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1. Background

1.1. Climate Change and Global WASH

Climate change is among the critical challenges of the twenty-first century.
An annual mean global temperature of 1.5 degrees centigrade (◦C) above the
pre-industrial global average is expected to be reached within a few decades; this
is likely to impact natural and human systems (Intergovermental Panel on Climate
Change IPCC). With the temperature increases, changes in the precipitation patterns
and frequent occurrences of extreme events, such as floods and landslides, start to
show (Baidya et al. 2008). These consequences pose a threat to various sectors with
a potential significant impact on water, sanitation, and hygiene (WASH). Globally,
the impact on water supply comprises damage to infrastructure, decreased water at
the source, and change in water quality. Similarly, the impact on sanitation includes
damage to sanitation infrastructures and loss of services from climate-induced
disasters, such as floods and landslides (Howard et al. 2016). Available studies in
different parts of the world have shown increases in microbial contamination with
the increase in extreme events (weather) (Hynds et al. 2012; Kistemann et al. 2002;
Jung et al. 2014). A study conducted in Norway concluded that climatic activities,
such as heavy rainfall, are likely to increase fecal microorganisms and potential
pathogens in water sources (Tryland et al. 2011).

1.2. Sustainable Development Goals—Emphasizing SDG 6 (SDG 6.1 and SDG 6.2)

With the realized need for sustainability and evident climate change, Sustainable
Development Goals (SDGs) have been implemented, which also include sustainability
goals concerning water and sanitation (SDG 6). SDG 6 focuses on the universal and
equitable access to safe and affordable drinking water, sanitation, and hygiene (SDG
6.1 and SDG 6.2) (UN Water 2018). Other targets in SDG 6 aim to improve water
quality (SDG 6.3), improve water-use efficiency (SDG 6.4), implement integrated
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water resources management (IWRM) (SDG 6.5), and restore water ecosystems (SDG
6.6) (UN Water 2018).

1.3. WASH and Climate Change in Developing Countries—Evidence from Nepal

The impact of climate change is realized on a global scale; its impact is prominent
in developing countries as it aggravates the effect of increasing population, poverty,
and rapid urbanization (Ludwig et al. 2007). The impact may be even worse among
the poor and vulnerable populations of developing countries due to their low or
lack of capacity to respond, or constraints in resources (McGuigan et al. 2002). It
could be due to these constraints that water and sanitation are low priorities in
developing countries. The low prioritized WASH is often accompanied by other
constraints, such as lack of financial resources, lack of accountability, corruption,
inefficient management, lack of enforcing water quality standards, and lack of proper
monitoring guidelines (Howard and Bartram 2010).

Nepal, a developing country ranked fourth in the world in terms of climate
change vulnerability (Maple Croft 2010), has a maximum temperature increase of
0.056 ◦C (Department of Hydrology and Meteorology DHM; Ahmad et al. 2019).
Likewise, a 1.8 ◦C increase in annual average temperature was reported in Nepal
between 1975 and 2006 (Dahal 2006; Karki 2004; Synnott 2012). This rate is higher
than the global average. Nearly 80% of precipitation occurs in the form of summer
monsoons from June to September (Department of Hydrology and Meteorology
DHM). Rainfall trend analyses from 1971 to 2014 show that pre-monsoon rainfall in the
High Himalayan areas has reduced by 0.74 mm per year (Department of Hydrology
and Meteorology DHM). The changing monsoon pattern and the decreasing rainfall
have also been widely evidenced in Nepal (Ahmad et al. 2019). The South Asian
monsoon-dependent water sources of Nepal (Nepal Climate Vulnerability Study
Team NCVTS) are consequently influenced by a range of effects, such as Glacier melt,
snowmelt, rain-fed downstream spring, and groundwater recharge.

Though climate change impacts in various sectors are identified and noticed by
the National Adaptation Plan of Action (NAPA) (Ministry of Environment MoE),
the impact of climate on WASH is still a low-priority concern. This is apparent from
the figures of the functionality and coverage of WASH. For instance, the national
coverage for water supply of 87% (Budhathoki 2019) seems relatively progressive in
terms of access; however, only 28.13% is functional (DWSSM 2019). Similarly, 97%
of the population have access to sanitation, but this does not necessarily include
improved sanitation facilities (Budhathoki 2019). The functionality and sustainability
of WASH facilities and services are often disrupted by various climate change impacts.
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In Nepal, which has completed the Millennium Development Goals (MDGs) and
is transitioning towards Sustainable Development Goals (SDGs), climate change is
expected to be a probable disruptive factor in attaining SDG 6 (National Planing
Commisions NPC). This chapter highlights the evident climate change impacts
in terms of WASH facilities and services in the context of the country’s transition
to SDGs.

2. Methodology

2.1. Search Criteria

The basis for this chapter was a review of both published articles and published
and unpublished gray literature. We reviewed the published data on water, sanitation,
hygiene, and climate change over the period of 1980 to 2020 covering global, national
and regional scales. Electronic databases—Google scholar and HINARI—were
searched using the keywords transition, drinking water, sanitation, hygiene, climate
change, temperature, precipitation, and Nepal. The searches for the published
data were confined to the literature with abstracts in English. The full text of the
relevant studies was reviewed, and all citations were imported into an electronic
database, Mendeley.

Published (hard copies) and unpublished documents, policy briefs, reports,
power-point presentations, web content, and primary data from Government of
Nepal (GoN) departments, such as the Department of Water Supply and Sewerage
Management, Sector Efficiency Improvement Unit, Ministry of Water Supply, and the
Department of Hydrology and Metrology were also considered for this study. Most
of the gray literature was in Nepali language, with some in English; the literature
relevant to the study objective was considered for review and, where possible, only
the relevant section of the gray literature was translated.

2.2. Inclusion and Exclusion Criteria

Documents were included if: (1) the study was conducted in Nepal; (2) the
sample size was more than 50 participants; (3) they were policy documents, sectoral
reports, development reports, or web-based information from authorized GoN
institutions; and (4) the study provided information on WASH and the climate
change scenario of Nepal with SDG 6. We excluded studies that primarily focused
on engineering aspects of WASH, and climate change-related studies that exclusively
focused on climatological parameters (e.g., glaciology).
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In this chapter, Nepal—a developing country—is presented as a case to signify
the scenario of WASH in terms of climate change. Nepal is a South Asian country
which is geographically and topographically diverse. With an annual maximum
temperature increase of 0.056 ◦C (Department of Hydrology and Meteorology DHM;
Ahmad et al. 2019), Nepal is among the most vulnerable countries in the world.
Climate change impacts on various sectors of Nepal are often reported (Ministry of
Environment MoE). Therefore, Nepal was among the most appropriate study areas
that can provide significant evidence on climate change in terms of WASH.

3. Results

3.1. Transition from MDGs to SDGs

Millennium Development Goals (MDGs) (2001–2015) for water and sanitation
aimed to halve the proportion of the world’s population without access to safe
drinking water and basic sanitation by the end of 2015. The MDG target for drinking
water was met by the world, while that for sanitation was not (United Nations
2015). Currently, learning from the past, the world is heading towards Sustainable
Development Goals (SDGs) that are often criticized to be ambitious (Sadoff et al. 2020).
Attaining SDG 6 in terms of water and sanitation has various challenges and hurdles.
UNDP has also identified climate change-related water stress and financial constraints
in poor and developing countries as one of the challenges in reaching SDG 6 goals
(UNDP 2020).

A comparative analysis of the target and progress of SDG 6, with the current
pace and evident challenges, shows that it will be challenging to meet SDG 6 by 2030
(Table 1) in Nepal. Starting from 2015, it aimed to provide 35% of the population
with safe drinking water, but it was only feasible to reach 25% of the population by
2019, which clearly shows that SDG 6, in terms of safe water supply, is lagging. A
similar figure is seen with the percentage of households with access to improved
sanitation. The progress target was missed in 2019; only 62% was achieved against
the target of 69.3% in terms of improved sanitation. The overall achievement is to be
obtained by the end of 2030; however, the gap between progress target and progress
achievement forces us to rethink probable challenges.
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Table 1. MDG and SDG targets vs. progress for water and sanitation in Nepal.

MDG 7 c SDG 6

Target
2015

Baseline
2015

Target
2019

Progress
2019

Target
2030

Target 6.1 By 2030, achieve universal and equitable access to safe and affordable
drinking water for all

1 Population using safe
drinking water (%) 15 35 25 90

2
Household with access
to piped water supply

(%)
49.5 60.3 49.6 90

3 Basis water supply
coverage (%) 73 87 90.2 88 99

Target 6.2 By 2030, achieve access to adequate and equitable sanitation and hygiene
for all

1

Households using
improved sanitation

facilities which are not
shared (%)

60 69.3 62 95

2
The proportion of
population using

latrines (%)
67.6 75.7 85 98

3 Sanitation coverage (%) 80 82 86.5 99 99

Source: Data from (National Planning Commission 2020).

3.2. CC and WASH: Impact on Water

The world has faced climate change-related water-induced issues, either in
the form of water scarcity or water-induced disasters (Abbaspour et al. 2012). The
drying up of water sources due to temperature increases (Abbaspour et al. 2012);
water-induced disasters, such as flood and landslides, due to alterations in
precipitation patterns and intensities (Ávila et al. 2016); and water contamination
due to climate-induced disasters (Kohlitz et al. 2020) are among the water-related
climate change impacts.

Impacts of the changing climate on water availability and quality are profound
in South Asian countries. In Nepal, increasing temperature due to climate change
has caused glaciers to melt rapidly, causing more critical floods in the lowlands of
the Terai, along with slow-onset disasters, such as heat and cold waves (Ministry
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of Environment MoE; International Centre for Integrated Mountain Development
ICIMOD; Kaji et al. 2020). Each year, floods disrupt water supplies, sanitation facilities,
and people’s hygiene practices, exposing thousands of families to significant health
risks in the Terai region. Furthermore, most water points, including boreholes and
pumps, are either washed away or submerged due to floods in the affected districts,
and water sources are contaminated (Suman Chapagain 2017).

While the low land is facing problems caused by climate-induced disasters,
the mountains are facing the problem of reduced water flow in natural springs and
sources (Poudel and Duex 2017; Adhikari et al. 2020). A study conducted in the
mid-hill region of the mountains showed that 73.2% of the springs used as water
sources now have a decreased flow and 12.2% have dried up over the past 10 or
more years (Poudel and Duex 2017). With the decrease in water at the source,
microbial contamination is increasing with increasing temperature. Evidence has
shown a significant correlation between climate change and water-borne diarrheal
diseases (Bhandari et al. 2020), which is the result of microbial contamination caused
by reduced water quantity at the source.

3.3. CC and WASH: Impact on Sanitation System and Hygiene

Climate change has an impact on sanitation in two ways: (1) reduced
functionality and increased environmental contamination due to climate-induced
disasters, and (2) interruption in the operation and maintenance of sanitation
facilities due to water scarcity caused by increasing temperature (Sherpa et al. 2014;
Howard et al. 2016). A recent flood in the Gaur Municipality of Nepal in 2017
impacted sanitation significantly; an ODF campaign was also interrupted by the
flood. The number of households (HHs) without toilets increased to 14.99% from 9.2%
due to the damaged infrastructure and sanitation facilities (Suman Chapagain 2017).

In addition to the impact of climate change on sanitation facilities and services,
it should be emphasized that sanitation is a source of Green House Gases (GHGs)
emissions. On one hand, several efforts, such as the climate-resilient sanitation safety
plan (CR-SSP) are currently being tested to reduce the impact of climate change
on sanitation in the country. On the other hand, sanitation is causing greenhouse
gas emissions, despite the rapid development and investment to achieve SDG 6
(Intergovermental Panel on Climate Change IPCC). The IPCC stated that greenhouse
gas emissions from onsite sanitation remain largely unquantified and, therefore, we
need to conduct a robust study on this so that the trade-off can be carried out more
systematically (Bates et al. 2008; Bogner et al. 2007).
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3.4. CC and WASH: Impact on Public Health

Climate change factors, such as rising temperature, fluctuating precipitation,
and climate-induced natural disasters, are found to be the main causes of prevailing
impacts, which ultimately lead to various public health issues (Figure 1). Water-borne,
water-washed, and vector-borne diseases are major issues of public health. The rising
temperature certainly makes a favorable environment for disease-causing vectors
(Oxfam 2009). Disasters and natural calamities are not to be mistaken for population
casualties, but the after effect of those calamities is always the bigger threat and
challenge—where again the aforementioned diseases are the major killers.

6 

Along with casualties, such as life, properties, and livelihood, climate-induced 
disasters, such as floods and landslides, have a major impact on WASH 
infrastructures, such as water supply pipes, intakes, reservoirs, and sanitation 
facilities (Oxfam 2008; Ahmad et al. 2019). As a result, the functionality of the WASH 
infrastructures is ultimately reduced, leading to compromised public health (Figure 
1). In addition to public health, there are various other sectors, such as agriculture, 
livelihood, and economy that will be severely affected by the impact of climate 
change on WASH. As it is specific to Nepal, the effect of this could be more 
devastating, as revealed in a study (Baral and Chetrri 2014); the study concluded 
that local and district level stakeholders have very a limited awareness of issues 
related to climate change. However, there is no doubt that the impact climate change 
on WASH will directly or indirectly impact overall sustainability goals. 

 
Figure 1. Cause and effect relationships of climate change effects on public health. Source: 
Figure by authors. 

  

Figure 1. Cause and effect relationships of climate change effects on public health.
Source: Figure by authors.
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Along with casualties, such as life, properties, and livelihood, climate-induced
disasters, such as floods and landslides, have a major impact on WASH infrastructures,
such as water supply pipes, intakes, reservoirs, and sanitation facilities (Oxfam 2008;
Ahmad et al. 2019). As a result, the functionality of the WASH infrastructures is
ultimately reduced, leading to compromised public health (Figure 1). In addition
to public health, there are various other sectors, such as agriculture, livelihood, and
economy that will be severely affected by the impact of climate change on WASH.
As it is specific to Nepal, the effect of this could be more devastating, as revealed
in a study (Baral and Chhetri 2014); the study concluded that local and district
level stakeholders have very a limited awareness of issues related to climate change.
However, there is no doubt that the impact climate change on WASH will directly or
indirectly impact overall sustainability goals.

3.5. Adaptation Practices to Reduce the Impact of CC on WASH and Public Health

Globally, the Paris Agreement at Conference of parties (COP) 21 in 2016 provides
a strong legal provision to strengthen the adaptation to global climate change. The
agreement brings all nations together for a common cause to undertake ambitious
efforts to combat climate change and adapt to its effects, with enhanced support to
assist developing countries in these efforts (Falkner 2016). The agreement provisions
for financial, technical, and capacity-building support to the countries with a focus on
developing countries to adapt to climate change (Garrett and Moarif 2018). Despite
such provisions to the parties to UNFCC, in Nepal, WASH interventions have
neglected climate change impacts and adaptation measures.

In Nepal, several efforts are required to adapt to the climate change impact on
WASH. In countries such as Nepal, almost all WASH interventions have not considered
climate and focused only on coverage; only in very few cases climate-resilient WASH
is evident. A recent approach that seemed promising for reducing climate change’s
impact on WASH is the Water Safety Plan (WSP). WSPs are a comprehensive
risk assessment and management approach, considered to be the effective means
of consistently ensuring the safety of drinking water supply from catchment to
consumer (World Health Organization WHO). An effective WSP will consider
and prioritize all risks holistically as part of an overall system risk assessment
(i.e., both climate- and non-climate related risks). It also locally addresses capacity
building at the local level (Baidya et al. 2017). The Department of Water Supply
and Sewerage Management (DWSSM) initiated the implementation of WSPs in
all districts in 2008. Even after its implementation in almost 2000 water supply
schemes, the sustainable implementation of WSP itself is affected by the factors
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such as the depletion of sources, increased disasters, and decreased water quality.
Therefore, with the same principle as that of WSP, Climate Resilient WSP (CR-WSP)
was initiated with considerations for climate change in 2018 (MWSS 2017) under
DFID/WHO-supported projects on building adaptation to climate change in health
in LDCs via resilient WASH. DWSSM developed a comprehensive training package
on CR-WSP and developed corresponding CR-WSP implementation guidelines to
support the process in both urban and rural settings (MWSS 2017). Though most
of the steps in WSP and CR-WSP are the same, CR-WSP has incorporated climate
change issues in every step of the plan. For instance, for the formation of the WSP
team, a member should be a person with knowledge of climate change. CR-WSP also
gives priority to the documentation, monitoring, and verification of specific impacts
to the system by climate change (MWSS 2017). The Sanitation Safety Plan (SSP) is
another approach that has recently completed its piloting activities in Nepal. The
effectiveness of this plan to combat the climate change impact is yet to be examined.
Apart from CR-WSP and SSP, other local-level adaptation strategies to adapt to
prevailing water stresses are water harvesting (small scale structures), harvesting of
rainwater, artificial groundwater recharge, conservation ponds, irrigation channels,
and drip water irrigation (Kumar Jha 2011; Adhikari 2018). A potential study of rain
harvesting in the Arghakhachi district of Nepal concluded that proper rainwater
harvesting technology can compensate for immediate water uses, such as domestic
use, irrigation, and even recharge groundwater, and contribute to springs (Water
Supply & Sanitation Division Office WSSDO).

Though the existing local adaptation practices and indigenous practices are
currently being implemented at the local level, evidence has shown that they are not
hazard resilient (Karki et al. 2017) either due to resource choices or low economical
capacity, which need to be prioritized to build a resilient WASH system.

4. Discussion

Despite several efforts by various countries, progress to date is not satisfactory in
terms of SDG 6 (Sadoff et al. 2020). In 2018, a UN report reviewing progress towards
SDG 6 found that the world is not on track (Ortigara et al. 2018). Transitioning from
the MDGs’ focus on water supply and sanitation to the much bigger framework of
‘sustainable water and sanitation for all’ of the SDGs poses numerous challenges.
These challenges include geographical barriers, inequality, climate change, lack of
interorganizational coordination, and proper monitoring approaches (Sadoff et al.
2020; National Planning Commission 2020).
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In mountainous countries such as Nepal, the geographical barrier may hinder
the commitment to the universal accessibility to water and sanitation for installing
and managing WASH infrastructures (Sarwar and Mason 2017; National Planning
Commission 2020). It will be difficult to extend water supplies to more hilly and
mountainous regions in comparison to the Terai region of the country (Sarwar and
Mason 2017). Providing equitable access to water and sanitation is among the aims
of SDG 6.1, which is again challenging in Nepal. Identification of the vulnerable
population is only based on data from the central bureau of statistics; the bureau,
however, does not provide disaggregated data. Unless the upcoming census, i.e., 2021,
is strengthened and more detailed, “reaching the unreached” for access to water and
sanitation is impossible; it will deviate the country from SDG 6 achievements. With
the existing geographical and equitable challenges, the lack of coordination among
WASH sector actors could be another factor to delay SDG 6 progress. However,
another factor relates to the lack of awareness of parallel initiatives in the WASH
sectors (National Planning Commission 2020). The country has many overlapping
concerned departments; NGOs/INGOs; and many local-level committees, such as
the Water and Sanitation User Committee’s (WSUC) working development of the
WASH sector. It is a must that different actors, for instance, DWSSM, Department of
Health Services (DoHS), and Department of Hydrology and Meteorology (DHM),
coordinate and work together. This coordination can enable an integrated approach
to meeting the sustainable water and sanitation goals.

Attaining ambitious SDGs can be critical as countries such as Nepal are in political
transition: from the monarchy to federal democratic republic. Federalism may have
created a dilemma in this transitional period where there is limited capacity and
know how in the newly formed local system. The new system could have been
an opportunity to address needs and new requirements, but the recent devastating
earthquake, unstable politics, and now COVID-19 have seriously weakened the
local government’s status. Poor accessibility to water and sanitation facilities and
hygiene practices, further compounded by the lack of proper protective gear for
different frontline workers, has made Nepal a high-risk country in terms of the spread
of the virus. In a country such as Nepal where 52% of people do not have hand
washing facilities with soap and water at home, the COVID-19 crisis highlights WASH
challenges, such as increased water demand for hand washing (Wateraid 2020).

Regarding all the problems and challenges, evidence from various findings
and research have come to a common consensus that climate change will cause a
disturbance in attaining SDG 6. Climate change has been recognized by Nepal in
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recent years; however, the government has very few plans and policies that actually
consider climate change during the implementation of development activities.

Though the GoN has surpassed the MDG related to improved access to water
and sanitation, huge disparities prevail among the regions, districts, villages, and
communities reached. Only basic water supply and sanitation facility coverage
increased, with no clear emphasis on the quality and resilience. Limited efforts have
been made to address water quality issues. In a context where water supply and
sanitation are poor, compromised drinking water quality poses multiple risks of
morbidity. In such conditions, the synergetic effect of climate change immediately
impacts WASH and public health with a range of effects, such as water- and
vector-borne diseases, climate-induced disasters, the aftermath of disasters, and
infrastructural damage. The emerging climate scenario is often linked to demands for
climate-resilient infrastructures and interventions (Baidya et al. 2017). This overall
scenario highlights the need and importance of climate-resilient WASH development.

5. Conclusions

SDG 6 appears ambitious, especially for developing countries such as Nepal
where climate change is the biggest challenge; it can undermine the overall
development goals of water and sanitation (SDG 6.1 and SDG 6.2). The timely
realization and incorporation of climate-resilient WASH development with the
proper coordination of different actors working on WASH can help to reduce the
impact on WASH, and thereby make the transition to SDG 6 an achievement.

Author Contributions: S.S. and S.R.P. envisioned the concept of this chapter; access to the
grey literature was facilitated by R.R.P.S.; M.B. designed the chapter and worked with P.P. to
develop the initial draft, which was then reviewed and finalized by all of the aforementioned
authors. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to acknowledge the World Health Organization
(WHO), Country Office for Nepal, Department of Water Supply, and Sewerage Management
for their technical support in developing this chapter. We also extend gratitude to Khagendra
Acharya, assistant professor in English at Kathmandu University, for English language editing.

Conflicts of Interest: The authors’ views expressed in this publication are personal and do
not necessarily reflect the views and policies of the organizations they represent. The authors
declare no conflict of interest.

39



References

Abbaspour, Madjid, Amir H. Javid, S. Ahmad Mirbagheri, F. Ahmadi Givi, and Parisa Moghimi.
2012. Investigation of lake drying attributed to climate change. International Journal of
Environmental Science and Technology Volume 9: 257–66. [CrossRef]

Adhikari, Shankar. 2018. Drought Impact and Adaptation Strategies in the Mid-Hill Farming
System of Western Nepal. Environments 5: 101. [CrossRef]

Adhikari, Sanot, Anup Gurung, Raju Chauhan, and Deepak Rijal. 2020. Uncorrected Proof
Status of Springs in Mountain Watershed of Western Nepal Uncorrected Proof. Water
Policy. [CrossRef]

Ahmad, Tameez, Arinita M. Shrestha, Sunil Kumar Das, Kiran Darnal, Ramesh Neupane, Raja
Ram Pote Shrestha, Bipin Dangol, Rajendra Shakya, and Deepak Poudel. 2019. Impact
of Climate Change on WASH Services: A Case from Nepal Impact of Climate. Paper
presented at 41st WEDC International Conference, Egerton University, Nakuru, Kenya,
July 9–13.

Ávila, Alvaro, Flavio Justino, Aaron Wilson, David Bromwich, and Marcelo Amorim.
2016. Recent Precipitation Trends, Flash Floods and Landslides in Southern Brazil.
Environmental Research Letters 11. [CrossRef]

Baidya, Saraju K., Madan Lal Shrestha, and Muhammad Munir Sheikh. 2008. Trends in Daily
Climatic Extremes of Temperature and Precipitation in Nepal. Journal of Hydrology and
Meteorology 5: 38–51. Available online: http://soham.org.np/wp-content/uploads/2008/03/

v5-38-51.pdf (accessed on 17 June 2020).
Baidya, Manish, Subodh Sharma, Rachhya Kayastha, and Prativa Poudel. 2017. Climate

Resilience and Water, Sanitation and Hygiene (WASH) Interventions in Nepal.
International Journal of Environment Science 6: 14–22.

Baral, Pramod, and Raju Pandit Chhetri. 2014. Finding the Money: A Stock Taking of Climate
Change Adaptation Finance and Governance in Nepal. Lalitpur: Oxfam, pp. 1–36.

Bates, Bryson, Zbigniew Kundzewicz, and Shaohong Wu. 2008. Climate Change and Water.
Technical Paper of the Intergovernmental Panel on Climate Change. Geneva: IPCC Secretariat,
vol. 168.

Bhandari, Dinesh, Peng Bi, Jeevan Bahadur Sherchand, Meghnath Dhimal, and
Scott Hanson-Easey. 2020. Assessing the Effect of Climate Factors on Childhood
Diarrhoea Burden in Kathmandu, Nepal. International Journal of Hygiene and Environmental
Health 223: 199–206. [CrossRef]

Bogner, Jean, Mohmmed Abderlrafie Ahmed, Cristobal Diaz, A. P. C. Faaij, Qingxian Gao,
Seiji Hashimoto, Katarina Mareckova, Riitta Pipatti, and Tianzhu Zhang. 2007. Waste
Management. In Climate Change 2007: Mitigation. Contribution of Working Group III to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge:
Cambridge University Press.

40

http://doi.org/10.1007/s13762-012-0031-0
http://doi.org/10.3390/environments5090101
http://doi.org/10.2166/wp.2020.187
http://doi.org/10.1088/1748-9326/11/11/114029
http://soham.org.np/wp-content/uploads/2008/03/v5-38-51.pdf
http://soham.org.np/wp-content/uploads/2008/03/v5-38-51.pdf
http://doi.org/10.1016/j.ijheh.2019.09.002


Budhathoki, Chitra Bahadur. 2019. Water Supply, Sanitation and Hygiene Situation in Nepal:
A Review. Journal of Health Promotion 7: 65–76. [CrossRef]

Dahal, Ngamindra. 2006. Implications of Climate Change on Biodiversity in Nepal: Some
Observations and Opportunities. Paper presented at 23rd Warden Seminar, Pokhara,
Nepal, November 7.

Department of Hydrology and Meteorology (DHM). 2015. Draft Report-Study of Climate
and Climatic Variation over Nepal; Kathmandu: Ministry of Science, Technology and
Environment, Government of Nepal, pp. 1–41. Available online: http://www.dhm.gov.
np/uploads/climatic/47171194ClimateandClimaticvariabilityofNepal-2015.pdf (accessed
on 16 June 2020).

Department of Hydrology and Meteorology (DHM). 2017. Observed Climate Trend Analysis
in the Districts and Physiographic Zones of Nepal. GoN, 1-101. Kathmandu: Ministry of
Population and Environment.

DWSSM. 2019. Report on Drinking Water and Sanitation Status-2075 B.S. Kathmandu:
Government of Nepal.

Falkner, Robert. 2016. The Paris Agreement and the New Logic of International Climate
Politics. International Affairs 92: 1107–25. [CrossRef]

Garrett, Justine, and Sara Moarif. 2018. Reporting on Capacity-Building and Technology
Support under the Paris Agreement: Issues and Options for Guidance 2018. Available
online: http://www.oecd.org/environment/cc/Reporting_on_capacity-building_and_
technology_support.pdf (accessed on 26 June 2021).

Howard, Guy, and Jamie Bartram. 2010. WHO|Vision 2030: The Resilience of Water Supply
and Sanitation in the Face of Climate Change. Available online: http://www.who.int/
water_sanitation_health/publications/9789241598422/en/ (accessed on 17 June 2021).

Howard, Guy, Roger Calow, Alan Macdonald, and Jamie Bartram. 2016. Climate Change and
Water and Sanitation: Likely Impacts and Emerging Trends for Action. Annual Review of
Environment and Resources 41: 253–76. [CrossRef]

Hynds, Paul D., Bruce D. Misstear, and Laurence W. Gill. 2012. Development of a Microbial
Contamination Susceptibility Model for Private Domestic Groundwater Sources. Water
Resources Research 48: 1–13. [CrossRef]

International Centre for Integrated Mountain Development (ICIMOD). 2013. Flooding and
Inundation in Nepal Terai: Issues and Concerns. Hydro Nepal 12: 59–65. [CrossRef]

Intergovermental Panel on Climate Change (IPCC). 2018. Global Warming of 1.5 ◦C. An IPCC
Special Report on the Impacts of Global Warming of 1.5 ◦C above Pre-Industrial Levels and
Related Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global
Response to the Threat of Climate Change, Sustainable Development, and Efforts to Eradicate
Poverty. Geneva: IPCC Press.

Jung, Aude Valérie, Pierre Le Cann, Benoit Roig, Olivier Thomas, Estelle Baurès, and Marie
Florence Thomas. 2014. Microbial Contamination Detection in Water Resources: Interest

41

http://doi.org/10.3126/jhp.v7i0.25513
http://www.dhm.gov.np/uploads/climatic/47171194Climate and Climatic variability of Nepal-2015.pdf
http://www.dhm.gov.np/uploads/climatic/47171194Climate and Climatic variability of Nepal-2015.pdf
http://doi.org/10.1111/1468-2346.12708
http://www.oecd.org/environment/cc/Reporting_on_capacity-building_and_technology_support.pdf
http://www.oecd.org/environment/cc/Reporting_on_capacity-building_and_technology_support.pdf
http://www.who.int/water_sanitation_health/publications/9789241598422/en/
http://www.who.int/water_sanitation_health/publications/9789241598422/en/
http://doi.org/10.1146/annurev-environ-110615-085856
http://doi.org/10.1029/2012WR012492
http://doi.org/10.3126/hn.v12i0.9034


of Current Optical Methods, Trends and Needs in the Context of Climate Change.
International Journal of Environmental Research and Public Health 11: 4292–310. [CrossRef]
[PubMed]

Kaji, Nanda, Douglas Paton, Jonatan A. Lassa, and Kerstin K. Zander. 2020. Assessing Farmers’
Preparedness to Cope with the Impacts of Multiple Climate Change-Related Hazards in
the Terai Lowlands of Nepal. International Journal of Disaster Risk Reduction 49: 101656.
[CrossRef]

Karki, Madhav. 2004. Nepal’s Experience in Climate Change. Paper presented at 14th Asia
Pacific Seminar on Climate Change, Sydney, Australia, September 21–24.

Karki, Madhav, Prabha Pokhrel, and Jay Ram Adhikari. 2017. A 10 Climate change integrating
indigenous and local knowledge into adaptation policies and practices a castudy from
Nepal. In Shifting Cultivation Policies: Balancing Environmental and Social Sustainability.
Edited by Malcolm Cairns. Wallingford: CABI.

Kistemann, Thomas, Thomas Claßen, Christoph Koch, Frederike Dangendorf, Regine Fischeder,
Juergen Gebel, V. Vacata, and Martin Exner. 2002. Microbial Load of Drinking Water
Reservoir Tributaries during Extreme Rainfall and Runoff. Applied and Environmental
Microbiology 68: 2188–97. [CrossRef] [PubMed]

Kohlitz, Jeremy, Joanne Chong, and Juliet Willetts. 2020. Rural Drinking Water Safety under
Climate Change: The Importance of Addressing Physical, Social, and Environmental
Dimensions. Resources 9: 77. [CrossRef]

Kumar Jha, Prakash. 2011. Climate Change: Impact, Adaptation and Vulnerability in the
Water Supply of Kathmandu Valley. WIT Transactions on Ecology and the Environment 155:
563–74. [CrossRef]

Ludwig, Fulco, Catharien Terwisscha van Scheltinga, Jan Verhagen, Bart Kruijt, Ekko van
Ierland, Rob Dellink, Karianne de Bruin, Kelly de Bruin, and Pavel Kabat. 2007. Climate
Change Impact on Developing Countries-EU Accountibility (No. PE 393.511). Brussels:
European Parliament.

Maple Croft. 2010. Climate Change Risk Report 2009/10. Available online: http://maplecroft.
com/about/news/ccvi.html (accessed on 18 April 2021).

McGuigan, Claire, Rebecca Reynolds, and Daniel Wiedmer. 2002. Poverty and Climate Change:
Assessing Impacts in Developing Countries and the Initiatives of the International Community.
London: London School of Economics Consultancy Project for the Overseas Development
Institute, pp. 1–40.

Ministry of Environment (MoE). 2010. Reprot on Climate Change Vulnerability Mapping for Nepal
National Adaptation Programme of Action (NAPA) to Climate Change National Adaptation
Programme of Action (NAPA); Kathmandu: Government of Nepal.

MWSS. 2017. Climate Resilient Water Safety Plans Guideline Climate Resilient Water Safety
Plans Guideline: Rural Water Supply System Rural Water Supply System. October 2017.

42

http://doi.org/10.3390/ijerph110404292
http://www.ncbi.nlm.nih.gov/pubmed/24747537
http://doi.org/10.1016/j.ijdrr.2020.101656
http://doi.org/10.1128/AEM.68.5.2188-2197.2002
http://www.ncbi.nlm.nih.gov/pubmed/11976088
http://doi.org/10.3390/resources9060077
http://doi.org/10.2495/SC120471
http://maplecroft.com/about/news/ccvi.html
http://maplecroft.com/about/news/ccvi.html


Available online: https://www.who.int/globalchange/resources/wash-toolkit/rural-water-
supply-system.pdf (accessed on 15 June 2020).

National Planning Commission, Government of Nepal. 2020. National Review of Sustainable
Development Goals. Report, 104. Available online: https://sustainabledevelopment.un.
org/content/documents/26541VNR_2020_Nepal_Report.pdf (accessed on 15 June 2020).

Nepal Climate Vulnerability Study Team (NCVTS). 2009. Through the Eyes of the Vulnerability
Climate Change Induced Uncertainties and Nepal’s Development Prediacaments. Colorado:
Institute for Social and Environmental Transition-Nepal (ISET-N).

National Planing Commisions (NPC). 2017. Nepal’s Sustainable Development Goals Baseline
Report. Kathmandu: National Planning Commission.

Ortigara, Angela Renata Cordeiro, Melvyn Kay, and Stefan Uhlenbrook. 2018. A Review of
the SDG 6 Synthesis Report 2018 from an Education, Training, and Research Perspective.
Water 10: 1353. [CrossRef]

Oxfam. 2008. Evaluation Report-Evaluation of River Basin Programme in Nepal Commissioned.
Nairobi: Oxfam GB.

Oxfam. 2009. Even the Himalayas Have Stopped Smiling: Climate Change, Poverty
and Adaptaion in Nepal. Available online: https://www.oxfam.org/en/research/

even-himalayas-have-stopped-smiling-climate-change-poverty-and-adaptation-nepal
(accessed on 28 July 2020).

Poudel, Durga D., and Timothy W. Duex. 2017. Vanishing Springs in Nepalese Mountains:
Assessment of Water Sources, Farmers’ Perceptions, and Climate Change Adaptation.
Mountain Research and Development 37: 35. [CrossRef]

Sadoff, Claudia W., Edoardo Borgomeo, and Stefan Uhlenbrook. 2020. Rethinking Water for
SDG 6. Nature Sustainability 3: 346–47. [CrossRef]

Sarwar, Moizza Binat, and Nathaniel Mason. 2017. How to Reduce Inequalities in Access to WASH
Rural Water and Sanitation in Cambodia-Urban Sanitation in Cambodia. London: Oversees
Development Institute, Available online: https://cdn.odi.org/media/documents/11607.pdf
(accessed on 5 July 2020).

Sherpa, Anjali Manandhar, Thammarat Koottatep, Christian Zurbrügg, and Guéladio Cissé.
2014. Vulnerability and Adaptability of Sanitation Systems to Climate Change. Journal of
Water and Climate Change 5: 487–95. [CrossRef]

Suman Chapagain. 2017. Nepal Terai Flood of 2017: A Case Study of Gaur Municipality, Rautahat.
pp. 1–18. Available online: https://www.researchgate.net/publication/330221889_Nepal_
Terai_Flood_of_2017_A_Case_Study_of_Gaur_Municipality_Rautahat (accessed on 5
June 2020). [CrossRef]

Synnott, Patricia. 2012. Draft report-Climate Change, Agriculture, & Food Security in Nepal.
Nepal. 1–53. Available online: https://reliefweb.int/sites/reliefweb.int/files/resources/
climate_change_agriculture_and_food_security_in_nepal.pdf (accessed on 22 June 2012).

43

https://www.who.int/globalchange/resources/wash-toolkit/rural-water-supply-system.pdf
https://www.who.int/globalchange/resources/wash-toolkit/rural-water-supply-system.pdf
https://sustainabledevelopment.un.org/content/documents/26541VNR_2020_Nepal_Report.pdf
https://sustainabledevelopment.un.org/content/documents/26541VNR_2020_Nepal_Report.pdf
http://doi.org/10.3390/w10101353
https://www.oxfam.org/en/research/even-himalayas-have-stopped-smiling-climate-change-poverty-and-adaptation-nepal
https://www.oxfam.org/en/research/even-himalayas-have-stopped-smiling-climate-change-poverty-and-adaptation-nepal
http://doi.org/10.1659/MRD-JOURNAL-D-16-00039.1
http://doi.org/10.1038/s41893-020-0530-9
https://cdn.odi.org/media/documents/11607.pdf
http://doi.org/10.2166/wcc.2014.003
https://www.researchgate.net/publication/330221889_Nepal_Terai_Flood_of_2017_A_Case_Study_of_Gaur_Municipality_Rautahat
https://www.researchgate.net/publication/330221889_Nepal_Terai_Flood_of_2017_A_Case_Study_of_Gaur_Municipality_Rautahat
http://doi.org/10.13140/RG.2.2.12370.40649
https://reliefweb.int/sites/reliefweb.int/files/resources/climate_change_agriculture_and_food_security_in_nepal.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/climate_change_agriculture_and_food_security_in_nepal.pdf


Tryland, Ingun, Lucy Robertson, Anne-Grete B. Blankenberg, Markus Lindholm,
Thomas Rohrlack, and Helge Liltved. 2011. Impact of Rainfall on Microbial
Contamination of Surface Water. International Journal of Climate Change Strategies and
Management 3: 361–73. [CrossRef]

UN Water. 2018. SDG 6 Synthesis Report 2018 on Water and Sanitation. New York: United
Nations, p. 10017. [CrossRef]

UNDP. 2020. Ensure Availability and Sustainable Management of Water and Sanitation for
All. Available online: https://unstats.un.org/sdgs/report/2017/goal-06/ (accessed on 30
December 2020).

United Nations. 2015. The Millennium Development Goals Report. New York: United Nations,
p. 72. ISBN 978-92-1-101320-7.

Wateraid. 2020. COVID-19 and Hygiene in Nepal. Available online: https://www.wateraid.
org/global-covid-19-response/nepal (accessed on 30 June 2020).

World Health Organization (WHO). 2017. Guidelines for Drinking-water Quality. In
Incorporating the First Addendum, 4th ed. Geneva: WHO.

Water Supply & Sanitation Division Office (WSSDO). 2016. Final Report: Study of Potentiality
of Rainwater Harvesting System as a Climate Change Adaptation Option in Arghamaidan,
Arghakhanchi District. Argakhachi: Government of Nepal, pp. 1–24. Available
online: https://www.who.int/globalchange/resources/wash-toolkit/raiwater-harvesting-
system-as-a-climate-change-adaptation-option.pdf (accessed on 15 July 2020).

© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open
access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

44

http://doi.org/10.1108/17568691111175650
http://doi.org/10.18356/e8fc060b-en
https://unstats.un.org/sdgs/report/2017/goal-06/
https://www.wateraid.org/global-covid-19-response/nepal
https://www.wateraid.org/global-covid-19-response/nepal
https://www.who.int/globalchange/resources/wash-toolkit/raiwater-harvesting-system-as-a-climate-change-adaptation-option.pdf
https://www.who.int/globalchange/resources/wash-toolkit/raiwater-harvesting-system-as-a-climate-change-adaptation-option.pdf
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Background 
	Climate Change and Global WASH 
	Sustainable Development Goals—Emphasizing SDG 6 (SDG 6.1 and SDG 6.2) 
	WASH and Climate Change in Developing Countries—Evidence from Nepal 

	Methodology 
	Search Criteria 
	Inclusion and Exclusion Criteria 

	Results 
	Transition from MDGs to SDGs 
	CC and WASH: Impact on Water 
	CC and WASH: Impact on Sanitation System and Hygiene 
	CC and WASH: Impact on Public Health 
	Adaptation Practices to Reduce the Impact of CC on WASH and Public Health 

	Discussion 
	Conclusions 
	References

