a significant, sometimes dominant, but always under-emphasised response  

to environmental change.
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37. The paradoxes of climate  
change and migration

by 
Andrew Baldwin and François Gemenne

Human migration is often seen as one of the most serious consequences of climate 
change. Indeed, it can be seen as a security or humanitarian issue. But might it also be 
a positive adaptation response to climate change?

Until recently, social scientists have largely overlooked the migration effects of climate 

change. But given its growing policy significance, more social scientists are now taking an 

interest. Research on the topic is primarily empirical and normative, but social scientists 

are beginning to examine the broader implications that climate change-induced migration 

may have for political, cultural and social life. Current research is therefore moving in new 

and innovative directions. Nevertheless, more research is needed to appreciate how this 

migration overlaps with issues of governance, development, security and risk management, 

and wider issues regarding identity, gender and equity.

Earlier empirical research in this field often tried to predict the number of migrants 

who might be displaced by environmental or climate change. Today, researchers seem less 

persuaded by the predictive reasoning approach (Gemenne, 2011a), and are more inclined 

to use scenario forecasting to understand this phenomenon. A recent study on migration 

and global environmental change undertaken by Foresight (2011) makes effective use of 

scenarios to assist in policy development. Previous research also tended to imply a strong 

causal relationship between environmental factors and human mobility (Myers, 2002), an 

approach which has since been largely discredited.

Most researchers now argue that migration has many causes, and that climatic 

variability is just one of several factors that explain migration. The Foresight Report adopts 

this kind of reasoning, as does a recent United Nations University study (Warner et al., 

2012), which examines the conditions under which households use migration to mitigate 

risks associated with rainfall variability.

As an adaptive strategy, migration is often unavailable to the most vulnerable, which 

has led some to argue that large populations will be trapped by climatic variability and 

exposed to danger (Black et al., 2011), especially if the global average temperature increases 

by 4°C (Gemenne, 2011b). This unequal access to migration as an adaptive strategy raises 

wider empirical questions about how issues of poverty, marginalisation and inequality 

affect adaptive strategies such as migration.
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Policy responses to climate change and migration remain difficult to design in the 

absence of a consistent terminology and robust empirical research, and confusion about 

numbers and pathways. Following some early attempts to create a specific status for climate 

refugees in international law, proposals to revise the 1951 Geneva Convention or devise a 

specific climate change displacement treaty (Biermann and Boas, 2010) have given way to 

more policy-oriented discussions (McAdam, 2011). Many of these discussions have taken 

place within the framework of the international negotiations on climate change (Warner, 

2011). A significant milestone was reached in 2010 with the adoption of paragraph 14(f) of 

the Cancun Adaptation Framework agreed at the United Nations Framework Convention on 

Climate Change (UNFCCC) Conference of the Parties (COP) 16 in Cancun, Mexico. This commits 

parties to develop “measures to enhance and improve understanding, co-ordination and 

co-operation with regard to climate change-induced displacement, migration and planned 

relocation, where appropriate, at national, regional and international levels”. Paragraph 14(f) 

is indicative of a conceptual shift. While migration was generally considered as a failure  

to adapt to climate change impacts, it is now increasingly recognised as a powerful 

adaptation strategy.

A number of international organisations have taken steps to address the issue and 

develop policy measures, including the International Organization for Migration, the 

UN High Commissioner for Refugees and the Asian Development Bank. More recently, 

the governments of Norway and Switzerland have launched the Nansen Initiative, an 

intergovernmental consultation process aimed at defining a global protection agenda. The 

African Union has adopted the Kampala Convention for the protection and assistance 

of internally displaced persons in Africa, which acknowledges those displaced because  

of environmental changes. However, to date, no universal legal regime exists to address the 

protection gaps for those who have relocated or may need to relocate due to climate change. 

Obstacles to migration remain extremely important, and large vulnerable populations 

remain trapped in highly vulnerable regions. In the absence of a global solution, it is likely 

that most policy responses will remain regional and humanitarian in nature.

Those who face potential displacement by climate change – especially those who live 

on small, low-lying islands – are often portrayed as the human faces of climate change, 

the canaries in the coalmine or early-warning systems of global warming (Gemenne, 

2011b; Farbotko, 2010). The term “climate refugee” is regularly used to describe a person 

who will need to relocate as a result of climate change. However, the term has no formal 

legal designation or meaning. Instead, it is mainly used as a rhetorical device to sensitise 

governments to the need to address climate change and reduce greenhouse gas emissions. 

A growing number of scholars now argue that the term “climate refugee” is a social 

construct. Some have used post-colonial theory to show how so-called “climate refugees” 

are constructed through Eurocentric systems of power and knowledge (Farbotko, 2010) and 

are subordinate to Western institutions. Other researchers observe that climate refugees 

are frequently portrayed as both threats and victims (Baldwin, 2013), and warn that using 

such crisis-laden language may result in the militarisation or securitisation of climate 

change policy (Hartmann, 2010). Some theorists argue that climate change-induced 

migration must be reframed as an issue of development, governance and adaptation in 

order to counter arguments that favour militarism and security approaches (White, 2011).

Recent critiques echo many of these concerns about the socially constructed nature of 

the climate refugee and climate change-induced migration. The claim is sometimes made 

that public concern about climate refugees expresses a desire for security and is often 
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xenophobic (Bettini, 2013). It has also been said that the use of apocalyptic images of so-

called climate refugees to gain political support for climate change measures may have the 

paradoxical effect of limiting public debate on climate change-induced migration. Other 

research cautions that the discourse of climate change-induced migration is constructed 

using racialised language, and suggests that scholars need to be aware of this in order to 

properly analyse the politics of climate change and migration (Baldwin, 2013).

Conclusion

The foregoing synopsis covers only a fraction of the social sciences literature on climate 

change-induced migration. However, this literature points to the idea that environmental 

and climate-induced migration is both an empirical reality and a political construct. Its 

empirical quality is evident in the various future-conditional knowledge practices that 

produce it, practices that include scenario forecasting and stochastic modelling. But its 

constructed nature is evident in the way that it exists as a speculative, virtual phenomenon. 

Consequently it remains a paradox for researchers and policymakers. As migration becomes 

more visible in climate change policy, it is essential that we expand our understanding of 

the phenomenon as an empirical reality and a political construction, and try to appreciate 

the social, political, cultural and economic implications of this paradox.

To better appreciate our understanding of the phenomenon, we propose several areas 

for further investigation.

 Researchers need to better understand the empirical contours of the phenomenon. 

This means developing sophisticated quantitative methods and modelling techniques, 

including agent-based modelling.

 It is necessary to build on the strong body of ethnographic research that seeks to identify 

the field-level complexities involved in migration decisions.

 Researchers also need to understand the constructed nature of this phenomenon. We 

propose more research on the political economy and history of climate change-induced 

migration, as well as research on how the equity and identity dimensions of this 

migration intersect with wider issues of ethnicity, gender and age.

Research on environmental and climatic migration is still a niche area. However, 

at its heart there are deep issues concerning the relationship between people and their 

environments. Understanding this relationship should be a top priority for research if we 

are to understand the social dimensions of climate change properly.
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38. The role of the social sciences  
in adapting to climate change  

in northern Europe

by 
Carina Keskitalo

Social sciences have an important role to play in studies of adaptation to climate change, 
as all such adaptations will need to be implemented within socio-political and economic 
systems. This paper looks at cases in northern Europe.

Introduction
Emissions released into the atmosphere are already having an impact on our climate. 

We need to mitigate or limit these emissions. But we also need to know how to adapt to the 

consequences of climate change. In northern Europe, changes may include modifications in 

precipitation and temperature patterns, which may in turn lead to changes in the seasons. 

Other potential impacts include shorter winters with periods of thaw and increasing  

incidence of extreme events. The need to adapt is reflected in many countries’ recent 

development of adaptation strategies at national and lower levels. In addition, the European 

Union (EU) is working towards Union-wide adaptation strategies. How can social science 

research on adaptation in northern Europe help us understand the broad socio-economic 

and political systems within which such adaptation priorities have to be incorporated?

What can social science studies tell us?
Social science studies on adaptation focus partly on vulnerability. These studies aim 

to identify the socio-economic and political contexts that are vulnerable to environmental 

change. One approach is to review adaptation in specific cases, such as the development 

of adaptation strategies (Smit and Wandel, 2006; Berrang-Ford, Ford and Patterson, 2010).

Understanding adaptation requires an understanding of current socio-economic 

and political systems and their capacity to adapt to climate change, or in other words, an 

understanding of the resources that may limit or enable the development of adaptation, 

whether planned and strategic or shorter term (e.g. Smit and Wandel, 2006). Case studies 

on community vulnerability are common in North America, where northern settlements 

are often quite small and adaptation can be assessed at the community level, for example, 

in hunting-based communities (e.g. Ford et al., 2012).
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In northern Europe, on the other hand, studies have often targeted adaptation at 

the municipal or local government level (see for instance articles in the Local Environment 

special issue, Vol. 17, Nos 6-7) or at the community, municipal or county levels in sectors 

that rely on renewable natural resources (see Keskitalo, 2008; Hovelsrud and Smit, 2010 

for a comparison of northern areas). A number of studies have reviewed the development 

of adaptation policy at different levels (e.g. Swart et al., 2009; Keskitalo, 2010). In general, 

studies use semi-structured interview material, sometimes combined with focus groups 

or observations. Their findings are integrated with policy and other documents outlining 

adaptation policies or describing the priorities and processes within which adaptation 

concerns need to be integrated. These mainly qualitative studies contribute to an 

understanding of how climate change may impact different areas and sectors and how 

they may adapt to it, although climate change is only one of several simultaneous stresses. 

These qualitative studies also provide an understanding of institutions and how they set 

priorities, which is after priorities the context within which adaptation priorities need to 

be developed and integrated.

Suggestions from the literature

Learning from social science research more broadly, the field of climate 

change studies has accepted that adaptation to climate change depends on social 

vulnerability. This means that higher-level governance, economics and the reality of 

local livelihoods largely determine the local adaptation context. Multiple studies have 

shown that adaptation to climate change occurs in response to the perceived risks, and  

that adaptation is most striking where the risks associated with climate change result in 

economic vulnerability. For instance, studies on adaptation to climate change in forestry 

indicate that companies and entrepreneurs have focused mainly on adaptation to 

changes such as more difficult weather conditions, which have a direct economic impact. 

This has often resulted in the avoidance of more costly and extensive adaptations, such 

as considering which tree species should be planted, even though forest areas planted 

today will be subject to more severe and changed climate conditions in the longer term 

(Keskitalo, 2008; Hovelsrud and Smit, 2010). Furthermore, the literature suggests that 

adaptation will not necessarily be new or specific to climate change; instead, it will draw 

upon existing adaptation or coping measures.

Understanding current adaptation, and the resources required to address future 

change, requires a sound assessment of potential adaptation paths and future resource 

requirements. Given how significant the socio-economic and political contexts are for 

understanding adaptation, it is important to appreciate that adaptation differs enormously 

in different national, regional and local contexts. Accordingly, the northern European Union 

and North America’s northern or Arctic political developments should not necessarily be 

directly compared, as these areas are qualitatively different in terms of development and 

organisation. Instead, it is important to understand the institutional context for adaptation 

(Keskitalo, 2010; Adger, Lorenzoni and O’Brien, 2009).

In this regard, studies also indicate that it is important to review adaptation in a 

multi-level context. For example, EU and national regulatory frameworks will influence 

what kind of adaptation is possible at local and regional levels. Adaptation in the 

water sector – often highlighted because climate change increases flood risks in some 

areas – calls for policies that can be integrated into existing water and emergency 

management systems. Within the EU, the Water Framework and Floods Directives, which 
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partly establish new management systems and which are also concerned with climate 

change, require an added layer of integration. In this case, supranational requirements 

may become even more important than national ones. This is, for example, as national 

adaptation policies in Sweden and Finland largely allow the municipalities to determine 

the extent to which adaptation concerns are integrated (Keskitalo, 2010; Swart et al., 

2009). Incorporating climate change adaptation into existing systems may thus mean 

taking planning systems in different sectors and at different levels into consideration. As 

integration may require knowledge, funding and personnel, responses to extreme events 

such as flooding may help develop adaptation by indicating how systems respond to 

stress and point to ways of developing improved responses (see Local Environment, Vol. 17, 

Nos 6–7; compare examples in Adger, Lorenzoni and O'Brien, 2009).

Conclusion

Adaptation requires long-term strategic planning and its integration into existing 

structures. In this, it poses many questions about the planning and integration 

capabilities of socio-economic and political systems. Social science research allows 

us to interpret how well existing measures and systems function in changed weather 

conditions during which we might face extreme events. The social sciences provide key 

insights into the consequences of climate and environmental change, but also into how 

governmental and other decision-making systems can start to address these effects. Since 

adaptation is largely a social science problem in that environmental problems are often 

social problems of organisation, established social science theories may play an even 

more important role in future studies on adaptation. Examples from political science  

are studies on environmental policy integration, government behaviour and agenda 

setting that illustrate how well and in what cases adaptation is integrated into political 

decision-making and implementation.
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39. Women and climate change  
adaptation in Zimbabwe

by 
Donald Chimanikire

Drawing on the literature on gender and climate change in Zimbabwe, this contribution 
outlines important links between climate change and gender inequality, focusing 
particularly on women and adaptation.

Consequences of climate change in Zimbabwe

According to the Intergovernmental Panel on Climate Change (IPCC) (2012), Africa 

will soon experience the consequences of climate change. The consequences of climate 

change will be familiar since most of the population of Africa already experiences a variety 

of stresses and shocks on a regular basis (Conway, 2009). Among these consequences are 

increased water stress, lower yields from rain-fed agriculture, increased food insecurity and 

malnutrition, a rise in sea levels and more land becoming arid and semi-arid. According to 

Conway (2009), the scale and nature of these consequences will dramatically increase as 

the pace of climate change increases. In Zimbabwe, rainfall variability and extreme events, 

combined with warming trends, are limiting the country’s socio-economic development, 

because of its heavy dependence on rain-fed agriculture and climate-sensitive resources 

(Brown et al., 2012). The most affected regions are the drier parts of the country, namely 

the Midlands, Masvingo and Matebeleland, where rainfall has declined by 15% since 1960.

Although most farmers in dryland areas have experienced changes to the climate and 

have a good understanding of local climate patterns, they will be vulnerable to future climate 

uncertainty (Kurukulasuriya and Rosenthal, 2003). Local practices and infrastructure that 

have adapted to a greater or lesser degree to the current climate conditions will no longer 

be suitable, and may be inadequate because of different farmers’ interpretations of climate 

variability (Brown et al., 2012). Besides affecting agriculture, changing environmental 

conditions are also expected to affect the quality and quantity of the drinking water in rural 

and urban areas. There may also be health effects because of the increasing geographic 

range of infectious diseases such as malaria. Climate change will significantly restrain 

Zimbabwe’s ability to meet the Millennium Development Goals by 2015, especially those 

aiming to eradicate extreme poverty and hunger, combat HIV and AIDS, malaria and other 

diseases, and ensure environmental sustainability (Brown, Dodman and Zvigadza, 2013).
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Gender and climate change

Climate change impacts men and women differently because of the differences in 

their social positions and in the roles they play (Chowdhury et al., 1993). According to the 

World Health Organization (WHO) (2012), natural disasters such as droughts, floods and 

storms kill more women than men globally, and especially young women. This is because 

women make up 70% of the world’s poor (Brown et al., 2012). In addition, women are more 

dependent on natural resources for their livelihoods, and these are threatened by natural 

disasters. According to the Food and Agriculture Organization of the United Nations (FAO) 

(1997), women are responsible for producing 60-80% of food in developing countries and 

for half the world’s food production, but only recently has their importance for household 

food security been recognized.

In Zimbabwe, women living in rural areas are in charge of finding water, food and 

fuel for cooking and heating. Since many rivers have dried up, women must walk longer 

distances every day to find water. Similarly, the government’s deforestation control policies 

mean that wood is becoming more difficult to find, increasing the distances women have 

to walk to find it. In addition, most Zimbabwean smallholder farmers are women who 

depend on rain-fed agriculture and climate-sensitive resources. This means that they are 

particularly vulnerable to climate change (Madzwamuse, 2010).

Women’s roles in adapting to climate change

According to the IPCC (2001), adaptation refers to changes in “processes, practices, or 

structures to moderate or offset potential damages or to take advantage of opportunities 

associated with changes in climate”. It involves adjustments to reduce the vulnerability 

of communities and regions to the effects of climate change and climate variability. The 

United Nations Development Programme (UNDP) and Global Gender and Climate Alliance 

(GGCA) (2009) think some degree of adaptation is already necessary. The United Nations 

Framework Convention on Climate Change (UNFCCC) (2007) recommends that developing 

countries prioritise climate change adaptation due to the higher percentage of vulnerable 

people there.

The Zimbabwean government has developed national frameworks in response to 

climate change, to guide adaptation projects and programmes (Brown et al., 2013). An 

example is the Chiredzi District’s five-year pilot project (2007-12) led by the government 

of Zimbabwe, UNDP and the Global Environmental Facility (GEF). It used a community-

based adaptation approach to evaluate the area’s vulnerability and find key adaption 

strategies for herders and small farmers. The project focused on food security and the 

sustainable management of the area’s natural resources (Brown et al., 2013). They stress 

that the main merit of this project was that it formed a partnership between the national 

government and civil society to learn from and scale up local adaptation approaches 

across the country.

As Zimbabwean small farmers are mostly female, women are central to adaptation 

strategies. They possess invaluable indigenous knowledge and skills that should be 

recognised and embedded into programmes that develop resilience. This knowledge is 

important to manage climate-related risks regarding agricultural production and to inform 

adaptation policies. Women also have better access to social networks, which is important 

for disseminating adaptation practices. So women should not be regarded as victims 
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of climate change. They can contribute to finding solutions to cope with it (Nelson and 

Stathers, 2011).

Gender-sensitive approaches

Despite the recognized importance of women in responding to climate change 

consequences, they are largely absent from decision-making processes on climate change 

adaptation and disaster risk reduction (Brown et al., 2012). According to Chagutah (2010), it 

is essential for climate adaptation planning to incorporate a gender-sensitive perspective in 

order to address the inequalities between men and women. Brown et al. (2012) recommend 

that Zimbabwean policymakers use participatory and inclusive decision-making processes 

during planning in order to take women into account.

These authors also recommend the adoption of a climate change finance system 

to allow equal access to funding. It is important to include women and men equally in 

all aspects of climate change projects, including possible payments for technology. This 

applies especially to technologies aimed at tasks that women perform most frequently. 

Technologies should be designed so that they are relevant in women’s circumstances; 

women thus need full access to knowledge, information and technologies related to 

adaptation (UNDP and GGCA, 2009). According to the UNDP and GGCA (2009), empowering 

and investing in women are essential to combat the effects of climate change and to 

alleviate poverty in developing countries.

The Zimbabwean government has adopted a gender-responsive budgeting1 approach. 

Its climate change policy should incorporate these values and should be linked to the 

country’s rural development policies.

Note

 1. Gender-responsive budgeting (GRB) is government planning, programming and budgeting that 
contributes to improving gender equality and the fulfilment of women’s rights.
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40. Ex-rubber tappers’  
and small farmers’ views of weather 

changes in the Amazon

by 
Erika Mesquita

How do people living in the Amazon forest, and to be precise in the Alto Juruá region 
of Brazil, understand climate change? Indigenous forest dwellers make their own 
observations and interpretations from changes in animal behaviour.

Many forest dwellers in the Alto Juruá in Brazil used to work as rubber tappers and are 

descendants of migrants and indigenous people from the region. This research examined 

the climate variations they have observed and how they have processed this information.

An impression of the weather is arrived at by observing a combination of weather 

types, which together comprise a representation of the weather. This article is a 

phenomenological study of meteorology and climate, and of the forest dwellers’ 

interpretation and representation of these phenomena.

Today most inhabitants have an agricultural lifestyle and pay close attention to the 

relationship between agriculture and the weather cycles, or their perceptions of them. There 

is now no rubber production in the region, and agriculture provides income for most local 

people. The deforested areas are greater in size and are increasing as a result of cattle farming.

The forest dwellers’ perception has been transformed in recent years, and they speak 

of “the old weather” in the forest and “today’s weather”.

Most of those questioned perceive some changes in the region’s winter and summer 

weather characteristics. The elderly speak about these changes through their life stories. 

They convey their observations and experiences of what they refer to as “the heat” with 

authority. Some residents believe that the changes in the weather, and increasing heat, 

have been getting worse since rubber tapping ended. Deforestation for non-subsistence 

agriculture and for cattle is mentioned as one of the main causes of the changes in the 

weather and the reason for “the heat”.

Some residents say the current weather causes “sadness in the jungle” because of the 

heat and the absence of cold spells in summer. They also talk about “smog” or “the veil 

in the sky”, caused by smoke from the increasing number of local fires. This “veiled sky” 

occurs day and night, with the “smog” blocking out the stars. This means that the sky can
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no longer be used to forecast the weather by observing the sun’s colour and the position 

of the stars, which causes errors in prognoses and forecasts. Besides the “smog”, residents 

believe that the position of the stars in the sky has changed.

The inhabitants interpret these changes via Christian eschatology. Indigenous and 

non-indigenous people also attribute the changes to human agency: for example, those 

who cut the forest down, which is not “respectful”. Local people analyse natural phenomena 

and the environment in which they live in their own way.

Animal professors

Lévi-Strauss (1989) noted the meteorological role of animals in some mythologies. The 

people of Alto Juruá compare their loss of reference animals with the changes they notice 

in the dry and rainy seasons. Other residents link the loss of the animals that could foresee 

meteorological phenomena to deforestation, pollution, and the end of the world.

Knowledge relating to the stars is common, and is closely linked to the lives of 

the forest dwellers. Marshall Sahlins (1990: 191) maintains that no event or thing has 

movement in human society except in the meaning that people give it. Thus, “an event is 

not only a happening in the world”. There is also a relationship between an event and a 

given symbolic system. In this local cosmology, it is common to use methods to “divine” 

the weather. Beside the stars, cosmology also involves “animal professors”. The behaviour 

of animals is mentioned in relation to forecasting the weather in the short and medium 

term. Forest dwellers accumulate this type of knowledge through their practical life in the 

forest (Mesquita, 2012).

Many people we questioned said the animals had changed their behaviour because 

of the current “messiness of the weather”. They believe animals “have [had] science” or 

a particular understanding of the weather since the start of the rubber producing era, 

but are currently “making mistakes”. This did not happen before the current changes in 

the weather. Without their normal references, animals can no longer inform humans 

about the weather, and are having to “learn everything anew, just like everyone else, 

because the weather has changed and no longer determines the actions of the animals, 

poor things”. 

The forest dwellers attribute ethos and sociability to certain animals, as they do to 

humans. Many animals are understood as people might be, because they act like them. 

Many inhabitants report that they have learned the language of a particular animal. Some 

even understand the language of a particular toad or a monkey species. This allows them 

to gain some knowledge from these animal “professors”, who are currently themselves in 

the process of relearning new local realities.

This could be termed native science. Lévi-Strauss wrote in Totemism (1962) that people 

may be moved by the necessity or desire to understand the world around them, its nature, 

and the society in which they live, and that to achieve this objective, they act via intellectual 

means as a philosopher would or as scientists do. 

Conclusion

Governments should take this native science into consideration to give them a better 

understanding of local realities before taking action, and before putting into practice 

mitigation and other policies related to climate change. 
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