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Sanitation and climate change adaptation 
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Introduction 

Climate change is a natural process; however, human activities are contributing to its relentless acceleration. With 
likely long-term changes in rainfall patterns, rising temperatures and shifting climate zones (IPCC, 2013), climate 
change is expected to increase the frequency of climate-related shocks, which in turn will put pressure on food, 
energy and water supply. Water is a key resource for sustaining life and society. No community and no economy can 
survive without water of sufficient quality and quantity for the purposes needed. Water is becoming more and more 
polluted by human activities due to wash-off in areas with inadequate sanitation and open defecation practices, and 
due to a number of wastewater treatment plants that are unable to cope with the increased volumes of wastewater 
from rapidly growing urban areas (DBSA, 2013).  

Whilst nature-based, infrastructure-based and technology-based adaptation are important, it is the human factor 
that rocks and sinks the boat. Technology-based adaptation interventions can only be partially effective if they do 
not also address factors that are the underlying contextual drivers of vulnerability to climate change (USAID, 2015). 
For example, the implementation and effectiveness of non-conventional toilets is limited by their acceptance in a 
community, which in turn depends on their needs, aspirations, and cultural preferences (Duncker, 2017; Duncker, 
2014; Duncker & Matsebe, 2008), as well as its costs, ease of use and maintenance, and access to spare parts and 
service support.  

Even though technology can increase the effectiveness of adaptation, it will not solve all the uncertainties associated 
with climate change and sanitation. It needs to be combined with other enabling mechanisms to be effective in 
reducing vulnerabilities and building resilience. Given the many relationships between the impacts of climate 
change, the water and sanitation sector, as well as the social and economic systems, adaptation cannot be 
implemented efficiently by itself or as a strictly technical or environmental issue (Howard et al., 2010). Long-term, 
sustainable adaptation to climate change requires Integrated Water Resources Management (IWRM) that promotes 
the coordinated development and management of water, land and related resources, in order to maximise economic 
and social welfare in an equitable manner, without compromising the sustainability of vital ecosystems (Slootweg, 
2009; DWA, 2013, Kohlitz, Chong & Willets, 2017). The National Climate Change Adaptation Strategy supports this 
by recommending that adaptation should go beyond the biophysical and economic variables and should respond to 
the triggers and processes that define and influence changes in decision-making and action (DEA, 2017). 

The purpose of this chapter is to raise awareness about the effects of climate change on the sanitation value chain, 
and the importance of community-based climate change adaptation regarding sanitation. Sanitation infrastructure 
is important, but what people do and their attitudes and behaviour regarding sanitation in the changing climate is 
crucial. An environmental scan has been conducted to obtain a delineation of the issues regarding sanitation and 
adaptation to climate change. The environmental scan involves using various sources of information, such as 
academic and grey (popular) literature, press releases, newsletters and journal articles; key word internet searches; 
proceedings of conferences or seminars; and tracking blogs. Analysis and synthesis of the information follow the 
scanning. The loop stays in play, directing further scans (Gordon & Glenn, 2009).  

Background  

Water and climate change are inextricably linked, as the effects of climate change are first felt through droughts, 
floods and storms. These disasters can destroy water supplies and toilets, or can leave behind contaminated water, 
endangering the lives of millions of people (UNICEF, 2016; Hutton & Chase, 2016; SAHRC, 2014; Braks & de Roda 
Husman, 2013; Howard et al. 2010; OHCHR, n.d.). In September 2015, the United Nations endorsed the Sustainable 
Development Goal 6 (Ensure availability and sustainable management of water and sanitation for all). This goal 
cannot be met without explicitly recognising climate change as a key component (UN, 2015).  

Rapid urbanisation and population growth is putting extraordinary demands on water, accompanied by the disposal 
of equally large volumes of wastewater into rivers, dams and the groundwater (WWF-SA, 2016; UN-Habitat, 2018; 
Miller & Hutchins, 2017). Faecal waste and raw sewage are present in the environment often due to a lack of 
adequate toilets, or poor quality toilets, broken sewers and inadequate or overburdened wastewater treatment 
systems (DBSA, 2013). This contributes to contamination of surface and groundwater, thus impacting on the 
wellbeing of humans and wildlife.  
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Even though greenhouse gas emissions from septic tanks, pit toilets, and open-air defecation are largely 
unquantified, emissions from wastewater are expected to rise by almost 50% by 2020 (Bates et al., 2008; Bogner et 
al., 2007; Fischedick et al., 2014), with developing countries being the primary contributors due to the larger number 
of septic tanks and other on-site sanitation facilities and practices. Good wastewater management does reduce 
greenhouse gas emissions and therefore it can be assumed that these levels of emissions may decrease as sanitation 
coverage increases (El-Fadel & Massoud, 2001; Prendez & Lara-Gonzalez, 2008). However, sanitation and 
wastewater management poses a number of operational challenges. Studies showed that 80% to 90% of all 
wastewater generated in developing countries is discharged without proper treatment into surface water bodies 
(UNESCO, 2017). With increasing population growth, urbanisation and industrialisation, the collection, treatment, 
and disposal of increasing quantities of wastewater remains a major challenge for municipalities and utilities in both 
developed and developing countries. 

Climate change not only affect lives and livelihood but also make social and socio-economic system of the country 
vulnerable. As a result, social discrimination, deprivation, dissatisfaction, unacceptability and migration are 
increasing significantly (WaterAid, 2012).  

The National Climate Change Response Plan White Paper of South Africa (DEA, 2017) defines government’s vision 
for effective climate change response and transitioning to a climate-resilient, low-carbon economy. The National 
Climate Change and Health Adaptation Plan of the National Department of Health adopted community participation 
as one of the guiding principles for implementing the Plan, especially as behavioural change is likely to be important 
for adaptation and coping strategies (Garland, 2014).  

Climate change and sanitation infrastructure 

Climate change is already a major pressure on wastewater infrastructure. Excess rain (too much water) or drought 
(too little water) can lead to threats for sanitation ranging from increased concentrations of pollutants (with negative 
health consequences), a lack of adequate water flow for sewage, and flood-related damage to physical assets (Sinisi 
& Aertgeerts, 2011; Midgley et al., 2005). The consequences of the increases in average and extreme temperatures 
that are projected by climate models are the changes in the incidence of several critical excreta-related diseases; an 
increase in water consumption (this is also impacted by the availability and quality of water supply which in turn is 
influenced by the climate); and the extent and rate of algal growth in nutrient-enriched surface waters (Arouja, et 
al., 2016).  

While there is an abundance of toolkits and guidelines internationally on climate change adaptation in general, there 
is remarkably little on specifically sanitation (Fankhauser & Burton, 2011). The little on sanitation that exists focus 
mostly on system vulnerability and technical change as adaptation measures. At the National Sanitation Indaba on 
18 May 2015, the then Minister of Water and Sanitation also focussed on technical adaptation by saying that: "We 
must introduce new technologies that appreciate that water is a scarce resource and as such provide solutions to 
dispose of effluent via alternative methods. It's not all about flushing and that is the Sanitation Revolution we are 
here to instigate,"…."We must begin by challenging the property development sector through regulation and 
licensing requirements to invest itself in developing properties less reliant on water for sanitation in order to ensure 
we introduce the alternative solutions to low, middle and high income areas" (https://www.gov.za/speeches/ 
national-sanitation-indaba-18-may-2015-0000). The National Sanitation Policy (DWS, 2016) supports this approach 
in saying that the long-term effects and impacts of climate change on the sanitation services sector need to be 
understood and means to avoid, minimise and mitigate these effects need to be incorporated into policy and 
legislation with special attention to enhancing the capabilities of communities to adopt climate resilient sanitation 
technological options. 

Generally sanitation technology refers to everything from toilets to sewerage to domestic wastewater treatment 
plants. These technologies are part of the sanitation value chain, which forms the basis for sanitation services 
delivery. The sanitation value chain comprises broadly of collection/storage; transport/conveyance; treatment; 
distribution; wastewater treatment; and discharge/disposal or recycle/re-use. Each link of the chain is highly 
vulnerable to the effects of climate change – some examples of infrastructural vulnerability are given below.  

 Collection/storage/emptying 

In settlements not served by sewerage systems, sanitation may be based on on-site systems, such as pit toilets, 
bucket toilets or flush toilets connected to septic tanks, which are highly susceptible to adverse weather 
conditions and climate change as they can become flooded, overflow and pollute the environment (USAID, 2015), 
causing contamination at the local level; and wash out and destruction of sewers and treatment plants (Fewster 
& Smith, 2012). Flooding may also result in the areas with on-site sanitation becoming isolated, leading to them 
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not being be emptied, as well as an increase in transport costs for trucking excreta due to flooded roads and 
access points. Where changes in climate result in increased waterlogging, it is likely to cause pits, tanks and 
sewers to be inundated with groundwater, which will impact on treatment processes as well as the groundwater 
(Franceys, Pickford & Reed, 1992). Flooding from sea level rises can lead to inundation of pit toilets, and/or 
sewage treatment facilities, which increases the risk of contamination of the environment (Howard & Bartram, 
2010). 

 Transport/conveyance 

In urban areas, sewage is typically conveyed through a system of pipes, pumps, and other associated 
infrastructure to a centralised storage and/or treatment system. These sewer systems may be damaged by 
adverse weather conditions and cause uncontrolled discharge of domestic wastewater, including sewage and 
greywater, into aquatic systems (DEFRA, 2012), which can lead to microbial and chemical contamination of the 
receiving water, oxygen depletion, increased turbidity, and eutrophication (Howard et al., 2016). As the sewer 
infrastructure ages, it becomes vulnerable to infiltration of groundwater, contamination of groundwater and 
pollution of the environment (UNFCC, 2017). Wastewater discharge onto streets or open ground can contribute 
to spread of disease, odours, contamination of wells, deterioration of streets, etc. (DWS, 2016; EPA, 2004). 
Prolonged periods without any rainfall cause the degradation of sewers and the resulting accumulation of solid 
waste sediments and encrustation in sewers that can clog them and attract an increasing population of rodents; 
a decrease in wastewater flow and unpleasant odour from water rotting in the system; and a growing risk of 
disease dissemination (Sinisi & Aertgeerts, 2011). 

 Treatment 

Sewage treatment plants are often positioned on low-lying ground, as sewerage systems rely on gravity, but this 
puts them at risk when water levels rise due to flooding or sea-level rise. Declining annual rainfall and/or drought 
leads to insufficient water resources being available to flush sewage systems adequately, and accompanying 
higher temperatures can have an impact on how sewage systems operate. Every extreme in hydrology (flooding 
or drought) causes fluctuations in pollutant concentrations in wastewater inflow to the wastewater treatment 
works and adversely affects the efficiency of the treatment processes (Howard et al., 2016). The differences in 
biochemical load cause problems in different technological sections and related treatment processes. Lower 
oxygen solubility in water can lower the efficiency of active sludge compartment (Sinisi & Aertgeerts, 2011). Sea 
level rise threaten coastal zones due to saline intrusion and damage to wastewater treatment works from 
inundation during coastal storms (Oates, et al., 2014). 

 Discharge/disposal 

Flooding and drought affect the receiving body as the quality of the effluent vary depending on the volume of 
water in the receiving body (Miller & Hutchins, 2017). Drought reduces the capacity of surface water to dilute, 
attenuate and remove pollution (DWA, 2013). 

Climate change adaptation options for sanitation 

The Intergovernmental Panel on Climate Change (IPCC) released a report stating that future climate-related risks 
could be reduced by the upscaling and accelerating multi-level and cross-sectoral climate mitigation, as well as both 
incremental and transformational adaptation (IPCC, 2018). Adaptation is a broad concept covering actions and 
interventions by individuals, communities, private companies and governments. Adaptation actions can range from 
nature-based to infrastructure-based solutions (UNFCC, 2017). Nature-based solutions include plant cover 
expansion, coastal resource management, and mangrove and natural reef ecosystem protection. Infrastructure-
based solutions comprise climate-proofing infrastructure, including storm drainage systems, water supply and 
treatment plants, as well as the protection or relocation of energy or solid waste management facilities (UNFCC, 
2017).  

The most common and most mentioned adaptation options for sanitation identified in the environmental scan are 
the following: 

 Appropriate and effective technology  

Appropriate and effective sanitation technology can minimise the dependency of settlements on rainfall or their 
vulnerability to extreme weather events. For example, on-site and decentralised sanitation solutions could be 
more systematically investigated, even in large cities. Sewerage systems are not always the ultimate sanitation 
solution as they are generally too expensive for locally available funds (Gabert, 2016). A focus can be placed on 
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modular, decentralised, energy-efficient wastewater treatment technologies (Howard & Bartram, 2010; 
Massoud, Tarhini & Nasr, 2009) and no-water sanitation facilities, where appropriate, to conserve water and to 
reduce public safety risks in the event of failure due to climate shock. Decentralisation means that the service is 
not dependent on a centralised hub or main area to function, thus if the main hub is destroyed or damaged due 
to adverse climate conditions, the decentralised service provider responsible for daily and vital services to 
communities is still able and operating (USAID, 2015). Sanitation facilities should not be located in or near flood 
plains, rivers and wetlands, to prevent flooding. On-site sanitation solutions, especially ecological sanitation, are 
more resilient to climate change (Nadkarni, 2004) owing to decentralisation and ownership of operation and 
maintenance. Encouraging low-income residents to empty their pit toilets before the rainy season starts reduces 
the amount of faecal waste flowing into streets and spreading through communities during periods of flooding 
(WSUP, 2018b). Wastewater treatment plants could improve the energy efficiency of their operations to reduce 
demands on fossil fuel energy sources. They could also produce renewable energy using biogas, solar, and wind, 
to reduce their greenhouse gas emissions (WRC, 2017).  

 Building robustness, i.e. hardening infrastructure 

More robust sanitation infrastructure is more likely to ensure resilience to climate change (Venema & Temmer, 
2017; Ministry of Interior, Hungary, 2011). For example, design and siting of sanitation facilities in coastal areas 
should take into account projected sea level rises and storm surges. Storms, heavy rainfall events and a higher 
frequency of flood events require protection of drainage systems, sewer systems and wastewater treatment 
works against inundation; high peaks of hydraulic load; and damage (Sinisi & Aertgeerts, 2011), such as 
constructing barriers and retaining walls, ensuring emergency back-up generation, and keeping key electrical 
equipment elevated. 

 Optimal resource use and re-use  

In many cities, around 50% of water can be lost before it even reaches customers (WSUP, 2018a). Non-revenue 
water has a crippling effect on the availability of water, as well as water for flushing toilets and washing hands. 
As droughts become longer and more frequent, leakages must be reduced and available water needs to be used 
optimally. Creative re-use of wastewater and sludge minimise reliance on conventional sanitation services and 
centralised sewer networks that are vulnerable to climate change. Greywater re-use and composting of human 
waste for fertiliser apply water, energy and nutrient recycling principles that are crucial for resilience to climate 
change (WRC, 2017). Energy recovery, such as biogas, can generate thermal and electrical energy for the internal 
usage of biogas plants, thus reducing operational demand (Jordaan, 2018; GIZ & SALGA, 2015; DWA, 2013). 
Resource extraction from sludge (e.g. fertiliser) is already being done at a number of wastewater treatment 
works. Water reclamation, particularly in acid mine drainage and desalination can be done (GreenCape, 2016). 
In 2013, the National Strategy for Water Re-use was developed to better inform decision-making for the 
implementation of water reclamation projects (DWA, 2013). 

 Policy and economic instruments  

National and local role players and the international community should be made aware of the need for realistic 
and adapted sanitation planning and solutions. Sanitation policies and strategies, climate adaptation plans, and 
carbon emissions reduction strategies will be more effective and equitable if all role players are fully involved 
throughout the adaptation processes, i.e. an integrated and holistic approach, which can result in better climate 
agendas (WSUP, 2018a). Climate financing can be an incentive to drive the joint development and climate actions 
that are needed to achieve universal access and build climate resilience (WaterAid, 2016). 

 Monitoring and evaluation 

Monitoring and evaluation (M&E) is essential because of the complexity and inter-related nature of climate 
change adaptation measures, and the number of stakeholders involved with its execution. The Global Water 
Partnership (GWP) and UNICEF (2017) state that M&E is vital to know which interventions worked and why, and 
what needs to be adjusted. Strong monitoring and information management systems will enable constant 
adaptation and the upgrading of plans and activities to effectively track progress, advocate for improved 
sanitation resilience, and make informed choices on policy and resource allocation (GWP/ UNICEF, 2017). It is 
important that the data collected and analysed through the M&E system is reliable and credible to ensure that 
decisions are based on accurate, current and complete information (DEA, 2017). Monitoring systems can put 
pressure on community members to maintain adequate sanitation standards, as well as pressure on the 
authorities to provide the necessary supporting inputs (WSUP, 2018a).  
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 Community based adaptation to climate change 

Not only must society limit greenhouse gas emissions and fossil fuel use, but it must adapt to rising sea levels, 
increased droughts and floods, extreme storm events, all of which affect their vulnerability and adaptability (UNFCC, 
2017). Marginalised and vulnerable populations, such as low-income people, indigenous communities, and other 
disadvantaged groups, generally have decreased resources to adapt to climate change (Levy & Patz, 2015). These 
populations generally have very little or no input into the decisions that affect their lives, particularly related to 
sanitation. People in general will put in major effort to make themselves safer, especially if they are provided with 
the necessary information and resources, but there are limits to what a community or household can do (DEA, 2014). 
Households can make plans to prevent or prepare for flooding, but they are usually not able to build the stormwater 
infrastructure that would most effectively mitigate the effects of a flood on their homes and sanitation facilities. 

Awareness of the impacts of climate change and adapting to it is wholly dependent on adaptive capacity, especially 
for the vulnerable systems and groups (Noble et al., 2014; Abdul-Razak & Kruse, 2017). ‘Adaptation’ describes a large 
set of behaviours and strategies by a variety of actors (Gorddard et al., 2016, Rozenzweig et al, 2015). Adaptation 
needs vary with the particular climate vulnerability experienced by an area or settlement, including the economic, 
institutional and socio-economic context (Ancha, Ikyaagba & Tondo, 2017; Smit & Wandel, 2006). Effective 
adaptation capacity requires that people have assets, flexibility, learning, and social organization, but also the power 
and freedom of choice to activate adaptation responses (Sorre, Kurgat & Musebe, 2017; Cinner et al., 2018). Good 
policy, planning and implementation can result in, at best, partial adaptation; there also needs to be intrinsic 
adaptation where the people affected by climate change alter their own behaviour and environments to adapt (DEA, 
2014; Gorddard et al., 2016; IPCC, 2018).  

Community-based adaptation is essential as a complement to planned adaptation by government. It goes beyond 
the development of technological solutions to climate change, it endeavours to empower people, build adaptive 
capacities and reduce vulnerabilities. Community-based adaptation recognises that environmental knowledge and 
resilience to climate impacts lie within societies and cultures. It recognises the different situations of children, 
women and other vulnerable groups in society and builds on their specific needs and assets (Ayers & Huq, 2009). 
This involves incorporating both the function of the sanitation system as well as the vulnerability of users (e.g., 
women, children, elderly, ill or disabled) into the design.  

The focus of community-based adaption is on empowering communities and individuals within communities to take 
action on vulnerability to climate change, based on their own decision-making processes (Mitchell & Tanner, 2006). 
“Community-based adaptation can reach the poor by targeting the communities most vulnerable to climate change 
and developing appropriate adaptation options with them, building on information about community capacity, 
knowledge and practices used to cope with climate hazards” (Huq, 2008). It operates at the local level in 
communities that are vulnerable to the impacts of climate change. It identifies, assists, and implements community-
based development activities that strengthen the capacity of local people to adapt to living in a riskier and less 
predictable climate. It generates adaptation strategies through participatory processes, involving local stakeholders 
and development and disaster risk-reduction practitioners. It builds on existing cultural norms and addresses local 
development concerns that make people vulnerable to the impacts of climate change in the first place (Ayers & 
Forsythe, 2009). 

The advantages of community-based adaptation are better tailored interventions that consider the needs of 
different social groups within communities. Constraints are the high cost of local level initiatives - many successful 
projects have remained islands of success, struggling to be scaled up to a regional or national level. Often there is 
no link between these initiatives and higher level policy formulation, which limits the potential for mainstreaming 
(Butterworth & Guendel, 2011). To reduce the vulnerability of people to climate change, community-based 
adaptation initiatives should (Mitchell & Tanner, 2006; CARE, 2014):  

 begin with a thorough understanding of local factors and context – climate change adaptation is sustainable 
when it is tailored to reflect local realities, including cultural norms and practices regarding sanitation and 
the timing of livelihood and domestic activities and local planning cycles;  

 help communities develop an understanding of the main climate risks and how they impact on sanitation and 
health (through a learning-by-doing approach); 

 promote inclusive and informed participation and decision-making - empowering local stakeholders, 
including members of particularly vulnerable groups, to participate in and contribute to adaptation processes 
is more likely to result in local ownership and sustained outcomes; 

 emphasise active participation of community members in all stages of an adaptation intervention (design, 
implementation, monitoring) and use existing social institutions to implement activities; 
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 encourage the strong participation of women, recognising their role as community resource managers, while 
also acknowledging their specific roles and vulnerability to climate risks;  

 combine different knowledge types – integrating local and scientific knowledge along with information and 
knowledge from other sources will ensure that decisions about adaptation strategies and plans are robust, 
locally relevant and responsive to climate change impacts;  

 promote social learning in co-generation of new insights and knowledge among multiple stakeholders; 

 be flexible in community plans and actions to enable people to anticipate and respond to changes in climate 
conditions and trends, as well as other changes and opportunities; and 

 invest in long-term resilience-building efforts, which also meet immediate development needs for sanitation.  

Conclusion 

Sanitation, and its requirement for water, is affected by climate change and have an impact on climate change. All 
future sanitation development and technology needs to be sustainable and resilient to climate change. All climate 
change activity and adaptation interventions for sanitation should take into account the impact on water resources 
and the water security of individuals and communities.  

Climate change affects people both locally and regionally, and participatory approaches need to take a regional as 
well as local perspective, and provide for better coordination between communities and the government. Whilst 
local people are aware of changes in their environment due to the weather, they often have little knowledge of the 
global causes and effects of climate change. Due to the ‘top-down’ nature of climate change knowledge, people will 
distrust any initiative that does not address their local priorities. It is thus essential that locally perceived climate 
problems and priorities are well understood before decision making and action planning takes place. Knowledge, 
capabilities and adaptive, participative governance make communities and societies more resilient and better able 
to cope with the uncertainties of future weather events and the impacts of climate change on sanitation (Oates et 
al., 2014). Adaptation approaches that are rooted in local knowledge and coping strategies, and in which 
communities are empowered to take their own decisions, are likely to be far more successful than top-down 
initiatives. In addition, communities have the right to participate in decisions that affect them (Warrick, 2009). 
Sanitation is a very sensitive matter and impacts on every individual. To be left out of the decision making process 
for something so close will spark protests and non-adoption, resulting in not adapting to climate change. 

Community based adaptation can be cost effective economically, socially and environmentally under almost all 
potential climate scenarios, including when the climate is favourable. Community-based adaptation programmes 
provide communities the opportunity to participate in identifying priorities, both local and regional, and in planning, 
implementing, monitoring, and reviewing adaptation, and to link up with the relevant decision-making institutions. 
The capacity of local organisations and local governments to enable effective participation in decision-making 
processes need to be strengthened. Flexibility is needed from government to integrate non‐governmental and 
community initiatives in its planning and to allow these initiatives to become common practices. The most effective 
conditions for adaptation to climate change are a combination of strong, effective government and representative 
community organisations working together.  

No more ‘about us without us’.  
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