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Achieving water security is one of the major challenges faced by society on
both a global and local level, as it is essential to promote economic and social
development as well as resources sustainability. Recent global agreements such as
the Sustainable Development Goals, the Paris Agreement on Climate Change and
the Sendai Framework for Disaster Risk Reduction relate substantially to questions
of water security.
The necessity of a platform for academics and practitioners from various sectors
to discuss the diverse facets of water security in dynamic environments and its
relation to climate variability and change was highlighted during the WSCC 2016
conference at the Asian Institute of Technology in Bangkok, which forms the
rationale behind the WSCC 2017.
WSCC 2017 aims to build bridges between disciplines, sectors and different
groups of stakeholders. The conference will serve as a platform for discussions
towards water secure societies by providing a stimulating environment with the
intention of yielding innovative ideas and grounds for implementation. WSCC
aspires to offer abundant opportunities for exchange. The thematic sessions,
organized by experts of prominent organizations in the relevant fields, form the
main component of the conference. The sessions are designed to approach new
dimensions and perspectives in the current discourse on water security. In addition,
podium discussion and dialogue fora serve as interactive, interdisciplinary and
transdisciplinary spaces, where the scientific community will be linked with policy,
industry and society.
The organizers of WSCC 2017 would like to express their thanks to the
organizations and individuals involved and their preparation and dedication to
coordinate successful conference sessions. Furthermore, we would like to thank all
reviewers for their support in selecting the presentations and thus contributing to
preparing the agenda. Special thanks also to the local team in Cologne, and to the
German Academic Exchange Service (DAAD) and TH Köln, without whose support
and financial resources, the collaboration of so many scientists, researchers and
experts from around the world would not have been possible.
This document comprises the abstracts of presentations by plenary and
thematic keynote speakers as well as the oral and poster presentations by the
delegates of the conference and provides a balanced collection of contributions to
the current discourse on water security, taking into account the impact of climate
change. The thematic scope is aligned to contribute to the achievement of the
Sustainable Development Goals with special attention but not limited to goal 6:
Ensure availability and sustainable management of water and sanitation and goal
13: Take urgent action to combat climate change and its impacts. We hope that
the conference will be a source of inspiration for all those concerned with water
security and climate change – scientists, researchers and policymakers.
The WSCC organization team hopes you enjoy the conference and that you will
be part of an interactive discourse!
— Lars Ribbe, Andreas Haarstrick, Sudeh Dehnavi, Sven Tönsjost
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Plenary Keynote

Water Resources Security: From Key to Priority
Pokorski Da Cunha, Ulrike
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ), Germany
contac t ulrike.pokorski@giz.de

Not only the water community is well aware that water is necessary for the survival
of mankind and ecosystems and a prerequisite for economic development.
According to the World Bank, in some regions growth could decline by 6% by
2050 due to water related economic losses, for instance in the thirsty agriculture
and health sectors. The impacts of climate change, but also of population growth
and land use change increase the pressure on water resources security.
While the crucial role of water resources security for sustainable development
is obvious, development cooperation often depends on the political agenda.
Development policies get realigned according to changing priorities such as
conflict and refugee movements or food security. The water sector needs to find
and strengthen its place for each of these overarching priorities.
Since the early 2000s, the term of Water Security has become more and more
popular. The concept has been defined in several occasions, but most definitions
have in common, that Water Security describes a situation in which water is
available for human needs, socio economic development and ecosystems while at
the same time water related risks are reduced.
The concept is a great opportunity for strengthening the recognition of water
resources as a prerequisite for any form of development. In this context, GIZ has
just developed its Water Resources Security Framework, highlighting the role of
water activities for overarching issues like economic development, political stability
and climate resilience. The concept can help us to jointly highlight and mainstream
the need for water expertise for development and make water not only crucial for
achieving priorities, but a priority itself.
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Ulrike Pokorski da Cunha is Head of Sustainable Water Policy since 2012 and
Program Director of Sanitation for Millions since 2016 at the German Development
Cooperation (Deutsche Gesellschaft für Internationale Zusammenarbeit – GIZ).
Before, she has served in senior advisory roles in several projects in the areas of
water sector reform, private sector development, energy access, and infrastructure,
worldwide. Most recently, she has been working on the water, energy and food
security nexus as well as developing cross-sectoral knowledge networks among
policy makers and practitioners. She joined GIZ in 2003, after working as a
management consultant in Germany and Latin America. She holds a PhD in
chemistry.
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Plenary Keynote

Sharing Our Water: Water Security, Climate
Change, the Sustainable Development Goals and
the Science-Policy Interface
Gupta, Joyeeta
University of Amsterdam; UNESCO-IHE Institute for Water Education, Delft, The Netherlands
contac t j.gupta@uva.nl

This presentation addresses the question: How can the science-policy interface
in relation to water governance be improved? It discusses three substantive
issues: (a) the challenge in framing water issues in terms of water security; (b) the
relationship between water and climate change governance, including a special
focus on groundwater; and (c) the relationship between water and sustainable
development goals and their governance? It discusses two procedural issues: (a)
the role of water scholars in proactively engaging in water governance? And (b) the
way in which water scholars can try to anticipate key governance issues and help
address them.

ke y wor ds
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science-policy interface, property rights, public good

Joyeeta Gupta is co-chair of UN Environment’s Global Environmental Outlook
(2016–2019). She is professor of environment and development in the global
south at the Amsterdam Institute for Social Science Research of the University of
Amsterdam and (UNESCO) IHE Institute for Water Education in Delft. She leads
the program group on Governance and Inclusive Development. She is editor-inchief of International Environmental Agreements: Politics, Law and Economics and
is on the editorial board of Environmental Science and Policy, Current Opinion
in Environmental Sustainability, Carbon and Law Review, International Journal on
Sustainable Development, Catalan Environmental Law Journal, Review of European
Community and International Environmental Law and the new International Journal
of Water Governance. She was lead author in the Intergovernmental Panel on
Climate Change which won the 2007 Nobel Peace Prize with Al Gore and of the
Millennium Ecosystem Assessment which won the Zaved Second Prize. She is on
the scientific steering committees of international programs including the Steering
Committee of the Global Agricultural Research Partnership (CGIAR) research
program on Forests, Trees and Agroforestry; and Future Earth’s Earth System
Governance. At European level, she is a member of Science Europe’s Scientific
Committee for the Sciences and of the Joint Programming Initiative - Climate
Transdisciplinary Advisory Board in Brussels. She is also on the Supervisory Board
Oxfam Novib and the Royal Tropical Institute in Amsterdam. She is Vice-President
of the Commission on Development Cooperation and member of the Advisory
Council on International Affairs, a statutory body that advises the Netherlands’
Government. She has published extensively.
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Plenary Keynote

Climate Risk Mitigation and Water Security
Lall, Upmanu
Columbia University, USA
contac t ula2@columbia.edu

The last 100 years have seen the greatest transformation of earth systems in human
history. The human population grew dramatically, as did its per capita use of many
resources, including water, translating into significant gains in the standard of living
in most regions of the earth. Innovations in dam construction, energy and drilling
made water sources more reliable and accessible and reduced the risks from
floods and droughts. Innovations in observing systems now allow us to monitor
water quantity and quality and understand the state of the system better than
ever before. Globally and regionally, concerns with water security are growing,
and anthropogenic climate changes are a concern. However, at least in terms of
water related climate hazards, in many places, it is clear that today’s population
and human activity may have a very high exposure to past expressions of climate
risks that represent natural decadal to century scale variability. The relatively short
records used to design water infrastructure may lead to a significant under-design
relative to the target level of risk mitigation. This concern is even more poignant
once we consider that the space and time clustering in the occurrence of climate
extremes translates into recurrent and persistent exposure for many regions and
supply chains and could lead to global disruption. It is not clear how these modes
of climate may change in the future, but there is an urgent need to consider
information from paleoclimate as well as from future climate scenarios in designing
adaptation strategies for future climate risk mitigation. Adaptation measures may
include a basket of policy and technology options in any given region. Given how
pervasive the effects of climate induced water risk may be on food, energy, urban,
transportation and economic systems, a sequential decision process for the timed
implementation of different options to climate risk mitigation is needed.
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Upmanu has broad interests in hydrology, climate dynamics, water resource
systems analysis, risk management and sustainability. He is motivated by
challenging questions at the intersection of these fields, especially where they
have relevance to societal outcomes or to the advancement of science towards
innovative application. His current research covers 3 major initiatives that are
developed through the Columbia Water Center. The Global Water Sustainability
Initiative addresses global water scarcity and risk. The Global Flood Initiative is
motivated by the need to predict and manage floods at a global scale recognizing
their climate drivers, and supply chain impacts. America‘s Water is driven by
the goal of developing sustainable water management and infrastructure design
paradigms for the 21st century recognizing the linkages between urban functioning,
food, water, energy and climate. These programmatic initiatives are backed
by research on systems level modeling of hydrology, climate, agronomy and
economics. He has published in journals that focus on hydrology, water resources,
climate, physics, applied mathematics and statistics, development, policy and
management science. He is the editor of the journal Water Security. He has been
engaged in high level public and scientific discussion through the media, the World
Economic Forum, and with governments, foundations, development banks, and
corporations interested in sustainability. He has served on several national and
international panels. He was one of the originators of the Consortium of Universities
for the Advancement of Hydrologic Science, and is the past President of the
Natural Hazards Focus Group of the American Geophysical Union. He is a Fellow
of the American Geophysical Union and was awarded the Henry Darcy Medal by
the European Geophysical Union, and the Arid Lands Hydrology Award by the
American Society of Civil Engineers.
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Drought Monitoring and
Prediction in Data Scarce Regions
Justin Sheffield
University of Southampton, UK
contac t justin.sheffield@soton.ac.uk

Hydrological monitoring and prediction are essential elements of early warning
and mitigation of the impacts of drought. However, the capacity to monitor and
predict hydrological states and translate this into actionable information is limited
in many vulnerable regions that arguably have the most need. This is generally
because of the lack of on-the-ground hydrological observations and understanding
of climate and hydrological predictability. The lack of capacity to capture, interpret,
and deliver relevant information to decision makers is also a barrier. Over the past
several years, advances in the use of new data sources, such as from satellite
remote sensing, modeling, low-cost sensors, and non-traditional data sources such
as social media have opened up the potential for drought (and flood) monitoring
anywhere on the planet, and at scales relevant to decision making. Mobile
technologies have also enabled provision of drought information to a wider set of
users, down to the scale of small holder farmers. Integrated drought monitoring
and forecasting systems now exist that incorporate these disparate sources of
information and dissemination methods, and are now being used at a variety of
levels, from local to international, to support early warning of hydrological hazards,
water resources management, and climate adaptation. We show examples of
how integrated systems are constructed and assessed, and how these have
been applied in different contexts in South America and sub-Saharan Africa. The
challenges, in particular our ability to accurately monitor in near real-time and at
small scale, and how we improve hydrological forecasts, are discussed.
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Justin Sheffield is Professor of Hydrology and Remote Sensing at the University of
Southampton in the UK. He spent 16 years at Princeton University in the US before
returning to the UK in 2016. Prof. Sheffield’s research is centered on large-scale
hydrology and its interactions with climate variability and change. He has published
extensively on hydrological extremes, climate change, and hydrological processes
from catchment to global scale, and on the application of fundamental research
to natural hazards impacts reduction, and water and food security particularly in
developing regions, including monitoring and prediction systems.
He has received a number of accolades including the Prince Sultan Bin
Abdulaziz International Prize for Water in 2014 for research work on drought
monitoring and prediction, and the Plinius Medal of the European Geosciences
Union in 2013 for outstanding multi-disciplinary research and applications in
hydrological hazards. Most recently he was named as the 2019 Robert E. Horton
Lecturer in Hydrology by the American Meteorological Society for advancing
hydrologically coherent analyses of drought across time and space scales, and
for pioneering the development of integrated drought monitoring tools for foodinsecure countries.
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The Role of Groundwater in Achieving Water
Security and Approaches to its Governance
Karen Villholt
IWMI, International Water Management Institute, Pretoria, South Africa
contac t k.villholth@cgiar.org

Groundwater is integral to water security. It is the largest store of unfrozen
freshwater on earth, and it serves almost half of the global population for basic
water needs. In addition, it contributes more than 40% of the irrigation water
globally. Groundwater also secures critical ecosystems and ecosystem services,
on which people and the environment depend. This paper gives an overview of
the significance of groundwater and the critical interlinkages in the Water–Food–
Energy–Climate–Environment nexus. It also discusses how opportunities for
bringing in groundwater as part of the solutions to water security at various levels
are often missed out. Examples are given of how research can contribute to moving
forward to ensure that groundwater plays a stronger role in achieving the SDGs.
Realizing that sustainable groundwater development, use and management hinges
on conscious and pro-active governance, the presentation gives an highlight of the
upcoming book on Advances in Groundwater Governance. Finally, some recent
developments in terms of developing global platforms and initiative to work across
disciplines, sectors and levels and geographic boundaries to address groundwater
management challenges are presented, including GRIPP, the Groundwater
Solutions Initiative for Policy and Practice and the Working Group on Groundwater
Management under the Sustainable Water Future Program. These initiatives are
emerging with strong buy-in from stakeholders at various levels, from local to
global.
groundwater, Water–Food–Energy–Climate–Environment nexus, SDGs,
governance, global platforms
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Karen G. Villholth has more than 25 years of experience in groundwater resources
assessment and management. She deals with research, policy advice, and capacity
development related to groundwater irrigation for smallholders, transboundary
aquifers, groundwater resources assessment and modeling, climate change and
groundwater, adaptation through underground solutions, role of depleting aquifers
in global food production, groundwater and ecosystem services, and groundwater
management and governance for institutions at various levels, from local to global.
She engages with multidisciplinary teams and stakeholders in co-developing tools,
approaches, and policies to a more sustainable use of groundwater for livelihoods,
food security, and environmental integrity.
Karen is a Principal Researcher and a sub-Theme Leader, working with IWMI,
International Water Management Institute, from the Southern Africa regional office
in Pretoria, South Africa. She is leading the global IWMI-led partnership initiative
on Groundwater Solutions for Policy and Practice (GRIPP) that aims to enhance
attention to and improvement in groundwater management in countries heavily
reliant on groundwater for irrigation and food production.
Karen holds a PhD in Groundwater Assessment and a MSc in Chemical
Engineering from the Technical University of Denmark and a MSc in Civil
Engineering from the University of Washington. She previously worked for DHIWater and Environment and the Geological Survey of Denmark and Greenland.
She is co-Manager on two Commissions within IAH, the International Association
of Hydrogeologists: the one on Groundwater for Decision Makers and the one on
Governance of Transboundary Aquifers. She is co-author of three books related to
groundwater and more than 50 peer-reviewed journal papers.
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Water Supply and Climate Change

Water and Health Security in the
Altiplano Mexicano

Diener, Arnt1; Kendrovski, Vladimir1
World Health Organization
contac t 1dienera@who.int; 2 kendrovskiv@who.int

Climate change undermines access to safe water by threatening water security and
water safety. The expected stress on the hydrological cycle, freshwater resources
and water quality poses a danger to human health and development. Management
of all water resources will need to be improved to ensure adequate provision and
quality. The World Health Organization works with countries in responding to these
challenges and has developed guidance on climate resilience for its water safety
plan approach. The Protocol on Water and Health, which links sustainable water
management with the prevention, control and reduction of water-related diseases
in Europe, and puts increased focus on climate change resilience in its 2017–2019
program of work. The WHO European Centre for Environment and Health Climate,
located in Bonn (Germany), addresses threats to water availability and quality in
the context of climate change adaptation. Adapting water supplies to one of the
greatest health risks of the 21st Century can reduce the burden of climate change
on public health.

Cardona Benavides, Antonio1; Castro Larragoitia, Javier1; Ruiz Rivera, Claudia1;
Rivera Armendariz, Cristian Abraham1; Rüde, Thomas R.2; Alonso Torres,
Socrates1; Krienen, Lisa1
1

Universidad Autonoma de San Luis Potosi, Mexico; 2 RWTH Aachen University, Germany
acardona@uaslp.mx

contac t

Groundwater is the major water supply source for urban and rural areas in most of
the semi-arid region of Mexico. Shallow and deep groundwater resources actually
sustain water supply in a number of regions of the Mexican Altiplano, including
the western region of the San Luis Potosi state. The investigation of groundwater
quality and definition of hydrogeological conditions for three San Luis Potosi
areas comprising urban and rural centers, indicate that shallow groundwater
(less than 100 m deep) is the preferred source for rural areas; in addition to the
very limited annual renewal rate, geogenic and anthropogenic contamination
sources compromise water quality from local and intermediate systems. During
the sampling period (12 months), several parameters such as sodium, sulphate,
nitrate and microorganisms were always above national and international drinking
water standards. Regional and intermediate (more than 100 m deep) flow systems
constitute the main source for urban centers. Groundwater quality indicate they
have very low salinity (less than 400 mg/l) and hardness (less than 100 mg/l
CaCO3). However, trace element content including fluoride, arsenic and uranium
derived from geogenic sources are above maximum or recommended drinking
water standards in some water supply wells. The identification of groundwater flow
systems with different hierarchy and trajectory in the western region of San Luis
Potosi, together with the limited evidence (they are Tritium free and radiocarbon
below 50%) of modern recharge, is indicating that intermediate and regional
groundwater resources are non-renewable; however local flow systems indeed
show evidence of modern recharge. The strategic policy for the sustainable use
of this non-renewable source of water should consider design of water quality
optimal monitoring networks and continuing improving the prosperity of the local
communities to ensure safe drinking water and social opportunities for future
generations.
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Evaluation of Water Quality During Storage and
Distribution In Southwestern Nigeria

Salinization: A Social Ecological Issue
in the Bengal Delta

Ehumadu, Chikodi1; Ihuoma, Samuel 2; Mayowa, Sanusi1

Rahman, Mofizur; Ahmad, Sate; Alam, Shajratul; Nahian, Mahin Al

1

University of Ibadan, Nigeria; McGill University, Canada
chikodinwokoma@yahoo.com
2

contac t

The provision of clean and potable water to inhabitants of Halls of Residence in
the University of Ibadan, southwestern Nigeria has been a major challenge. Also
maintaining the integrity of the storage and distribution channels of the water which
has hitherto been treated becomes pertinent. The objective of this study was to
assess the physico-chemical and microbial profile of water from the treatment plant
to the Halls (New PG). Investigating of water quality variations and recontamination
due to failure of the distribution and storage systems was done. Water samples
were collected for 12 weeks at 2 weeks interval. Water quality parameters were
determined following standard procedures as enshrined in APHA. The results
showed that all parameters increases due to recontamination and ranges between
1210–1490mg/100g for Total Solids, 105–225mg/l for TDS, 0.3–1.9mgSiO2/L
for Turbidity, 66.0–70.1mg/100g for Total Hardness, 0.1–0.8mg/100g for BOD5,
0.1–0.3mg/100g for NO3-, 0–0.3mg/100g for PO4-, 62–68mg/100g for Ca++,
6.7–7.8mg/100g for Mg++, 245–350mg/100g for Na+, 4.3x10 2 -2.9x10 2 (cfus/
ml) Total Aerobic Count of isolated organisms (Bacillus spp, Pseudomonas) and
0-1.5x10 3 (cfus/ml) Total Coliform Count of isolated organisms (Aeromonas spp,
Proteus spp) respectively. The qualities of the water are not suitable drinking and
domestic purposes. Therefore, regular monitoring of the distribution channels,
storage systems, and adoption of modern techniques are recommended for
maintaining the integrity of the process and the qualities of the water.
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icddr,b, Bangladesh
contac t mofizur.rahman@icddrb.org

Salinization (the buildup of salts in soil and water) has been exacerbating and
amplified by climate change is now a threat in the Bengal delta. Worldwide,
about 600 million people inhibiting low-elevation coastal zones will be affected
by progressive salinization. Sea level rise, land subsidence, over-extraction of
groundwater, land use change, upstream diversion of freshwater, cyclones and
storm surges all contribute to salinization in the coastal region of Bangladesh.
Salinization affects both rural and urban coastal communities through changes
in livelihood, contamination of water sources, reduced agricultural productivity,
and declining trends in other ecosystem services. Furthermore, salinization
adds a large public health burden both upon individual health (e.g. hypertension,
kidney diseases, etc.) and at the population-level socioeconomic development
indicators. Recent research has explored the broad impacts of salinization in this
region. However, there is a lack of a concise synthesis of the evidence required
for the formation of much needed meaningful solutions. Despite the extent and
magnitude of salinization, little has been done in Bangladesh to minimize its adverse
effects. Though sea level rise (SLR) has not been the dominant cause of salinity
progression in the coastal delta of Bangladesh till date, future projection indicates
that SLR will play a defining role in salinity regime in the region. Salinization is of
major concern and is expected to get worse under a changing climate. Over the
next few years many possible solutions to salinization is likely to be tried out such
as managed aquifer recharge, rainwater harvesting, amongst others. This paper is
a critical review to assess and synthesize the impact of salinization on life, livelihood
and well-being of coastal population. Different community-based adaptation options
will be discussed and conclusions will be drawn from secondary literature, data
from recent field work and results from several ongoing project experiences.
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Health of Indigenous People in Papua:
The Role of Water and Sanitation Infrastructure

Would You Like to Drink "Toilet to Tap" Water?

Pangaribowo, Evita ; Sumini, Sumini

TH Köln, Germany
contac t kasalak@gmx.de

1

2

Universitas Gadjah Mada, Indonesia; Center for Population and Policy Studies, Universitas
Gadjah Mada, Indonesia
contac t evitahp@ugm.ac.id
1

2

Introduction Numerous studies have found that children from households without
improved water and sanitation are more likely to have lower health and nutrition
outcomes. While Indonesia has been on track with the MDG’s goal on water,
analysis of the links of water and sanitation infrastructure with the health of the
indigenous people in Indonesia remains untouched.
Aims This paper investigates the state of access to water and sanitation
infrastructure of the indigenous people in West Papua Indonesia, and discusses
the findings for future relevant infrastructure development.
Methods This study applied weighted regression analysis of the census data of
3000 indigenous households conducted in 2013 and 2015 in villages of the Teluk
Bintuni District of West Papua, Indonesia.
Results The coverage of improved water and sanitation infrastructure in West
Papua province is still low. It reaches 42% and 25% of the population, respectively.
These figures are even lower in the indigenous community. Disaggregating by
income and education, we found inconclusive figures on the extent of access to
improved drinking water and sanitation by indigenous people. This finding reveals
that income effect has a less significant role on access to improved water and
sanitation. Controlling for socio-economic variables, the estimation results show
that drinking water infrastructures have a positive impact on diarrhoea prevalence
of children in the study area. Unimproved water and sanitation infrastructures are
associated with lower health outcomes of the indigenous people. Households who
had water on their premises collect more water for their minimum daily water needs.
Conclusion This result is in line with the evidence for the role of unhealthy
environments in spreading parasites which cause poor health status. The findings
of this study show that improvement in water and sanitation infrastructures could be
a complementary intervention in improving the health of the indigenous people in
West Papua, Indonesia.
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Water shortage is a big issue in many countries. The amount of potable water is
decreasing due to growing population and industrialization. More and more people
confronted with this problem. Singapore is an example, how the problem of water
shortage can be turned into a huge development program. One of Singapore’s
approaches is the so called NEWater project.
Up to now, about 40% of Singapore’s freshwater demand is covered by the
water import from the neighboring country of Malaysia. However, the agreement
regarding the water supply ends in 2060 and thus, Singapore is obliged to
substitute this amount by its own water resources. With about 3.5 kWh/m³ the
desalination of seawater consumes more energy than wastewater treatment, which
consumes about 2.1 kWh/m³. Thus, water reclamation from municipal wastewater
has become a feasible option. With a capacity of 273.000 m³ per day, NEWater
currently covers around 30% of the urban water demand. By 2060, the share
should be increased up to 55%.
The conventionally pretreated wastewater is further purified using advanced
membrane technologies and ultra-violet disinfection, making the reclaimed water
ultra-clean and safe to drink.
Basically, there two draw-backs have to be overcome: Technical drawbacks
stem from membrane fouling and the necessity to eliminate residual pharmaceutical
and personal care products. In addition to the advancement of technology, a
psychological changeover is also necessary, as the process may be considered as
"turning toilet water into tap water".
We can conclude: NEWater is no new water, but NEWater is a possible way to
treat and recycle sewage, as concentration levels are reached that are fit to drink.
However, to advocate innovative processes of treating and recycling sewage,
behavioral science and consumer psychology suggest to avoid slogans such as
"toilet to tap".
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Climate Change and Human Health:
Threats and Adaptation Strategies in
Southwestern Bangladesh

Water Security and Potential Outbreak of
Zika Virus in Cape Coast, Ghana

Rasheduzzaman, Md; Rahman, M. Tauhid Ur; Habib, Md. Arman

University of Cape Coast, Ghana
contac t akudom@ucc.edu.gh

Military Institute of Science and Technology, Bangladesh
contac t mrasheduzzamanrasel@gmail.com

The effect of climate change on human health is a worldwide concern. Bangladesh
is one of the most vulnerable countries and has been significantly affected by the
adverse effects of climate change. Extreme climatic events, for example, floods,
drought, salinity intrusion and cyclones, directly and indirectly disrupt the public
health of this country almost every year. The coastal regions of the country are
more badly affected when compared to other parts of the country. This article
investigates the impact of climate change on human health, local people’s
perceptions and adaptation options to cope with the negative impacts of climate
change on their health. This study was carried using four focus group discussions,
100 household questionnaire surveys and secondary data from the Department
of Public Health Engineering (DPHE), Bangladesh. The results of the study reveal
that the majority (60%) of the respondents were from the low-income vulnerable
group and almost all of them (94%) had faced negative health effects due to
extreme climatic events. All of the respondents (95%) had confidence that health
care spending increased after extreme climatic events. Among various diseases
experienced, diarrhoea, malaria, dengue fever, indigestion and skin diseases
(e.g. black spots on the skin) appear to be the most common in the study areas.
Community members have their own adaptive technologies, such as rainwater
harvesting, PSF, and water treatment plants to combat the health problems,
which need special consideration from different government and non-government
organizations. An indication and anticipation of negative health effects from this
study will reinforce the case for proactive policies, and will also guide important
well-planned adaptive approaches.
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Zika virus (ZKV) is an emerging viral disease that is transmitted through the bite
of an infected mosquito, primarily from the Aedes genus. Globally, the current
ZKV outbreaks and their possible association with an increase in microcephaly,
other congenital malformations, and Guillain-Barré syndrome (GBS) have caused
increasing alarm. The ZKV may be endemic in many parts of Africa. However, there
is limited data on the epidemiology and transmission cycle of the virus in Africa
(WHO, 2016). The ZKV may be endemic in many parts of Africa. However, there
is limited data on the epidemiology and transmission cycle of the virus in Africa.
An entomological survey was therefore conducted in Cape Coast to determine
whether potential ZKV outbreak exists and also evaluate efficacy of personal anti
mosquito measures. Larval and pupal survey were conducted between November
2016 and February 2017 in two different communities; an affluent community and a
poor resource community (slum). Three larval indices (house index, container index
and breteaux index) were calculated for each community. After the survey a total of
862 containers were examined in the poor resource community with 546 containers
positive for Aedes larvae/pupae. The major breeding source were cement tanks
used for storing water. In the affluent community 133 containers were examined
with 38 positive for Aedes larvae/pupae. The most important breeding source in
this community were flower pots and buckets. Compared with WHO values, the
larval indices calculated for each of the community indicated that they are sensitive
to ZKV outbreak. Provision of reliable water source such as pipe borne water and
health education could reduce the breading sources of Aedes mosquitoes in the
poor resource community while education alone could reduce Aedes breeding
source in the affluent community.
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How does the Water–Energy–Food Nexus Reflect
in Different Regional and National settings?
Experiences from the Regional Nexus Dialog
Program

Initial Dilling of the Grand Ethiopian Renaissance
Dam and the Sownstream Impacts on Nile Water
Resources

Klein, Detlef

1

Gesellschaft für Internationale Zusammenarbeit (GIZ), Germany
contac t detlef.klein@giz.de

The Nexus Dialogs Program Phase I (2016–2018), funded by the EU and BMZ,
resulted from international efforts to operationalize the Nexus approach. The
program is designed to stimulate five Nexus Regional Dialogs (NRDs) involving
various stakeholders, including national and regional policy-makers, the private
sector, academia and civil society. The five regions are Southern Africa, the Niger
Basin, Latin America, Central Asia (the Aral Sea region) and the MENA region.
Five regional inter-governmental and international organizations act as regional
counterparts for the Nexus dialogs. Some of these dialogs are ongoing others are
new. The dialogs aim to develop Nexus policies and action plans at the national
ministerial and regional policy levels.
Experience made so far has shown that the thematic foci are very different in the
different regions. In the MENA region, supply risks and overlaps represent nearly
simultaneously national security issues. The extreme water scarcity and the impact
on the other sectors are here clearly the focus. In Latin America, on the other hand,
is a water-rich region altogether; however, resources within the region are very
heterogeneously distributed. The current economic growth is based mostly on the
unsustainable exploitation of natural resources. The secure supply of marginalized
population groups and environmental protection compete with the economically
viable export production. Biomass production and the resulting changes in land
use are increasingly problematic, especially in Brazil (+ Argentina, Paraguay). The
cultivation of biomass continues to compete with the production of food. In the
Niger region, structural changes within sectors, infrastructure development and
migration tend to frame the Nexus.
The presentation will elaborate the outcomes of the dialogue activities made
so far. It will further depict the different entry points and main challenges so far
encountered in the implementation of the activities.
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The Grand Ethiopian Renaissance Dam (GERD), with a capacity of 74x10 9 m 3 will
completely change the hydrology of the Nile. The dam is planned to start filling
in the near future. This paper aims to assess the impact of the initial filling of the
GERD on the operation of the downstream reservoirs in Sudan and Egypt.
A river basin simulation model for the Eastern Nile system has been built and
validated at 10-daily time step (from 1912 to 2013). Four scenarios for the initial
filling were evaluated, with varying volume of annual releases from the GERD, i.e.,
60, 50, 40 and 75% of the mean annual flow (48.8 Bm 3 /year). The analysis focus
on two sequences of years (i) average years, from 1988 to 1996 (mean = 48.2 km 3 /
yr), and (ii) dry years, from 1979 to 1987 (mean = 37.7 km 3 /yr). This is a pragmatic
approach to mimic future climate variability of the Blue Nile River.
Given the four release scenarios, the time of GERD filling varies from 2 to 5
years for the sequence of average years, while it is 3 to >9 years for the dry years,
respectively. The Rosaries reservoir may not be completely filled during filling, with
shortages to supply agricultural demands, varies between 0 to 10%. However, the
hydropower generation at Rosaries is higher during filling years. The hydropower
generation at Merowe is hardly influenced if it is sequence of average years, but
reduces by 8% if it is dry years. The effect of initial filling is clearly felt at the AHD,
whereby, the HP decreases by 12% if it is a sequence of average years, and up to
20% if it is dry years. The reliability of water supply downstream AHD (55.5 km 3 /yr)
varies between 90 to 93% for the filling scenarios of the dry years, while it is 100%
for the average years, respectively.
Nile, Grand Ethiopian Renaissance Dam, river basin simulation,
hydropower, irrigation
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Nexus Thinking to Catalyze the Implementation of
the 2030 Agenda for Sustainable Development

Water Security and Climate Change:
Overcoming Disciplinary Schisms

Janetschek, Hannah

Sherwood, Leah

Deutsches Institut für Entwicklungspolitik, Germany
contac t hannah.janetschek@die-gdi.de

TRENDS Research and Advisory, United Arab Emirates
contac t leah@trendsinstitution.org

The 2030 Agenda and its Sustainable Development Goals (SDGs) is a system
of closely intertwined goals and themes. These interdependencies of SDGs are
currently under research. Latest discussions highlight the direct and indirect
linkages among goals and targets and derive requirements for an integrated
implementation process of the 2030 Agenda. This article argues that considering
only linkages among goals and targets is too narrow, given the social, political and
biophysical challenges in real world implementation of the 2030 Agenda. Nexus
thinking aims to identify interlinkages across different policy sectors, biophysical
resources and social systems. It provides an understanding of interlinkages of
various systems to identify trade-offs and synergies. To implement the 2030
Agenda in national and local context settings, nexus thinking provides the lens
to understand the complexity and criticality of interactions. At the same time, it is
argued that Nexus thinking is confronted with three main challenges: firstly, a lack
of reference points for trade-offs to estimate the extend of trade-offs, secondly,
different systemic logics in policy sectors impose critical conditions towards solving
trade-offs and thirdly, Nexus thinking does not explicitly account for governance
processes and power imbalances. Illustrated at the case of water security and
its trade-offs with food- and energy-security, this article develops the argument
of how trade-offs differ in their degree of complexity (type and timeline of effects)
and discusses repercussions for coordination dynamics. Such an understanding
of different types of trade-off complexity aims to inform navigation through the
implementation of the 2030 Agenda within the next years.

Water scarcity discussions primarily occur among environmental scientists,
geographers and economists. Contributions from political scientists, psychologists,
journalists, youth, historians, corporate leaders, NGO staff, military personnel and
government are often cursory and disconnected from the water research field.
This is problematic as these people largely dictate outcomes related to the key
intersections of where water security themes are pronounced, including: cities,
health, food, energy, trade, migration, development and human security. For
instance, is the Mayor of New York conversing with schools, heads of grocery
stores, urban planners and retail outlets about water? Water security discourse
is largely occurring in a silo and this echo chamber is inefficiently communicating
research outcomes to people who can apply their relevance in a real-world sense of
policy pertaining to water supply and demand management.
Overcoming interdisciplinary schisms is a critical solution space. The foci of
water demand management must shift from measuring water use and needs, for
example, to broader forms of water and climate inquiry related to culture and diet,
agri-business, bio-energy, forestry and trade. Indeed, the global dimension of water
is now widely recognized, but dialogue still tends to occur within the analytical
framework of the Westphalian system whereby states are the primary actors in the
international arena at the expense of discourse on global water governance. Cities,
NGOs, citizen groups, thought leaders and corporations increasingly perform
state functions. Water security solutions lay in interdisciplinary engagement with
the global multiplex of actors and professions as it will lead to implementation and
different analytical questions about supply-chain thinking and demand in water
management.
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How Can Water–Energy–Food Nexus Improve
Comprehensive Security in Finland?

Contestations and Emerging Power
Constellations: Narratives of Global Climate
Change and Water Insecurity in Semiarid NorthEastern Ghana

Ahopelto, Lauri1 2; Veijalainen, Noora1; Marttunen, Mika1
Finnish Environment Institute, Finland; 2 Aalto University, Finland
contac t lauri.ahopelto@ymparisto.fi
1

Multidisciplinary Winland project studies future water, energy and food security.
The project co-creates research and policy recommendations with stakeholders,
aiming to understand how pressures to water, energy and food systems and related
policy measures affect Finland’s comprehensive security and resilience. Our
hypothesis is that answering futures pressures –including climate change- requires
better understanding of linkages, in four ways: linkages between sectors (nexus),
between actors as well as between different spatial and temporal scales.
Water security is easily overlooked in a country with vast water resources like
Finland. However, water security will face increasing pressures from e.g. climate
change and related extreme weather conditions as well as cyberattacks. It is
therefore important to assess proactively the ways to improve the resilience of our
water related systems. An essential part of these assessments is to identify the
connections between water, food and energy. To illustrate the causal relations in
these systems, we use influence diagrams and DPSIR diagrams in case studies
with focus on droughts and its impacts on energy (hydropower) and food security.
In our research, the focus on droughts is intentional, as majority of existing
water and climate -related research in Finland has looked at floods. Yet, our initial
findings indicate that long-term drought is likely to have remarkable impacts to
agriculture, industry and domestic water supply. Last severe drought in 2002-2003
was estimated to have direct costs of 200 million €, but this drought did not affect
agriculture that much. Most of the agriculture in Finland is situated in South and
Southwest parts of the country. These areas have only few lakes, thus making them
more vulnerable to drought. Proper drought mitigation plans could mitigate the
drought impacts significantly.
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This study examines the dynamics and lived experiences of climate-induced water
(in)security and emerging power relations in north-eastern Ghana. The material and
cultural value of water, as a natural resource, is central to the transformation of rural
livelihoods. It is this intrinsic value that also instigates contestations and conflicts
amongst those who ‘have’ and ‘have no’ access. In such contestations, power
relations, linkages, rights claims and local institutions shape access outcomes.
Using qualitative methods, such as interviews and focus group discussions, the
study observes the powerful individuals and institutional coalitions who often
determine access, albeit there may exist an open and universal usufruct right
to irrigated lands. Rising temperatures and uncertain rainfall simultaneously
coinciding with high population growth and general environmental deterioration
means that contestations for water resource use and access are likely to increase.
In the context of the study area, which is characterized by normative and legal
pluralism, global climate change intensifies assertion of power and control over
water resources and irrigated lands. Intensified competition for water resources
precipitates the emergence of new alliances and institutions that rival and bypass
existing traditional institutions. This could stir up a hornets’ nest of questions about
authority, thus compelling chiefs to share authority with previously vulnerable
groups. The foregoing discussion reveals complex relationships of vulnerability,
power, and access to water, in particular, and natural resources, in general. It also
reveals how global climate change is reconfiguring local institutions, authority and
power contours.

drought preparedness, Water–Energy–Food nexus, water security,
water insecurity, global climate change, contestations, power
constellations
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The Food Security Challenge of the
Food–Land–Water Nexus in India

Climate Change and the Energy–Water Nexus:
Do We Have to Reconsider Our Distribution
Systems?

Kumar, M. Dinesh1; Sivamohan, M. V. K.1; Narayanamoorthy, A.2
Institute for Resource Analysis and Policy, India; 2 Alagappa University, India
contac t dineshcgiar@gmail.com
1

Two of the key factors that drive agricultural growth and food production in India
are access to arable land and utilizable water resources. These are examined with
particular reference to their regional variation in order to make an assessment of the
magnitude of the food security challenge they pose for the country. Recent official
estimates of groundwater exploitation in India are compared with actual negative
physical, social and economic consequences of over-exploitation, as are evident in
different regions, and their implications for national food security discussed.
The analyses show that the real food security and water management challenge
lies in the mismatch between water availability and agricultural water demand:
high demands occur in water scarce but agriculturally prosperous regions and low
demands in naturally water-abundant but agriculturally backward regions. Serious
groundwater depletion problems, which occur in the naturally water-scarce but
surplus food-producing regions, magnify the challenge. The small area of arable
land per capita is a major reason for low agricultural water demand in regions that
have abundant water.
Sustainability of well irrigation in the naturally water-scarce regions, which is the
backbone of India’s food security, could be achieved through judicious investment
in surface water projects which encourage direct irrigation and replenishment of
over-exploited aquifers. Other strategies include: pro rata pricing of electricity in the
farm sector; volumetric pricing of water from public irrigation systems; improving
the efficiency of utilization of green water or the rainwater held in the soil profile;
preventing depletion of the residual soil moisture in the field after crop harvest,
by reducing the fallow period and reducing the use of water through a shift to low
water consuming crops.
food security, groundwater over-exploitation, per capita arable land,
effective renewable water resources, land and water nexus
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Electricity supply issues in combination with water scarcity have been recognized
more often in recent years. A decent distribution system for all electricity and water
stakeholders could help improve the security of supply of electricity and water for
all stakeholders. Several approaches for securing water supply during times of low
water availability have been developed, taking into account possible climate change
impacts. Unfortunately, most approaches do not include the electricity sector and
thus, neglect the water-energy nexus. As (most) electricity generation is abundant
to water availability, whereas water treatment and distribution are abundant to
electricity availability, the nexus between the water and electricity sector can be
clearly observed.
In order to establish a distribution system including the different electricity and
water demands of the affected stakeholders, a demand analysis is conducted.
Subsequently, suitable methods (e.g. game theory, econometric analysis) for
establishing a distribution system for electricity and water are explained, compared
to each other and evaluated according to feasibility and application.
For representation purposes, the analysis is done for several countries, which
differ in current and future water availabilities, different power plant fleets and
different climate change scenarios. As an example, Germany has a highly mixed
power plant fleet, while Poland uses mainly conventional power plants with water
cooling demands.
This contribution deals with the discussion of a new distribution system, taking
into account water and electricity distribution including the whole supply chain,
ending with the end-users.
energy–water nexus, climate change, energy security, water security,
distribution systems
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The Water Resources Security Framework:
How to Emphasize the Role of Water for
Overarching Goals

Strategic Prospective in Water Security Planning:
Application in Ceará, Brazil

Kerres, Martin
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ), Germany
contac t martin.kerres@giz.de

Water Resources Security is key for sustainable development. Water experts and
practitioners are aware that the reliable supply of water in an acceptable quality is
not only necessary for supplying domestic users, agriculture and industries. The
development of our communities depend on water, and so do ecosystems, which
provide vital services to us.
Development policies often react to megatrends and the overarching political
agenda, adopting crucial issues such as climate change, displacement and
migration, food security and economic development. The Water Resources
Security Framework gives a structure for highlighting the diversity of water
approaches and tools and how they contribute to water related impacts, but also to
these impacts beyond water. To give one example, the concept helps to draw the
impact chain from climate resilience to water related outcomes such as providing
water for healthy ecosystems and further to the level of activities, for example
improved monitoring systems.

Porto, Victor Costa1; de Souza Filho, Francisco de Assis1; Silveira, Cleiton da
Silva 2; Silva, Amanda Vieira1; Rocha, Renan Vieira1; Cid, Daniel Antonio Camelo1;
Azevedo, Gabriela Reis1
1
Federal University of Ceará, Brazil; 2 University of International Integration of Afro-Brazilian
Lusophony, Brazil
contac t victorcporto@gmail.com

Water resources planning and management in Brazil are associated with high
uncertainty due to climatic and political-economic factors that affect water supply
and demand. One method to perform water security planning considering this
uncertainty is to elaborate possible future scenarios by employing strategic
prospective methodologies, such as that proposed by Godet (1994). Therefore,
this work aims to perform a prospective study to define the key variables for the
elaboration of scenarios that can be applied in the conception of a water security
plan for the State of Ceará. For this purpose, the Duperrin and Godet’s MICMAC
(Cross-Impact Matrix - Multiplication Applied to Classification) methodology was
adapted. It graphically classifies the variables by the relationship of influence and
dependence between them, which is determined by a structural analysis matrix.
The key variables are defined as those having high influence and little dependence
on the others. A total of 47 variables from different fields (environmental, climatic,
social, economic) were evaluated. Six structural analysis matrices were built,
each of which was filled by a specialist from a multidisciplinary team of the State
water resources management company. There was great variability between the
graphic classification of the variables from each structural analysis matrix. However,
this variability was not intense for the key variables, which appeared to have a
certain homogeneity. Thus, the use of a matrix composed of the median of the
previous six matrices was proposed. This median matrix classified as key variables
the occurrence of extreme events (floods and droughts), climate changes and
the existence of an integrated water resources management system. This work
identified that the climate and its impacts on hydrological extremes, associated with
the performance of the management companies, are determining factors in the
strategic planning of water security.
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Impact of Water on Food Security

Linking Temporal Changes of Climate Factors with
Staple Cereal Yields in Southern Burkina Faso

Biesalski, Hans Konrad
University of Hohenheim, Germany
contac t biesal@uni-hohenheim.de

If we define food security from a nutritionists view we are looking for adequate
macro- and micronutrient supply through the diet. Depending on the diet diversity
the macronutrients deliver fat, carbohydrates and protein in different amounts.
Climate and availability of water are the components which limit yield and at
least availability of macronutrients. In particular the macronutrient composition in
starchy food has been extensively studied under different conditions. However,
only few data exist which determine the amount of micronutrients in staple food
in particular under different climate and irrigation conditions. Very recently it has
been shown that the concentration of vitamins and phenolic compounds was higher
in apricots grown and irrigated than under dry faming conditions. Antioxidants
e.g. carotenoids, flavonoids and a couple of further compounds are important for
human healthy. Especially ß-carotene is important for vitamin A formation. Under
dry conditions some plants might synthesize more carotenoids under dry conditions
as a defense reaction. To understand the interplay between yield, climate, water or
drought stress on micronutrients is important with respect to food security.

Borona, Pius1; Mbow, Cheikh 2; Ouedraogo, Issa 3
Kenya Institute of Management, Kenya; 2 START Secretariat Washington, USA; 3 ICRISAT
contac t mwebo2@gmail.com
1

In the Sahel climate variability has been associated with a complex web of direct
and indirect impacts. This natural phenomenon has been an impediment to
agro-pastoral communities who experience uncertainty while involving in farming
activities which is also their key source of livelihood. In this scenario the role of
climate variability in influencing the performance, quantity and quality of staple
cereals yields, vital for food and nutrition security has been a topic of importance.
This response of crops and subsequent yield variability is also a subject of
immense debate due to the complexity of crop development at different stages.
This complexity is further compounded by influence of slowly changing non-climatic
factors. With these challenges in mind, this paper initially explores the occurrence
of climate variability at an inter annual and inter decadal level in South Burkina Faso.
This is evidenced by variation of the total annual rainfall and the number of rainy
days among other climatic descriptors. Further, it is shown how district-scale cereal
yields in the study area including maize, sorghum and millet associate variably to
the inter-annual variation of selected climate variables. Statistical models show that
the three cereals widely depict sensitivity to the length of the growing period and
total dry days in the growing season. Maize yields on the other hand relate strongly
to the rainfall amount variation (R 2 =51.8%) showing high moisture dependence
during critical growth stages. Our conclusions emphasize on adoption of efficient
water utilization platforms especially those that have evidently increased yields and
strengthening of forecasts dissemination.
climate variability, cereal yields, seasonality, rain fed farming, Burkina
Faso, rainfall
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AGRI: A Decision Support Tool to Identify Secure
Water Sources for Smallholder Irrigation As One
Solution to Combat Food Insecurity

Farming the Ocean and Lakes to Solve Both Food
and Water Limitations

Monserrate Rojas, Fredy Alexander; Valencia Gomez, Jefferson;
Quintero Tabares, Marcela

University of Costa Rica, Costa Rica
contac t ricardo.radulovich@ucr.ac.cr

International Center for Tropical Agriculture (CIAT), Colombia
contac t f.monserrate@cgiar.org

In Western Honduras 60% of the population, whose principal economic activity
is rainfed agriculture on hillsides, live in poverty. Secure access to water for
agriculture is a major constraint to poverty alleviation. The selection of adequate
water sources (diversions or rainwater reservoirs) to supply small irrigation systems
has been a major challenge. Diversions are often constructed on flows far from
the plots to be irrigated, or on intermittent flows. Reservoirs are often located
downstream of the areas to be irrigated, or in zones with poor water flow. Site
identification with existing know-how requires weeks of field surveying to identify
sites, their distance from plots, potential for transport of water to plots, and
assessment of obstacles in the catchment area of interest.
In response to these challenges, AGRI (Water for Irrigation, in Spanish) was
developed as an automated GIS tool which integrates publicly available information
on terrain, soil and climate with mathematical and hydrological models to identify
water sources for small-scale irrigation. Starting with the plot to be irrigated, AGRI
identifies potential sites for diversions and rainwater harvesting. AGRI also displays
viable routes for transporting water by gravity from the source to the field where it
will be used, and identifies the water catchment area for each site.
AGRI has been used over 200 times to identify water sources for agriculture in
Western Honduras and has facilitated cost-effective investments by government
and development agencies. As compared to sites identified by technicians NOT
using the tool, AGRI has identified sites that are closer and/or have better supply.
In fact, some previously identified sites have been successfully changed to AGRI’s
identified locations. AGRI can be applied to other countries to support greater
precision and efficiency in identifying water sources, contributing to the costeffectiveness of irrigation for smallholders for food security and income generation.
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In the context of growing water and food limitations, recent technological advances,
including our own, are presented here as aquatic yet water-free food production
systems that make sustainable use of the ocean and lakes, while valuing them.
Just as with agriculture, this broadly-defined aquaculture at sea and in lakes must
be based on primary food production. Therefore, it should be undertaken in an
environmentally- and biodiversity-sound manner, as well as equitably, since over
160 countries have sea and/or lakes, including many experiencing food insecurity
and recurrent droughts.
A variety of aquatic food production systems already exist. These range in
trophic terms and investment requirements from seaweed (macroalga) cultivation
at sea, to the fully-fed and high-investment cage culture of carnivorous finfish.
In between these, a range of intermediate systems exist or are close to full
development, including the combination of two or more in polyculture.
For the ocean, seaweed farming is the most viable first option. Its widespread
implementation will allow food production in an eco-friendly manner — cleaning
water and attracting biodiversity while enhancing fisheries. To this, 'trophic-smart'
fish production systems can be added, emphasizing herbivores and filter-feeders
like bivalves, while developing culture of filter-feeding finfish like sardines and
anchovies that require no external feed.
For lakes, we have developed floating cropping systems using both land crops
(e.g. tomato, bean) and aquatic plants. In addition to high yields and ease of
implementation, this does not ‘spend’ water because the crops evapotranspire
what would anyway evaporate from the lake surface. Additionally, trophic-smart fish
production can be added, greatly expanding the food-production potential of lakes.
Applications to floodplains add relevance to this approach.
Farming the ocean and lakes is not only an exciting and promising avenue for
development and conservation, it may well be the best possibility to guarantee
global food security.
aquaculture, aquatic agriculture, climate change adaptation, food
security, mariculture
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Water Scarcity As a Barrier to Food Security and
Climate Change Adaptation for Women Farmers
in Semi-Arid Ghana

A Self Reliance Conceptual Model for Ensuring
Food Security in Hoar Environment, Bangladesh

Lawson, Elaine; Salifu, Abdul Rauf; Wrigley-Asante, Charlotte

Military Institute of Science and Technology, Bangladesh
contac t tauhid_cee@yahoo.com

University of Ghana, Ghana
contac t elaine_t@staff.ug.edu.gh

Food security among vulnerable households in semi-arid Ghana is being
challenged by water scarcity, and exacerbated by climate variability and change.
These have become the biggest setbacks to livelihoods and wellbeing in this area,
where a high dependence on rain-fed agriculture coexists with fragile ecosystems.
The challenges these issues create also interact with pre-existing social, economic,
cultural and political inequalities to shape vulnerability. Hence, women farmers
are estimated to be among the most vulnerable, due to their multifaceted roles
and limited access to land and credit for commercial production. Focusing on
groundnut farmers, many of whom are women, this paper isolates the drivers of
vulnerability and the adaptive responses adopted in a water scarce landscape.
The results show that a combination of autonomous and planned strategies were
adopted. Some of the strategies include changing planting dates, using early
maturing seeds, and the use of compost. However, minimal emphasis was placed
on strategies for adapting to climate-induced changes in water resources. This
paper notes that the greatest scope for action in semi-arid regions is in improving
adaptive capacity and responding to changes in water demands. This calls for the
sustainable management and development of water resources. Achieving water
security is one of the major challenges faced by communities in semi-arid areas.
Some solutions recommended by this paper include building long-term resilience
through stronger institutions, and investing in cost-effective and adaptive water
management, as well as in technology transfer.
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Haors are low-lying wetland ecosystems with very exceptional geological and
hydrological characteristics, situated in north-eastern Bangladesh. In haor areas,
people living on isolated islands are engulfed by open water in the monsoon period
and have been suffering from food insecurity. In this study, a conceptual analysis
was undertaken to suggest a sustainable and self-resilient model to address food
security in the haors. A focussed group discussion (FGD) and a participatory rural
appraisal (PRS) were conducted in Tanguir Haor to examine the gravity of prevailing
food insecurity. It was found that around 55% of the haor people are at a starvation
level of hunger. The scarcity of safe water has triggered the problem to rise to a
higher scale. Moreover, the lack of proper hygiene practices and hanging toilets
are some of the main causes of water pollution. Pollution from human waste and
unplanned use of pesticides has already become a threat to various aquatic haors.
A decentralized water and waste water treatment system could be useful in
limiting the problem. Small-scale low-cost rainwater harvesting systems can be an
appropriate alternative. In the rainy season, floating bed vegetation cultivation will
ease the food demand. Due to restrictions in fishing in the current leasing system,
fish farming in protected cages could meet personal demand. In addition, duck
farming may contribute to the population’s economy. Manufacture of handicrafts
in the rainy season will offset unsuitable leisure activities and will contribute to a
strong baseline economy. Cattle are the part of the life of haor people. Composting
and bio-gas generation from cow dung and other vegetation can be used in
food production. The use of compost fertilizer will reduce chemical fertilizer
use. Installation and sustainability of electricity lines are very difficult in the haor
environment, thus solar power will be helpful as an alternative clean energy.

climate change, food security, resilience, water insecurity, women
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Transboundary Water Governance and Benefit
Sharing: A Trust Based Imperative

Hydropower Projects and Benefit Sharing on the
Nile River: The Grand Ethiopian Renaissance Dam
and Rusumo Falls

Bogardi, Janos
University of Bonn, Germany
contac t jbogardi@uni-bonn.de

Most of the planetary resources are managed within the context of sovereignty.
However, this principle does not fit to water. As a renewable and “mobile” resource
water disregards national borders. Both surface and underground water bodies
(rivers, lakes, aquifers) and the respective basins extend across borders. Their
sheer number (over 280 large transboundary rivers and their shared basins and
over 590 identified transboundary aquifers), affected countries (151) as well as the
size of population (2.8 billion people) in transboundary basins indicates that the
issue of transboundary water governance and management is a global problem.
More than 50% of the continental runoff propagates through transboundary water
courses. Thus the terrestrial part of the hydrological cycle links different nations,
people with their diverging aspirations together. Hence cooperation is an obligation.
Transboundary water governance is supported by international conventions and
water law, frequently facilitated by basin organizations but ultimately the success
of collaboration and the achievement of win-win solutions depend on trust. Sharing
the resource or/and the benefits is one crucial question. Sharing costs and
safeguarding the environment are additional dimensions to be considered also in
the transboundary context.
As far as integrated water resources management and basin scale approaches
are concerned the transboundary nature of the problem necessitates further
development of these principles and methods. Some cases will be shown where
the trust building for water management is enhanced by political cooperation and
vice versa. While agreement between the respective national water resources
management services may be easier to be reached (due to common professional
background) political suspicion may jeopardize collaboration. Trust building is
not only the key to open the way towards collaborative actions but it is also a long
lasting learning process.

Dombrowsky, Ines1; Tawfik, Rawia1 2
German Development Institute (DIE), Germany; 2 Cairo University, Faculty of Economics and
Political Science, Egypt
contac t ines.dombrowsky@die-gdi.de
1

At the time when three Nile riparian states, Burundi, Rwanda and Tanzania, were
celebrating the launching of the jointly owned Rusumo Falls hydropower project
in March 2017, the three Eastern Nile countries, Egypt, Ethiopia and Sudan were
facing persisting challenges in their cooperation around the unilaterally launched
Grand Ethiopian Renaissance Dam (GERD). Drawing on literature on benefit
sharing on transboundary and shared rivers, the paper explores the variables that
explain the success of trilateral cooperation in the case of the Rusumo Falls project
compared to the GERD. It argues that differences in situation structure (border
river versus transboundary river) and uneven distribution of benefits and costs in
the case of the GERD, compared to the sharing of costs in relation to benefits in
the case of the Rusumo Falls, led to different incentives for the various Eastern Nile
riparians to cooperate. The fact that the GERD is self-financed also eliminated the
influence of the donor institutions that provided further incentives for cooperation
by preferring to fund a regional project in the case of the Rusumo Falls. The role
of the Nile Equatorial Lakes Subsidiary Action Program (NELSAP) in facilitating
cooperation on the Rusumo Falls is contrasted with the exclusion of the Eastern
Nile Subsidiary Action Program (ENSAP) in implementing the GERD. More
importantly, the significant potential negative externalities on Egypt in the case of
the GERD have hindered the transformation of the negotiations on the project from
sharing water to sharing benefits. Based on the case of the Rusumo Falls and other
cases of successful cooperation on hydropower projects, the paper concludes with
measures that could offer incentives for cooperation in the ongoing negotiations
over the GERD.
hydropower, transboundary, benefit sharing, Grand Ethiopian
Renaissance Dam, Rusumo Falls
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UNESCO–IHP: Fostering Peace through Water
Security

A Zone of Possible Effective Cooperation
(ZOPEC) in Transboundary Water Cooperation
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Today, 90 percent of the world’s population lives in countries which share water
resources with another country. With over 276 transboundary river basins and 592
transboundary aquifers in the world, competition for shared and scarce resources
presents critical challenges to States. Such challenges will exacerbate existing
pressures on water resources already posed by climate change, population growth,
migration, land use changes and other drivers of water insecurity.
Transboundary water diplomacy lies at the heart of UNESCO’s governing
mandate to promote peace and security among nations. By enabling collaboration
and dialogue among Member States, UNESCO not only aims to address water
security but also to facilitate peaceful co-existence.
The International Hydrological Program (IHP) of UNESCO has for several years
been involved in the promotion of water security in the context of transboundary
basins. IHP defines water security as the capacity of a population to safeguard
access to adequate quantities of water of acceptable quality for sustaining human
and ecosystem health on a watershed basis, and to ensure efficient protection of
life and property against water related hazards and droughts.
Addressing water security is the overall goal of IHP’s Eighth Phase of its
Strategic Plan, and facilitating the peaceful management of transboundary
water resources is critical to the achievement of this goal. IHP’s approach to
water diplomacy therefore seeks to foster dialogue, improve awareness and
understanding of the benefits of collaborative management of water resources,
and strengthen the capacity of water managers, decision-makers and other
stakeholders to support this initiative. This paper will look at IHP’s achievements in
doing so over the years, and considers how it can further contribute to this growing
field by developing a new strategy on water diplomacy, building on its various
programs and initiatives including the Potential Conflict to Cooperatiom Potential
(PCCP) program.

1

The importance of transboundary water cooperation is widely recognized as an
imperative for regional development, peace and security. However, transboundary
water cooperation often presents challenges related to the substantive sharing
of what is often a limited resource and procedurally due to the variety and
complexity of water governance approaches and priorities. The concept of a
‘Zone of Possible Agreement’ (ZOPA) is often used in negotiations over water
allocation and management. It refers to a range of possible negotiated agreements
that are mutually satisfactory to all relevant parties at the negotiation table than a
non-cooperative alternative to an agreement. Recognizing that effective solutions
to transboundary water management challenges requires a wider range of
approaches and considerations than merely coming to an agreement, the concept
of a ‘Zone of Possible Effective Cooperation’ (ZOPEC) is explored. This concept
was developed from various definitions and understandings of what may comprise
‘effective’ cooperation in a transboundary water context. The concept was applied
to the Brahmaputra River basin in Asia and the Lower Jordan River basin in the
Middle East in order to identify a ZOPEC for each basin. The ZOPEC for the
Brahmaputra River was identified as a zone that spilled outside of the water sector
by incorporating elements of regional and economic cooperation. For the Lower
Jordan River, the identified ZOPEC is based on a multi-use approach to water
management. A conceptual and empirical analysis of the two cases illustrates that
effective cooperation over transboundary waters needs to take into consideration
the emerging basin-wide context that includes the physical, political, economic,
social, formal and customary governance institutions, and shifting power dynamics
and agencies.
Zone of Possible Effective Cooperation (ZOPEC), transboundary water
cooperation, Brahmaputra River, Lower Jordan River
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Urban Groundwater Use in Tropical Africa – A Key
Factor in Enhancing Water Security?

An Economic Perspective of Water Resource
Management in Iran: Incentive Based Market
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Water security is an all-embracing concept – nebulous when it comes to practical
application. It takes on clearerer meaning when used in relation to a specific city
and to a specific function, such as its water-supply, when it can be assessed from
the following factors – accessibility, affordability, sustainability and acceptability
quality-wise – and include the perspective of urban dwellers in the lowest income
quintile.
A scoping study has analyzed data on groundwater use in some 15 cities of
Tropical Africa – dividing them into those where the water-utility is (a) heavily
dependent upon groundwater sources, (b) does not operate waterwells but
poor water-supply service levels make urban users heavily dependent on private
groundwater sources and (c) practicing a degree of conjunctive use.
The presence of high-yielding aquifers makes urban water-supply expansion
easier, enabling phased investment of lower capital cost and providing greater
water security in drought and from pollution. Water utilities that have developed
groundwater generally have better service continuity at lower operating cost, which
can benefit all users especially poorer households.
Urban dwellers obtain their domestic water-supply from multiple sources,
according to availability, cost and season. Among the more affluent private
boreholes are increasingly used to improve water-supply security and reduce watersupply cost, if the utility mains service is unreliable and/or expensive for larger
consumptions. The effect can be both negative and positive – but in the absence of
INGO finance, borehole drilling is beyond the financial reach of the urban poor, and
recourse is made to low-cost dugwells (often with poor sanitary protection).
The way forward must be to integrate utility and private investments in watersupply expansion, and piped and non-piped solutions to water-supply provision,
involving the establishment of low-income policy and technical units in water utilities
tasked with pursuing appropriate water-supply provision in poorer neighborhoods.
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One of the main reasons for Iran’s rapid water decline is an inefficient practice in
agriculture sector. Iran’s war time and recent sanctions made food self-sufficiency
an important goal for agriculture sector. Water withdrawal for agricultural use in Iran
is 92.37% of total water withdrawal, while the average irrigation efficiency is less
than 35% reported by FAO, 2017. More than anything, the current water crisis in
Iran is the result of disintegrated management. The existing system allows individual
farmer to take groundwater as much as they want, which part of it would be wasted
and the other part might not be economically beneficial taking into account for
environmental damages. Around 78% of the farmers in Iran have farms of less than
10 ha after land reforms at 1963, while due to economies of scale, farming at a
scale larger than the current scales can rise the production efficiency.
Now that Iran faces water scarcity, it is important to limit water use and apply
efficient practices in agriculture. The current free capture system provides little
incentive for farmers to do either one, especially in the absence of property rights.
This work studies economic analysis and challenges of having an incentive based
market in which farmers can voluntary join the program (opt in) and get paid based
on the amount of water saved and be provided with liability for overuse. The credit
could also be offered to those who indirectly save water through climate change
adaptation and mitigation practices, as agriculture sector is responsible for 10.3%
of total GHG emissions in Iran (FAO, 2017). The findings of this paper have several
implications for policy makers with water scarcity and environmental concern at
national and international level.

ke y wor ds

water management, incentive based market, water scarcity

African cities, water-supply security, groundwater use

53

Sustainable Ground Water Management > Oral Presentation > 113

Sustainable Ground Water Management > Poster Presentation > 324

Assessment and Monitoring of Groundwater
Resources of the Bengal Delta, Bangladesh to
Adapt with the Impact of Climate Change

3D Modeling of Hydraulic Conductivity (K) in
Alluvial Flood Plain Using Facies Reconstruction
Modeling
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Groundwater is the major source of fresh and safe water in Bangladesh and about
97% of drinking water and 80% of dry season irrigation water has been provided
by groundwater. This huge stress on groundwater has already posed water
quality and quantity problems in many areas. Arsenic contamination in shallow
groundwater has changed the scenario of it’s use. There is also high vulnerability
to salinization in the coastal aquifers. In addition, the low-lying topography and
geographic position makes Bangladesh to be one of the most vulnerable countries
regarding anticipated impacts of climate change and the coastal delta are at the
greatest risk. The study indicates that the 300 year average rate of sinking of
the outer Bengal delta is 5.2 ± 1.2 mm/yr, which includes 0.8 mm/yr of eustatic
sea-level rise (Hanebuth et al. 2013). The sustainable usage of the vulnerable
deep fresh water resource in the saline prone coastal aquifers must be based on
detailed knowledge and monitoring of the hydrogeological system. To know the
real evidences of changes in the events of hydrologic cycle including groundwater
quality and storage is very important. It is important to map fresh water- saline water
distribution in coastal aquifers and predict future changes in this environment due
to both climate change and anthropogenic stresses. Considering this a monitoring
network has been established in 19 coastal districts with observation piezometers
at different depth levels down to 350 m depth. The baseline studies have been
conducted to assess the flow dynamics, water quality and hydraulic properties of
aquifer sediments. Mathematical models were simulated to evaluate groundwatersurface water interactions and sea-water encroachment trends under different
scenarios. This paper focuses on the importance of regular assessment and
monitoring of available fresh water resources for sustainable long-term use of very
scarce fresh water in the region.

The purpose of the study is to properly estimate the hydraulic conductivity (K) in
3D setting; a major parameter for ensuring the accuracy of groundwater flow and
transport models. Highly heterogenous hydraulic properties in the Alluvial and
deltaic flood plains make it difficult to characterize the spatial distribution of K. Two
typical methods to obtain the K are (i) field observation e.g. pumping test which
expensive and location dependent and (ii) semi-empirical formula that may not
work well with heterogeneous strata. Two important parameters, the grain size,
and porosity are largely dependent on the sedimentary bodies and often show
spatial variations at different scales. We have proposed a method for estimating K
based on spatially distributed sedimentological facies distribution and geological
data in the Dhaka Region, Bangladesh. In this study, indicator variogram was
used to describe the spatial structure characteristics of different sedimentological
facies (e.g., Clay, Silt, Fine Sand, Medium Sand and Coarse Sand) from ca.
500 borehole data. The average depth of the borehole is 200m, from an area
of about 350km 2 in the Dhaka region. The Markov chain model with transition
probability matrix and Sequential Indicator Simulation (SIS) were applied to 3D
spatial distribution of sedimentological facies. Field data (e.g., pumping test, grain
size distribution), geophysical and hydro-chemical data were used to estimate the
porosity distribution whereas K was estimated by the Kozeny-Carman equation.
Results show that both stochastic simulated facies reconstruction model reflects
the sedimentary features with an average model accuracy of more than 70%
in comparison with the borehole log data. The conductivity distribution is quite
consistent with the sedimentary distribution and the conductivity is reasonable with
the same order of magnitude when compare with the pumping test data. This study
provides a more reliable approach to estimate hydraulic parameter for numerical
groundwater modeling.
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Scenario-based Adaptive Integrated Water
Resources Management under Changing Climate

Farmers’ Perceptions on Impacts of Salinity Driven
Fresh Water Scarcity in Coastal Bangladesh
Agriculture

Malekian, Arash
University of Tehran, Iran
contac t malekian@ut.ac.ir

Arid and semi-arid lands are viewed by humans not only as places for the
harvesting of crops and animal products but also as regions that support diverse
landscapes, floras and faunas. These lands are also considered as the resources
that provide water which plays a vital role in arid and semi-arid regions where the
most important limiting factor is water. Watershed resources management is a
complex problem due to various interests associated with a common resource,
the conditional relationships between objectives, and uncertainties such as the
changing climate to the future development of objectives and constraints. Water
shortages and inappropriate distribution of precipitation are common features
of Iran. Besides to overexploitation, the droughts cause the water table to fall so
much that deepening existing wells by hand becomes infeasible. The optimum
management of water in the basin scale has a vital role in the overall use of water
at local, national and regional levels to avoid conflicts arising from scarce water
resources. This paper attempts to demonstrate the approach of optimum allocation
of water resources under risk and uncertainty condition for a semi-arid region in
Iran to reach the water security. Over-exploitation of surface and groundwater
resources in Hableh Roud basin located in north central part of Iran has resulted
in degradation of land and water resources as well as salinity and wind erosion.
Based on the nature and relation of issues related to water management in the
basin, a scenario based approach was developed considering the climate change
risk for optimum allocation of water use of the basin under different water availability
conditions. This may help water managers of the basin for better allocation of water
resources especially in water shortage conditions for sustainable management of
the arid regions and to maintain the vulnerable stability of the ecosystem.
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Agriculture is a major economic activity of rural population in Bangladesh and
also contributes largely in maintaining the food security of the country. Agricultural
productivity in coastal Bangladesh is on decline due to fresh water scarcity from
groundwater contamination by soil salinity. This research studies the perceptions
of farmers of the southwest coastal region of Bangladesh about the effects of
salinity intrusion, by studying two Upazilas (sub-district) of Satkhira district.
Perceptions to effects of salinity intrusion into the agricultural lands were collected
from 300 farmers of 15 randomly selected locations of the two Upazilas through
a questionnaire survey and validated by statistical tests and Landsat Images.
Farmers identified water scarcity for irrigation purposes as the most prominent
effect of salinity intrusion followed by a decline of prices in the livestock market.
Statistical tests such as the t-test and the Mann-Whitney U test were performed
to test whether the opinions of the respondents of the two study areas had any
significant statistical differences or not. It was computed that the perceptions had
no major statistical differences. Landsat images of the years 2006 and 2016 of
the study areas were analyzed to map soil salinity. In 2006, soils of none of the
study areas had electrical conductivity (EC) beyond 16 dS/m. But in 2016, a total
of 5644 ha in the two study areas combined had EC values higher than 16 dS/m;
further establishing the spread of salinity and threat to fresh water security. Only a
very few varieties of crops can sustain in soils with EC values higher than 16 dS/m.
The knowledge of farmers to changes in climatic factors and awareness about the
threats to agricultural practices are the prerequisite to the formulation of adaptation
practices. In conclusion, this study tried to identify some appropriate adaptation
techniques.
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Crop Yield Gap: a Challenge and an Opportunity
for Food Security, Case of Sudan

Physical Transfer of Water vs Virtual Water Trade:
Economic and Policy Considerations

Khalifa, Muhammad

Kumar, M Dinesh
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By 2050, the world will need to increase agricultural production by 60–110%
to meet the increasing food demand. Among the available solutions, birding the
yield gap seems to be very optimistic. A gap between the attainable yield and the
farmer’s actual yield is recognized in many areas around the world, especially in
the developing countries. In particular in the areas where this gap is large, this gap
is considered as an opportunity and a "hidden resource", where more food could
be produced from the same land area and perhaps by using the same amount of
water. Cereal crops are the main calorie source for the people in Sudan. Sorghum,
wheat and millet are the main cereals crops in the country. The three crops shows
large yield gaps in the production areas around the country. Identifying the intensity
and the causes of this gap is very crucial. This research aims to quantify the
magnitude of the yield gap of cereal crops in Sudan. Historical production data of
the three main cereal crops in Sudan (sorghum, millet and wheat) were analyzed
to estimate the crop yield gap in state-wide level. Geographic information system
(GIS) were used to detect the spatial variation of the different crops and their
associated yield gaps. Future demand of the three crops were estimated for the
years 2030 and 2050, which were used to assess several scenarios. Results of
this research showed a great variation in yield gap at the state level, which could be
attributed to agrometerological and socio-economic factors. With the current crop
yield, the existing and planned new schemes together will not be able to satisfy
the food demand of Sudan by 2050. In the same cultivated area, production could
be increased by 106.03, 69.27 and 51.55% respectively for sorghum, millet and
wheat, by bridging the yield gap.
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The article uses findings from four recent research studies to build a strong
argument in favor of physical water transfer to deal with regional water scarcity
problems in India. The first study looks at the dynamics of virtual water trade
between countries to understand what governs virtual water trade volume. The
second one analyses the economic value of water in land rich and water scarce
region and land-scarce and water-rich region. The third one looks at the potential
of small water harvesting systems. The fourth one is about the indirect economic
impacts of large water resource projects.
The article argue that three facts provide the rationale for physical transfer of
water from water-rich to water-scarce regions: the limitations in operationalizing
the concept of virtual water trade in dealing with regional water problems; the
incremental economic value of water in land-rich, water-scarce region over waterrich, land scarce regions; and the limited potential of small water harvesting
solutions in naturally water-scarce regions. The arguments in favor of physical water
transfer are: 1) increasing the productive use of the un-utilized (surplus) water in the
water-rich regions; 2) improving the food security situation of the water-rich regions
that are land-scarce, while preventing the water-scarce regions from mining their
water resources and simultaneously improving their groundwater environment and
reducing energy footprint in agriculture; and 3) realizing greater economic value for
the water in agriculture region-wide.
This calls for entirely new sets of considerations for evaluation of large water
resource projects for a more rational investment decision-making. Their great
indirect benefits of generating large-scale employment in rural areas, protection of
millions of farm livelihoods, improving the sustainability of well irrigation, reducing
the energy cost of pumping groundwater and stabilizing food prices possible
should receive greater attention in benefit-cost calculations, along with the direct
economic benefits.
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Dendrometric Technology to Improve Irrigation
Scheduling in Arid Zones

Water Management Planning in Reservoir-Based
Multi-User Irrigation Schemes in the Upper East
Region of Ghana Using the Water Evaluation and
Planning System (WEAP)

Salgado, Eduardo
Pontificia Universidad Católica de Valparaíso, Chile
contac t eduardo.salgado@pucv.cl

Intensive agriculture of central Chile consumes about 80% of the total use of water.
Domestic water takes about 6% and industrial about 14%. Agriculture of this area
mainly grows fruit orchards, greenhouse vegetables as well as high-quality flowers.
These activities represent an important employ-source for the area and a significant
contributor to the GPN. Last seven years the area experimented a severe drought.
The most affected province was Petorca located at the north most of Valparaíso
region. Petorca lacks mountains high enough to accumulate snow as the other
parts of the area do. Further, as consequence of climatic change winter rainfall in
the area is continuously decreasing producing devastating effects on fruit orchards
mainly. To improve the use of the scarce water we are applying several programs,
including: (1) increase irrigation technology, efficiency and uniformity applications,
(2) increase water use efficiency, maximization of product per unit of water used, (3)
introduction of new crops for the area, in order to improve adaptation to arid zone,
(4) field research, (5) field demonstration, (6) farmers training. Irrigation technology
should provide an answer to three main questions: (a) how to irrigate, (b) how much
water to apply, (c) when irrigation should be applied. Modern irrigation methods
when properly designed and conserved provide efficient solutions for question
(a). However, questions (b) and (c) represent important challenges at the field
level. Among the several proposed methodologies to get those answers we chose
dendrometry as a direct measurement on the plant itself. For cherry trees, avocado
trees and pomegranate plants we have found threshold values for some of the trunk
diameter fluctuations (TDF) variables under different conditions of tree age, the
season of the year and soil water availability. Following TDF derived variables is
possible to define how much and when irrigation should be applied.
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Competition for water resources in reservoir-based irrigation schemes in subSaharan Africa is on the rise owing to population growth, climate change and
multiple water users. Yet, the sectoral approach to water management such
as currently practiced in Ghana amid multiple users leads to inequitable water
allocations and related conflicts. Previous studies focused mostly on irrigation
water use, and holistic assessments accounting for competing water demands
in a changing environment are rare. Our case study in the Upper East region of
Ghana evaluated the capacity of a small- and a medium-scale reservoir-based
irrigation schemes to supply water for irrigated crops while considering livestock,
fish farming, and household demands. The Water Evaluation and Planning System
(WEAP), an object-oriented decision support tool, was used to simulate the water
allocation options at scheme scale daily over the period of 2015–2030 based
on the user-defined priorities. Modeling scenarios included increased rainfall
variability (75%), the introduction of supplemental irrigation in the rainy season,
irrigable area expansion, and system efficiency improvement. The simulation
results show that rainfall variability will likely increase the water supply-demand gap
by 10-36%, depending on the rainfall regime. The introduction of supplemental
irrigation could be possible in the small-scale scheme only if the rise in demand is
counterbalanced by about 10% increase in the system efficiency and by setting
limits on the cultivation of water-intensive tomato crop in the dry season. The model
efficiency and NRMSE were 0.99 and 4.17%, respectively. In the medium-scale
scheme, the available water is underutilized due to the deteriorated water delivery
infrastructure, requiring its rehabilitation. The integrated approach applied facilitates
the assessment of suitable options for improving reservoir operations and adapting
to water scarcity in sub-Saharan Africa.
multiple water users, integrated reservoir operation, rainfall variability,
system efficiency improvement, supplemental irrigation
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Water Saving and Climate Change Mitigation by
Alternate Wetting and Drying Water Management
in Irrigated Rice Paddies in Central Vietnam

Remote Sensing Based Actual Evapotranspiration
Estimation for Efficient Agricultural Water Use in
the Vu Gia Thu Bon Delta, Central Vietnam
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Rice is the pillar of food security across many countries of the Global South. Rice
production implies however much higher water demand when compared to other
crops. With increasing urban and industrial developments, sectoral competition
for water is increasing and strongly felt by shifts in water supply to the domestic
and industrial sectors. Moreover, rice cultivation is a major anthropogenic source
of atmospheric methane (CH 4). There is a pertinent need in Asia for developing
water management techniques for reducing water use and also CH 4 emissions
in rice production. One such technology is alternate wetting and drying (AWD)
in which a rice field encompasses several dry phases during the growth period.
In order to fine-tune AWD, field experiments were conducted jointly with farmers
across several seasons in the framework of two complementing projects in
Central Vietnam (Quang Nam and Thua Thien Hue Provinces). The rice irrigation
experiments were arranged in randomized complete block designs with 3 or 4
replicates and 3 water management practices: 1) conventional continuous flooding
(CF), 2) safe AWD, and 3) site-specific AWDS. The closed chamber technique
was used for GHG emission measurements. The results in Quang Nam showed
that AWD did not affect yields negatively, but significantly reduced water usage
by about 27.0% when compared to CF. The total emissions in the AWD treatment
achieved a maximum decrease of 41.9% in one of the seasons. Results for the
Thua Thien Hue showed that the total water use including irrigation and rainfall was
significantly reduced by ca. 15% under AWD without yield penalty. The resultant
global warming potential under AWD was reduced by ca. 27%.
Dissemination of AWD is ongoing in many other Asian countries. Water saving
and CC mitigation technologies are pertinent and need to be supported by solid
scientific evidence and practical joint implementations.
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The future challenges raised for irrigated agriculture in most developing countries
are to contribute to the global food production and to achieve water security
through improving irrigation efficiency and promoting a sustainable water use.
Located in the central of Vietnam, the Vu Gia – Thu Bon Delta is considered as
one of the most important agricultural production areas. In recent years, due to
the impacts of droughts and saline intrusion, water for irrigation in the dry seasons
has become an increasing problem in this region. For better agricultural water
management and allocation, it is necessary to understand the evapotranspiration
process and its spatial distribution.
In the direction of this objective, the actual evapotranspiration (Eta), one of
the most useful parameters for estimating the crop consumptive water use, was
computed for paddy rice at regional scale during the 2012/2013 cropping season.
Accordingly, the Eta was derived from satellite data by applying the Simplified
Surface Energy Balance (SSEB) approach and the CROPWAT model based
on the FAO Penman–Monteith equation was selected as the reference method.
Landsat 7 ETM images were pre-processed and interpreted by using the Model
Maker tool of ERDAS Imagine software integrated with ET0 calculator tool and
ArcGIS. The results showed a good correlation between Eta values evaluated by
CROPWAT model and SSEB model, with relative errors of ±10–15%. In general,
the satellite-based evapotranspiration values are higher than those simulated by
CROPWAT model. Remote sensing based actual evapotranspiration can provide
reliable hydrological information about the actual crop water consumption at
different spatial scales. This is the key for proposing the measures to improve the
physical efficiency of agricultural water use.
Vu Gia – Thu Bon Delta, actual evapotranspiration, remote sensing
interpretation, SSEB method, CROPWAT model, efficient agricultural water use
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Prospering Transboundary Water Security
in the Face of Climate Change Impacts and
Vulnerabilities in Hindu Kosh Himalyan Region

Real Time Monitoring System for Transboundary
Water Governance and Climate Change in Jordan

Arfanuzzaman, Md.
International Business Forum of Bangladesh, Bangladesh
contac t arfan@asia.com

The Hindu Kush Himalayan (HKH) region is well recognized for its vast water
resources. The countries in this region, including Afghanistan, Bangladesh, Bhutan,
China, India, Pakistan, and Nepal receive water from the mighty Himalayansourced river basin. Increasing requirements of food and energy for the growing
population stimulate water harvesting from the transboundary river basins of
South and South East Asia, which often triggers the lack of water availability and
environmental degradation among the riparian nations. Furthermore, climate change
has a drastic impact on the rainfall pattern, glacier melting, mountain hydrology,
and river morphology, which underpins the significant water insecurity in the HKH
region. The study mainly concentrated on the water security situation of the Teesta
river basin, which is shared between India and Bangladesh. Teesta is a fourth
largest transboundary river in Bangladesh. It has its origin in the Indian state of
Sikkim and enters Bangladesh through West Bengal, to finally merge with the
mighty Brahmaputra-Jamuna river system. Some 21 million people in Bangladesh
and 8 million people in India are utterly reliant on this transboundary river for their
livelihoods. In 1997, the average discharge of the Teesta river was 180 cumecs,
which reduced to 90 cumecs in 2005, and further fell to 20 cumecs in 2016. This
was due to unilateral water withdrawal in the upstream Indian countryside to meet
the demands of irrigation and hydropower plants, and climate change induced
water unavailability. Consequently, between 2006 and 2014 the lower Teesta
region of Bangladesh lost 1,277,478 tons of rice in the dry season and faced
several extreme monsoon events. Hence, to reduce loss and damage and sustain
water security in the river basin, the study estimated the total water demand in the
Teesta basin through a water accounting method and suggested an outline of water
collaboration for greater socio-economic gain and prosperity in the face of climate
change.
transboundary conflict, water demand, water cooperation, climate
change impacts, joint river basin management
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Jordan is one of the most water-stressed countries in the world. It shares significant
transboundary surface and groundwater resources with Israel, Syria, Egypt, West
Bank and Saudi Arabia. These limited and non-renewable water resources support
a multitude of strategically important water uses, such as drinking water, irrigation,
industry, and tourism. The availability of an adequate quantity of water in Jordan is
shrinking, due to many factors, such as rapid natural population growth, the influx
of a large number of refugees, unsustainable water use, and rapid urbanization.
Additionally, climate change impacts, such as changes in precipitation patterns,
increased frequency of droughts and floods, and high evaporation are affecting the
availability of water resources. Moreover, the main water resources in Jordan are
classified as transboundary. The most important surface water body is the Jordan
River, which is under severe pressure due to extended drought and the diversion
of its tributaries inside Israel. In addition, there is the Disi aquifer, which is shared
with Saudi Arabia, and the Dead Sea lying at the western border. Therefore, it is
essential to have the remote monitoring capability, particularly within the Jordan
basin, as it is forms a border that is highly militarized. This project aimed to develop
the capacity to monitor the Jordan River basin on real-time basis for natural or
anthropogenic environmental threats and climate change. Four Real-Time Water
Monitoring (RTWM) stations at Baptism, Al-Mujeib Dam, Dead Sea and Mutah
University were chosen as locations for the installation of the real-time water
quality, quantity and climate change instrumentation. The study aimed to develop a
methodology and protocol to detect and predict undesirable changes in the quality
and quantity of water on a real-time basis using the Earth Observation System
(EOS). This will improve the management and governance of the Jordan River
basin. The results show the successful implementation and smooth flow of data into
two command centers.
transboundary, Jordan river, Dead Sea, real-time monitoring, climate
change, water governance
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Demystifying the Nile Water Discourses and
Imperatives for Democratic Pan-Nilism

The 2014–15 Drought in the Paraíba Do Sul
River Basin, Brazil: Responses, Challenges and
Lessons
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The research has attempted to explore the epistemological foundations of the Nile
water myths and their impact on the contemporary policy formulation and riparian
dialogue for fair and equitable utilization of the river, along with the challenges
for establishing an efficacious water regime. Hence, the data collected from
discourses, such as ancient tales, archives, travel accounts, inscriptions, and
decrees, were analyzed using a qualitative pluri-disciplinary approach through
critical discourse analysis. The findings demonstrated that the basin was dominated
by ethnocentric, creation, geographic, cartographic, migration and diversion
myths, which had direct impact on the Nile water utilization claims and counter
claims. The impacts manifested in the naming, morphology, origin, discovery and
quest for ownership of the Nile water. The demystification of the epistemological
basis of the Nile water discourses by promoting water science is a demanding
task necessary to democratize the utilization of the Nile water. Furthermore, the
prejudicial consequences of unilateral appropriation of Nile water have created
intricate problems. In response to these challenges, the search for harmonious
criteria to define the water rights of riparian states has resulted in the formulation of
diverse but non-binding legal doctrines, due to the nostalgic love attached to state
sovereignty. Hence, the researcher contends that the cause of the incompatibility
of sovereign rights with the legal doctrines, especially in the Eastern Nile Basin,
is due to the antithetical relation between the nature of the states and the natural
interconnections created by rivers. In order to address this incompatibility, the
researcher proposes the establishment of a new continental water regime modality,
which could lead towards the pan-Africanization of the continent’s rivers and states.
Therefore, the recent optimistic headstart of the African Water Vision for 2025 and
the Nile Basin Initiative should foster the move towards a continental regime by
undertaking a pan-Nilism experiment.
demystification, discourse, myths, Eastern Nile Basin, legal doctrines,
Pan-Africanization, water regime
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This paper presents an overview of the key challenges and lessons learned in terms
of water security by managers and users of the Paraíba do Sul River Basin related
to the worst drought in recorded history, in 2014–15.
Demand for water has increased dramatically over the years, including the Rio
de Janeiro and São Paulo Metropolises, which lie in another river basins. This
demand is largely met by the so-called "Paraíba do Sul-Guandu Hydraulic System,"
which generates energy and substantially increases the water availability of the
main river.
The drought of 2014–2015 surprised water managers and users, and put
water security issues at the heart of the water agenda. By setting a wide range
of emergency measures, defined together with the major stakeholders, it was
possible to save water stored in the reservoirs and to avoid major impacts such as
water supply shortage in urban areas and especially in the Greater Rio de Janeiro.
However, the impacts on the industrial sector were significant, not yet measured.
This water crisis has given water managers pause for thought, and the most
highlight lessons are:
1) Make better use of the available water in the reservoirs through changes in
operational rules, in order to increase the security for multiple uses. Significant
changes were done in November, 2016.
2) Develop drought preparedness and coping strategies, by developing water
security plans, which is being designed for the basin.
3) Optimize the use of water resources from industrial and urban sectors.
4) Recover the water quality, specially collection and treatment of urban sewage,
protect water sources; and increase water recycling and reuse.
Such approaches are challenging federal and states managers and river basin
bodies as they rely heavily on innovative and adaptive governance that is slowly
being built in the Paraíba do Sul River Basin.
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Tsangpo Hydropower Dam: Is it Devastation
on River Ecosystem and Downstream Riparian
Community?

Notification and Prior Consultation Procedures in
Mekong River Basin
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Energy use is the main challenge for achieving the carbon emission reduction
target. Rapid development and increase share of renewable energy use has
taken as the main strategic driver for achieving this goal. The most populated,
biggest economy, energy user and carbon emitter China, has committed to
global community to reduce their emissions and focused on renewable energy
sources. Tibet Plateau for being geologically vast hydropower potential, China
has aimed, approved several dams in this region which one of them already been
constructed on Tsangpo River. This study has investigated the socio-economic and
environmental impacts of this dam on lower riparian countries and how this dispute
could be settled. The study found imminent adverse impacts on socio-economic
and ecological conditions of lower riparian countries and illustrated the urgent
‘joint impact assessment’, ‘negotiation’, ‘integrated river basin management’ and
‘collaborative institutional framework’ for settling this trans-boundary conflict. This
study will be helpful to understand and develop an idea to the policy makers for
visualizing impacts of this dams and importance of urgent management initiatives.
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There has been an extensive increase in hydropower development projects in
Mekong River Basin. Current issues on their transboundary impacts on the
environment and citizens of the riparian States raise concerns over the adequacy
of their practice and standard on the notification and consultation process, the
EIA process and public participation. The purpose of this research is to find a
way to improve and develop a better ‘procedural mechanism’ for the Agreement
on the Cooperation for the Sustainable Development of the Mekong River Basin
1995 (the Mekong Agreement), the Guidelines on Procedures for Notification,
Prior Consultation and Agreement 2005 (the PNPCA) and cooperation among
riparian States by using international and European legal instruments, such as the
Convention on the Law of Non-Navigational Uses of International Watercourses
1997 (the UN Watercourses Convention), the UNECE Convention on Environmental
Impact Assessment in a Transboundary Context 1991 (the Espoo Convention), Rio
Declaration 1992, the Convention on the Protection and Use of Transboundary
Watercourses and International Lakes 1992 (the Helsinki Water Convention)
and the UNECE Convention on Access to Information, Public Participation in
Decision-Making and Access to Justice in Environmental Matters 1998 (the Aarhus
Convention) as guidance. In essence, this comparative study will reveal the areas of
law that align with international law and the areas of law that are short of practice.
However, the research will not aim to create a new model or a new agreement for
the Mekong Basin, but to highlight good practices and identify gaps in the current
law. This will allow recommendations for some amendments and reformation to be
made to ensure the sustainable management of the transboundary watercourse and
hydropower development.
hydropower development, notification and consultation, transboundary
EIA, public participation
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Remote Sensing and GIS to Identify Suitable
Rainwater Harvesting Sites

Freshwater Ecosystem Services and Land Cover:
Navigating Relationships in Wetland Context of
Southern Bangladesh

Abdo Saif, Samah Mahmood1 2; Ribbe, Lars1; Frechen, Franz-Bernd2
Institute for Technology and Resources Management in the Tropics and Subtropics,
TH Köln, Germany; 2 University of Kassel, Germany
contac t samahmalhammadi@gmail.com
1

Arid and semi-arid countries are suffering from water shortages. The
pressure on water resources increased during the last few decades as a
result of climate change and a prompt increase in the demand for water
for different human purposes. It is essential to look for alternative water
resources to overcome this problem and to avoid the water scarcity dilemma.
Rainwater harvesting (RWH) could play a significant role in securing
additional water resources to be used for agricultural activities, to supply
drinking water, or to enhance groundwater recharge. Furthermore, it can
control the negative impact of floods. The Blue Nile Basin is one of the largest
water basins in the world. It plays a major role in providing for the water
needs of people living upstream and downstream of the basin. Agriculture
and rainwater provides the source of livelihoods for a vast majority of the
people. By 2037, the expected population in the area will reach 726 million
inhabitants and the water demand will reach 64%. Additionally, climate
change is leading to drought and flooding crises. Lack of ground data is one
of the major challenges facing RWH assessment in developing countries,
especially in this region. Ground stations usually have no spatial coverage and
only cover a short period. Open source data (OSD), such as remote sensing
(RS) and GIS, can be used to overcome this data limitation, especially in the
arid areas. Investigating the possibility of using OSD for RWH assessment
and selecting the most suitable products to be used in the study area is one
of the main objectives. For this reason, the research methodology was built
on comparing different open source products. Information derived from OSD
helps to identify the rainwater harvesting potential and supports the decision
makers.
water demand, rainwater harvesting, open source data, remote
sensing, GIS
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The paper aims to develop and test a methodology to detect and assess long-term
(1973–2014) and seasonal (dry and monsoon season) Freshwater Ecosystem
Services (FES) supply capacities of a wetland Social-Ecological-System (SES)
of southern Bangladesh. The study area receives 80 percent of annual rainfall in
the monsoon (July–October) months, and, therefore, is envisaged that additional
freshwater would significantly generate additional FES. Primary methodologies
involved (i) participatory FES identification (ii) long-term and seasonal landcover
(LC) analysis, and, (iii) assessing FES supply capacities using a hybrid FES Matrix.
Among the 13 major identified FES; nine are provisioning services whilst two
services each represent regulating and cultural services. The results demonstrate
that over the last 40 years significant LC transformations occur in the study area
e.g. agricultural land (+74%), rural vegetation (+21%), and lowland/wetland (-75%).
Under the shadow of such long-term changes, the dry seasons (January–April)
witness a consistent increasing of agricultural and rural vegetation whilst low/
wetland increases in the post monsoon seasons (October–November). In the long
run, such changes of LCs contribute to the slight decrease of overall supplies of the
FES (-5.59%); a significant reduction of regulating services (-19%) with the minor
decrease of both provisioning and cultural services. The low/wetland-related FES
i.e. soil fertility and DRR enormously increases during the monsoon (+302.92%),
although, it’s overall quantity have been considerably decreasing over the long term
(-62.94%). Conversely, the FES related to agricultural land and rural vegetation e.g.
provisioning agricultural and economic services steadily proliferate in the long-term
and seasonally in which dry seasons experience majority increases (+72.82%
and +21.42% respectively). The remarkable rise of the agricultural and economic
provisioning services is consistent with the local economic development e.g.
reduced extreme poverty level, however, is achieved in exchange for ecologically
critical regulating services and LC features such as the wetland.
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Water Harvesting Projects:
Tools for Sustainable Development

Comparison of Recent Lake Malawi Level
Variations from In-Situ and Satellite Altimetry Data:
Implications to Water Availability Monitoring

Mukhtar, Ammar1; Ibrahim, Suha1; Zaid, Baheleen 2
Ministry of Water Resources, Irrigation and Electricity, Sudan; 2 Leichtweiß-Institut für Wasserbau,
TU Braunschweig, Braunschweig, Germany
contac t ammarali.mohammed@yahoo.com
1

Climate change, a growing global population, and growing economics are
affecting and threatening the availability of freshwater resources. A rapid increase
in freshwater withdrawals for agricultural irrigation and other uses that have
accompanied population growth has spurred serious conflicts over water resources
both within and between countries. The complex interrelationship between
climate change, freshwater availability and growing demands for freshwater has
become one of the most significant policy issues in the 21st century, and requires
a shift towards the sustainable development and management of land and water
resources. In Sudan, rain water is considered the main water resource for
drinking and irrigation in the rural areas that lies outside the Nile basin, despite its
seasonality, intensity variation and high evaporation; the annual amount of rain water
in Sudan is estimated around 400 billion m 3 . Water harvesting techniques in Sudan
aim to collect and store rain water in July – November (autumn) to be used in the
dry season December – June. These old techniques (e.g. small dams, ponds) have
been practiced decades ago due to their simplicity, low cost and the easy operation
and maintenance. Recently it has been adopted in Sudan’s five years strategic
plan for 2016–2020 under the name "Zero Thirst". This plan is powered by the
government and engages the local people as main stakeholders. Water harvesting
projects serve strategic, economical and social goals that help promoting the
living situation in rural areas by availing and sustainably manage water without
excessive consumption of vulnerable resources to be declined over time, achieve
food security and improved nutrition and promote sustainable agriculture and
reduce inequality within and among countries which are considered as main
goals of sustainable development. The sustainability of these projects faces some
challenges such as adequate operation and regular maintenance in which training
and awareness are very important.

ke y wor ds

72

Ngongondo, Cosmo1; Dulanya, Zuze1; Monjerezi, Maurice 2; Sajidu, Samson 2;
Uka, Zione 3; Nkhata, Mc Pherson 3
1
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Lake Malawi, Africa’s third largest lake is vital for Malawi’s socio-economic
development. In addition to water supply to Blantyre City, over 90% of Malawi’s
hydropower generation is along the Shire River, the lakes only outlet. Currently,
plans are underway to abstract from the lake to supply Lilongwe, the Capital
city of Malawi. Monitoring of the lake levels is therefore critical as the lake has a
history of recessions when there were no outflows into the Shire River. This study
investigated recent lake level variations from in-situ measurements for the period
1899 to 2017 and the possible forcing factors. The study also analyzed lake levels
constructed using TOPEX/Poseidon satellite altimetry data from 1992 to 2017 and
compared these to the in-situ measurements for the common period. The results
show an upward trend in lake levels between 1935 and 1981, which previous
studies reported on. However, a distinct declining trend is evident since the peak of
1981. The declining trend in the lake levels has close links with the rainfall regime of
Malawi. On the other hand, the satellite altimetry data have a good relationship with
the in-situ measurements and can provide a near-real time monitoring tool for early
warning purposes of the lake levels.
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Satellite Remote Sensing of Suspended Sediment
Concentration in the Lower Ganges River

Freshwater – Salt Water Interaction in the
Estuarines of Red River Vietnam. A Monitoring
and Modeling Approach in Support of Irrigation
Operation

Rahman, Mashrekur; Islam, G.M. Tarekul
Bangladesh University of Engineering & Technology, Bangladesh
contac t viki.mashrekur2@gmail.com

The Ganges–Brahmaputra–Meghna Delta, the largest river delta in the world,
is facing a plethora of water security issues, such as the withdrawal of water
and subsequently sediments from rivers. Besides anthropogenic interventions,
global climate change is causing unforeseen changes in sediment flux and flow
patterns. River sediments are crucial to the physical and ecological sustainability
of the delta. Suspended Sediment Concentration (SSC) is a vital parameter in
the hydro-morphologic and ecosystem studies of the GBM Rivers. Conventional
in situ acquisition of SSC data from a large alluvial river such as the Lower
Ganges or the Padma River is challenging in terms of cost, expertise, and spatial
coverage, especially for a country with limited resources like Bangladesh. This
study used open-access Landsat 7 Enhanced Thematic Mapper (ETM+) images
for estimating the SSC in the Padma River. A number of Landsat images were
processed to extract Digital Numbers of pixels corresponding to Bangladesh
Water Development Board’s river measurement station, Mawa (SW93.5L). The
DNs were then converted to radiance and ultimately to top-of-atmosphere (ToA)
reflectance. The ToA values of bands 1 to 4, which sense electromagnetic radiation
of 0.45-0.52, 0.52-0.60, 0.63-0.69 and 0.76-0.90 µm respectively, were combined
with corresponding measured values of SSC, between the years 2000 to 2010 for
determination of statistical relationship between them. Coefficient of Determination
(R 2) value of band 4 presented the best relationship; therefore chosen as the best
SSC indicator. Scatter plot of predicted SSC values from the model against in
situ values of SSC with 1:1 fit line demonstrated a strong positive R 2 of 0.89 and
Root Mean Square Error of 88.3 ppm. Spatial distribution maps of SSC along
the Padma River between the years 2000 and 2010, during monsoon and postmonsoon seasons, were created. Time-series variation of SSC in the Padma was
also demonstrated.
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Salt water intrusion in the estuaries and upstream on river system of the Red river
delta has been complicating the operation of water supply system for agriculture
production of the delta especially in the drought and high tide season (the salinity
intrusion length was measured to be more than 24 km inland in the low flow and
high tide regime). Linking up the water discharge from the dam system to the
length of salinity intrusion as well as the stratification regime in the estuaries area
are critical for the water intake operation for agriculture purposes. In recent years,
there has been an extensive salinity monitoring campaign on the length of salinity
intrusion, and salinity profile to support defining the relation between water release
upstream and tidal on stratification regime. Monitoring result has shown that there
is strong stratification regime happening on the interface of fresh-salt water where
there is low tide and high dam water release. However the interaction is less welldefined in case of high tide and high water release, low flow and low tide as well as
the salt water intrusion length, thus a 2-D laterally average estuarine water quality
model was constructed and validated with the monitoring data to further provide a
framework for evaluating different dam release scenarios and salt water intrusion
depth as well as stratification regime at fresh-salt water interface. Initial results
of the model show that in certain dam release scenarios in high tide and low tide
conditions there exists an window of 1–2 hours strong stratification regime in which
operators of irrigation water intake can act to skim freshwater for agriculture.
salt water intrusion, water quality modeling, fresh-salt water interaction,
estuarine flow regime, estuarine stratification flow, agriculture water supply in the
estuaries
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Pressures in the Water Quality of Paraíba Do Sul
River Basin: Case Study in the São Domingos
Sub-Basin – Northwest of Rio de Janeiro – Brazil

You Cannot Manage What You Do Not Measure –
Using GIS to Support Water Communications and
Decision Making in the Developing World

Prado, Rachel1; Menezes, Juliana 2; Cardoso Júnior, Gerson 2

Usman, Sylvia; Meldrum, Anita; Gallagher, Caroline

Embrapa, Brazil; Federal Fluminense University (UFF), Brazil; Federal University of Rio de
Janeiro (UFRJ), Brazil
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Water quality is directly linked to water security. This work is related to Sustainable
Development Goal 6: ensure availability and sustainable management of water
and sanitation for all. Considering the concept of sustainable development, the
interaction of the management tools, the monitoring and the river framing allow
the water quality evaluation and its compatibility with the multiple uses. Water
quality also depends on land uses and land cover (LULC) in the river basin and
on point and nonpoint pollution. The Paraíba do Sul river basin (PSRB) has an
estimated population of 6.5 million. The aim of this study was to determine the
main pressures to water quality in PSRB, as well as to present results of the water
quality assessment of one of its sub-basins in the Northwest of the state of Rio
de Janeiro (São Domingos river basin–SDRB). SDRB basin is pressed by low
rainfall in the dry season, the reduced land cover, as well as the intensive use of
agricultural inputs for tomato production and inefficiency in the water management.
65 water samples were collected in October 2004 (surface and groundwater)
analyzing the parameters: cations, anions, temperature, alkalinity, pH, electrical
conductivity, total dissolved solids, dissolved oxygen, biochemical oxygen demand,
thermotolerant coliforms and some organochlorine and organophosphorus
pesticides. The main sources of pollution at PSR are: untreated urban effluent
discharge, sediment production due to degraded pastures and sand mining, as well
as agricultural waste. In BRPS, the parameters that presented nonconformities in
relation to water quality were: dissolved aluminum, total boron, dissolved iron, total
manganese, nitrates, pH, dissolved oxygen, biochemical oxygen demand and some
organochlorines and organophosphates. The results indicated that the water quality
degradation in SDRB has been influenced by agricultural practices, domestic
sewage and inadequate treatment for water supply.
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Water is a global resource for human activities and its availability is linked to human
health and welfare. In most developing cities, especially in Africa, population
growth, urbanization and climate change have caused pressures on basic
infrastructure such as potable water supply. The stress on these infrastructures
reinforces the poverty cycle and undercuts economic growth, as well as increasing
water security problems.
Over the years, conventional methods of obtaining data have been complex and
labor intensive. With the advent of GIS, spatial deliveries of numerical data and
maps have supported the search for other relevant data, as well as improving data
management. The use of GIS applications in the developing world is low due to
challenges; such as cost of acquiring and maintaining National Geospatial data
infrastructure (NGDI).
The role of GIS in the spatial aspects of water resource management is
potentially enormous. GIS provides governmental and non-governmental agencies
access to geo-spatial information for decision-making and effective management.
Thus, it is essential to embrace GIS technology for its usefulness in national
development and economic planning.
This paper aims to highlight the importance of adopting GIS technology as a
powerful tool to potable water access problems.
GIS, spatial distribution, potable water, water access, water resource
management
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Water Security and Human Migration

Hosting Communities —
The Challenge with Refugees

Babel, Mukand
Asian Institute of Technology, Thailand
contac t msbabel@ait.asia

The current times have seen some of the largest refugee flows since the Second
World War. Water crises are highlighted by the World Economic Forum as the
most important concern for the coming decade. Hence, the importance of trying
to understand the linkages between water and migration is widely accepted.
People migrate due to economic, social, political and environmental reasons.
The focus of this paper, however, is on the environmental aspects of migration
caused by sudden or long-term changes to the local environment. These changes
include increased droughts, floods, desertification, sea level rise, and disruption
of seasonal weather patterns, among others. The paper looks at environmental
migration and its interplay with water security arguing that while water insecurity
can cause environmental migration, the vice versa is also very valid. The paper
is divided into three sections. Section 1 elaborates on the types of migration
because of environmental push and pull factors; migration processes resulting from
environmental degradation; the concept of ‘environmental refugees’; characteristics
of migrants especially in urban settlements; and impacts of migration on the
ecosystem. Section 2 discusses the current and future trends of water security
with respect to environmental drivers and its potential implications on livelihoods;
water footprints of migrants; the concept of ‘water suitcase’. Section 3 discusses
the current and emerging research and policy needs to address the nexus between
water insecurity and migration.
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How should we characterize the relations between resource scarcity, conflict,
and migration? Scarce resource can be the start for a conflict. However, conflicts
and migration are a real reason and effect of migration. Most academic and policy
analyses conclude that scarcities of environmental resources can have significant
impacts upon conflict and migration, and claim or imply that within the context of
accelerating global environmental changes these impacts are likely to become more
significant still.
In the context of the Syrian crisis, more than 11 million Syrians are refugees
in Jordan, Lebanon, Turkey and Europe. It is a real challenge for the hosting
communities in both quantity and quality prospect. Jordan for example is a water
scarce environment, one of the poorest worldwide. Receiving more 4 million
refugees is a real difficult and complicated dilemma. It’s the Humans and the
environment at the same time.

ke y wor ds

refugees, water scarcity, hosting communities

79

Water Security and Migration > Oral Presentation > 203

Water Security and Migration > Oral Presentation > 155

Water Security and Research in Africa
Kowenje, Chrispin ; Outa, James ; Outa, Nichiolas ; Otoigo, lilian ; Morikawa,
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Climate Change-induced Migration and Water
Conflicts in Africa: The Case of Pastoral
Communities in Northern Kenya

1

Mostly in Africa, climatic seasons are not classified according to temperature
variations but according to rainfall patterns into rainy or dry seasons therefore such
is the importance of water to Africa. The economics of Africa is majorly nature
based and mainly in Agricultural. Thus Africa can only grow when water situation
is secure. Since African population is essentially young, good health and hygiene
are mandatory ingredients to it growth. According to SGDs No. 6 and UNESCOIHP 2016, such a target may only be met through good quality education and
sustainable access to safe waters and sanitation.
According to Exceed-Swindon deliberations, water security situation in
Africa is challenged by: Pollution of water bodies, Governance and sharing of
WRM, Impact of climate changes, magnitude and intensity of extreme events on
WRM, inadequate remedial actions on polluted waters using various treatment
technologies, and lack of and conflicting policies on water availability and
accessibility.
Solutions are in collaboration among WRM players, effective communication
of scientific findings, identification of pollutants and prevention of pollution and
contaminations, advocacy for good water governance, push for green revolution
in afforestation and enhancement of carbon credits, development of early warning
systems, and integration of indigenous traditional knowledge into early warning
systems are some of the solutions suggested. The use of renewable energy and
clean alternative energy sources are encouraged. A case of effects of climate
change in Northern Kenya, where over 2,000 heads of cattle, at the onset of 2017
rains, died overnight illustrates the need for better understanding of the interplay
between droughts, rains and diseases in both human and animals.
A community based Water purification system at source (Bio-fence) by use
of local raw materials which eliminated ca. 98% microbial load illustrations one
possible solution to challenges of access to safe drinking water.
water security, SDGs, dry seasons, rainy seasons, diseases,
development, bio-fence
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Climate change is projected to bring significant changes in human migration
patterns especially in developing countries. Increase in climate change related
environmental hazards and sudden onset of disasters will alter the typical migration
patterns of certain communities and even entire countries. This may become a
major global threat to human security and the environment especially among the
pastoralists’ communities in Africa. Climate change could lead to human migration
due to millions of people being displaced by shoreline erosion, coastal flooding and
severe drought. As people migrate, conflicts over resources are often reported. In
Africa, and especially in the horn of Africa, climate change has been identified as
a catalyst for conflicts among different communities within the country or among
different countries and especially among the pastoralists. Pastoralists who are
largely nomadic live primarily in arid or semi-arid areas. They depend almost entirely
on livestock for their livelihood. They rely on access to pasture and water, for the
survival of their livestock. Most of these resources are becoming scarce due to
climate change and increasing human and animal pressure. The elders among
the pastoralists traditionally give direction for the livestock to be moved from wet
season grazing areas to dry season grazing areas depending with pasture and
water availability. These resources sometimes are outside the country. In their
migration within and among the countries, conflicts associated with resource
competition and cattle rustling is often reported especially in Northern Kenya. A
desk top study was carried out and a number of case studies evaluated. This paper
provides information on how migration is contributing to conflict and priorities for
conflict prevention. The paper identifies adaptation measures and how communities
right to health, security, education, adequate housing and the right to food is being
affected. Area for further research has been identified.
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Water Security and Migration in Sub-Saharan
Africa Region

LDCs Universities Consortium on Climate Change
— An LDC Initiative to Implement Article 11 of the
Paris Agreement

Pare, Samuel
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Water security in sub-Saharan Africa is linked to water quality degradation, due
to anthropogenic activities and water scarcity in some areas, but these are not
the only factors. Water is used in almost every economic sector in Africa, and this
has an inherent impact on its quality and quantity. The impact of water resource
challenges has increased in recent years, due to increasing urbanization, internal
crises including conflicts, economic growth, and climate variability with changes in
seasonal trends. All of these issues have an impact on population and communities’
migration within a region, a country or across borders.
Countries such as Burkina Faso, Mali, and Sudan are particularly droughtprone and water scarce countries, characterized by seasonal migration. Water
scarcity intensifies the pressure on, between and across states. People are
migrating to intersessional crop production areas, next to dams, which include
horticultural production. This generates water pollution from chemicals and unsafe
waste disposal. These changing environmental conditions, including more floods
occurring in recent years, oblige people to migrate to areas that are already densely
populated and affected by dry conditions. War, such as the civil conflict in South
Sudan, has ravaged the water infrastructure, with some boreholes deliberately
destroyed as part of the war strategy.
While more research is still needed, the main strategies to achieve water
security include an holistic approach with sensitization, a high level of community
participation in decisions, avoidance of water pollution, strong involvement in
conflict and war resolution. With respect to natural disasters, relocation of migrants
is necessary, with provision for implementation of activities that support their
installation.
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Greenhouse gas emissions have an increasing impact on water cycles. This
interconnection is referred to as carbon-water nexus (CWN). Especially, changing
precipitation patterns, decreasing freshwater availability, rising sea level, and rising
frequency of extreme weather events threaten the social structure, the infrastructure
and the environment in many countries.
Environmental engineers can help to combat this negative development by e.g.
implementing sophisticated water treatment technologies for water reclamation
from industrial, commercial, and residential sources. However, the engineers have
to overcome new challenges. In comparison to surface water or groundwater, these
unconventional water sources show a more complex composition and a higher
concentration of potentially hazardous substances. This gives rise to additional
technical efforts and causes additional costs. Furthermore, when exploiting these
unconventional sources, psychological defense of the customers as well as
increasing health concerns due to prevalence of pathogens have to be addressed.
This keynote lecture aims at introducing technical and non-technical aspects of
water reclamation technologies.

water, migration, drought, climate, conflicts
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Role of Universities in Building Long-term Climate
Capacity

Countering the Boomerang Effect:
Examining Climate Change Mitigation/Adaptation
Pathways to Security in South Africa

Nasir, Naznin; Huq, Saleemul
International Centre for Climate Change and Development, Bangladesh
contac t nasir.naznin@gmail.com

Global communities increasingly recognize that limiting greenhouse gas emissions
and adapting to the changing climate are fundamental for climate resilience. At
the same time it is also evident that not all countries have similar capacities to
implement climate actions. Ironically, countries that lack capacities such as the
LDCs or the SIDs are also among those that are most threatened by climate
change. These countries require skilled individuals, organizations, and political
and economic systems to ensure they are able to plan and implement actions
for achieving national and global climate goals. Historically however, developed
countries have funded capacity building initiatives on an ad-hoc basis delivered
typically by consultants with little lasting impact in recipient countries. The Paris
Agreement under Article 11 emphasizes on long-term capacity building to enhance
climate action. One institution that is yet to be engaged in any significant way
when it comes to building climate capacities is universities. Initiatives to empower
universities through research and continuous training of students could enhance
local capacity to tackle the climate problem over the long term. This presentation
will discuss the role universities could play to build the capacity of the next
generation, as well as policymakers and implementers, in dealing with climate
change. The fact that universities are some of the robust institutions around, and
have withstood changes in political region and other shocks, leveraging them to
implement the capacity building article of the Paris Agreement may serve not only
as an effective strategy, but also a sustainable one.
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Global dialogue on climate change has resulted in national actions plans and
programs whose impacts are intended to yield multiple benefits to humans and
nature. Failure to adapt to or mitigate the hypothesized effects of climate change
is forecast to result in dramatic social and environmental instability, including mass
migration and resource-related violent conflict. While effects will be felt unevenly
both within and among states and regions, the overall outcome is anticipated to
be negative. However, in the rush to action there is also the danger of generating
unanticipated and unintended negative impacts. These negative impacts have
drawn different labels such as 'maladaptation', and different scholarly and policyoriented communities have begun to theorize ways to avoid them.
This paper has two objectives. First, to contribute directly to theory by
articulating a framework for analyzing one particular aspect of maladaptation, that is
'the boomerang effect', i.e. the emergence of largely unanticipated and unintended
negative consequences of climate change adaptation and mitigation policies and
programs on domestic non-state actors that result in negative feedbacks on the
state.
Second, this paper presents a case study of climate security action in South
Africa focused on biofuel expansion in KwaZulu Natal region. The case is examined
for its real and potential unanticipated and unintended negative effects. The paper
interrogates four primary research questions: What are the drivers behind this
particular climate security intervention? What was the decision-making process
that led to this specific climate action? What are the local effects of the climate
action? What are the boomerang effects? The paper also addresses two questions
regarding remediation of negative effects with a view toward informing policy:
Recognizing that there will always be uneven outcomes and maladaptive practices,
what are better processes to minimize negative impacts? Are there indicators to
guide minimization of the negative effects?
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The Boomerang Effect – Theorizing the Negative
Consequences of Climate Change Adaptation and
Mitigation Policies

Upcoming Challenges of Water Reclamation From
Unconventional Sources

Swatuk, Larry ; Wirkus, Lars ; Krampe, Florian ; Thomas, Bejoy ; Batista da Silva,
Luis Paulo 5

Institute of Chemical Process Engineering and Plant Design, TH Köln, Germany
contac t frank.roegener@th-koeln.de

1

2

2

4

1
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University, Sweden; 4 Ashoka Trust for Research in Ecology and the Environment, India; 5 Federal
University of Rio de Janeiro, Brazil
contac t wirkus@bicc.de, florian.krampe@pcr.uu.se

Following the Paris Agreement a new wave of governance initiatives is expected
to facilitate international and national efforts for climate change adaptation and
mitigation. Many of these initiatives result in national actions plans and programs
whose impacts are intended to yield multiple benefits to humans and nature,
reducing vulnerabilities, increasing resilience and overall providing ‘climate
security.’ However, in the rush to action lays the danger of generating unanticipated
and unintended negative impacts. Realizing these impending complications different
scholarly and policy-oriented communities have begun theorizing these negative
impacts under different labels such as ‘maladaptation’ and ‘backdraft.’ However,
while providing an important start to the thinking about these processes, none of
these approaches has so far theorized the full extent of the negative consequences
and challenges that derive from climate change adaptation and mitigation policies
and their impact on climate security.
Toward this end, we articulate "The Boomerang Effect", that is the negative
social/economic/environmental feedbacks to the state that occur on multiple levels
(e.g. local, regional, national), at various scales (e.g. watershed, forest, landscape,
ecosystem), and in numerous ways (e.g. political economic instability, social unrest
and violence), thus undermining climate security.
We provide a conceptual outline of the boomerang effect and an
operationalization of dynamic interactive indicators to study the local level impacts
that derive as side effects of implemented climate change adaptation and mitigation
programs and policies. We further outline feedback indicators that measure
governance level impacts that assess the feedback loop that derive from the local
level side effects and impacts. These indicators assess three critical threats to the
state that emerge on multiple levels (e.g. local, regional, national) and at various
scales (e.g. watershed, forest, landscape, ecosystem). Through such a framework
we aim to assist policy makers to achieve stated policy outcomes for more
sustainable, climate resilient societies.
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Greenhouse gas emissions have an increasing impact on water cycles. This
interconnection is referred to as carbon-water nexus (CWN). Especially, changing
precipitation patterns, decreasing freshwater availability, rising sea level, and rising
frequency of extreme weather events threaten the social structure, the infrastructure
and the environment in many countries.
Environmental engineers can help to combat this negative development by e.g.
implementing sophisticated water treatment technologies for water reclamation
from industrial, commercial, and residential sources. However, the engineers have
to overcome new challenges. In comparison to surface water or groundwater, these
unconventional water sources show a more complex composition and a higher
concentration of potentially hazardous substances. This gives rise to additional
technical efforts and causes additional costs. Furthermore, when exploiting these
unconventional sources, psychological defense of the customers as well as
increasing health concerns due to prevalence of pathogens have to be addressed.
This keynote lecture aims at introducing technical and non-technical aspects of
water reclamation technologies.

boomerang effect, adaptation, mitigation, climate change, resilience
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How Membrane Bioreactor Technology Can Help
to Solve Both German and Russian Wastewater
Problems

Health, Environmental, Economic, and Political
Determinants of Farmers’ Perceptions of
Agricultural Wastewater Reuse: In-Depth Case
Study of Wadi al-Far`a Watershed, Palestine

Rögener, Frank1; Theus, Sven2; Chusov, Alexander2; Lednova, Julia 2
TH Köln, Germany; 2 DAR – Deutsche Abwasser-Reinigungs-GmbH, Germany; 3 Peter the Great
St. Petersburg Polytechnic University, Russia
contac t frank.roegener@th-koeln.de
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Municipal wastewater treatment plants focus on the elimination of particles, carbon,
nitrogen and phosphorus compounds to comply with the local environmental
standards. State-of-the-art is a three step procedure based on the combination of
physical, chemical and biological treatment. Investigations have stressed the need
for a fourth level of cleaning to remove so-called micro-pollutants, which cannot be
eliminated by state-of-the-art technologies.
The construction of new wastewater treatment plants is not expected in Germany
in the near future, the total number of plants is even decreasing. Instead, the focus
is on improving the cleaning performance and the retrofitting of existing wastewater
treatment plants. Several factors influence the efforts of retrofitting:
— the restricted area
— the existing infrastructure
— the proper maintenance of the operation during reconstruction.
In contrast to Germany, the existing technology in the Russian Federation is
often in poor condition and the performance is limited by the climate conditions.
Accordingly, the construction of new plants with state-of-the art technology is
essential for improving water security.
Membrane bioreactor technology (MBR) offers both, the opportunity to reduce
the footprint of wastewater cleaning plants and to implement a fourth treatment
stage. Especially, MBRs can be operated combination with upstream UV radiation.
Recent research has also shown that the addition of powdered activated carbon
(PAC) in submerged MBRs can increase the total cleaning performance.
Thus, MBR technology offers big advantages for municipal wastewater treatment
in both, Germany and the Russian Federation. The present work will focus on the
basic principles and application of MBRs in the two countries, the advantages and
drawbacks.
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Background: The problems of agricultural water scarcity and lack of wastewater
collection and disposal systems in the Palestinian rural areas necessitate
implementing agricultural wastewater reuse (WWR) projects in Palestine. However,
opposition of Palestinian farmers to irrigate with reclaimed water (RW) (i.e.,
treated WW) turned different WWR projects into a failure story. Accordingly, this
study provides in-depth and contextually-driven explanation of factors shaping
perceptions of Palestinian farmers towards using RW for irrigation.
Methodology: A qualitative within case study research design is deployed and six
qualitative and quantitative data collection methods are used. In-depth interviews,
questionnaires, and direct observations constitute a main source of evidence. Wadi
al-Far`a watershed (WFW) in the Lower Jordan Valley is selected as a typical and
exigent "case" for investigation. The study examines 55 factors—related to themes
of health, environment, agriculture, economy, politics, culture, and religion—shaping
farmers’ perceptions.
Findings: Data reveals positive perceptions and high acceptance among farmers
towards using RW. Contextual case-specific conditions prevailing in WFW,
including irrigation water scarcity, contamination of irrigation water with raw WW,
and political uncertainty, have significantly shaped farmers’ positive perceptions.
On the other hand, farmers’ psychological, cultural, and religious concerns related
to WWR are insignificant. Farmers’ acceptance of WWR is contingent upon 1)
RW being cheaper than fresh water, 2) compliance of quality of RW with health
standards of WWR, and 3) the use of RW not to be at the expense of Palestinians’
rights to fresh water.
Interpretation: The issue of social acceptance of agricultural WWR is not an
obstacle to implementing agricultural WWR schemes in Palestine. I argue that
farmers’ opposition to past Palestinian WWR projects could initially be attributed
to institutional conservatism of the water and wastewater sector towards genuine
involvement of farmers in the decision-making process and lack of understanding
local contexts shaping their WWR perceptions.
agricultural wastewater reuse, reclaimed water, Wadi Al-Far'a
watershed, perceptions
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Sustainable Production through Training in Water
Reclamation – Examples from Indian Metal
Finishing SMEs

Natural Wetlands As Energy Efficient Wastewater
Treatment Systems: A Pilot Study from Hyderabad,
India
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Balakrishnan, Malini 2
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Process water reuse in the metal working industry reduces fresh water
consumption and wastewater discharge. These factors are especially relevant for
countries with limited water resources and risk of drinking water contamination
by industrial discharge. The most frequent limitations for process water reuse
are high contents of oils, solids, hardness components and salts. VDEhBetriebsforschungsinstitut GmbH (BFI) participates in several European (Horizon
2020) and national projects like INSPIRE, SPOTVIEW and WEISS developing
following solutions for efficient water use:
— solid removal by permanent magnets,
— oil separation by microfiltration,
— desalination and softening by capacitive deionization,
— use of alternative water resources such as river water, ground water and sea water,
— use of discharge water from one process as feed water for another process,
— limitation of salt input by a tailored dosage of biocides and flocculants.
The application of these solutions in the areas with limited water resources
is subject to educational, social, legal, technical and economic barriers. For
example, amongst the Indian small and medium sized metal companies (SMEs),
there was a lack of awareness concerning the benefits of resource efficiency,
resulting in a reluctance to invest. To overcome it, the 4-year EU-financed project
ACIDLOOP was initiated. Several European and Indian partners developed
trainings in resource efficiency using mobile demonstration systems for water and
acid recovery: oil separators, filters, nanofiltration, diffusion dialysis and retardation.
The demonstration systems were operated by Indian metal finishing companies
supported by local partners over a three year period to provide hands-on training.
These companies served as hubs for the distribution of knowledge on sustainable
water treatment technologies. The demonstrations proved the technique
applicability. However, high investment costs and sophisticated technology were
limiting the implementation. Local production of treatment plants and training of
personnel are the keys for economic water reclamation.
metal finishing SMEs, sustainable production, filtration, resource
efficiency, training
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Energy efficient wastewater treatment systems are the current environmental
concerns which prompted for the applications of natural wetlands as efficient
systems at urban areas. However, a detailed investigation is highly desired to
determine the efficiency determining factors relevant to structure and functions of
natural wetlands for enhanced wastewater treatment. In view of this the wastewater
fed natural wetland is examined by hydro-geophysical means, to decipher i) the
effective depth of physico-chemical and microbial reactions, ii) the saturated zone
thickness, and iii) hydrogeological attributes enhancing the wastewater quality at
Hyderabad city, India. The wetland has been scanned using electrical resistivity
tomography (ERT) to decipher its physical structure, and hydrogeological and
biogeochemical investigations are performed to understand the dynamics. The
low electrical resistivity (ρ=10.5-34.0 Ω-m) and moderate hydraulic conductivity
(K=2.938 m/d) acquired for saturated zone (10–15 m depth), are found the
wastewater enhancing parameters in the wetlands. Geophysically derived laterally
constrained inversion (LCI) models explore the maximum saturated zone of wetland
up to 25 m as an effective depth for pollutant removal mechanisms. It implies
the proportionality between depth to bed rock (confining layer) and wetland
efficiency. Further, the bio-geochemical scanning determines the bioremediation,
sedimentation, adsorption, redox reactions and ion exchange processes as wetland
functions for removing nutrients (77-97%), BOD (78%), COD (76%), and microbes
(99.5-99.9%) load with the discharge Q=1812 m3d-1 of treated wastewater. Further,
the wetland efficiency integrated with engineered interventions help develop various
NTS models with different application scenarios, that are i) constructed wetlands,
ii) minimized community wetlands, and iii) single outlet system, suitable for urban,
peri-urban and rural areas, respectively. The socio-economic assessment, and
farmer-consumers and stakeholders survey suggest that to test and use of wetland
systems implementation as a policy guideline under sustainable water management.
wastewater treatment, natural wetlands, hydro-geophysics, pollutants
removal, NTS models, India
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Nature-based Solutions to Reduce the Risk of
Climatic Extreme Events

Quantifying the Global Co-benefits of Source
Water Protection

Renaud, Fabrice
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United Nations University Institute for Environment and Human Security
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The role ecosystems play in disaster risk reduction (DRR) and climate change
adaptation (CCA) is increasingly recognized globally. Nature-based solutions (NbS)
which includes concepts such as ecosystem-based disaster risk reduction and
ecosystem-based adaptation, among others, are being implemented globally but
implementation rates remain low. This presentation will give a broad overview of
the status quo on NbS with a focus on extreme climatic events, recent discussions
around the development of frameworks, principles and indicators frame NbS
implementation, and discuss potential future activities for NbS development with
respect to research and policy.
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Cities around the world are increasingly investing in source water protection to
improve water quality and reduce water treatment costs. Source water protection
activities add up to good land stewardship, which can generate co-benefits in
the areas of biodiversity conservation, climate change mitigation and adaptation,
and for human health and well-being. Analyzing the existing and potential source
watersheds of 4,000 cities around the world, we find that activities such as habitat
protection, restoration, and agricultural best management practices can make
meaningful contributions toward global sustainability goals. For example, looking at
the global ceiling of potential, we find that source water protection activities could
reduce the ecoregional extinction risk for as many 5,400 terrestrial species; enable
up to 44 countries to meet protected area targets through protecting natural habitat
outside designated protected areas; contribute up to 16% of the climate change
mitigation potential needed in the year 2050 to keep the world on a trajectory to
limit warming below 2 degrees Celsius; reduce the risk, via lost pollination services,
of increased micronutrient deficiency for over 2 billion people; and reduce nutrient
inputs to over a quarter of known coastal eutrophication zones worldwide. While
one in six cities may be able to pay for source water protection activities using water
treatment savings alone, additional cities may find that source water protection
becomes affordable by ‘stacking’ co-benefits. We will discuss these findings and
the ways in which actors whose concerns span different co-benefits can come
together to enable good land stewardship across the world’s watersheds.
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Nature Based Solution for Near-Natural River
Development: Application of the Spreading Effect
Concept for the Program of Measures of
Luxembourg in the Scope of European Water
Framework Directive

The Role of Cloud Forests As Water Storages in
South America

Lamberty, Georg1 2; Zumbroich, Thomas1

Millions of people in South America depend on freshwater supplied by tropical
montane cloud forests (TMCF). TMCF provide high quality water which is
essential for downstream drinking water supply, agricultural irrigation, hydropower
generation, and manufacturing industries. Their flow regimes tend to be more
stable which is especially crucial to assure water security during extended times
of low rainfall. Due to population growth, climate and land use changes, TMCF
and their socio-economic benefits are increasingly threatened but the hydrological
consequences are still poorly quantified. Recently several investments in watershed
services (IWS) projects have been initiated in South America compensating
upstream residents to manage their land in beneficial ways. The success of these
projects, however, will depend on the ability to predict the impacts on water
resources.
Within the ClimateWIse project, we aim to quantify and assess the hydrological
consequences of climate change, land-use change and increasing water uses in
South America, and particularly in basins where hydrological fluxes are affected by
TMCF. We apply the state-of-the-art hydrological modeling framework WaterGAP3
which operates on a 5x5 arc minute grid cell raster. Water inputs due to cloud water
interception are usually not represented in conventional precipitation datasets,
but can be significant and are likely to be diminished under global warming and
deforestation. Therefore, our model calculates cloud water inputs on sub-grid
scale of 1x1km. Furthermore, we make use of regional datasets and untapped IWS
monitoring data which are compiled and analyzed within the project. In conclusion,
we apply our large-scale approach to assess the importance of cloud forests as
water storages in South America and how this will change in the future under
different climate and socio-economic scenarios. Related changes in water security
are analyzed indicating where human activities and how many people are likely to
be affected in the coming decades.

1

Planungsbüro Zumbroich, Germany; 2TH Köln, Germany
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Physical habitat degradation is one of the major pressures impairing the ecological
integrity of rivers. These morphological deficits lead to a loss of sensitive fauna
and flora and a reduction of diversity. As a consequence, the final objective of the
European Water Framework Directive (EU-WFD) to achieve the good ecological
status is failed for a large number of streams.
The concept of spreading effect describes the positive compensatory influence
of stream sections with near-natural conditions on adjacent stream sections of
lower ecological and morphological quality. This spreading effect is mainly based
on two mechanisms: 1) active or passive migration of aquatic fauna and flora
(i.e. benthic upward movement, organismic drift, phoresis) and 2) overlapping
of degraded stream sections by favorable conditions like type-specific water
temperature and sediment transport from adjacent near-natural sections.
The spreading effect is the basis of a management concept that operationalizes
the above mentioned mechanisms for planning and implementing cost-effective
restoration measures. These measures establish core habitats acting as sources
of re-colonization and enhance hydromorphological conditions within the pathways
between core habitats to comprehensively improve the ecological status at the
catchment scale.
For the first time, we applied the concept of spreading effects for the entire
river network of an European state: For all 110 river water bodies of the state of
Luxembourg (total length: 1,227 km) we located existing core habitat sections that
meet the hydromorphological requirements to serve as re-colonization sources.
Additional sections with high hydromorphological potential were identified from
which spreading effects can be expected in a short period of time after restoration
measures to expand re-colonization to the entire river network of Luxembourg. The
results served as the basis for prioritizing restoration measures and contributed to
an increased cost-efficiency of the program of measures to be implemented in the
scope of the EU-WFD.

Schneider, Christof; Flörke, Martina
CESR, University of Kassel, Germany
contac t schneider@usf.uni-kassel.de

tropical montane cloud forests, climate change, large-scale modeling,
WaterGAP, ClimateWIse
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Stakeholder’s Perceptions to Natural Flood
Management (NFM): A Descriptive Assessment of
Cumbria County in England

Potential of Nature Based Solutions to
Water Scarcity in Africa Urban Areas:
The Case of Nairobi City, Kenya
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TH Köln, Germany
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In England, the concept of Natural Flood Management (NFM) occupies significant
presence at the policy level but a subject of limited practices at local scale flood
management. Driven by the hypothesis that there is a relationship between
community perception and low uptake of NFM, a key informant based perception
study involving 45 key stakeholders is conducted in the second biggest county
in England; Cumbria. The investigation revealed contrasting perceptions of
NFM and its effectiveness among the stakeholder groups such as government
flood management organizations, directly and indirectly, affected farmers,
community flood management organizations and local NGOs. A majority of the
non-governmental stakeholders, including farmers, did not have any experience
with NFM. However, many of them believed that NFM could be instrumental in
local flood resilience. Local government stakeholders showed generally positive
perception on NFM. The research identified six major drivers that seem to shape
stakeholder’s perception, including future flood extent, flood policy drivers, current
flood management, current nature management, community characteristics, and
farming concern. The analysis of the interviews suggested that current nature and
flood management practices largely contributed to shape a generally negative
perception on NFM among local communities. However, the study also found that
improved communication between the stakeholders increases trust and fosters
engagement among different communities to accelerate NFM.

The urban population in Africa is expected to double within the next twenty years.
It is expected that by 2030, fifty percent of the African population will be living in
cities. This is expected to pose an immense water challenge for cities in Africa. The
growing demand, due to high population increase and continued economic growth,
is expected to further stress already scarce water resources. Water for many cities
in Africa is sourced from the natural landscape, which is increasingly affected by
unplanned development and poor land management practices. Many cities’ water
security is at risk since the watersheds are being degraded leading to pollution
in rivers, lakes and reservoirs. The predominant attitude towards watershed
management has been that water will always flow from the catchment for free, and
so there is no urgency or incentive to institute sustainable use of land and water.
Nature-based solutions can be used to reframe policy debates on biodiversity
conservation, sustainable use of natural resources and watershed conservation. In
the past, Nairobi city has experienced serious water shortages, due to extremely
low water levels in its major dams, resulting in water rationing. People have gone
without water for many days. This paper reports on a desktop study undertaken
to identify the potential of nature-based solutions to ameliorate water scarcity in
many African cities. The findings show that protecting water catchment areas can
be a smart investment opportunity for the government, civil society, and business
leaders. Small-scale farmers are willing to participate in payment for environmental
services projects, while city residents and the business community are willing
to compensate farmers for increased water quantity and quality. Protecting
water catchment will not only improve water security, but also reduce risks in the
catchment areas and in the cities.
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Sustainable Community Based Ecosystem
Management for Climate Change Adaptation
—Case Study in Sri Lanka

Applicability of Permaculture in Water Stressed
Semi-Arid Regions of Bangladesh

Piyadasa, Ranjana
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Sri Lankan history is deeply connected with its hydraulic civilization and its
erroneously named community-based cascade irrigation ecosystem. In Sri Lanka,
water is collected using an ecosystem of man-made interconnected cascade
tanks in dry areas, mainly for paddy cultivation. Cascade ecosystems originated
within the community and have been practiced over many generations. All of these
cascade ecosystem-based irrigation systems were operated and managed by the
community, and responsibility rested with the chief of the village, a communitybased organization. On the basis of the form and the appearance, the cascading
ecosystems would have operated as an ideal community-based adaptation to
climate change. Ecosystems help communities to combat desertification and
droughts, develop their animal husbandry and fragmented land ownership, and
enhance the opportunities for inland fishing, human and animal nutrition. The study
examined the Horivila cascade system in Anuradhapura district in north central
province, Sri Lanka, to identify the present community-based management of the
cascade water management system. The results of the study revealed that several
important ecological components of natural ecosystem types are still maintained
by the community for sustainability of the system. Community organizations are
adapting to their precarious situation through the use of indigenous knowledge,
varying cropping systems, the use of drought tolerant paddy varieties, changing
of food habits, and the use of local agrochemicals. With the experience of more
frequent droughts over recent consecutive years, community members identified
the local water sector as a priority area to respond to extreme weather conditions
and to increase resilience to climate change. A significant attribute of the Sri
Lankan community-based ecosystem’s adaptation to climate change, besides the
environmental and adaptation benefits, is the pursuit of social benefits for local
communities.
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In Bangladesh, semi-arid regions such as the Barind Tract have been facing dire
water scarcity, especially during dry seasons. Groundwater level is also depleting
at an alarming rate of 2 ft/yr due to the use of deep tube wells for irrigation water,
inadequate aquifer recharge, and lower groundwater recharge potential. Although
agriculture in the region has flourished over the last two decades, water scarcity is
making it unsustainable. Efforts to alleviate this situation have been ineffective and
short-sighted. Permaculture has been successfully used to ensure water and food
security in many countries all over the globe. However, the concept of permaculture
is relatively new and unpopular in the aspect of Bangladesh. In this paper, the
applicability of permaculture in alleviating water scarcity; replenish depleted
groundwater reserves and ensuring sustainable agricultural production in the
semi-arid regions of Bangladesh is investigated. This study presents a conceptual
integrated permaculture design combining concepts such as rainwater harvesting,
water flow interception, a series of interconnected water reservoirs and constructed
wetlands for wastewater treatment. Taking into account the topography of the
region, precipitation patterns and existing natural resources, the permaculture
design targets a healthy hydrological cycle. Field visits and questionnaire surveys
were conducted in selected areas of the Barind Tract to assess the local public
perception of the current situation. Outcomes of discussions with the Barind
Multipurpose Development Authority (BMDA) were also considered. The
conceptual design also facilitates community participation and lays out concise
solutions for governance issues for smooth implementation. If implemented, the
water security woes of the semi-arid region of Bangladesh may be addressed
and vulnerability of the local population in the face of climate variability will also be
reduced.

ke y wor ds

permaculture, Bangladesh, rainwater, groundwater, wastewater

hydraulic, drought, water

99

Combating Water-Related Causes of Migration and Flight > Keynote

Combating Water-Related Causes of Migration and Flight > Keynote

Action Plan for Combating Climate-induced Rural
Exodus in Central Iran

Report from Syria and Nepal

Raber, Wolf
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The results of the project "Climate change adaptation strategies for a sustainable
land use in the lower reaches of the Zayandeh Rud River, Iran" are presented.
In a multistage participatory process based on the Harvard Negotiation Project,
measures have been developed to cope with frequent water shortages and ongoing
desertification in the arid downstream area of the basin. An action plan compiles
feasible and acceptable approaches for a sustainable land use concept that helps
stakeholders preventing or reversing land degradation and using water resources
efficiently.
During the presentation, findings of a vulnerability analysis on farmers in the
project area are presented. The focus lies on biophysical and socio-economic
drivers triggering migration of local citizens.
Furthermore the participatory approach for developing problem resolution
measures is presented, concluding with the main packages of the action plan as
final product of the project.
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Within the timeframe of 2010–2016, there have been more than 2000 documented
natural catastrophes and currently, 28 armed conflicts around the globe,
recognized as such take place. Natural disasters and war can call for very different
responses regarding reconstruction and international support. The examples of
war affected Syria and Nepal after the Gorkha earthquake, illustrate the necessity
to rebuild infrastructure and with it an environment that allows people to stay.
There are numerous ways on how water professionals can contribute here. Not
necessarily as employees in the field of humanitarian aid, but as experts. While
there is “Doctors without borders” for medics, there is no equivalent in the technical
sector. Also, for small enterprises, the involvement in water security projects out
of their own countries, often prove to be rather complicated. Here, we have a lot
of potential which should be considered when discussing our own involvement in
combating water related causes of migration and flight.
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Shifting Rainfalls, Shifting Livelihoods? The
(Alleged) Impact of Increasing Rainfall Variability
on Changing Migration Patterns in Northern
Ghana

Impacts of Climate Variability / Change on the
Livelihoods of Pastoral Communities at AlTadamon
Locality (Blue Nile State)

Schraven, Benjamin
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This presentation is focusing on the interrelations between climate change,
(seasonal) migration and changing livelihoods in rural Northern Ghana. The
underlying analysis is based on empirical research, which has been conducted
in communities of the Nadowli District in Ghana's Upper West Region. A mixed
methods approach has been applied. The area, which is mainly inhabited by
agricultural smallholders mainly relying on subsistence production, is affected by
increasing rainfall variability. This increases the probability of both heavy rainfall
events and small droughts during the rainy season. As a consequence, it might also
increase the local households’ food insecurity. The analysis of quantitative as well
as qualitative data reveals that Migration that formerly has taken place during the
dry season is increasingly shifting towards the rainy season. This, in turn, reduces
the households’ labor force during the cultivation period and potentially lowers the
respective households’ food security. Nonetheless, migrants perceive migration
during the rainy season, which often takes them to dangerous artisanal mining sites,
as more promising than farming. Partly, the irremittances can compensate their
absence. Consequently, most migrants interviewed are planning to pursue nonagricultural professions in the future. The example of shifting migrations patterns
associated with shifting livelihood preferences in Ghana supports calls for defining
new concepts that are able to resolve possible contradictions between adaptation
to climate change on the one hand and development on the other. These concepts
would need to transform static coping/adaptation frameworks towards more holistic
perceptions.
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Blue Nile state is one of the twenty states of Sudan. It has an area of 45,844 km²
and an estimated population of 1,193,293. The region hosts around forty different
ethnic groups. The economic activity is based upon livestock and subsistence
agriculture. It is a border State, it shares its borders with Ethiopia and South
Sudan. Both are war active zones. Climate change has been a serious problem as
it puts additional pressure on the existed vulnerable natural resources that may lead
to conflicts. This is exacerbated by the increase in population. This research is a
cross sectional field base investigation, aims at assessing the indicators of climate
change (sustainable water resources, temperature change and rainfall intensity
and duration) at the study area and the impacts on the livelihoods of the pastorals.
And to investigate other mitigation measures. This research also aims at evaluating
the knowledge regarding the effects of climate change and the adaptive capacities
of the pastorals. The approaches followed include reviewing of report, metadata, interviews, questionnaires and personal observations. The major findings
indicated decline in rainfall (from 800 mm to 500mm) and intensity changed (from
5 to 4 months/year) and changing rain behavior during El Nino years. According
to the respondents, animals died during severe droughts, occurred in 1992 and
2002. There is encroachment of unpalatable bushes. The pastorals share the
understanding livestock if not well managed could have deleterious effect on natural
vegetation, contributing to climate change; pastorals tried to employ strategies
minimizing climate change induced losses including: extended search for better
pasture distant locations, conservation of feed, out-migration of some household
members to earn additional income, restocking, undertaking supplementary income
generating activities (petty trade such as charcoal production, migration to nearby
urban areas in search of paid work) in conjunction with herding.
Blue Nile state, Blue Nile River, climate variability / change, livelihoods of
the pastoralists, water resources, temperature and rainfall intensity and variability,
migration

ke y wor ds

102

103

Climate Change Adaptation and Capacity Development > Poster Presentation > 165

Climate Change Adaptation and Capacity Development > Poster Presentation > 402

Impact of Climate Change on Irrigation and
Hydro-power Potential: A Case of Upper Blue
Nile Basin

Building Resilience to Climate Change Impacts in
Jordan, the Water Sector as a Case Study

Abdella, Elias; Gosain, Ashvin; Khosa, Rakesh

German Jordanian University, Jordan
contac t munjed.alsharif@gju.edu.jo

Indian Institute of Technology, India
contac t cez128027@civil.iitd.ac.in

There is great uncertainty about the likely impacts of climate change in water
availability for existing as well as proposed irrigation and hydropower projects in
the Upper Blue Nile basin. This study quantitatively assessed the impact of climate
change on the hydrological regime of the basin. Three models were combined,
Coordinated Regional Climate Downscaling Experiment (CORDEX) regional
climate model used to determine climate projections using RCP 4.5 and RCP 8.5
greenhouse gas emissions scenarios for the period 2021–2050. The rainfall and
temperature outputs generated from multimodal ensemble of four CORDEX-RCMs
were used as input to a Soil and Water Assessment Tool (SWAT) hydrologic
model. The projections in river flow outputs from the SWAT model were used as
input to a Water Evaluation and Planning (WEAP) water resources model which
was used to determine the water resources implications of the changes in climate.
The WEAP model was setup to simulate three scenarios which includes Current,
Medium-term (2025) and Long-term (2050) Development scenario. The projected
mean annual temperature are warmer than the baseline average in the range of 1 to
1.4º C. Projected mean annual precipitation varies across basin in the range of -3%
to 7%. The water use simulation indicate that the current annual average irrigation
demand in the basin is 1.29 Bm 3y-1with 100% coverage. By 2025 and 2050,
with new schemes are going to be developed and changing climate, irrigation
demand is estimated to increase by 2.5 Bmm 3y-1 and 3.4 Bmm 3y-1 with 99% and
96% coverage respectively. Simulation for domestic water demand coverage
for all scenarios shows that there will be 100% coverage for the two major cities
(Gonder and Bedele). The hydropower generation simulation indicate that 98% of
hydroelectricity potential could be produced if all planed dams are constructed.
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This research investigates the linkages between Climate Change Adaptation (CCA)
and Disaster Risk Reduction (DRR) as they are both concerned with reducing the
vulnerability of communities and population at large contributing to sustainable
development. The research also tries to overcome challenges and barriers to reach
true synergy and appropriate governance between CCA and DRR.
The main objective of this research is Linking climate change risks and impacts
with available disaster risk reduction (DRR) framework and action plan, to assist
the Decision makers promote potential linkages between current efforts to promote
climate change adaptation (CCA) and current disaster risk management, with the
objective of increasing natural and human resilience
This research developed frameworks for follow up actions for integrating CCA
and DRR in Jordan and came up with operational programs on adaptation to
climate change impacts on the most vulnerable sector to climate change impacts;
water, over the period 2014–2020. These frameworks were developed in a real
consultation with the key stakeholders to learn from the lessons to date and
undertake a thorough analysis of the institutional environment and policy context of
CCA and DRR in Jordan.
The research outlines several institutional imperatives to be considered to ensure
successful implementation of the frameworks and defines the role that the National
Centre for Security and Crisis Management (NCSCM) will play to initiate and
facilitate efforts at the national and regional levels to overcome constraints and take
advantage of opportunities to promote the integration of CCA and DRR.

ke y wor ds

climate change, adaptation, water security, water management

hydropower, climate change, SWAT, WEAP, Blue Nile River

105

Climate Change Adaptation and Capacity Development > Poster Presentation > 398

Climate Change Adaptation and Capacity Development > Poster Presentation > 343

Impacts of Climate Change on Water Resources
(A Case Study of Omo-Gibe Basin)

Transition between Holocene to Anthropocene:
Challenges for Climate Change Adaptation in
Coastal Areas, Example from Rio de Janeiro
Coast, Brazil

Fekersillassie, Daneal
Addis Ababa University (AAU), Ethiopia
contac t dfeker321@yahoo.com

Adaptation to climate change is mainly about better water management, without
improved water resources management, the progress towards poverty reduction
targets, the Millennium Development Goals, and sustainable development in all
its economic, social and environmental dimensions, will be jeopardized. Water
and food security are the key challenges under climate change as both are highly
vulnerable to continuously changing climatic patterns. Studies have predicted that
the average global temperature may increase by 1.4–5.8°C and there would be
substantial reduction in fresh water resources and agricultural yield by the end of
the 21st century. In Africa (Sub-Saharan Africa) by 2050 the rainfall could drop by
10%, which would reduce drainage by 17%. Majority of the fresh water resources
has already been depleted and there is reduction in agricultural production globally
with escalation in population and food demand. Some of the prominent climate
change impacts are, growing deserts, and increase in the magnitude of floods and
droughts. Recently, the Coordinated Regional Climate Downscaling Experiment
(CORDEX) initiative has made multiple RCMs' outputs available for end users
across the African continent. This manuscript will highlights the use of regional
climate model (RCMs) outputs in hydrological impact assessment. The study
will evaluate downscaled simulations of General Circulation Models (GCMs) by
Regional Climate Models (RCMs) for Gibe III basins. In the study the impact of
climate change projections on stream flow of three independent GCMs will be
simulated by the regional climate model COSMO-CLM (CCLM) over the Gibe
III basin will be evaluated. This paper will also presents easily and economically
feasible options to ensure water and food security under climate change and
recommend formation of effective adaptation and mitigation polices and strategies
to minimizing the impact of climate change on water resources and irrigation.
climate change, water security, food security, adaptation & mitigation
techniques
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The Quaternary period is known as an ice age, and is marked by fluctuations in
climate, especially with regard to sea level. Since the last glacial age (MIS 2), the
climate has become warm, and the sea level presents a transgressive pattern in
most tropical latitudes. Thus, the transition between the Pleistocene and Holocene
(11,700 yrs B.P.), because of climate change, shows a rapid inundation of several
areas, floods, desertification, ice cap retreat, increase of rain forests and other
environmental changes. The dramatic alteration in the climate created the first
scenario for different societies to adapt to these changes. The current discussion
with regard to Climate Change Adaptation (CCA) suggests that it is probably a
new epoch: Anthropocene. The Anthropocene, if approved as an epoch, will be
marked by human interference with the climate. This new epoch is likely to create
uncertainties related to different aspects of environmental change, such an increase
of storm events, desertification and changes in sea level, among others. The rising
sea level, as expected, presents many cities around the world with a challenge
to adapt to this new scenario. The Rio de Janeiro area, as a coastal state, should
be prepared for this. Therefore, the main objective of this work is to present a
panorama for the Rio de Janeiro coast, and discuss scenarios from the sea-level
rise CCA perspective. Using DPSIR methodology, the results show that the main
driver of the impact is the rapid urbanization along the coast. This places pressure
on different ecosystems that protect the coast, such as fore-dunes, wetlands and
mangroves. The actual state of these environments sometimes shows a severe
reduction. The impact of this could involve the loss of properties, salinization, an
increased water demand, and others. The responses presented enable better
planning for the coast involving different stakeholders, with policies and planning to
mitigate the impacts.
sea level rise, coastal erosion, environmental changes, coastal problems,
shore protection
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Assessment of Precipitation Change by the
CMIP5 Dataset – A Case Study Tehran, Iran

To Go or Not to Go: Factors Influencing
Community Responses to Cyclone Evacuation
Measures in Bangladesh

Ghasemi Karkani, Elaheh1; Karimi Ahmadabad, Mostafa 2; Habibi, Maral 2
Lar, Iran; 2Tehran University, Iran; 3 Islamic Azad University, Iran
contac t egh29114@yahoo.com
1

According to the studies, impact of climate change has been identified on
precipitation patterns. Also, have been detected frequency of flood and drought
events. Changes in future precipitation and water supply may incur life of many
people in this study area. In this study we have used the models CMIP5 and
Downscaling of GCMs (CCSM4, CSIRO-Mk3.6, GFDL-CM3, GFDL-ESM2g and
HadGEM-ES) outputs extracted from CMIP5 datasets to monthly precipitation
for Tehran and around it, under Representative Concentration Pathways (RCPs)
was performed by statistical downscaling models, multi-GCM ensemble and bias
correction.
Researches show that simulated precipitation through CMIP5 have significant
Bias correction that confine the direct use of the output data of these models
in researching into climate changes, so Bias correction for this data should be
determined, therefore Empirical Statistical downscaling is performed on biascorrected CMIP5 data by following Mean-based (MB) method.
The MB method was applied between precipitation observed of meteorological
stations located over the study area and historical output databases from 5 GCMs
and subsequently remove the mean bias in the climate model simulations. This
downscaling method is further applied to downscale projection databases from
5GCMs for the future period. After setting MB method and calibration data,
downscaling models producing the most suitable results and unsystematic error
diminished.
Also, for showing uncertainties due to use of different CMIP5s, a bounded
range with known probability distribution have been used. In every month, by
comparing CMIP5s, ranges for monthly future precipitation changes were
quantified with an upper and lower limit. In continuous Monte Carlo methods
(repeated random sampling) are employed to stochastically generate probabilistic
estimates of future precipitation under RCP2.5, RCP4.5, RCP6.0 and RCP8.5.
The result demonstrated that weight combination of models led to improvement of
the results and consequently it provided a more acceptable prediction about the
precipitation changes.
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Cyclone preparedness in Bangladesh has substantially improved over the last
decade with commendable improvement in early warning systems and evacuation
facilities. However non-compliance of evacuation orders by vulnerable people
remains as a constraint for disaster risk reduction in coastal Bangladesh. This study
was conducted to explore different factors that influence behavioral responses of
people to evacuation measures of the government. To collect empirical data a field
work was conducted in three sites situated in the coastal zone of Bangladesh. The
empirical data were collected through individual interviews with ninety respondents.
The findings identified a number of factors affecting evacuation decisions of the
people in response to cyclone warning. The factors included mistrust with cyclone
warning, change in perception regarding severity of cyclone after repeated
exposure, longer distance of cyclone centers, risk of theft of households assets,
lack of privacy for women in the shelter, fatalistic view of disaster risk, problems
with understanding of cyclone warning, perceived crowded situation due to
inadequate number of cyclone centers etc. that were identified as main reasons for
not going to cyclone center after cyclone warning. The respondents also suggested
a number of strategies for overcoming the challenge that included building
adequate number of cyclone center with appropriate facilities, changing risk
perception through awareness building etc. The findings of the present study could
help in improving disaster risk reduction policy for minimizing loss and damage to
be caused by anticipated extreme event in future.
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Future Changes in Water Availability Due to
Climate Change Impacts

Assessment of Farm-level Adaptive Water
Management Strategies among Smallholder
Farmers in Kakamega County, Kenya

Dau, Quan Van; Kuntiyawichai, Kittiwet
Faculty of Engineering, Khon Kaen University, Thailand
contac t kittiwet@gmail.com

In the reasonably foreseeable future, it can be anticipated that the demand for
water in Central Vietnam is likely to increase whereas water availability become
limited due to climate change. Considering the aforementioned statement, the
main objective of this study was to assess the water availability in the Huong
River Basin, Vietnam under the impacts of climate change. To enable better
representation of climate change impacts, climate models including the HadCM3
General Circulation Model (GCM) and the HadGEM3-RA Regional Climate Model
(RCM) were considered. In terms of radiative forcing, emission scenario A2 and
Representative Concentration Pathway (RCP) 8.5 were used in GCM and RCM
models, respectively. To downscale future climate projection to watershed scale,
the Statistical Downscaling Model (SDSM) was used for downscaling rainfall
and temperature from GCM outputs, and the bias-correction method was also
used for minimizing biases from RCM outputs. The future climate was projected
for the years 2020s, 2050s, and 2080s in comparison to the baseline period of
1977–2001. The hydrologic model (HEC-HMS) was used for simulating the rainfallrunoff processes. Thereafter, the water availability was then evaluated using the
Water Evaluation And Planning (WEAP) model. The results demonstrated that the
future weather would be warmer between 0.2°C to 0.8°C, and the annual rainfall
will also increase from 1.0% to 6.8%. In 2080s, the future water shortage is likely
to be more severe at the upstream of the river basin, i.e. A Luoi, Nam Dong, Phu
Loc, Huong Tra, and Huong Thuy Districts, by about 50 – 90 million m 3 (Figure 1).
Lastly, the main findings of this study would be very useful for planning appropriate
water resources allocation for different parts of Vietnam.

Mumani, Ibrahim
University of Nairobi, Kenya
contac t ibraochenje@gmail.com

Water for agricultural production is an increasingly scarce resource in sub-Saharan
Africa due to rapid population increase, pollution and degraded water catchments.
In Kenya, where farming is predominantly rain-fed, adverse impacts of climate
change such as increased droughts, floods and erratic rainfall have compounded
the risk of water shortage in agriculture. Small-holder farmers are undertaking
adaptive water management strategies to respond to deteriorating on-farm water
resources with the aim of reducing climate change vulnerability. However, very little
research has been done to understand adaptive decisions focusing on on-farm
water management, despite being a key issue in climate change policy agenda.
Multivariate probit was employed to assess factors determining adaptive water
management (AWM) strategies at the farm-level in Kakamega County, Kenya.
The major AWM practices assessed were cropping strategy; irrigation and water
harvesting; soil and water conservation and water catchment protection. The
study revealed that farmer experience, climate change information, climate change
perceptions and agricultural extension services positively influenced different AWM
decisions, whereas water source distance, produce market distance, farm size
and distance to tarmac road had a negative influence on different AWM strategies.
Group Membership had negative and positive influence on irrigation and water
harvesting and water catchment protection respectively. The study highlights
market-related incentives as well as better access to information as contributing
factors that increase adoption of AWM strategies. Therefore, targeted policy
interventions aimed at improving market access together with farmer training and
extension service on AWM practices can play a significant role in increasing water
availability and utilization in agricultural production. Subsequently, smallholder
agriculture can be more resilient to climate change.
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The Impact of Climate Change on Crop Water
Use and Chill Unit Accumulation: A South African
Case Study

Climate Change and Food Security: Community
Based Adaptation in the Agricultural Sector in
Southwestern Bangladesh

Ogundeji, Abiodun; Jordaan, Henry

Rasheduzzaman, Md; Rahman, M. Tauhid Ur; Hoque, Md. Maruful

University of the Free State, South Africa
contac t ogundejiaa@ufs.ac.za

Military Institute of Science and Technology, Bangladesh
contac t mrasheduzzamanrasel@gmail.com

Climate change and the impact upon already scarce water resources are of
global importance but even more acute for water scarce countries. Apart from
the effect on water supply, the chill unit requirement of deciduous fruit crops is
also expected to be affected. Research on crop water use has received a lot of
attention but researchers have not taken the future climate into consideration. They
have also focused on increasing temperatures but failed to relate it to chill unit
accumulation especially in South Africa. With a view of helping farmers to adapt
to climate change, this study provides information that will assist farmers in their
decision making process for adaptation and in the selection of appropriate cultivars
of deciduous fruits. Crop water use and chill unit requirements are modeled for
the present and future climate. Results show that irrespective of the irrigation
system employed, climate change led to increase in crop water use. The drip
irrigation system water use is less compared to sprinkler irrigation due to efficiency
differences in the irrigation technologies. It is also confirmed that the accumulated
chill units will decrease in the future due to climate change. In order to remain in
production, farmers need to adapt to climate change stress by putting in place
water resources and crop management plans. Thus, producers must be furnished
with a variety of adaptation or management strategies to overcome the impact of
climate change.

Bangladesh is one of the most adversely affected countries in respect of climate
change. Its damaging effects are salinity intrusion, climate changeability, floods,
and droughts. These effects are found to severely distress agricultural production
every year, which is the main livelihood option across the country. To reduce the
climate change induced loss and damage in agricultural production, a wide variety
of adaptive methods have been practiced at the community level for many years.
However, the efficiency, viability, and sustainability of such adaptation alternatives
are still not well examined or understood. This article explores various adaptation
options practiced by the community and aims to prioritize and assess the
adaptation options used in the agriculture of coastal regions of Bangladesh. The
study was undertaken utilizing eight focus group discussions and 150 household
questionnaire surveys to identify the adaptation options used at the community
level. It found that people in the community practice about 11 adaptation options
in the study areas, within which the economic advantages of adopting integrated
farming systems and saline tolerant rice crops are much higher, compared to
the other adaptation alternatives. By financing $10 in such adaptation options,
between $22 and $2 net profit will be delivered, correspondingly. This study
also revealed that local understanding in the face of climate change adaptation
has advantages which need particular attention. Promotion of some effective
agricultural adaptation alternatives is hindered because of inaccessibility and lack
of affordability, which requires a greater response from policy makers. Additional
research, demonstration, as well as capacity building of the farmers, will lessen
their vulnerability to climate change and build resilience toward food security in the
coastal regions of Bangladesh.
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Assessing Impacts of Climate Changes on Mean
Annual Runoff in Dong Nai River Basin Using
Budyko Curves

Wastewater Treatment and Reuse for Different
Types of Industries

Tran, Thi Van Thu

Yildiz Technical University, Turkey
contac t debik@yildiz.edu.tr

Vietnam National University, Ho Chi Minh City, Vietnam
contac t ttvanthu@gmail.com

The Dong Nai river basin is one of the most important watersheds in the south
of Vietnam, with a plentiful water resource and a diversified ecosystem of the
Asian tropical rainforest zone. Recently, this river basin has been affected by
global climate changes. This has affected water utilities and has determined
different terms of daily living activities and livelihood in the area. The study aimed
to evaluate and analyze observed hydro-meteorological data (i.e. precipitation,
evapotranspiration, temperature, sunshine hours) in order to create appropriate
Budyko Curves of the influences of climate change on mean annual runoff in the
Dong Nai river catchment. Moreover, this paper presents estimations of percentage
changes in mean annual runoff in the future, based on the current national climate
change scenarios, and the developed Budyko curves. As a result, the annual
quantity of the Dong Nai river basin streamflow is considerably increased in the
scenarios developed. It is significant to develop illustrative ecological models
for the catchment area. However, a disadvantage of integrated water resource
management arises if there is no effective water governance at all, such as water
shortages in dry seasons and downstream flooding in rainy times.

ke y wor ds

climate change, river basin runoff, Budyko curves

Debik, Eyup

Industrial wastewaters have very high pollution potential in terms of its character
and it is also very difficult to treat them. The industrial use of water for production
has also increased due to the acceleration of industrial development in the last
century. On the other hand, water resources are destroyed more rapidly because of
rapid increase in population and industrial production growth. Thus, in the last few
decades, industrial wastewater reuse/recovery has become important.
In this article; the results will be discussed from the studies dealing with the
treatment and reuse for the wastewater which have strong pollution and which are
difficult to treat from textile, poultry slaughterhouses and olive processing industries
which are important industrial branches in Turkey. The results obtained from
membrane processes, following by a physical or a conventional treatment steps,
have been shared.
In the treatment of textile wastewater; the performance of UF and NF membrane
processes after aerobic and anaerobic pretreatment are discussed in detail in this
work. The effects of the use of centrifugation as a pretreatment step for the UF,
NF and RO membranes have also been discussed for the poultry slaughterhouse
wastewater which has high particulate COD content. Finally; the results obtained
using UF, NF and RO membranes after preliminary treatment with centrifugation
will be discussed for olive mill wastewater which has high solids content.
From the results obtained from the works carried out before; poultry
slaughterhouse wastewater and textile wastewater can be reused in some parts of
the operation if the membrane processes are used after pre-treatment. However,
olive mill wastewater, which have very high COD content, can be only treated to the
limit of the level of the sewer discharged.
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On the Importance of Modeling, Optimization, and
Control of Anaerobic Degradation Processes for
the Treatment of Agricultural Wastewaters

Improving Water Environment Security by
Phytoremediation in Lead Removal

Alcaraz-Gonzalez, Victor; Gonzalez-Alvarez, Victor

Sirindhorn International Institute of Technology, Thammasat University, Thailand
contac t sandhya@siit.tu.ac.th

University of Guadalajara, Mexico
contac t victor.alcaraz@cucei.udg.mx
One of the main difficulties concerning reusing of agricultural wastewater in situ in the field is
its high organic load and specially the presence of some toxic compounds like heavy alcohols,
phenols, tannins and others, which prevent their direct use for irrigation, animal or human
consumption and, of course, its direct discharge on water bodies. This is especially true in the case
of wastewaters from distilleries, wine and beer factories. On the other hand, the only biological
treatment process which is able to treat directly this kind of wastewater (Chemical Oxygen Demand
(COD) until 80 g/L) is Anaerobic Digestion (AD) in which COD is drastically reduced and methane
is produced as valuable byproduct. However, AD is a complex and unstable process which
operate under important uncertainty conditions, under a process control point of view, that makes
it difficult their implementation at the industrial scale. These features, together whit the necessity
of satisfying ecological norms, make evident the importance to implement Instrumentation, Control
and Automation (ICA) systems in AD processes (Jimenez et al., 2015). In this paper we show some
process control approaches that have proved its usefulness in the modeling, optimization and
regulation of anaerobic degradation processes (Alcaraz-Gonzalez et al., 2005, Mendez-Acosta
et al., 2010, 2011). The treatment of wine and tequila vinasses by AD is presented as study cases
since they represent a serious environmental problem, both global and locally in small cities.
Approaches showed in this paper include a relatively simple AD model and three control strategies
for the regulation of COD and alkalinities which are relatively easy to implement. Experimental
and simulation results (e.g., Fig 1) show that these control approaches are a useful and efficient
alternative that may be implemented at industrial scale at a relatively low costs.

Alcaraz-Gonzalez V., Harmand, J., Rapaport A., Steyer J.P., González-Álvarez V. Pelayo-Ortiz C. Robust Interval-Based
Regulation for Anaerobic Digestion Processes. Water Science & and Technology, 52 (1-2): 449-456, 2005.
Jimenez J., Latrille E., Harmand J., Robles A., Ferrer J., Gaida D., Wolf C., Mairet F., Bernard O., Alcaraz-Gonzalez
V.,Mendez-Acosta H., Zitomer D., Totzke D., Spanjers H., Jacobi F., Guwy A., Dinsdale R., Premier G.,
Mazhegrane S., Ruiz-Filippi G., Seco A., Ribeiro T., Pauss A., Steyer JPh. Instrumentation and control of anaerobic
digestionprocesses: a review and some research challenges. Reviews in Environmental Science and Bio/Technology.
14(4):615-648., 2015.
Méndez-Acosta H.O., Snell-Castro R., Alcaraz-González V., González- Álvarez V., Pelayo-Ortiz C., Anaerobic treatment of
Tequila vinasses in a continuous CSTR-type digester. Biodegradation Journal. 21 (3), 357-363, 2010.
Méndez-Acosta H.O., García-Sandoval J.P., González-Álvarez V., Alcaraz-González V., Jáuregui-Jáuregui J.A. Regulation
of the organic pollution level in anaerobic digesters by using off-line COD measurements. Bioresource Technology,
102(17), 7666-7672, 2011.

Babel, Sandhya; Phearkeo, Oley

Water environment security (WES) should meet the basic demands of industrial
and domestic usage, protect the public health from chronic/acute effect and also
ensure sustainable ecological functioning of fresh water resources. However,
rapid urbanization and industrialization has caused release of toxic chemicals into
the environment threatening human health and other organisms. Heavy metals are
persistent and tend to accumulate in the food chain. Lead (Pb) is one of the toxic
metals that causes neurological damage, learning disabilities, reduce intelligence
and kidney damage. Phytoremediation is considered to be cheap, ecofriendly and
efficient technology to remove toxic metals from the water environment. This study
focuses on removal of Pb from water using phytoremediation as a natural treatment
process to improve WES.
Water hyacinth (WH), Water lettuce (WL), Creeping waterprimrose (CM),
Floating moss (FM), and Common duckweed (CD) are evaluated for lead (Pb)
removal in water. To find hyperaccumulators, the plants are first screened by
culturing them in Hoagland medium supplemented with 10 mg/L of Pb for a period
of 8 days. The concentrations of Pb in water and plant samples are analyzed by
Inductively Couple Plasma-Optical Emission Spectrometer (ICP-OES). Based on
the screening results, FM and WH can be considered as hyperaccumulator due to
their high removal efficiencies. Plants can remove Pb within only 1 day. The highest
Pb removal efficiency of WH (98.3%) is found at 10 mg/L of Pb. In the case of
FM, at concentration from 10 to 100 mg/L, nearly 100% removal is achieved. The
Pb accumulation in general increases with increasing Pb concentration. Based on
BCFs, FM is found to be a moderate accumulator at 10 to 400 mg/L, while WH is
a moderate accumulator at Pb concentration from 10 to 70 mg/L. Based on results,
WH and FM can be utilized for effective removal of Pb.
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Evaluation of Waste Water Treatment-via-Dilution
for Tala Drain, Nile Delta, Egypt

Drainage Water Treatment Using Microalgae
Scendesmus Sp. as a Cost Effective
Phytoremediation Technology

Hassan, Ahmed1; Nada, Ali 2; Elshimy, Mohamed 2; Zidan, Bakinaz2
Faculty of Engineering, Ain Shams University, Egypt; 2 Faculty of Engineering, Tanta University,
Egypt
contac t ahmad9657@yahoo.co.uk
1

Rosetta Branch is considered as one of the main sources of fresh water for
drinking, agriculture, and industrial activities in Nile Delta. Water quality of Rosetta
Branch has been deteriorated in the last decades due to aggressive human
activities resulting in different sources of contamination. The main sources of
pollution are effluents from five major drains: ELRahawy, Sabal, El Tahrir, Zaweit
El-Bahr and Tala which discharge directly the industrial, agricultural and domestic
water wastes into Rosetta Branch. As water quality of Rosetta Branch is vital for
the drinking and agricultural purposes, this study aims to evaluate the waste water
treatment-via-dilution for Tala Drain using Water Quality Index (WQI) approach.
Two of the most well-known WQIs have been applied in this study: (CCMEWQI)
and (NSFWQI). The present study is based on field sampling and laboratory tests
to secure water quality records for WQIs. Thirty-two water samples were collected
from eight stations along Rosetta Branch at Kafr El-Zayat City and from Tala
Drain at selected typical locations. Field work was done for four seasons during
the period from November 2014 to August 2015. The measured parameters are:
physical; water temperature, turbidity and TDS; chemical pH, COD, BOD, DO,
sulfate, phosphate, nitrate, iron and manganese; biological fecal coliform. Obtained
results indicate that the water quality status at the measuring stations varies from
"Excellent" to "Marginal" according to the Egyptian Standards (Law 48/1982), with
respect to CCMEWQI. For NSFWQI, the WQI ranges from "Good" to "Medium".

AbouElnaga, Zeinab
Mansoura University, Egypt
contac t z.aboelnaga@yahoo.com

MENA region characterized by limited water resources and declining access
to fresh water. In Egypt, more than 70% of the scarce fresh water resources is
allocated to agriculture Activities. In order to avoid increasing pollution of water
and shortage, it is essential to reclaim and recharge a portion of the irrigation
water back to the river Nile. The release of pesticides from agricultural fields
and the resulting environmental contamination highly risks the stability of aquatic
ecosystems, dependent food web, and human health. Aiming to mitigate the
environmental impacts of drainage water on the freshwater ecosystem the present
study applying a cost effective phytoremediation technology using microalgae
Scendesmus Sp. as a partial solution for water pollution challenge in Egypt.
Samples of drainage water are collected seasonally from different four regions
of Nile Delta. In each sample, algae cell count were correlated with pollutant
absorbance rate over time for 96h on Shimaduz UV-240PC spectrophotometer. The
results of biological treatment using Scendesmus sp. clarifies the maximum growth
rate of algae after 21 days of retention time in polluted media with pesticides in the
spring season. Moreover, the measured concentration of pesticides after treatment
records nil or undetectable in the study sites with a high efficiency about 99% of
pesticides residue removal in all study sites.
water pollution, pesticides, Scendesmus sp., bio-sorbent, drainage
water, Nile Delta
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Reuse of Treated Tannery Wastewater Using
Coagulation/Flocculation and Nanofiltration
Processes
Fersi, Cheïma1; Chaouch, Manel1; Gorgi, Chiraz2; Irmani, Ahlem 2
National Institute of Research and Physical-chemical Analysis INRAP, Tunisia; 2 National Center of
Leather and Shoes, Tunisia
contac t cheimafersi@yahoo.fr
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The leather and shoes industries sector has 286 units in Tunisia, the vast majority
(215 units or 75%) produced totally for export. It is an activity which, for several
years, showed its dynamism, its active participation in investment, export and job
creation.
However, tannery effluents are complex and highly contaminated with organic
and mineral matter, especially salts. They exhibit variable characteristics over time
and are not readily biodegradable. This work leads with the optimization of the
existing physical-chemical treatment using coagulation / flocculation and with the
assessment of the pollution generated by the tannery wastewater.
The findings could be summarized as follow:
— Optimization of the physical-chemical process using design of experiments
allows to the Tunisian tannery to better manage its stocks of coagulants and
flocculants, to control the fluctuation of the pH which can subsequently affect the
yield of the WWTP and to have an optimum efficiency by consuming less reagents
— Monitoring of the WWTP has shown that it significantly reduces suspended
solids (95% elimination), biochemical oxygen demand (elimination of 92%) and the
regularization of the pH (pH = 8.5 at the exit of the WWTP).
— Concerning the microbiological parameters, the WWTP reduces the load
of fecal streptococci (reduction of 65%), while for fecal coliforms the reduction is
about 29% only.
— In order to cure this pollution problem, we proposed to integrate into the
WWTP a tertiary treatment using the nanofiltration process. The laboratory
experiments showed that on one hand, this process made it possible to eliminate
the microbial load of the treated effluents and to reduce considerably their salinity.
In the other hand, the quality of the treated wastewater after nanofiltration process
allows their reuse in the industrial processes.
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Development of a Numerical Model in Assessing
Groundwater Vulnerability from Saline Water
Intrusion in Khulna, Bangladesh
Rahman, M Tauhid Ur; Ahsan, Nafiz Ul
Military Institute of Science and Technology, Bangladesh
contac t tauhid_cee@yahoo.com

Khulna, a south western City has been experiencing from salinity intrusion due to
climate change and withdrawal of up steam fresh water by neighbors. Moreover,
over-abstraction of groundwater may eventually lead to decrease of fresh water
availability, human health and ecosystem damage. Saltwater intrusion into
freshwater aquifers in Khulna is also influenced by many other factors such as
tidal fluctuations, long-term climate and sea level changes and seasonal changes
in evaporation and recharge rates. A numerical model using VISUAL MODFLOW
2015.1 has been developed to examine the groundwater flow and the migration
of saltwater in the subsurface. The objective of this study is to explain as well
as predict the hydrology, hydrogeology, aquifer characteristics and the extent
of salinity intrusion in the river system as well as groundwater system. Ground
water flow using MODFLOW-2005 and basic contamination transport using
MT3DMS were run. The developed model covers entire study area with grids size
of 40x40 squares. consider an aquifer where there is pumping test data and slug
test data indicating a range of horizontal conductivity values varies from 6 to 8 m/
day at different locations within the aquifer. The model would assign a uniform
Kx and Ky value of 3.05m/day and 0.55 m/day respectively to the entire aquifer.
We considered the time step as 7300 days (20 years). It was found that after 20
years the salinity would have entered much with a significant level of concentration
that may pose a quantifiable threat to the groundwater resources. However, the
high velocity of river water, the groundwater flow direction, significant SW-GW
interactions and the seasonal variation of salinity concentration of rivers may have
influenced this model analysis. To ensure effective management of groundwater,
limited abstraction of groundwater coupled with continuous monitoring of well water
quality should be considered.
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Drying in the Brazilian Northeast: A Paleoclimatic
Analysis

Analysis of Precipitation Extreme Indices
Comparing the Satellite Rainfall Estimate CHIRPS
with Observed Data, a Case Study of Colombia

Dias, Tyhago Aragão1; Souza Filho, Francisco de Assis1; Silveira, Cleiton da Silva 2;
Araújo Júnior, Luiz Martins de1; Cid, Daniel Antônio Camelo1
Federal University of Ceara, Brazil; University of International Integration of Afro-Brazilian
Lusophony, Brazil
contac t tyhago86@gmail.com
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Many studies about the climatic evolution of terrestrial systems aim to understand
the natural climate’s variability and how anthropic actions are capable of interfering
with the terrestrial climatic systems. Paleoclimate studies provide the possibility
to understand the behavior of the climatic system under a wide variety of historic
conditions and to measure the possible natural variations. The identification of how
the climate moves from one state of equilibrium to another, and the mechanisms
that promote such transition, are an important object of study. In the 1940s, Milutin
Milankovitch (1879–1958) showed that the intensity of the effects of sunshine
varied according to latitude, and the response of the ice sheet to these changes
accompanied the variations of eccentricity, obliquity and precession. In order to
simulate the climatic behavior, numerical modeling is an important tool of analysis,
being able to propose hypotheses and verify cause and effect. The Paleoclimate
Modeling Intercomparison Project (PMIP) began with the aim of coordinating and
encouraging the studies of General Circulation Atmospheric Models (MCGA) to be
applied to the paleoclimate and to verify the ability of these models to simulate large
climatic variations, such as those that occurred in the past, comparing the different
responses of the models to the same boundary conditions among themselves, and
with the indications obtained through paleoclimatic information. This work aims
to study the evolution of drought events during the last thousand years over the
Brazilian northeast, to reduce the level of uncertainty about the changes projected
towards the end of the century by Coupled Model Intercomparison Project Phase
5 (CMIP5). Therefore, the rainfall time series of the historical and past 1000
simulations of the PMIP3 base models were analyzed, and compared to the
Climatic Research Unit.
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Precipitation is an important parameter of the water cycle and must be assessed
carefully. An accurate representation of the spatio-temporal variability of
catchment rainfall inputs is currently severely limited. For this reason, technological
development has led to different Satellite Precipitation Estimates (SREs), such
as the Climate Hazards group Infrared Precipitation with Stations data (CHIRPS)
dataset that is highly applicable in data scarce environments.
The CHIRPS dataset is a SRE with daily, pentadal and monthly 1981–present
precipitation estimates with a spatial resolution of 0.05°. It uses a blending
procedure involving the five closest rain gauge stations and the Climate Hazards
group Infrared Precipitation (CHIRP) product. The countries that provide the
largest amount of observed data are Australia, Brazil, Canada, Colombia, Mexico
and the USA.
The aforementioned daily precipitation data are suitable for computing several
characteristics of extreme events. For example, the CLIMDEX project aims to
produce indices representing the more extreme aspects of climate. These indices
are suitable for assessment of the many aspects of a changing global climate,
which is highly relevant for several aspects of water resources assessment like
water supply security, as well as flood and drought risk assessment.
The CLIMDEX precipitation indices were applied over Colombia for both rain
gauge stations and CHIRPS dataset, as a point to pixel analysis in order to analyze
the spatial distribution of climatic trends, annual total precipitation higher than the
95 and 99-percentile and the annual total precipitation in wet days. The analysis
showed a good performance of the satellite product compared with observed data
for the evaluated extreme indices and the trend analysis, concluding that CHIRPS
is a suitable SRE for evaluating extreme indices in Colombia.
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Non-stationary Probability Density Functions Fitted
to a Flow Time Series of the Magdalena River

Precursors of Severe and Sustained Drought
in the Central America Dry Corridor

Giraldo-Osorio, Juan Diego

Hidalgo, Hugo

Pontificia Universidad Javeriana, Colombia
contac t j.giraldoo@javeriana.edu.co

University of Costa Rica, Costa Rica
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Due to the complexity of the El Niño Southern Oscillation (ENSO) phenomenon,
and the inherent difficulty in understanding its relationship with Colombia’s climate
variability, statistical tools have become in useful and necessary methods to
forecast hydroclimatic variables. Nevertheless, the main problem of time series
analysis tools is the stationarity hypothesis, which cannot be guaranteed due to the
present climate change scenario. Stationarity assumption implies that probability
density function (PDF) parameters do not change over time, and can be assessed
from the longer time series (Milly et al., 2008). Non-stationary statistical models
should be used when the stationarity assumption is weak; those models are
able to set lineal or non-lineal relationships between the PDF’s parameters and
several explanatory variables (e.g. time, sea surface temperature, climate indexes).
As the non-stationarity evidence of hydroclimatic time series, the statistical tool
GAMLSS (Generalized Additive Models for Location, Scale and Shape; Rigby,
Stasinopoulos, & Akantziliotou, 2005; Stasinopoulos & Rigby, 2007) was used to
assess a non-stationary function for a monthly flow time series at the Nariño town
gauging station, on the Magdalena river. The Magdalena river non-stationary PDF’s
parameters were fitted using as explanatory variables the time (related with the time
series long-term trend), Multivariate ENSO Index (MEI) and Southern Oscillation
Index (SOI). MEI and SOI should explain the flow inter-annual variability. The fitted
non-stationary PDF allows mid-term predictions to be made about the explained
variable (in this case, Magdalena river flow), taking advantage of the known
relationships between the explanatory variables and the PDF parameters.

Although the hydric stress in Central America is generally low, there is a region
relatively drier and prone to drought known as the Central America Dry Corridor
(CADC). The area of interest is located mainly in the Pacific slope of Central
America, from Chiapas in southern Mexico, to the Nicoya Peninsula in the Costa
Rican North Pacific. Most of the region has experienced significant warming trends
(1970–1999), while precipitation has shown non-significant trends towards wetter
climate and the Palmer Drought Severity Index (PDSI) show mainly non-significant
trends towards drier climate (due to warming). Analysis using the Standardized
Precipitation Index (SPI) and PDSI in the CADC, suggests a significant periodicity
of severe and sustained droughts of around 10 years. The drought response has
been associated with tropical heating that drives an atmospheric response through
strengthening of the Hadley cells, which in turn produces higher pressure in the
subtropical highs, and strengthening of the trade winds (indexed by the Caribbean
Low Level Jet). The ultimate source of this low-frequency variability may be related
to the 11-year solar cycle. It is important to determine the commonness of severe
and sustained droughts in the CADC to improve water resources planning, as this
is a region that depends on subsistence agriculture and presents high social and
economic vulnerabilities.
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Propagation of Drought in Semi-Arid River
Basins in the Americas, Revisiting the Report of
Changnon (1987)

Analysis of Non-Stationarity in Droughts and
Variability Patterns in Ceará (Brazil) with
Changepoint Analysis and Wavelet Transform

Oertel, Melanie1 2; Meza, Francisco1 2

Rocha, Renan Vieira1; Souza Filho, Francisco de Assis1; Silveira, Cleiton da Silva 2;
Porto, Victor Costa1
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In 1987, Changnon wrote about drought events in Illinois (USA), studying how a
precipitation deficit develops within the hydrological cycle. His report is mainly
known for a figure showing drought propagation by different physical variables,
from precipitation to soil moisture, to streamflow and, finally, to groundwater. The
questions posed about drought propagation remain valid and partly unresolved,
even 30 years later.
Our research asks three questions that follow in the vein of Changnon’s
work on drought events: How can we show drought propagation? Do drought
events behave similarly or is each one unique? Is it possible to identify a "drought
function", describing its propagation within a river basin? We have chosen semiarid river basins in the Americas, recognizing that data gathering is an obstacle for
on-time drought assessment. The selected river basins are: Mendoza (Argentina),
Tapacura (Brazil), Maipo (Chile), and Santa Cruz (USA). The applied methodology
is based on standardized drought indices: the Standardized Precipitation Index
(SPI), Standardized Precipitation Evapotranspiration Index (SPEI), Standardized
Streamflow Index (SSI), and the Standardized Soil Moisture Index (SSMI).
Precipitation and streamflow data are taken from official measuring stations, and
soil moisture data is derived from the European Space Agency – Climate Change
Initiative (ESA CCI SM v03.2). Preliminary results for the Maipo basin show that
soil moisture responds within the same accumulation period to precipitation deficit,
whereas streamflow takes longer (up to 2-3 accumulation periods) to show the
drought event. Recuperating periods show similar behavior; soil moisture recovers
faster from a drought than streamflow, which still detects drought conditions, but
precipitation shows no deficit. We aim to provide insights of drought propagation
from selected river basins in order to improve drought understanding.

1
Federal University of Ceará, Brazil; 2 University of International Integration of Afro-Brazilian
Lusophony, Brazil
contac t renanvierocha@gmail.com

The Wavelet Transform and Changepoint Analysis were employed to detect low
frequency variation patterns and to identify drought periods. Monthly data from
1912 to 2016 of pluviometric stations in the Ceará state, Brazil, were normalized
using the SPI 12 and analyzed. The Changepoint analysis was used to detect
significant alterations in drought severity along the time series, identifying their
different levels and durations, emphasizing the analysis of negative SPI periods.
Wavelet Transform was employed to decompose the SPI time series in three bands
of frequency (2 to 8 years, 9 to 18 years and residue). It was possible to identify
periods of 13 months whose mean SPI value was very low (SPI < -2) and longer
periods, from 4 to 9 years, with low mean SPI value (< -1). A low variability pattern
of around 30 years was verified along the periods from 1919 to 1950 and from
1980 to 2016 through both methodologies. This behavior can be associated to a
low frequency climatic variation pattern, e.g. ODP and AMO. The joint employment
of these analysis tools allowed to obtain relevant information for drought
management, the recognition of a 9-year period with a mean SPI value lower than
-1 demonstrates the necessity of adequate solutions and planning to provide water
security during these prolonged intervals with lower rainfalls.
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Relation between SST Anomalies in Tropical
Pacific Ocean and Precipitation Deficits in
Colombia

Domestic Water Supply for Konya City
and Drought Effect

Trujillo Osorio, David Enrique; Giraldo Osoio, Juan Diego

Necmettin Erbakan University, Turkey
contac t meaydin@konya.edu.tr

Pontificia Universidad Javeriana, Colombia
contac t david.trujillo@javeriana.edu.co; j.giraldoo@javeriana.edu.co

In Colombia, the climate variability is very high, due to complex links in the factors
that regulate climatology. As a consequence, the ENSO warm phase (El Niño)
shows lower precipitation amounts and higher temperatures, conditions that
bring on droughts. Droughts and their relation with macro-climatical phenomena
are important research topics, because the Colombian main basin (Magdalena –
Cauca basin, 80% of Colombian population live within), is affected regularly by the
El Niño phenomenon. An example was the El Niño over the years 2012 to 2013,
when the Magdalena river flows presented a mean reduction of 26%. Therefore,
it is necessary to deepen knowledge of the relationship between macro-climatical
phenomena with the regional drought phenomena.
In this work, data of sea surface temperatures (SST) and precipitation time
series were used to study this relation. The tropical Pacific Ocean SST field
corresponds to ICOADS derived data from the National Oceanic and Atmospheric
Administration (NOAA) web page, with spatial resolution of 0.5° and monthly data
since 1900. The precipitation data were taken from the Climate Hazards Group
Infrared Precipitation with Station database (CHIRPS), which spans the period
1981-present with 0.05° of spatial resolution. The precipitation database was
aggregated to monthly resolution. Using Singular Value Decomposition (SDV) it
was possible to relate the SST monthly anomalies and the monthly precipitation
anomalies in Colombia between 1984 and 2014.
The strong relation between positive anomalies of SST in Niño 4 and Niño 3.4
zones, with negative precipitation anomalies over Colombia arose. Similarly, strong
relations between SST negative anomalies in the El Niño "costero" zone with
positive precipitation anomalies were found. The lag where the anomalies’ relation
become strongest could be a forecast time window that makes it possible to use
the SVD as an effective tool to prognosticate droughts through the spatiotemporal
coupling between SST and precipitation.
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Konya is a historic city with a population of about one and half million inhabitants.
Konya is located in central Anatolia where semiarid climatic conditions prevail.
Average annual mean precipitation in Konya region is about 300 mm. Mean water
sources of the city are ground water and a dam which is located 20 Km away from
the city. Due to various factors such as climate change increased water demand
for domestic industrial and agricultural needs, groundwater is overexploited. Hence
ground water table is getting lower and lower every year. Altınapa dam is only
surface water source from which water is used for supplying demand of the city for
a few months according to precipitation received.
In this work problems and difficulties related with water management in Konya
case will be presented. In order to have water security in terms of domestic and
industrial demand for the future of the city there are works already being carried out
to transfer water from neighboring Goksu Basin. To achieve water transfer already
three dams were constructed from which water will be transmitted by 50 km
pipeline including about 20 km tunnel before treatment plant. Conventional water
treatment plant is being constructed and treated water will be fed to water network
after delivering about 45 km through pipeline. Water availability and changes
according to years and sufficient water supply from various sources as well as
necessary infrastructure will be discussed.
water supply, water sources, drought, water transfer between basins,
infrastructure
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Case Study on Design and Operation of
Combined Filtration Disinfection and Storage
System for Assessment of Rainwater Collection
Treatment and Reuse

Evaluation of Impacts of Climate Change on
Water Resources in the West Seti River Basin,
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Rainwater (RW) collection storage and reuse is considered as a supplementary alternative to
mainly non-potable water consumption. RWH contributes to decrease water stresses, storm water
drainage and reduces pollution load. RWH is also accountable for potable water provision. In this
case, sophisticated water treatment and monitoring systems are required. Characteristics of RW
are mainly influenced by collection point and needed to be assessed.
A RWH pilot system was set up and operated for two years at TUBITAK-MRC. The objective
was to contribute assessment of RWH at urban scale. The system was designed to achieve
non-potable urban water reuse requirements. The system included collection roof (350 m 2), first
flush filtration-diversion vortex-fine filter (280 µm), combined sand-anthracite double layer filtration
unit with quartz sand (0.45-0.65 mm) and anthracite (0.8-1.5 mm) layers, storage tank (15 m 3),
cartridge filters (5 and 1 µm) and UV disinfection (1-3 m 3 /h). Filtration rate for double layer filter
was 0.04-0.3 m 3 /m 2 -h. The design was made using BS8515 intermediate approach methodology.
A sampling system was employed to characterize the variations for first flush. Moreover, long term
surface run-off water characteristics were determined for a selected area in Istanbul. A feasibility
study was also carried out. The study was accomplished on focusing climate change impact
assessment perspective. Overall pollutant removal efficiencies illustrated in Fig. 1 whereas, first
flush concentrations variations for long term wet weather given in Fig. 2.
RWH system complied with non-potable indoor and outdoor uses criteria continuously. PAH
concentration for untreated RW might exceed drinking water criteria occasionally. 0.2-0.5 L/m 2 roof
area could be sufficient for separation of first flush. For a selected case study area for integrated
Figure 1.accomplished
Average removal efficienciesby
(%) for
RWH system
RWH and grey water reuse a conceptual assessment was
using
study results.
The study was conducted within the research activities of FP7 - PREPARED project.

Budhathoki, Aakanchya; Babel, Mukand Singh

West-Seti River Basin, situated in far-western region of Nepal, is one of the most
exposed basins in regards to the potential impacts of climate change. In this
context, this research evaluated the impacts of climate change on water resources
and crop yield in this basin. The first stage included bias correction of observed
temperature and precipitation data for the historical period. Future climate data
was downscaled from three RCMs, namely ACCESS, GFDL and MPI, and
projections were made for RCPs 4.5 and 8.5. The predicted temperature in the
basin showed considerable rise in both maximum and minimum temperature. The
rise in temperature was steep for RCP 8.5 compared to RCP 4.5, while increase
in minimum temperature is more than the maximum temperature. Both seasonal
as well as annual precipitation is expected to increase slightly higher for RCP 8.5
than RCP 4.5 although there is no substantial difference between them. Further,
SWAT model was used for calculation of components of water balance which
assessed the hydrologic processes up to an acceptable level. The lower part (Hills)
of the basin is expected to have 15% increase in precipitation and 25% increase
in water yield, but the actual ET is higher in the upper part (Middle Mountains and
High Mountains) of the basin with an increase of 23% in High Mountains and 14%
in Middle Mountains. In addition, low flows in the basin are expected to decrease
and high flows are expected to increase which indicates that water resources
development can be explored as an option. The ministries and departments
responsible for planning and management of water resources in Nepal should
consider the expected increase in temperature and future flows as an opportunity
for further water resources development in the basin
climate change, RCM, West Seti basin, SWAT, water resources,
streamflow
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Figure 1. Average removal efficiencies (%) for RWH system

Figure 2. Average time paced first flush pollutant concentrations - example

rainwater harvesting, RWH, rainwater treatment, reuse, water scarcity,
climate change
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Analysis of Water Security in Climate Change
Scenarios: The Case of Fortaleza

Studies on the Photocatlytic Activity of Metal
Oxide and Their Composite for Dye Degradation
Application
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Climate change combined with increased demand for water in various
hydrosystems in the world represent a challenge for water resources management.
Especially in semi-arid regions, which are quite vulnerable, the impact analysis of
hydrological variables and management and planning measures are necessary
to make these hydrosystems more resilient. In order to coexist with the semi-arid
climate, the State of Ceará (Brazil) has built a network of several water storage
reservoirs to meet the needs of multiple users, including the largest urban center
of the region, Fortaleza and its metropolitan region. Thus, this article seeks to
evaluate the impact of climate change on the Jaguaribe Metropolitan System,
Ceará's main hydrosystem, analyzing the hydrological variables and the growth of
water demand in the region in the period of 2011 to 2040. For this purpose, the
rainfall and temperature of the CMIP5 (Coupled Model Intercomparison Project)
models were used for the Historical, RCP 4.5 and RCP 8.5 scenarios, and the
evapotranspiration was estimated using the Pennan Montheith method and the
flows with the SMAP concentrated model. The current demands of the hydrosystem
were cataloged by the state management company and estimates of growth were
built for them. The system was simulated through a flow network model, called
ACQUANET, based on current and future conditions of demand and supply. The
results of the simulations were compared with simulations of the present and
indicated the great vulnerability of the Jaguaribe-Metropolitano system for the
future scenarios of increase of demand or change in the affluent flows. The final
discussion points to the need for the municipality of Fortaleza to invest in alternative
sources of water to supply a portion of its demand in an attempt to reduce the
structural dependence to importation of water from other regions and thus reduce
losses and transport costs.
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In this work, ZnO nanorods and Graphene-ZnO-PdO nanocomposite was
synthesized through hydrothermal method. Crystallinity of the materials has been
studied using X-ray diffraction (XRD) and morphology was analyzed through Field
Emission Scanning Electron Microscopy (FE-SEM) and Transmission electron
microscopy (TEM) techniques. The synthesiszed nanomaterials are used for the
photocatalytic degradation of Methylene Blue (MB) under UV-light illumination (365
nm) and the results were compared with commercial ZnO material. Graphene-ZnOPdO nanocomposite exhibits higher degradation of MB under UV-light illumination
than ZnO nanorods and commercial ZnO material. These nanocomposite materials
can so be used for methylene blue MB photodegradation as for textile wastewater
treatment.
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Novel Non-Sewered Sanitation Model: A Cheaper
and More Efficient Option for Africa

Evolving Urban Landscapes in the Tightening
Water Budget: A San Francisco Story
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Lack of adequate and safe water supply and sanitation remain two of the main
transmitters of disease in the world’s developing countries. The sanitation system
which is by far the most convenient to the user is the conventional water-borne
sewerage system. However, water- borne sanitation system is inappropriate
for most urban centers in developing countries on the ground of high capital
construction cost, usage of large volume of potable water merely to transport
wastes along pipes, complex technology and blockage among others.
The study carried out cost optimization modeling by comparing the shallow
sewerage systems with the existing on-site sanitation practices. Based on the cost
optimization modeling, an appropriate lower cost sanitation technology was chosen
between shallow sewerage system and the on-site sanitation technologies. A total
of 30 urban centers were modelled (state capitals and key urban centers).
Data used includes household structure, percentage distribution of households
by type of toilet facilities and percentage distribution of dwelling units by type of
water supply among others. The appropriate low–cost sanitation technologies are
obtained by considering the modelled variables. Hence, for population densities
lower than 160 persons per hectare, on-site sanitation systems would be a lower
cost sanitation technology while shallow sewerage systems would be favored for
population densities above 160 persons per hectare. However, on-site sanitation
systems is safe for an approximate static (piezometric) water level greater than
1.0m. This is essential to avoid the risk of feacal contamination of groundwater.
The result show that for the chosen urban centers in Nigeria, 5 out of the 30
urban centers should adopt shallow (simplified) sewerage systems as a lower
cost sanitation technology while the remaining 25 urban centers should continue
practicing the on-site sanitation systems mainly the septic tank and soak aways (22
urban centers) and pour-flush toilets (3 urban centers).

California’s severe drought in the past 5 years further challenged the already
problematic state-wide water distribution, and forcefully implemented aggressive
mandates in all non-critical water uses. Since half of all water used in California’s
urban areas is for outdoor use, and among those the vast majority is for landscape
irrigation, the urban landscape has become the major target of water use reduction.
In fact California already has a very strict "Model Water Efficient Landscape
Ordinance" (MWELO) in place, which calculates the maximum to water-efficient
landscapes with an average water-use factor of 0.7 (Water Conservation in
Landscaping Act of 2006). Natural Resource Defense Council (NRDC) estimated
a further reduction and proposed more extensive landscape conversions which
could reduce outdoor use to meet the saving target. By the end of 2015, the
new MWELO mandated further cut back the allowable water use by 35% to
0.45. What does this mean? In San Francisco, it means a change of its urban
landscape climate zone to Arizona. Not only it is almost impossible to achieve in
new construction, the existing urban public life and habitat which reply on these
greenery were also threaten.
Facing the ever-tightening water budget, landscape architects and planners
seek enhancing irrigation efficiency, amending soil water retaining capacity, as well
as exploring alternative water sources. Through urban watershed analysis to the
city’s unique topographic and microclimate, the research found opportunity niches
and prioritize zones for implementations. The design research team’s finding also
indicated that stormwater capture, using both infiltration to recharge groundwater
resources and rooftop runoff, is a strong option for improving the resilience of water
supply for the cities and suburban areas. This re-structuring of the water uses in
urban landscape, will also re-invent the San Francisco’s evolving public open space
identity in the next decade.

water supply, sanitation, water-borne sewerage systems, shallow
sewerage, Africa
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Coping with Urban Flash Floods in Cologne

Evaluating Citizen Support for Water Security
Enhancement

Heintz, Marc Daniel; Ingo, Schwerdorf
Stadtentwässerungsbetriebe Köln, AöR, Germany
contac t marcdaniel.heintz@steb-koeln.de

Cologne, at the banks of the river Rhine, is a city with long-standing experience in
flood management. However, heavy rainfall within a short period of time resulting in
urban flash floods has been identified as a new challenge.
The project “Cologne 21 – adapting the city to climate change” carried out by
the Environment Agency of North Rhine-Westfalia, the German Weather Service,
the City of Cologne and the Municipal Drainage Operations Cologne (StEB Köln),
has pointed out the increasing risk of flash floods in Cologne.
Based on these findings, StEB Köln and the City of Cologne have identified
a catalogue of measures to make Cologne more resilient to heavy rainfall. Unlike
riverine floods, flash floods tend to take place at local scale, but can occur nearly
everywhere on the urban surface. Therefore, one of the first steps was to carry out
a GIS-based analysis. Cologne was one of the first cities in Germany to publish
hazard maps that include urban flash floods and are now available on https://
www.steb-koeln.de/hochwasser-und-ueberflutungsschutz/hochwasser-undueberflutungsschutz.jsp. In order to support private protection measures, StEB
Köln has published a guideline for flood-resilient homes addressing home owners.
In addition, an information campaign was launched.
In 2016, StEB Köln and the City of Cologne have developed a guideline
for flood-resilient urban planning. This document sets new standards for the
development of development areas in Cologne. For important urban projects,
hydrological reports are developed. New standards include the consideration of
surface runoff patterns as well as the designation of multi-functional areas such as
parks that serve as retention areas in case of flash floods. As part of the “MURIEL
project” investigating the potential of multi-functional retention areas, several
measures have been identified in the pilot district of Cologne-Porz.

Shinde, Victor; Babel, Mukand; Acharya, Suwash
Asian Institute of Technology, Thailand
contac t victorshinde@yahoo.com

Assessments of water security, abundant in literature, have mostly pertained
to devising indictor based methodologies to capture the impacts of the various
factors that influence water security. Among these factors, the commonly used
are demographic trends, socio economic growth, environmental impact, water
related disasters, policies and governance, and alike. These are all very pertinent
factors but by basing water security assessments on these factor the underlying
assumption is that the Government is responsible for ensuring adequate water
security for its citizens. While this may have been valid in the past, it is no more
so in the current times. A crucial factor that drives water security enhancement
in this age is how willing and supportive the general citizens are towards water
security enhancement interventions. Citizen awareness of the need for water
security, and support towards its enhancement is crucial to complement the
plans and policies that Government roll out. This study aims to plug this research
gap in water security assessments by understanding the role that citizens play in
water security enhancement. The study interviewed six hundred respondents in
Bangkok using a short Likert scale based questionnaire survey. Citizen responses
towards awareness of water security issues and support for its enhancement were
evaluated using various statistical tools. Both citizen awareness and support for
water security enhancement have been analyzed separately, and quantified on a
scale of one to five. The results suggest that while the awareness of water security
issues in Bangkok is quite strong, the citizens are ambivalent towards measures
that would require their involvement in enhancing the water security situation.
Bangkok, questionnaire survey, statistical analysis, water security
assessment
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Household Drought Risk Index (HDRI): Integrated
Assessment of Drought Risk in the Cuvelai–Basin

Legislative Change in the UK Water Industry and
the Capacity for Drought Response
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Drought is a severe threat to societies in Africa south of the Sahara. Rainfed subsistence agriculture and traditional water supply systems remain key
characteristics of people’s livelihoods and make them highly sensitive to water
scarce periods. New, integrated tools are required that build upon local insights
and data to understand the multi-layered impact of drought and provide decisionmakers with adequate information to design long-term adaptation strategies.
This paper presents the Household Drought Risk Index (HDRI) as an integrated
tool to identify hot-spot areas of drought risk in the semi-arid Cuvelai-Basin of
Angola and Namibia. As a composite indicator, it incorporates environmental
drought hazard parameters and socio-economic vulnerability measures. The HDRI
combines data from remote sensing products on precipitation, soil moisture and
vegetation as well as primary empirical data from two structured household surveys
on drought sensitivities and coping capacities.
The results reveal insights into the spatial configuration of the drought hazard
and the specific vulnerabilities of the population in urban and rural settings. While
households show particular sensitivities in their water and food consumption
patterns, they employ social, human, financial, natural and physical capital to cope
with these water scarce periods. On the one hand, the Angolan population is more
sensitive to drought and less able to cope, i.e. due to weaker infrastructural and
institutional endowment. The environmental drought hazard, on the other hand, is
more intense in Namibia, specifically due to lower rainfall and less vegetation cover.
In the light of the recent El-Niño induced inter-annual droughts in Sub-Saharan
Africa, this study approaches an urgent challenge of identifying people at high
risk of drought. The integrated perspective on drought enables decision-makers
to understand and evaluate the underlying causes of drought risk and develop
solutions either to reduce people’s sensitivities or enhance their coping capacities.
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A reliable supply of water is not guaranteed in many parts of the world (CDP,
2016). In the UK, 24% of organizational activities are dependent upon water raising
issues of sustainability in a period of changing climate conditions. At the same
time, institutional shifts around the UK water industry provide important insights
into the intersection of governance and sustainability (Bolognesi, 2014; Burton
and Peoples, 2014). The UK is of particular interest as a case study because
water has traditionally been characterized as being in excess in the region with low
perceptions of threat from water scarcity. However, the Yorkshire region in Northern
England experienced significant drought in 1995, raising questions regarding the
institutional and regulatory structure of the recently privatized water supply sector
(Haughton, 1998; Bakker, 1999). More recently, large parts of southern England
experienced ‘dry’ winters in 2010 and 2011, and hosepipe bans 2012.
The UK water sector is currently undergoing its most significant reforms
since privatization in 1989. The 2014 Water Act has ended a system of regional
monopolies, liberalizing the market for non-household consumers effective from
April 2017. This research explores how business and planning representatives
perceive drought risk, nationally and locally; how the institutional changes to the
water infrastructure may shape water practices; and comments on infrastructure
development in the industry. We report some preliminary findings from semi
structured interviews carried out with 50 business and planning representatives
across seven UK catchments. We find include uncertainty over future demand
reduction under the new governance arrangements and concerns over the potential
for conflicts of interest between retail companies and wholesale companies. We
also draw some comparisons with the liberalization of the energy sector and ask
what lessons might be learned.
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Assessment of Water Security Vulnerability to
Drought Events Using a Convergent Approach:
Application to Water-Use Sectors in the Elqui
River Basin In North-Central Chile

Current Status and Capacity for Ground Water
Extraction for Drought Adaptation to Serve
Agricultural Production in Central Highland,
Vietnam
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This research evaluates water security vulnerability to drought in water use sectors
in the Elqui River Basin, a basin typical of mountainous areas of the arid northcentral region of Chile. To this end, a novel procedure, convergent approach
(CA), conceived as a new contribution to the so-called integrated frameworks of
vulnerability estimation, was proposed. CA, the explanation of which is presented in
conceptual, methodological and statistical terms, estimates contextual and outcome
vulnerability simultaneously and makes the estimates converge using Partial
Least Squares Path Modeling–based Structural Equation Models. Applied to the
water use sectors in the study area, with the support of the Water Evaluation and
Planning System (WEAP) in its WEAP-Elqui version, CA allowed questions of who
is vulnerable to drought and why to be answered simultaneously and objectively in
terms of water security. The results demonstrate that water security vulnerability
to drought exhibits high spatial heterogeneity in the basin (Gini coefficient=0.62),
explained by structural, quasi-structural and non-structural factors such as
Location, Water Supply, Infrastructure and Water Stability. Compared with 6
contextual vulnerability estimation alternatives based on composite indicators, the
performance of CA is significantly better. The predictive capacity of the vulnerability
estimation model was substantial (R 2 =0.67). At the same time, CA exhibited very
low sensitivity to misspecification of the estimation model and an average size effect
(f2 =0.3). Therefore, CA may be considered a reliable, valid and robust procedure
for objective estimation of water security vulnerability to drought. Its extension to
other application cases was discussed in the context of the present research.

Vietnam Academy for Water Resources, Vietnam
contac t phongicd@gmail.com

Central Highland – Vietnam possesses huge water resources potential with
available surface water amount of about 46 billion m 3 and ground water reserves
of nearly 9 billion m 3 . According to multi-year average water resources potential
per capita, Central Highland is the area where the international standard water
resources per capita is met, however, water shortage and water stress usually
occur in dry season in this region. Long dry season lasting from November to April
of next year in combination with spontaneous ground water extraction have resulted
in decrease in ground water level in Central Highland, thus, domestic water supply
to high mountain areas faces many challenges. Therefore, the problem in Central
Highland is not water resources potential deficiency but lack of appropriate
solutions to exploit, store and protect water resources in rainy season for using
in dry season. This paper presents an overall picture on current status as well as
water resources potential (ground water in particular) in Central Highland, capacity
of ground water resources extraction and also recommends several solutions for
sustainable ground water exploitation in Central Highland in order to ensure water
resources protection, drought adaptation, domestic water supply and sustainable
agricultural production.
ground water extraction, surface-ground water interaction, sustainable
ground water management, Central Highland – Vietnam
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Evaluation of the Socioeconomic Impacts of
Drought in the Rural Area of the Muriaé Basin –
Zona da Mata of Minas Gerais and Northwest of
Rio de Janeiro – Brazil

Vulnerability Analysis as a Mechanism for State
Water Security Plan Development and Impacts
Mitigation
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The Paraiba do Sul River Basin supplies water to the Brazilian southeast region
and it was affected by a drought during the years 2014 and 2015 with severe
implications for water supply, the hydropower sector as well as for rural agricultural.
Longer drought periods are expected to become more frequent in the future.
However, drought characteristics, drought impacts, and the reasons for the
recurrent water scarcity in this water abundant tropical region are still poorly
understood.
In the scope of our survey in the scope of the ADAPTA project, we assessed
drought impacts in the rural unregulated Muriaé Subbasin (8,162 km2).
Due to the high demand for water resources and anthropogenic pressures in the
Muriaé Basin, the present study had as objective: I) to evaluate the socioeconomic
impacts generated by drought in the rural environment of the basin in the years
2014 and 2015; II) identify potential responses to be taken by the agricultural sector
to cope with drought disasters; III) to verify the themes related to public policies,
development of sustainability in the rural environment, the provision of ecosystem
services and the prospects of adaptation and changes related to land uses.
In this context, secondary data related to the productive activities developed in
the rural area were systematized; we identified the productive activities in the basin
of greater vulnerability in relation to drought. The productive activity dairy cattle was
identified and selected as the focal productive sector of this study.
Thus, we processed secondary data related to dairy farming in the basin and
combined them with semi-structured itineraries with rural producers. Drought
impacts are strongly displayed in the dairy production and other productive
activities for the drought period 2014–2015. We herewith present the spatial
distribution and severity of impacts across the Muriae basin.
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This paper aims to develop and present an approach to measure vulnerability to
drought. The analysis of vulnerabilities is used as a tool for decision making within
the field of water resources. It is also important to help mitigate drought impacts.
This analysis was applied in the State of São Paulo, Brazil, as it is a region with
high water demand and suffered a severe water crisis during 2014 and 2015. The
methodology presents sensitivity, exposure and adaptive capacity as key factors
for the vulnerability assessment. Sensitivity represents the system’s resilience in
the face of external disturbances. The level of sensitivity was obtained through
socioeconomic data provided by the national census and through information
about water supply and demand, and water quality. Exposure is based on drought
frequency and severity. Therefore, time series precipitation data normalized by SPI
12 were used in order to identify periods of drought and drought severity. Aiming
to analyze the system’s adaptive capacity, the State’s water allocation system, the
quality of water resources management entities and State government actions were
considered. The three key factors were combined into an index and a thematic
map presenting the diagnosis of the vulnerability of the State was elaborated.
Contrasting scenarios within the State were observed. Although some regions
presented more severe periods of drought while having superior socioeconomic
conditions, other areas presented a more fragile socioeconomic scenario, despite
having less severe droughts. The index was capable of capturing the different
factors, and characterizing and summarizing the regions’ vulnerabilities, thus
providing a more objective visualization of the areas that demand greater attention
from management bodies.
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Drought Vulnerability and its Influencing Factors:
A Case of Farmers

Climate Change Adaptation Strategies on Water
Sector in Bangladesh: A Study of Dhaka City
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Climate change and its impact on water resources have caused water scarcity and
drought vulnerability, which could have direct and indirect implications for creating
unsustainable livelihoods and/or reducing the livelihood options of the farmer
residents. One of the coping mechanisms to mitigate the negative impact of drought
is to measure the vulnerability induced by the drought-based crisis. Hirmand
county in eastern Iran is prone to drought, and has been impacted severely during
recent years. The focus of this study was to understand the vulnerability of farmers
caused by drought and its causes through determining drought vulnerability based
on the Livelihood Vulnerability Index (LVI). The population for this study were 302
wheat growing households residing in rural areas, comparing the more droughtprone Ghorghori district versus the less-drought prone Central district of the
county. The study was based on primary sources of data collected from 170 farm
households following a structured questionnaire survey designed based on the
Livelihood Vulnerability Index (LVI). EXEL and SPSS software were used for data
analysis. Results revealed that Ghorghori district was more vulnerable in terms
of water, social networks, livelihood strategies, housing and land tenure, natural
disasters, and climate variability and health. Central district villages, on the other
hand, were more vulnerable in terms of socio-demographics. The results showed
that the reasons for farmers’ vulnerability were: unequal access to water, lack of
access to underground resources, challenges related to land quality, challenges in
human resource personnel in the agricultural sector and work opportunities in the
region, lower levels of capital (mechanical devices, infrastructure, human capital,
roads, power, education, sources of credit, etc.). These could be categorized into
natural, economic-institutional, socio-political, physical-infrastructural, and personal
reasons. The findings shed light on the appropriateness of this pragmatic approach
to monitor vulnerability, resources and potential solutions to cope with drought
situations in data-scarce regions.

Bangladesh has the sixth greatest risk of climate change in the world
(Germanwatch, 2014:6). The water sector is the most critical sector in Bangladesh,
as major climatic factors are linked with water. Therefore, water security has
become a key security challenge, mainly driven by scarcity, abundance, bad timing
and the wrong type of water. Dhaka, the capital of Bangladesh, is experiencing
huge water security challenges due to climate change, in terms of vulnerability,
variability and use. Adaptation strategies are considered to be the major solution
options to manage risk, enhance resilience and improve the quality of life for Dhaka
city dwellers (OECD, 2013:45; Hossain, 2014:65-70; Faulkner, 2011:51-53).
Therefore, local level institutions such as the Dhaka Water Supply and Sanitation
Authority, Capital Development Authority, Dhaka North City Corporation and Dhaka
South City Corporation have undertaken various adaptation strategies, policies
and programs to ensure water security. Based on secondary research, this study
reviews existing climate change adaptation strategies and policies in the water
sector in Dhaka city. This study also reviews the existing local institutional roles,
responses and adaptation practices in the water sector. It explains what necessary
adaptation strategies have been prepared and the workable adaptation strategies
that are needed from the perspective of non-failure (both demand and supply side)
strategies, low-failure strategies and climate justified strategies for Dhaka city.
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Evaluation of the Impact of Solid Waste
Management on Water

Reuse Water As a Sustainability Proposal for
Public Supply in Passo Fundo – RS, Brazil
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The management of municipal solid waste (MSW) has significant impacts on
climate change and water. By eliminating methane emissions from landfills and
open dumping sites, sustainable management options can contribute to the
reduction of greenhouse gas emissions (GHG-emissions). Several models evaluate
the impact of MSW on climate change, such as the IPPC-model and the Waste
Reduction Model (WARM) of the US Environmental Protection Agency (EPA).
Sustainable MSW management affects water significantly. Proper landfilling
prevents surface waters and ground water contamination, material recycling and
replacement of raw materials with secondary materials save water. To the best
knowledge of the researcher, there is up-to-date no models that evaluate the
impact of waste management on water. Besides, existing models that assess water
footprint of products does not consider the final disposal phase of a product. In this
study, the interaction between waste and water will be investigated and a model
will be developed that quantifies and evaluates the impact of waste management
options on water. For this study, the life cycle assessment tools (LCA) will be
used. The treatment of 1 ton of waste is considered as functional unit. Due to the
complex composition of MSW, this study will only consider bio-waste and paper
waste. Different systems will be assessed and compared, In this contribution, only
results of on system "aerobic degradation of separately collected bio-waste" will be
demonstrated.
The expected results of this study will provide precise and comparable data,
which can be used in related models (e.g. transport models in groundwater). It
will help operators of MSW management facilities to improve and optimize their
technology regarding its impacts on water. It will also provide legislators and
authorities with a decision support tool for decision-making. It is expected, that the
results of this study will help the adaption of water protecting waste management
options.
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Climate change has altered rainfall patterns on local, regional and global scales.
Combined with the problems caused by urban growth without planning, such
as water resources pollution and increased demands for water and energy, this
has created situations of scarcity in several Brazilian cities. This scenario has
challenged public managers to develop policies that raise awareness in the
population about the importance of preserving water resources, as well as the
adoption of technical measures that enable water and energy economy. The main
goal of this research was to propose an alternative distribution system for the reuse
of water in the city of Passo Fundo/RS (Brazil). This alternative distribution was
proposed, firstly, for companies in the main avenue of the city, in order to ascertain
the scenario of expenses with water supply, and to identify the reuse alternatives
already in use to save water resources. It also sought to establish the potential and
interest of these companies in joining the water reuse supply system proposed in
this work. Methodologically, the research involved a questionnaire to companies in
order to diagnose rainwater use, as well as local water and energy consumption.
Thus, a proposal was generated which allows for the development of alternative
storage and distribution of treated water, with the objective of reducing drinking
water treatment costs and reducing the electricity energy tariff, due to the reduction
of water pumping in the sector of public and private companies. The results point to
the feasibility of reused water distribution for non-potable purposes.
water reuse, water supply, water consumption, energy consumption,
distribution system
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Development of an Independent Hydrology Audit
Methodology to Support Flood Risk Assessment
in the Planning Process in Scotland

Assessment Risk of Failure in the Water Supply
by Introducing Probabilistic Forecasts of Drought
Events
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The recent flooding in the North East of Scotland has highlighted issues around
climate change due to significant changes in duration, severity and volume of
precipitation events. Major planning developments can contribute to the problem
with poor sustainable urban drainage (SUD) schemes from the point of view of
design, hydrological assumptions, ownership and maintenance as well as surface
water run-off calculations. The Planning and Flood Authorities often do not have
the capacity or resources to review and check the accuracy and robustness of the
SUD schemes nor the calculations submitted by developers. Moreover, the current
planning legislation does not take into account the potentially higher flooding risk at
the start of a development nor the cumulative impact from contiguous developments
on the properties downstream of the new proposed developments.
This case study of Stonehaven in Aberdeenshire demonstrates the development
of an independent hydrology audit (IHA) to assess SUDS submitted with planning
applications for new developments. It provides a systematic and consistent
approach to ensuring the efficacy and sustainability of SUDS for new developments
in Scotland.

Hydroclimatic water shortage conditions can affect hydrological services offered by
mountain basins causing severe impacts to the population. These conditions have
become a real challenge for decision-makers in Andean basins with respect to the
management of water resources systems in drought times. This study evaluates the
risk of failure in the water supply by introducing probabilistic forecasts of drought
events that serve as support for decision-making regarding the satisfaction of the
consumptive demands, non-consumptive and environmental in scarcity times.
Through a drought index created from the prioritization of available information on
water-related variables, the Markov chain models were used to obtain probabilistic
forecasts. These forecasts were incorporated into the methodology of assessing
the risk of failure of water resources systems, which is based on Monte Carlo
simulation of multiple stochastic scenarios designed from hydrological synthetic
generation and modification of some features of water resources systems.
Machángara river basin located south of Ecuador was chosen to apply methods
and tools proposed in this study. The outcomes of the simulation process were
consolidated into an integrated satisfaction system index, which could help the
decision-making by water managers so they can to propose several alternatives
for prevention and/or mitigation when satisfaction is low. This study proposes an
integrated approach to assessing the risk of failure of water resources systems
analyzing multiple states of water availability shortages that could improve measures
aimed to prevent or mitigate adverse effects of drought on water supply systems.
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Development of a Drought Management System
and Definition of Mitigation Actions as a Proactive
Mechanism for Adaptation to Urban Droughts

Drought Risk Management Solutions Using Water
Allocation Modeling for Climate Change and
Irrigation Development Scenarios within the DataScarce Imperial River Basin (Chile)
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contac t lu.m.a.junior@gmail.com; assissouzafilho@gmail.com
1

2

The objective of this work is to develop an Information and Early Warning System
(SIAPS), based on the monitoring and forecasting of hydro-meteorological variables
and drought indices, in order to provide support for the development of urban
adaptive planning of drought. This study was applied to the water supply system
Jaguaribe Metropolitan. It was used different inflow forecasting methods and/
or volumes in the basin of the application area. The methods used were dynamic
downscaling coupled to a hydrologic model of the type rainfall-runoff, a semiparametric based on a resampling technique method of time series of flow and
a technical method based on neural network. Using these prediction methods,
it was made an ensemble multi-model using two different techniques. The first
is called "pooled ensemble" and the second is known as "linear regression by
least squares". A multi-model ensemble performance testing was also performed.
The simulation SIAPS shows that the multi-model ensemble performed well for
both techniques mentioned, but the linear regression by least squares excelled
in relation to pooled ensemble. Then, an integration was made between the data
monitoring and forecasting, enabling the identification of hydro-vulnerabilities
and the development of an aversion planning matrix to the risk of drought. Thus it
can be concluded that the SIAPS proposed here permits an advance in drought
management. It allows early identification of the water system vulnerabilities, as well
as serving as support for the development of urban adaptive planning of drought.
The results provide a drought risk management vision to decision-makers, which
enables proactive actions of mitigation and response, breaking a historical cycle of
reactive actions to combat and dealing with drought.
information and early warning system, drought, proactive mechanisms of
dry responses
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McNamara, Ian1; Nauditt, Alexandra1; Zambrano, Mauricio 2
TH Köln, Germany; 2 Universidad de la Frontera, Temuco, Chile
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Water scarcity issues are becoming increasingly prevalent throughout the world,
deriving from both weather and climate changes as well as overexploitation of water
resources. The author’s work focuses on a pilot study area in southern-central
Chile, analyzing small to medium scale infrastructure solutions to cope with drought
and water scarcity under future climate and water demand projections.
Hydrological drought has severely affected the study area in recent years, with
extremely low river flows recorded in summer months and a lowering of the phreatic
surface of the aquifer necessitating water trucks to service numerous communities.
An increase in water-intensive plantations and government plans to expand the
irrigation network are set to exacerbate water scarcity issues in the future.
The semi-distributed water allocation model WEAP (Water Evaluation and
Planning System) is implemented to reflect the hydrological balance of water uses,
simulate regional-specific climate change projections and model potential reservoirs
and groundwater recharge locations.
Data scarcity presents a major challenge to modeling water allocation in the
region. The study utilizes both meteorological station data and quasi-global satellite
precipitation data (CHIRPSv2.0), comparing the two as inputs into the calibration
of the water allocation model. Times of low flow are the most critical to accurately
model in drought planning scenarios, and the study combines climate change
projections with local short-term temperature and precipitation fluctuations derived
from past drought events.
Results show a general agreeance between the precipitation measurements,
reported water abstractions and measured groundwater and flow levels. The
work identifies and analyses the feasibility (from a water accounting context) of
adaptation measures as building small reservoirs to cope with drought risks.
Scenarios incorporating climate variability, increasing water abstractions and
adaptation measures are developed jointly with the local stakeholders as a basis for
decision support in local water management.
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Monitoring Small Reservoir Volume by
Satellite-Based Data for Drought Management
in the Central and Highland Region of Vietnam

Water, Justice, Security and Conflict

Nguyen, Lam Xuan; Luong, Trung Tuan; Tran, Trinh Duc
Vietnam Academy for Water Resouces, Vietnam
contac t nguyenxuanlamiwe@gmail.com

Vietnam is a country that possesses a large number of reservoirs. It has about
7,000 reservoirs, of which 85% have a volume less than 3 million cubic meters.
With total agricultural land of 4 million ha, those reservoirs have served as major
water supplies for 75% of the area. During recent years, drought has caused
significant impacts on the Central and Highland region of Vietnam. In the 2014–
2016 event, drought damaged 40,000 ha rice, affected thousands of livestock
and about 65,000 households lacked domestic water. Drought usually occurs
in the commanding area of small reservoirs and the rain-fed area. While the
monitoring and warning methods based on SPI, PDSI, etc, are suitable with the
latter, the majority of the cropping areas are around the small reservoirs that were
constructed a long time ago and are managed by local governments or people.
They usually suffer from poor monitoring and operation, due to low capacities and
budget limitations. Public free-access satellite data has been proven as an effective
tool to monitor on a large scale, however, it faces difficulties due to low resolution,
revisit frequency, cloud, etc. SAR images from Sentinel-1 that began operation in
2014 is expected to reduce the obstacles, as it offers continuous, all-weather, dayand-night, resolution of 10 m and revisit-frequency of 6 days imagery at C-band.
Hence, the study leveraged Sentinel-1 images to estimate water surface area and
reservoir volume in the near-real-time mode. The algorithm was also improved by
applying Fuzzy-based filtering of the speckles. On average, the Nash–Sutcliffe
coefficient obtained from the validation process ranged 0.8 ÷ 0.9 when piloting the
algorithm in Binh Dinh province with 168 small reservoirs. The study results show a
high potential for monitoring all reservoirs for drought management in the region, as
well as the whole country, and further international water bodies.

Meldrum, Anita
Glasgow Caledonian University, United Kingdom
contac t anita.meldrum@gcu.ac.uk

Climate justice is a new kid on the block in terms of its aim to solve an emerging
and very complex set of issues, including gender, health and economic
development, food and poverty, security and conflict. In addition, the added
stressor of climate change is exacerbating deficiencies; particularly in the
developing world. One of the key components to ensuring climate justice is the
provision of safe and reliable water and sanitation services and in 2010, it was
agreed for the first time by the UN Congress, that access to water and sanitation
should be a basic human right.
Water security relates directly to the ability of people to access reliable,
adequate and sustainable water supplies. It also encompasses the protection of
water ecosystems. The injustices and inequalities that can result from the spacial
and temporal aspects of water around the world, e.g. drought or floods, have the
potential to lead to conflicts if more holistic approaches to water management are
not found and consistently applied. This paper explores water justice and the ethical
issues that contribute to increasing water insecurity, exacerbated by climate change
impacts and seeks different approaches to water management for the developing
world.
water resource management, climate justice, water security, water
justice, conflict
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How to Eat Less Water:
Global Modeling of Future Food Opportunities

Research at ICWRGC and the Sustainable
Development Goals Assessment Core Group at
the Sustainable Water Future Program

Kummu, Matti
Aalto University, Finland
contac t matti.kummu@aalto.fi

A growing human population and changing consumption patterns threaten global
food security by increasing pressure on already scarce land and water resources.
Various opportunities have been suggested to sustainably secure future food
supply: diet change, food loss reduction and closing the yield gap. This far, they
have been assessed separately or, if combined, on a global level only. By using
global models and optimization methods, we aim to estimate the combined potential
of these opportunities at country level, when only currently used water and land
resources are permitted to be exploited.
We estimated that these measures would have global potential to increase
in food supply by 111% and 223% at moderate and high implementation levels,
respectively. Large differences were found between the potential of individual
opportunities in a given country as well as total potential between the countries.
These estimates strengthen the current understanding: combined potential would
meet the increased global food demand by 2050 but be still insufficient for various
countries in Africa and Middle East. Several potential future research opportunities
are proposed to improve integration of measures.

154

Fader, Marianela
International Centre for Water Resources and Global Change (UNESCO)
contac t fader@bafg.de

The International Centre for Water Resources and Global Change (ICWRGC) is
hosted by the Federal Institute of Hydrology in Koblenz. The presentation will give
an overview about the research topics of the ICWRGC: water diplomacy, water
quality, climate change impacts and sustainability science. The center co-leads
the Core Group "Sustainable Development Goals Assessment" at the Sustainable
Water Future Program. The presentation will provide an overview of the activities of
this group that includes 35 scientists from 15 countries and aims at assessing the
capabilities of global models to contribute to the SDG agenda and analyzing the
opportunities given by the Agenda 2030.
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Integration of Local Higher Resolution Water Data
Sets into Global Water Risk Assessment

Basin-level Evaluation of Field-Scale Water Saving
Measures, using of SWAT Model and Water
Accounting (WA+) Framework

Coelho Costa, Felipe; Wagnitz, Philipp
WWF Germany, Germany
contac t felipe.costa@wwf.de
Water crisis is ranked as the 3 rd top global risk to businesses1. In the frame of water related risks,
water security plays a major role given its quantitative characteristic, competition for water use
and, particularly, the impacts of climate change that raise the uncertainties within such a complex
scenario. Moreover, tackling water security is crucial for achieving the Sustainable Development
Goals related to water2 .
The Water Risk Filter (WRF), developed by WWF in partnership with the German development
finance institution DEG, is a tool that enables businesses to assess and map their water risks, and
to identify practical targeted mitigation steps 3 . The concept of WRF is to raise the awareness of
corporate water users on the concepts of water risk and stewardship, and foster stronger water
stewardship solutions.
Up to now, the WRF has conducted water risk analysis at a global scale by applying peerreviewed global models (e.g. WaterGAP). In order to improve its spatial resolution, accuracy and
political acceptance, the WRF has decided to integrate higher resolution local datasets in its
system. Mainly, we aim at developing a method that deals with the differences of local data sets
and improves global water risk assessment based on the following decision-tree:

In this paper we provide a comparison between the global water scarcity indicator of the WRF
and the local ones (i.e. country-level local datasets were collected for Brazil, Colombia, Spain and
Great Britain). The main challenge to overcome regard the very first step (i.e. similarity), since the
data present different metrics. Thereby, the discussion shall address the following questions:
1 – How to aggregate non-similar local data into a global risk assessment framework
2 – What are potential next steps that could translate water risk assessments into action on the
ground, which aligns to the SDG’s 6?

Morid, Saeed1; Farokhnia, Ashkan 2; Delavar, Majid1; Abbaspour, Karim 2
Tarbiat Modares University, Iran; 2Water Research Institute, Ministry of Energy, Iran; 3 Eawag,
Swiss Federal Institute of Aquatic Science and Technology, Switzerland
contac t morid_sa@modares.ac.ir; ashkan_farokhnia@yahoo.com; m.delavar@modares.ac.ir;
karim.abbaspour@eawag.ch
1

Considering climate change and its negative impacts on water resources, many
water saving measures are being made to alleviate water scarcity and save more
water. Changing irrigation systems and mulching are a few of them. However, any
attempts to implement them need to be assessed in an integrated perspective at
a basin level. This paper addresses this issue by using an innovative approach
in which the soil and water assessment tool (SWAT) model and the WA+ water
accounting framework are linked in a package, so called SWAT-LU. The case
study of this research is Lake Urima (LU) basin. LU is the largest lake in Iran, but
its water level has declined steeply since 1995. The lake’s water requirement is
about 3100 MCM and the recent inflows has reached to less than 2000 MCM.
Different strategies have been proposed to save water in the basin and allocate
more water to the lake. This paper evaluates impacts of such strategies and their
potential water saving on the inflow into the lake. Considering the reports of WA+, it
was shown increasing irrigation efficiency up to even 75% can only save about 250
MCM water for the lake. But, it would have negative impacts of the groundwater
recharges. Similarly, mulching of the dry lands can only save 100 MCM in favor of
lake. Notably that the both measures need huge investment, while the saved water
is much less than the required inflows into the LU.
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¹World Economic forum. The Global Risks Report 2016 – 11th Edition.
²UN Water. Integrated Monitoring guide for SDG 6: Targets and global indicators.
3
http://waterriskfilter.panda.org/
4
WWF – Workshop Summary. Integration of local higher resolution water data sets into global water risk
assessment. (2016)
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Linking Food to Water and Energy Security —
A Nexus Approach Applied to South Africa under
Present and Projected Future Climatic Conditions

Water Accounting for Risk Assessment:
A Case Study from Ganga River Basin

Schulze, Roland

Institute for Resource Analysis and Policy (IRAP), India
contac t nitinbassi@irapindia.org

University of KwaZulu-Natal, South Africa
contac t schulzer@ukzn.ac.za

After introductory remarks on the nexus concept, this presentation commences with
an assessment of the Water-Energy Nexus within a South African context, stressing
the importance of comprehensive databases and analyzing a range of water-energy
and energy-water links, in each case illustrated South African examples under
current and projected future climatic conditions. Emphasis is then placed on the
Agriculture-Energy Nexus. The third link, on which most emphasis is placed, is the
Water-Food Nexus, with the latter viewed in its broader context of food, fiber, fruit,
fodder, forest and fuel, stressing both feed-forwards and feed-backs and illustrating
each case with South African examples, again under both present and projected
future climatic conditions. The conclusion pleads for moving beyond conventional
WEF thinking by incorporating a "Land" component and a value chain approach
that goes further than the farmgate, the reservoir and the power plant.
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Bassi, Nitin

India has been experiencing a severe deterioration of the services provided by the
freshwater ecosystems, mainly due to pollution and over-abstraction. For water
bodies located close to growing urban centers, there are pressures of increasing
water demand and discharge of untreated wastewater that poses a risk to
economy and people’s livelihoods dependent on them. This paper presents a water
accounting approach which was used to assess the water security challenges
of Kanpur Metropolitan Area (KMA), one of the most populous key urban and
industrial conglomerations located in Ganga River Basin, whose water resources
are under tremendous threat due to over-appropriation and large scale pollution.
The paper focuses on developing methodology and preparing water accounts
for cities; and identifying the present and future water-related risks resulting from
the inadequacy of the quantity and quality of water supply, and ineffectiveness of
the regulatory framework related to water quantity and quality management. The
findings suggest that there is not much physical risk for meeting existing or future
water demand of KMA in terms of water quantity. However, water quality is an issue
as the required infrastructure to treat raw water and wastewater is not in place. This
scenario poses a major threat to the river ecology and poses a risk to livelihoods
of stakeholder dependent on it. The economic risk for the industries alone is
estimated to be around US$ 540 million per annum. To mitigate the identified
risks, it is suggested that various parastatal agencies involved in water supply
and sewerage services need to coordinate better and also ensure enforcement
of strict environmental norms for the industries. The water accounting approach
can be replicated in other major cities along river Ganga to assess their water
risk and water security challenges and to urge various stakeholders to undertake
collaborative action to mitigate them.
Ganga river basin, water accounting, water-related risks, water pollution,
regulatory framework
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Empirical Evidence of Climate Variability on
Urban Residential Water Demand in a Developing
Country

AquaCrop Model Simulation for Water Productivity
of Teff under a Given Climatic Variability
(Eragrostic tef), a Case Study in the Central Rift
Valley of Ethiopia

Orrego, Sergio1; Jimenez, Dario1; Vasquez, Felipe 2
Universidad Nacional de Colombia, Colombia; 2 Universidad del Desarrollo, Chile
contac t saorrego@unal.edu.co
1

Efficient management and water-related public policies require economic analysis
of the potential effects of climate variability on water demand. A structural discrete/
continuous choice (DCC) model was used to estimate urban water demand
for households. We estimated a log-log demand function using monthly water
consumption (m3), in the period 1997–2013; a dummy weather variable equal
to 1 to denote a month characterized by the occurrence of El Niño; household
characteristics such as household size, number of bathrooms, type of residence,
and possession of washing machine; marginal prices; and virtual income, or
income adjusted by the subsidies derived from purchasing not all water units
at the same marginal price. A survey and a two-stage sampling with unequal
probabilities were used to collect socio-economic and demographic information
from 486 households. The estimated demand function included two error terms to
account for heterogeneous household preferences for water consumption and both
optimization and measurement error.
Results indicate that household characteristics positively affect the urban
water demand, which is consistent with anticipated expectations. The estimated
coefficient for the dummy weather variable El Niño was positive and statistically
significant. The price coefficient of -0.10 was also statistically significant and
corresponds to the price elasticity conditional on the observed block of water
consumption. This result indicates that a 10% increase in the water price will lead
to a 1% decrease in the consumption of water, all other determinants of water
demand being equal. The income coefficient was statistically significant but of low
magnitude, which seems to be consistent with the low household expenditure on
water. Estimates for the two errors were statistically significant with heterogeneous
preferences being more responsible for the observed variation in water demand.
The estimated DCC model explained the discrete and continuous choices that a
household faces when making a decision about water consumption.

Yihun, Yenesew
Addis Ababa University institute of Technology AAiT, Ethiopia
contac t yenexmengiste@gmail.com

Teff (Eragrostic tef) is a staple food in Ethiopia. The local and international demand
for the crop is ever increasing pushing the current price five times compared
with that in 2010. To meet this escalating demand under a given high climate
variability increasing production including using irrigation is imperative. Optimum
application of irrigation water, especially in semi-arid areas is profoundly important.
AquaCrop model application in irrigation water scheduling and simulation of water
productivity helps both irrigation planners and agricultural water managers. This
paper presents simulation and evaluation of AquaCrop model in optimizing the yield
and biomass response to variation in timing and rate of irrigation water application.
Canopy expansion, canopy senescence and harvest index are the key physiological
processes sensitive to water stress. For full irrigation water application treatment
there was a strong relationship between the measured and simulated canopy and
biomass with r2 and d values of 0.87and 0.96 for canopy and 0.97 and 0.74 for
biomass, respectively. However, the model under estimated the simulated yield
and biomass for higher water stress level. For treatment receiving full irrigation the
harvest index value obtained were 29%. The harvest index value shows generally
a decreasing trend under water stress condition. AquaCrop model calibration and
validation using the dry season field experiments for the consecutive four times trial
shows that AquaCrop adequately simulated the yield response to different irrigation
water scenarios. It is conclude that the AquaCrop model can be used in irrigation
water scheduling and optimizing water productivity of Teff grown under water
scarce semi-arid conditions.
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Being Prepared: Smart Data in Disaster Risk
Management
Marlene, Willkomm1; Stefan, Jäger2; Dietmar, Gärtner3; Detlef, Runde4; Thomas,
Meiers 4; Patrick, Aravena Pelizari 5
1
Stadtentwässerungsbetriebe Köln, AöR, Germany; 2 geomer GmbH; 3 Software AG; 4 Fraunhofer
Heinrich-Hertz-Institute; 5 German Aerospace Center
contac t marlene.willkomm@steb-koeln.de

sd-kama is an information platform for relief forces in the field of disaster
management and control, that is currently under development. Flood events
in Cologne serve as an example which is examined as part of the project. The
platform provides access to a huge amount of data from various sources in real
time. Nowadays, information about the scope and magnitude of a disaster is
generally not accessible fast enough during the event. sd-kama changes this
situation. The platform aggregates information from satellite, traffic and other open
data sources as well as comments, photos and videos uploaded by rescue forces
or disaster-affected citizens and stress levels of relief forces. The information
is presented in digital situation maps, which are easy to use. sd-kama provides
complete and real time situation maps with unprecedented information density.
The IT infrastructure included in the sd-kama platform integrates processing and
analysis of a huge amount of heterogeneous data in real time. Big data technology
allows integrating and analyzing data from different sources and displays
information depending on user requirements. In addition to satellite and aerial
survey data, information on water levels, traffic situations, stress levels of relief
forces and information from social networks such as photos, videos and comments
uploaded by disaster-affected citizens and rescue teams is available. All necessary
steps for intelligent supply of information are fully automated. The project partners
are developing effective integration processing and evaluation software tools. The
project goal is the creation of a central standardized information platform, which
allows efficient management of disaster from the local to the national level.
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