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Original caption:
View of the Earth as seen by the Apollo 17 crew traveling toward the moon.
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ABSTRACT
This report addresses the Blue Marble project which investigates the present state of global
freshwater management and how space is currently utilized. There are many areas where space
could play a larger role. One such area is in managing shared, transboundary freshwater resources.
In many parts of the globe, nations secure their water needs via exploitation of common resources,
which can negatively impact neighboring states that also rely on that resource. The project
methodology employs an interdisciplinary approach to identifying and assessing best practices from
the space community which have a significant potential to contribute to the management of shared
resources. Assessment of the effectiveness of implementing these practices is performed via a ran ge
of methods. Combinations of these best practices are then used to produce interdisciplinary
recommendations for managing specific scenarios that arise as part of conflict over water sharing.
These recommendations include the use of scientific and engine ering applications from the space
community, examples of management models as well as legal and political frameworks for
cooperation, and methods of outreach for further increasing knowledge transfer between the water
and space communities. The Blue Marble project was undertaken by a group of students from a
diverse range of backgrounds and nationalities, as part of the International Space University (ISU)
Master of Space Studies (MSS) program during the academic year 2014/2015.
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FACULTY PREFACE
The furthering of research on the solutions outer space can bring in water-related challenges
confronting humanity is neither simple, nor trivial. Yet, this is the task approximately half of the ISU
Master’s class of 2014-2015 undertook during several months of painstakingly challenging both
themselves and the literature towards a final Report deliverable. The interdisciplinary, international
and intercultural aspects of the project add significant value to the analysis and recommendations,
but as is often the case since the Homeric days the process, or the travel, is equally - if not more important than the destination for the pioneers. The authors had the task of researching in -depth
the various facets of the theme across the disciplines and then integrate in ISU’ s systemic 3I manner
how engineering, space applications, policy, economics and law, business and management, human
performance in space, science, and humanities integrate to a value added total that is more than the
sum of its parts. The Report uses case studies and best practice methodologies to reveal that space
has much to offer humanity towards solving water-related problems on a global scale. But it is far
more stimulating and productive for the reader to read that from the authors themselves. On behalf
of the faculty, it is fair to state that it has been both pleasant and productive to advise and co -learn
with the team during the course of their research expedition. We wish them and their work the best,
in the confident knowledge that they will make a meaningful difference in the years to come.

Vasilis Zervos
Resident faculty in Economics and Policy, ISU
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AUTHORS’ PREFACE
The Blue Marble image, taken in 1972 by the Apollo 17 crew, is one of the most striking space
pictures of all time. We all remember being captivated by that jolting picture, and we all have
dreamt of seeing such a humbling view with our own eyes. Working on this Blue Marble report has
humbled us in similar ways, as we study and muse over the ways in which the space community can
offer its part in taking care of our planet Earth. During six months at the International Space
University, our team has embarked on an initiative to identify lessons learned from space and to
apply them globally to overcome water stress.
We have approached this project with both the emotion and the drive provoked by that Blue Marble
image: the view from space reveals a world without visible boundaries between nations, the eyes of
a satellite monitor human development and climatic subtleties. Our interest in transboundary water
sharing is partially a consequence of this reminder from space, that water is fundamentally a shared
and natural resource.
It is the ISU philosophy to bring together international, interdisciplinary and intercultural students,
to work as a team toward a common goal. One of the most important assets in the Global Water
Initiative is the level of diversity within our team. We are fifteen nationalities from six continents and
a wide variety of backgrounds. Members of our team coming from space -faring nations provide
perspective on how space is helping already. Members of our team coming from water-stressed
countries provide perspective on the difficulties accompanying water stress.
However, it was when our own national, disciplinary and cultural boundaries began to merge that
we experienced our own transboundary sharing of ideas. Our unity is rooted in the belief that space
enriches life on Earth. Our progress is made earnest and pressing by the knowledge that lack of
water has had striking and distressing consequences in the lives of billions around the world. It is
our hope that the space and the freshwater management communiti es can benefit from our
experience and our report.
Over the past decade, environmental concerns have been highlighted in the media, including
concerns over freshwater. As a precious resource for life and a primordial need for humans to thrive,
water has been the subject of many studies. Just as the beauty and serenity of space can become
polluted by human pursuits, the natural and essential state of our water cycle is threatened as well.
Nonetheless, no comprehensive guidelines have been written for using l essons learned from space
to overcome water issues. The aim of our project is to bridge that gap, and to bring the space
community and the freshwater management community closer together.
We have worked hard these past months toward developing guidelines for overcoming water stress
from many perspectives within the space community. We have considered many disciplines, from
space policy and law to space engineering and space science. Our recommendations are guidelines
for how space could be of use to nations experiencing transboundary conflict over sharing water. To
conclude, we would like to say it has been very fulfilling to work in such a diverse and interesting
team pursuing this noble goal. We believe that this project and projects like it have the power to
change peoples’ lives for the better. Water is life.
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INTRODUCTION

The Blue Marble Report is the construction of an interdisciplinary team, the Global Water Initiative
(GWI), which attempts to address how best practices from space can ameliorate some of the
problems associated with potable water scarcity from an international perspective. Water is
everywhere around us. Constituting as much as 60% of an average person’s total body weight
(Perlman, 2014a), water flows through our veins as an essential component of the human body. It
carries oxygen and nutrients to cells and takes wastes out of our system. Water covers more than
70% of the Earth’s surface and is an essential component for life on our planet (Perlman, 2014b).
Our search for extraterrestrial life has been focused on the search for liquid water on other planets,
planets in the so-called "habitable zones," where quantities of liquid water may exist. Researchers
speculate that studying these unique regions might give us a hint toward finding life in the Cosmos
(Dick & Strick, 2004).
Nonetheless, this precious resource is scarcer than many of us think. At fi rst glance it seems water is
everywhere, in the form of rain, rivers, lakes, seas and oceans. However, with all our oceans saline,
freshwater accounts for only 2.5% of all water on Earth, and some of this water is either too polluted
for human consumption, or locked in gigantic glaciers (Perlman, 2014b). Therefore, our blue planet
is not as blue as we would like it to be. A graphical representation of the total amount of water fit for
human consumption can be seen below in Figure 1.

Figure 1: A graphical representation highlighting the small percentage of total global water available for human
consumption (Shiklomanov, 1999).

In addition to this, the global population is growing at an unprecedented rate. Increasin g from two
billion in the 1930s, the Earth’s population surpassed a staggering seven billion in 2012 (The World
Bank, 2014). This rise in the global population has caused many regions in the world to experience
stress over water resources. Climate change is creating new troubles for some nations; icecaps are
melting at an alarming rate and sea level rise is endangering freshwater reservoirs (Johnson, 2008).
The extensive water extraction by mankind is leaving large areas dry of groundwater, giving us a
troubling view of the future (Aeschbach-Hertig & Gleeson, 2012).
There is a close relation of the availability of potable water and the security of food and energy in a
region. Figure 2 displays how the interactions between energy, food, and water are necessary to

MSS2015

Final Report

1

Global Water Initiative

Blue Marble Report

ensure stability within a region. This shows that water scarcity may lead to the insecurity of the
entity regarding other needs essential to one’s well -being, increasing the overall scale of the
problem (NOAA, 2015).

Figure 2: Representation of the relationship between energy, water and food security (NOAA, 2015).

Wars, social uprisings, and mass migrations have been exacerbated because of water scarcity
(Gleick, 1998). The distribution and control of water resources causes contention between some
nations and regions, especially in situations where there is a development gap between the nations
sharing water. These issues will only continue and escalate in the future as global and regional
populations increase.
Programs to manage and create a sustainable environment for water usage have been undertaken
by the United Nations (UN), the US National Oceanic & Atmospheric Administration (NOAA) and
other organizations. NOAA’s Integrated Water Resources Science and Services (IWRSS) program
includes a comprehensive approach into utilizing space and terrestrial systems for improving water
management (NOAA, 2015); a work that is seen by the GWI team as complementary to the Blue
Marble project. Much has been done, but there still remains a long way to go. There are 1.2 billion
people living in water-stressed countries; 500 million more are reaching this status in the near
future, and another 1.6 billion are facing economic water problems (FAO, 2014).
Space provides a unique opportunity to observe the world from a holistic reference frame. Earth
observation systems have been used for decades to monitor water resources, human population
and climate change. The use of these innovative systems provides mankind with new possibilities
and challenges for managing our precious resources and planning the future of humanity. In
response to existing global water challenges, an international team of students at the International
Space University were tasked with creating a Global Water Initiative. This initiative strives to identify
where and how there is potential for additional knowledge transfer between the space and water
management communities.

1.1

MISSION STATEMENT

As noted in the previous section, global water challenges are diverse and complex. The GWI team
recognizes that the use of space solutions cannot provide answers for all the world’s water
challenges. This report aims to provide interdisciplinary solutions from the space community which
contribute to a comprehensive solution. The GWI team has defined the space community and the
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freshwater management community in order to clearly identify the scope of our recommended
solutions. In the mission statement and throughout the rest of this report, these communities
include those as defined below in Figure 3.

THE GLOBAL WATER INITIATIVE MISSION
To identify areas where space can help improve current practices in the management
of existing global freshwater resources, specifically where these resources are shared
by nations, and to facilitate increased knowledge transfer between the freshwater
management and space communities.

THE FRESHWATER

THE SPACE COMMUNITY

MANAGEMENT COMMUNITY

“Those individuals, groups, states or
organizations who take interest in
pursuing space activities for fun,
science, profit and/or social benefit.”

“Those authorities who establish,
monitor, control, supervise, maintain,
advise and ensure proper usage of
water for sustainability.”

EXAMPLES OF THE FRESHWATER

EXAMPLES OF THE SPACE COMMUNITY

MANAGEMENT COMMUNITY

Space research organizations and
institutions

Water policy and decision makers involved
in governance (at the village, state,
national, regional and international levels)

Consumers (agriculture and industry, as
well as residential and commercial users)
NGOs and lobbyists, and those involved in
water treatment, recycling and distribution

Space agencies with space capabilities;
countries and organizations that utilize
space resources
Private space companies and space tourists
Space enthusiasts

Figure 3: The Global Water Initiative mission statement with definitions and examples of the space and
freshwater management communities

1.1

MOTIVATION

It is the belief of the GWI team that freshwater on Earth should be considered as a common good,
belonging to and stewarded by all. This belief however is not held or acted upon by much of the
global population. The reality is that freshwater is poorly shared and managed in many regions. The
causes for poor management are numerous and vary greatly globally.
Due to the essential role of water in human life and activity, this resource has constantly required a
framework to regulate its usage and management in the face of a growing population. Due to the
multiplication and fragmentation of domestic water management issues, the development of a
Global Water Initiative requires the conceptualization of a global thinking of water without ignoring
the local specifics.
During the UN conference in 1967 on the Law of the Sea, it was agreed that the international seas
are a common heritage of mankind (Guntrip, 2003). This general principle of law established a strict
legal protection on ownership, access, sustainable usage and management framework among
international legal entities. Despite the solid guidelines it offers, the common heritage of mankind
does not cover entirely the water resources of Earth or provide a restrictive basis. Contrary to the
management of space, it has been the experience of water management in mankind’s history to be
informed by solid cultural methods and outcomes (Guntrip, 2003).
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Therefore, a Global Water Initiative needs a flexible framework to engage a reflection on the global
nature of water. Economic and political frameworks provide solid motivations and culturally flexible
frameworks to initiate an economic conception of water as a common good (Velasquez, et al., 1992).
In other words, issues such as war and conflict, climate change, demographic changes, and
socioeconomic changes affect the usage and management of freshwater. These issues will continue
to grow and evolve, shaping how humans utilize our limited freshwater resources. Often this
utilization will not be in a manner that is in agreement with the concept of a common good.
This report has the ambition to highlight best operational practices within the space sector that
could be utilized for water management and to increase global consciousness of these practices.
Basing the Global Water Initiative on a human motivation such as economics instead of a restrictive
legal framework offers multiple possibilities for future development. It is the belief of the GWI team
that the space community has significant potential to improve global development and prosperity by
transferring knowledge, skills and techniques to freshwater management communities at all levels.
Currently, much of the knowledge obtained from space related activities with relevance to
freshwater management does not make the transition out of the space community. This is a problem
not just confined to freshwater management. Much of the global population does not recognize the
relevance of space to their daily lives; they do not fully understand the benefits space can provide.
It is the team’s belief that transferring knowledge from the space community to freshwater
management communities (top to bottom approach), and getting feedback from these communities
(bottom to top approach), will be mutually beneficial for each community. It will help the space
community reach a greater audience and gain the interest of those communities. At the same time it
will help communities to better manage their limited freshwater resources and prosper. This is an
opportunity which has not previously been explored in an interdisciplinary way. Lives can be
significantly improved by mitigating poor management of water. It is the team’s opinion that the
justification for this project lies in the untapped potential of space activities and the knowledge
derived from them to help improve freshwater management.

1.2

OBJECTIVES

The objectives of the GWI team are defined below. These objectives helped to guide and direct the
team’s work toward achieving our stated mission.

1

Research areas for potential improvement for water management of shared
resources at a national and regional scale.

2

Research and identify solutions derived from space activities which have the
potential for use in freshwater management.

3

Develop opportunities and methods for knowledge transfer and raising awareness
between the water and space communities.

4

Compile these solutions into a best practices guide and lay out the opportunities
for increasing the inter-communication between the two communities.

These objectives were then expanded upon and used to develop our methodology for this report.
This is described in more detail below.
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METHODOLOGY

The methodology selected by the GWI team in compiling this report consisted of multiple stages of
research and analysis. To identify and gather best practices that can be of value for global freshwater
management from across the whole of the space community, all disciplines within the space
community must be examined.
It should be noted that this compilation of best practices from space is wide -ranging, but not
exhaustive. The intention is to demonstrate the benefits of improved knowledge transfer from space
to the water management community for a subset of the issues facing freshwater management, not
to list every possible solution for every identified problem. The methodology described below
demonstrates this approach. Also, these best practices are not considered ‘magic bullets’ in the
sense that implementing them will not automatically solve all water management problems. Each
management situation is unique and has a multitude of factors which affect it. No single solu tion
exists. The purpose is to demonstrate that space can be utilized to help better manage freshwater
resources.
First, a survey of the current state of management of freshwater resources globally was conducted.
This review assessed current management techniques, identified problem areas which might offer
opportunities for improvement, and in particular focused on how space currently is utilized and to
what level. A summary of the results from this survey can be seen below in Table 1.

✔
✔
✔
✔

RUSSIA
INDIA
CHINA

✔
✔
✔

MIDDLE EAST
CENTRAL ASIA
SOUTH-EAST ASIA
PACIFIC ISLANDS

✔
✔

AUSTRALIA

✔

✔

✔
✔

✔

✔

✔
✔
✔

✔

✔
✔
✔

✔
✔

✔

✔

✔
✔

✔

✔

✔

✔

✔

✔

✔
✔

✔

✔
✔
✔

✔

TRANSPARENCY &
CORRUPTION

✔
✔
✔
✔

LACK OF
RESOURCES

✔

CONFLICTS, LACK
OF COOPERATION

✔

DEFORESTATION

✔

DEVELOPMENT /
DEMOGRAPHICS

CLIMATE

CENTRAL AMERICA
SOUTH AMERICA
EUROPE
AFRICA

POLLUTION / POOR
SANITATION

NORTH AMERICA

OVER-EXTRACTION

ACCESS /
DISTRIBUTION

Table 1: The major issues associated with freshwater management and where they are experienced globally

✔

✔
✔

✔
✔

As can be seen, there are several areas throughout the globe that experience several problems
simultaneously. Africa for instance, being such a large and diverse continent, experiences many of
the issues identified. Similarly, the Middle-East and South-East Asia also experience a multitude of
problems related to freshwater management. On the other end of the spectrum, regions such as
North America and Australia have far fewer issues. These differences can mainly be sourced back to
the different levels of socio-economic development between the regions.
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The issue of conflict, specifically conflict between nations over transboundary, shared freshwater
resources, was selected as the focus of this report. The decision to focus on only one issue out of
those identified in the global survey came as the result of several factors.
Firstly, the topics of climate change, migration/demographic changes, and pollution and sanitation
have all been looked at in-depth in previous ISU reports (ISU, 2004; ISU, 2009; ISU, 2014). The GWI
team felt that in light of such recent work, our efforts would be better spent on other issues.
Secondly, the original impetus for this report came from a decision to follow up on a previous report
generated as part of ISU’s Summer Space Program, namely the H 2OPE report. This report focused on
the Tigris-Euphrates region and on proposing a model for cooperation in the region between the
riparian states of Turkey, Iraq and Syria. This region has recently been subject to significant conflict,
an element of which is the utilization and sharing of the Tigris and Euphrates rivers by the three
countries (ISU, 2009b).
Thirdly, the level to which the chosen issue was relevant and topical globally was important. Conflict
was identified in a variety of regions and had a wide range of impact, from general trade tensions
and disagreements all the way to armed conflict.
Finally, the level to which the application of best practices from space could help was critical. Issues
where space was already utilized in a considerable manner were not of interest due to already being
a relatively research-saturated area.
Thus, with all of these considerations, the issue of conflict over transboundary, shared freshwater
resources was selected as the focus of the report.
In order to fix a problem, it is vital to identify the cause of the problem. The GWI team analyzed each
of the cases where we identified conflict over shared resources and determined what they had in
common. Examples of these cases are examined in Section 2.2 Conflict over Water Sharing. In all of
the cases identified, the root cause of conflict came down to a demand and supply problem, which is
discussed below.
The common requirement for all life is the need for water. Without water, there is no life. Human
beings in particular require fresh, clean water to live. An individual will act and compete to secure
water for wellbeing, as well as for those under the individual’s care. A community will do the same
for all individuals included in it. A nation consists of a group of communities, and will, in general, act
to secure the wellbeing of all communities of which it consists.
At the national level, securing the wellbeing and growth includes the security not just of water, but
of food and energy which can be tied directly to water. For this reason water has a tendency to be
viewed as a resource to be owned and utilized for national developmental and socioeconomical
growth. Particularly in the case of rivers, this view can negatively impact other nations within the
river basin. The containment of water in dams and reservoir salts the natural cycle of replenishing
the entire water basin which encompasses several nations.
Individuals, communities and nations secure their water needs through the utilization of natural
resources. Water is a finite, albeit generally renewable resource. When one party extracts and
utilizes a certain amount of this resource, that amount cannot be utilized at the same time by
another party. When the sum of all parties’ utilization exceeds the total amount of available
resource, one or more of those parties cannot fully meet their needs and hence cannot secure their
wellbeing.
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Tension over water sharing occurs between individuals, communities and nations whe n they cannot
secure the amount of water they deem necessary to satisfy their needs and hence must act to try
and take water from a shared water resource at the detriment of those others sharing the source.
As a part of background research, the GWI team held a series of interviews with professionals
participating in water management programs. Of these included staff of the United States National
Weather Service (NWS) under the National Oceanic and Atmosphere Association (NOAA). NOAA and
NWS are in partnership with several large organizations within the United States to make up the
Integrated Water Resources Science and Services (IWRSS). Within IWRSS the NWS has the role “to
provide weather, hydrologic, and climate forecasts and warnings for the United States, its territories,
adjacent waters and ocean areas, for the protection of life and property and the enhancement of
national economy.“ IWRSS has a five point strategy that may prove beneficial to provide less ons
learned for other groups of organizations, transboundary or internal. These steps include a focus on
integration where investments are leveraged through joint planning. Technology, information,
models and best practices are shared to arrive at a common operating picture. They strategize to
bring in greater participation from stakeholders by actively working to understand growing
information needs and customers and creating a manner in which information can be centralized in
archive and unified in dissemination. They are in the process of creating new products to model the
integrated system that is the water cycle from “Summit to Sea, Floods to Droughts and Tree Top to
Bedrock” and linking it to maps, which will aid in understanding impact areas (National Oceanic and
Atmospheric Association, 2015).
They have an understanding that water is a complex system, which influences other complex
systems. It is important to understand both what water impacts and what impacts water. The
integrated approach will provide a “total water concept” to understand the state and future of not
only water security but also food and energy security. By understanding the system as a whole and
combining that with maps, forecasting flood risk areas is made more confident. Perhaps one of the
most eye opening lessons learned by the NOAA NWS team was achieved during the research of
stakeholders. They learned that more decision makers need more data whose scope is much larger
than originally understood. Emergency management services, agencies representing the nation,
state, county and city, universities, private sector companies all want “actionable water
intelligence”. Their priorities are not only water availability but also water quality, flooding, drough t
and climate change. In order to make decisions they need an integrated understanding for the near
and far term (National Oceanic and Atmospheric Association, 2015).
It is the perspective of the GWI team that the challenges faced by the NOAA NWS to provide an
integrated solution within multilateral partnerships and stakeholders is a similar challenge faced by
basin wide water management involving multiple nations. The approaches they have taken may
provide a pioneering example for riparian nations facing similar issues.
Due to the level of fidelity and detail required, and the relative difficulty associated with identifying
boundaries for individuals and communities within a nation, this report will focus only on conflict
between nations, over resources that cross international boundaries.
Nations relying on an over-utilized shared resource for their freshwater often do not have adequate
supply to meet their demands. In order to adequately address and manage this shortcoming, the
nation needs to identify what possibilities it has to make up the deficit. The GWI team has identified
three main cases which we have used to classify both the examples (Section 2.2), and the best
practices identified in Section 3. These are examined below in Table 2.
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Table 2: A description of the three scenarios encountered in the s upply and demand problem of shared
freshwater resource usage and the solutions to managing these scenarios
SCENARIO
DESCRIPTION OF THE SITUATION
PROPOSED SOLUTION

1

The demand of a nation exceeds the total supply
available to that nation from the shared resource. There
is no ability to negotiate with neighbors and the quantity
pulled from the shared resource cannot be increased.
Additionally, the nation has no method to increase their
supply via other sources.

The nation should improve water
use efficiency through the use of
space technology to reduce total
demand and match supply.

2

The demand of a nation exceeds the total supply
available to that nation from the shared resource. There
is no ability to negotiate with neighbors and the quantity
pulled from the shared resource cannot be increased.
However, in this case, the nation has other sources
available to supplement supply, but they are not at
present time fit for human use. The other sources may
be polluted or inaccessible, or even unknown.

The nation should first improve
efficiency to reduce demand. In
addition, it can use space to
identify, utilize and manage
alternative sources.

3

The demand of a nation exceeds the total supply
available to that nation from the shared resource.
However, there is potential to increase the supply from
the shared resource via negotiation and international
agreements. The nation may or may not have access to
alternative sources as well.

The nation should implement
solutions from the first two
situations first, and then use best
practices and examples from space
for international agreements and
management.

The situations in the scenarios are absolute and idealized, and the GWI team recognizes will
probably not experience one or multiple of these cases exactly as they are presented in Table 2.
However, they provide a framework for supply and demand issues encountered during
transboundary sharing of water, a framework into which space solutions can be suggested.
Once these scenarios were defined, the GWI team researched and identified best practices from
space across multiple disciplines that could be applied in the three scenarios. These best practices
were assessed using the method in Figure 4 for their current usage, potential impact with further
implementation, and the feasibility to be implemented in a realistic fashion.
The flowchart below describes the general process followed by the GWI team for assessing of the
best practices. Inputs from the freshwater management and space communities have been derived
in terms of the services, activities and solutions to problems each community could p rovide. The
other main input comes from the categorization of the three transboundary scenarios, described
earlier in Table 2, seen in the gray box of Figure 4. From this general understanding and the
combining of inputs, a first set of solutions is derived and requirements defined. The applicability
and availability of the practice has been a key part to assess the best practice (see the green
diamond box in Figure 4). This process allowed the team to assess the benefits and limitations for
each of the ideas across diverse disciplines. In the case that a solution proposed was not available or
was missing some key components, an analysis on the capacity building requirements has been done
to form final recommendations. Finally, the GWI team developed a set of interdisciplinary
recommendations for implementation of these identified best practices based around the three
scenarios described in Table 2.
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Figure 4: The methodology used for selection of best practices

1.4

REPORT STRUCTURE

This report is designed to give the reader an understanding of the potential of space as a whole to
contribute to improving water management globally and to encourage closer and more involved
interaction between the two communities. This is achieved by identifying best practices from space
that contribute to the particular cases outlined in Section 1.3 Methodology Table 2.
Recommendations are then made based on combinations of these best practices. This report should
be used as an example or a guide as to how space can help in a spe cific freshwater management
issue. This model can and should be expanded upon by others in both communities to address other
issues. In Figure 5 and the following paragraphs below, a brief description of the structure of the rest
of the report is outlined.

Figure 5: Structure of the Report
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In the following section (Section 2.2), several examples of conflict over shared, transboundary
freshwater resources as identified in our global survey are examined in detail. The causes of conflict,
the specific situations surrounding the conflict, and other factors are analyzed. These examples
mainly focus on the Middle-East and Africa. An example of good shared freshwater management in
the Danube river basin in Europe is also included as a comparison.
In the third section, a compilation of best practices from the space community that have potential to
improve management of shared resources and reduce conflict are given. These best practices come
from a range of disciplines and are grouped as follows:

1

Space Engineering and Human Spaceflight

2

Space Science and Space Applications

3

Space Politics, Economics and Law, and Space Management and Business

4

Space Humanities and Outreach

Each of these best practices is assessed based on what problem it contributes to solving, its current
level of implementation in freshwater management, and its potential for further implementation,
specifically in regard to conflict over shared resources.
In Section 4, a summary of the best practices as applicable to each of the three supply and demand
scenarios described above is given as a recommendation package. These recommendations build on
one another, as the methods for dealing with the first situation are applicable to dealing with the
second and third scenarios, and similarly the methods for dealing with the second situation are also
applicable to the third situation.

MSS2015

Final Report

10

Global Water Initiative

2

Blue Marble Report

THE GLOBAL FRESHWATER SITUATION

This section of the report explores how the world’s water exists in terms of the hydrological cycle as
well as the impact that humanity has upon the world’s water. It then details the main issues
surrounding regional water supply as well as delves further into cross nation sharing of this precious
resource and how different nations handle this issue. Finally, the Nile river basin , Lake Chad and
Jubba/Shebelle river basin regions from Africa, the Tigris/Euphrates river basin in the Middle -East,
and the Danube river basin in Europe are introduced as examples to demonstrate the scenarios
outlined in Section 1.3 Table 2.

2.1

THE GLOBAL HYDROLOGICAL CYCLE

The hydrological or water cycle is the never-ending process involving all the movements and changes
in physical forms of water on Earth. Figure 6 below displays the main elements of the natural
hydrological cycle and their interactions. Every change of physical state requires a transfer of energy
and thus the water cycle is intimately related with the energy exchange among the main elements of
the Earth environment containing water: land, water bodies and the atmosphere. The main source
of the energy required for all the water cycle processes (mainly evapotranspiration and evaporation)
is the Sun (NASA, 2010).

Figure 6: Summary of the processes involved in the water cycle and the link with energy transfers (NASA, 2010)

A simple summary divides the process in three main passages. The water contained in the
atmosphere in gaseous form is transferred to the land or directly in the water bodies in liquid or
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solid form through precipitation. A series of complex passages characterize the movement of water
through the soil and rock layers underground to the groundwater and surface water bodies. The last
step is the return of water to the atmosphere through evaporation and transpiration.
Sadly, this system is still relatively poorly understood even though it is evident that the water cycle is
one of the most important processes of our planet with water and energy being key parameters for
life. The importance of understanding the process is not just a scientific need for the better
understanding of our planet but it will provide invaluable information for environmental and water
related policy and decision-making (NRSC, 2008).
A great number of studies have been conducted to understand the water cycle and how it has
changed with time. The two main factors related to these changes have been identified as the
human impact on the water cycle and climate change (European Space Agency, 2011).

2.1.1

Human Impact on the Hydrological Cycle

Global water use has increased exponentially with human population and economic growth. The
main human activities that directly impact the water cycle and the main effects are summari zed in
Table 3 below (Vörösmarty & Sahagian, 2000).
Table 3: Main impact of human activities on water cycle (Vörösmarty & Sahagian, 2000)
ACTIVITIES/PHENOMENON
DESCRIPTION AND CHANGES IN THE HYDROLOGICAL CYCLE
AQUIFER MINING

Necessary in regions where surface water is scarce, but repletion is very low.
Water is shifted from the ground reservoir to the atmosphere through
evaporation after surface use of it. Water vapor in the atmosphere is thus
increased at least temporarily.

DAM BUILDING

Consists essentially in trapping of freshwater runoff on the land. This translates
in a shift from river flow to reservoirs evaporation, thus altering the overall
water budget of a basin.
Mainly done for irrigation to transport the water where it is needed. The result
is an increase in evaporation land-to-atmosphere flux and a net loss of
continental water.
Due to overgrazing and intensive land use in general. Result is a net loss of soil
water storage, reduced evaporation and increased storm runoff.
Wetlands are the ensemble of standing surface water, soil moisture and water
in plants. Most of this storage is lost during drainage, in addition to a reduction
of evapotranspiration rate in the area involved.
Some cropping practices make agricultural areas highly susceptible to erosion.
This translates in a modified percolation process and storage levels. In addition
evaporation is reduced while storm runoff increases.
Forests store water both in the vegetation and s oil. Deforestation translates in a
substantial release of water from the storage system. Evapotranspiration will
decrease, runoff increases, and depending on the soil the level of the water
tables can change. It is also thought to affect the climate patter ns.

SURFACE WATER
DIVERSION
DESERTIFICATION
WETLAND DRAINAGE

SOIL EROSION IN
AGRICULTURAL REGIONS
DEFORESTATION

The trend for almost all human activities is constant growth especially in developing regions and
countries. Climate change is still unpredictable and often the impact is on a larger/longer scale and is
specific for each region considered. Thus it is difficult to model with accuracy. All this translates into
additional variability of the situation. Smart decisions, investments and management in general are
required to deal with this situation. Potentially the work done will require an update, recalibration or
reconsideration of the solution identified and proposed that will take account of future
developments and variations of the conditions (Alavian, et al., 2009).
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The scientific community agrees on the fact that climate change may profoundly affect atmospheric
water vapor concentrations, precipitation patterns as well as runoff and stream flows thus
influencing the overall hydrologic cycle. As an example consider overall global warming of the lower
atmosphere, evaporation will increase, increasing the amount of moisture in the troposphere, thus
inducing different and in general more abundant precipitation patterns. In addition to that snow
precipitation will decrease, in respect to rain, thus changing the pattern of water storage and
distribution on the land (WRIS-India, 2014).
It should be noted, that to completely understand and thus predict the effects of all the phenomena
concerning climate changes and water cycle, more effort and studies are required. This is due to the
intrinsic complexity of the water cycle and the added complexity and effects of climate changes.
However the models available show consistently that precipitation will become more variable thus
increasing the risks of floods and droughts at different time and places (WRIS-India, 2014).

2.1.2

Space Contributions

Measures of key parameters of the water cycle have been available from satellite observation for a
number of years; they are predominantly related to meteorology and oceanography, i.e.
evaporation, condensation and precipitation. In addition to that space agencies have developed
programs to monitor ice cap coverage and movements, terrestrial runoff and groundwater reso urces
as well as a big emphasis on soil moisture measurement.
With a long baseline and the global coverage afforded by satellites changes over time are
detectable. Meteorological satellites have been used extensively and as interest grows specific
missions are being developed (ISU SSP, 2004).
One of NASA’s Earth observation goals is to improve the understanding of the precipitation evaporation link called the total flux, through increased number of accurate measurements of
relevant parameters. In addition to that a key focus is on the link between water and energy and to
better understand how the two cycles are linked. This is thought to be extremely relevant for
understanding the coupling of climate changes and hydrologic cycle (NASA, 2010).
The parameters of significant interest such soil moisture and ocean salinity and their effects on the
global water cycle, are being monitored by ESA’s SMOS and NASA’s SMAP missions (GEO, 2011). Soil
moisture is a function of the rates of evaporation and transpiration with influence from other
parameters such as the soil type and vegetation cover. Salinity patterns in the oceans are related to
the addition or removal of freshwater by the above procedures and, for polar oceans by freezing and
melting of ice. The hydrological cycle and the impact humans have on it are important to study,
particularly so that we are able to better manage our impact in the future and space provides
distinct advantages to perform this (NRSC, 2008).

2.2

CONFLICT OVER WATER SHARING

There are many issues surrounding the world’s supply of freshwater which in turn add to the
complexity of a complete understanding of the water cycle. The GWI team has undertaken the task
of assessing the global freshwater situation. Certain topics related to water supply were investigated
such as regional water access and usage, water sanitation, shared water basins, management
techniques or lack thereof, and most importantly the usage of space resources to aid in the
management of a nation’s freshwater. Some of the recurring issues that were highlighted from this
study are a lack of access to potable water, the pollution of freshwater and a lack of sanitation
processes, very poor water management techniques, as well as conflict arising between nations
sharing this scarce resource.
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The focal point of the most severe freshwater issues occurs when there is transboundary sharing of
the resource. Nations are trying to secure their water, energy and food needs for their own
wellbeing. Unfortunately, the over usage of these freshwater resources has a negative impact on the
other nations who need that resource for their survival as well.
There are many problems that put pressure on a country’s freshwater resources. These stem from
cross nation sharing situations including multiple states relying on a single shared water resource
due to lack of other available sources, upstream states controlling the flow of water to downstream
states via damming, current water sharing agreements rely on outdated or substandard water
measurement information/techniques, and states lack the overall capability to properly manage
their shared resources in a sustainable manner.
All of these factors listed above tend to run parallel to each other when there is sharing of a
freshwater resource over national borders. In order to highlight the conflicts, their causes, and their
consequences on the nations involved, multiple examples are furthe r explored. The Nile river basin,
Lake Chad, the Jubba/Shabelle river basin, the Tigris-Euphrates river basin, and the Danube river
basin are detailed to show how the nations sharing this common resource interact. In the case of the
Danube, the interactions are mostly positive and the resource is properly managed by the nations
involved. This is however not the general case in other situations. With many shared freshwater
sources, there tends to be conflicts between the sharing nations as a result of nation s trying to
secure their own well-being at the expense of the other nations. These situations are examined in
the examples below.

2.2.1 The Nile River Basin
The management of the Nile river basin is of great interest to study the sharing of freshwater
resources. As the longest river in the world (Encyclopaedia Brittanica, 2014), the Nile runs through
ten countries: Egypt, Sudan, Rwanda, Uganda, Burundi, the Democratic Republic of the Congo,
Tanzania, South Sudan, Ethiopia, and Kenya.
In Africa, there have been numerous treaties to establish formal transboundary river basin
management organizations. Unfortunately, there has been a lack of actual results. It is suggested
that a more local, action-oriented approach to finding solutions would be far more effective than
current attempts at implementing a ‘one-size-fits-all’ approach like the Integrated Water Resource
Management (IWRM). (UNESCO, 2012)
Particularly, in the Niger Basin, efforts to implement the IWRM led to the creation of the Niger Basin
Authority in 1980. The agreement however did not lay out principles of equitable and reasonable
use or deal with proper management of water distribution (Garane & Abdul-Kareem, 2013). Early
attempts at water resource management by the British gave Egypt the right in 1929 to veto any
project by the upstream countries that involves the Nile. Since then, Egypt and Sudan have signed
The Niles Water Agreement in 1959, and in 1999 the Nile Basin Initiative was launched. (Couture &
Eaton, 2010)
The Niles Water Agreement established Egypt’s share of the Nile flow as a set amount based on
average flow rates of the Nile during the period 1900-1959. Since the construction of Aswan High
Dam and Lake Nasser during the 1960s, significant losses due to evaporation and other factors have
reduced the total flow. Egypt’s total share under the agreement has not changed, but the remainder
belonging to Syria has been reduced drastically (Couture & Eaton, 2010).
The Nile Basin Initiative (NBI) was created to improve the distribution and sharing of Nile Basin water
resources among the 10 member countries (Kundell, 2010). In 2010, five of the upstream states
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sought to increase their water allocation. Egypt and Sudan, the two biggest users, opposed the
request (BBC, 2010).
The Nile is divided into the major tributaries of the Blue Nile and the White Nile. The White Nile
originates from Lake Victoria on the border of Kenya, Tanzania and Uganda, and is considered the
headwaters. The Blue Nile originates in Lake Tana in Ethiopia and provides the majority of the Nile’s
water and soil. The two tributaries meet in Sudan (Africa Facts, n.d.). A map and a composite
satellite image of the Nile can be seen in Figure 7 below.
For developing countries, the need for water grows in order to maintain their development and
enhance the economy of the nation. This is particularly the case for a nation such as Ethiopia. With a
population of more than 96 million, Ethiopia
has one of the highest populations in Africa
and is currently one of the countries with
the highest economic growth in the world
(Central Intelligence Agency, 2014).
As part of its infrastructure development
plans, Ethiopia wants to build hydroelectric
dams to create energy and store for its
industry and inhabitants. The largest dam
project Ethiopia is working on is the Great
Ethiopian Renaissance Dam (GERD) project,
estimated to be completed in 2017. The dam
is being built about 40km from the border of
Sudan. This would significantly alter the flow
of water and soils to downstream states
Sudan and Egypt (Water Technology, 2014).
Egypt, historically being associated with the
river Nile and heavily depending on the Nile,
has demanded the termination of the GERD
project. Egypt’s previous president,
Mohamed Morsi, has even gone as far as
claiming that Egypt will take any necessary
measures, even military action to ensure the Figure 7: A Map (left) and Satellite Image (right) of the
Nile River (Przyborski, 2015)
GERD project does not get completed. Egypt
is not fully recovered from the Arab Spring, a revolution in Arab nations against their governments in
2011. This puts Egypt in a comparatively weak situation politically compared to its position before
the Arab Spring (Hussein, 2014).
Sudan’s case is similar to Egypt in terms of politics; Sudan wants to ensure the historical access to
the Nile is guaranteed and since it is a downstream country, Sudan is also worried that the flow from
the Blue Nile from Ethiopia will be reduced. The 1959 Nile Waters Agreement signed between Egypt
and Sudan stated that the full share of the Nile river flow was to be divided by Sudan and Egypt and
did not include any other riparian state. This agreement was beneficial to Sudan and Egypt being the
downstream nations, and has shaped their attitude towards ownership of the Nile river (Nunzio,
2013).
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With Egypt’s heavy dependence on the Nile, Ethiopia’s rapidly growing economy, and both nations’
population growth, the demands on the Nile are significantly increasing. A reduction in the flow of
the Nile to Egypt could have damaging effects for regional stability. It can result in not only a war
between the two nations but also the involvement of neighboring nations and nations where the
Nile River flows through. Since the river Nile flows over at least ten countries with a total population
of over 200 million people, one can see the immense impact this can have for the region (Hussein,
2014).
Ethiopia is one of the fastest growing nations in Africa. With its political stability and the foreign
investment coming in the country, Ethiopia is building projects to ensure it can provide energy for its
population in the long term. As Lake Tana, the source for the Blue Nile, originates from its territory,
Ethiopia wants to make use of this energy source for the developments of the nation and according
to international law it has the right to do so. With the GERD project Ethiopia is hoping to solve some
of the challenges it is facing in terms of lack of water due to droughts. However, the dams being built
in Ethiopia will not necessary solve Ethiopia’s problem with drought and it would be better for
Ethiopia to diversify the manner in which it tries to create its energy (Guardian, 2013).
Scenario one would apply to Egypt and Sudan as they have no alternative resources than the Nile
and are heavily dependent on it, whereas scenario three would apply to South Sudan and all the
upstream nations of the Nile (Ethiopia, Burundi, Tanzania, Kenya, Uganda, Rwanda and Congo).

2.2.2 The Jubba-Shabelle River Basin
The Jubba and Shabelle rivers are two rivers shared between Ethiopia and Somalia. The two rivers
originate in Ethiopia and flow through central and south Somalia where they eventually meet up
before ending in the Indian Ocean in southern Somalia as shown in Figure 8 below.
Like the GERD project mentioned earlier, Ethiopia is planning to build dams on their side of the
Jubba and Shabelle rivers to generate hydroelectricity and water for agricultural irrigation. Somalia
has been without a government since 1991 and is currently recovering from civil war. The dam
projects are done without any agreements, consideration or discussion with Somalia. This could
further jeopardize Somalia’s recovery from the civil war (Elmi, 2002).
The consequences of those dams if built and
finished for Somalia could be disastrous. It is
estimated that more than 60% reduction of
water flowing through Southern Somalia will
occur if the dam project in Ethiopia continues
and is finished. Since the area where those
rivers flow in Somalia are the breadbasket of
Somalia, the impact will be felt. The region is
the agricultural heartland of Somalia and a
reduction of water of up to 60% will mean
cattle and crops will die. This will damage the
livelihood of people in those areas (Elmi,
2002).
Somalia is a nation which can be classed in
scenario 1. As the demand is exceeding
supply, which is worsened by the drought in
2011, and due to the conflict going on in the Figure 8: Jubba and Shabelle River Basins in the Horn of
Africa (Elmi, 2002)
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southern part of the country, the area where both rivers Juba and Shabelle flow through (Lawrence,
2011).

2.2.3 Lake Chad
AS has been seen in the previous examples, the effect of natural processes can have consequences
on the activities of large groups of people in subtle, but dramatic ways. The case of Lake Chad is
another example of how this is true. Lake Chad was once Africa’s third largest lake and is shared by
Chad, Cameroon, Niger and Nigeria. Figure 9 below displays how between 1972 and 2007 the
volume of the lake has shrunk by over 90% (Bomford, 2006). This has largely been attributed to
natural climatic effects, but the consequences on human activity in the region have been
astounding.

Figure 9: The dissipation of Lake Chad (UNEP, 2008).

The main cause for the lake’s dissipation has been alterations in seasonal rainfall patterns caused
primarily by climate change. The decrease in annual rainfall also created a compound effect by
causing inhabitants of the area to increase their withdrawal from the lake itself. As the shoreline
receded, many Nigerians, who depended on the lake for their livelihood, to migrated to the
Cameroon side of the Lake. This is put additional pressure on the already stressed Cameroonian
fishermen. Consequently, clashes broke out between Cameroon and Nigeria over the utilization of
the lake and have created ongoing tensions between the four nations to this day (UNEP, 2008).
An important note is that original measurements of the dissipation of Lake Chad, such as shown in
Figure 9, were obtained from a series of satellite images provided by NASA. NASA has mapped water
basins such as Lake Chad from as early as 1970 and displayed how the lake had been diminishing
from 1971 until at least 2007, the last year information was available (Bomford, 2006). The use of
space to monitor water basins in Africa have been applied in projects such as the TIGER project of
European Space Agency as well (ESA, 2004). Considering that the information was openly available
to both nations, it brings into question why these clashes broke out at all. It is not immediately
apparent whether the information about Lake Chad’s dissipation was not readily provided, or if
there was simply insufficient management of this common resource to prevent conflict.
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The conflict between Cameroon and Nigeria become so intense, the case was eventually taken all
the way to the International Court of Justice (ICJ) to reach a resolution. The decision of the ICJ was
that Cameroon had a right to protect its territory bordering Lake Chad. Since the ICJ decision, the
conflict between Cameroon and Nigeria has settled but tensions still exists, especially dues to the
larger seasonal fluctuations in Lake Chad’s volume (Circle of Blue, 2008). This is one of the few cases
where fight over precious resource such as water is solved in a diplomatic manner and provides an
example of how other existing conflict could be remedied in the future (Global Water Partnership,
2012). Had the case not been taken to the ICJ both Nigeria and Cameroon may have escalated the
conflict, creating an even larger humanitarian crsis considering the larger majority of Cameroon and
Nigeria’s combined 200 million residence rely on Lake Chad in some way (BBC, 2013).
In this report both Chad and Niger fall under all three scenarios. Because both nations lack access to
other significant sources of freshwater the situation would fall unde r scenario 1. . The only other
available freshwater resources available to each nation are either extremely limited, or are not
accessible due to external factors. Finally, since there is still ongoing tension around the resources of
Lake Chad, Nigeria and Cameroon could be classified as scenario 3 as well. Clearly a wide variety of
best practices will be necessary to resolve the scarcity of water that both nations face.

2.2.4 The Tigris-Euphrates River Basin
The Tigris and Euphrates Rivers, Figure 10 below, originate in Turkey where 88% of the flow of the
Euphrates and 44% of the Tigris is generated and merge together further downstream to form the
Shatt Al Arab before discharging into the Persian Gulf (Beaumont, 1998). The Tigris/Euphrates
region, which collects and utilizes freshwater from surface and groundwater resources, was amply
supplied with water enough to spare until the 1960’s marked by development p rojects in the
Riparian states of Turkey, Syria, and Iraq (Beaumont, 1998), (UN-ESCWA & BGR, 2013).

Figure 10: Tigris Euphrates River Basin (Encyclopaedia Britannica Inc., 2012)
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Iraq was the first of the riparian states to begin seriously developing the Euphrates River for
irrigation purposes. However, by the 1960’s their efforts were surpassed by their riparian neighbors
of Turkey and Syria (UN-ESCWA & BGR, 2013).
Iraq has realized and acted upon the potential use of space to aid with water management the
launch of their first satellite in June of 2014. TigriSat is a 3U CubeSat launched from the Federal
Republic of Russia originally built for the Ministry of Science and Technology by Iraqi students at the
La Sapienza University of Italy for the purpose of monitoring dust storms caused by drought in the
region (Abdallah, 2014).
In the case of Iraq, a decrease in supply exacerbated by drought in 2007 pushed the region to utilize
previously untapped aquifers. Around 80% of its groundwater resources were extracted by the
building of 1000 new wells, a rate that has not been able to be replenished by the natural water
cycle. Another area impacted by decreased water supply is the Iraqi marshes that have been
reduced to 14% of their original sizes. While decreased upstream supply was a contributing factor to
the reduction of the marshes, it was not the only cause. The Iraqi government in partnership with
international organizations has taken on the task of rehabilitating the marshes to back to more than
half of its original state (UN-ESCWA & BGR, 2013).
Iraq is in a position where its demand is exceeding the supply available from the flow reduced Tigris
and Euphrates rivers. They are utilizing other water sources to meet their need currently; however, it
is at a rate greater than can be sustained long term. Thus Iraq is in a similar position to Syria, in that
they are an example of a nation that does not have much potential to increase their supply from a
shared resource via negotiation and hence must rely on alternative resources which are limited in
availability or improve efficiency to stretch supply and reduce demand (Waslekar, 2011).
Syria is heavily dependent upon the Euphrates River. Syria is a downstream state as both the forming
tributaries and contributing tributaries that make up the Euphrates freshwater originate in Turkey
before flowing through Syrian plateaus and entering Iraq. It is estimated Syria contributes 11% of the
Euphrates River flow. The Tigris River forms the boundary between Turkey and Syria and cannot be
utilized by Syria without agreements with Turkey (FAO, 2015). Syria’s major development of their
section of the Tigris/Euphrates River Basin is the Great Khabour Irrigation Project, which built three
dams on the Khabour River (which flows into the Euphrate s) to produce hydropower and store
water for irrigation (UN-ESCWA & BGR, 2013).
While other freshwater resources are available to Syria, they are also shared with other nations.
Further stressing the supply are factors such as economic constraints for water management
projects at the time subject to corruption, environmental constraints such as pollution exacerbated
by growing population and lack of public awareness, lack of technical facilities for wastewater
treatment and modern irrigation, and lack of centralized water management via various ministries
whose scope touches freshwater usage. With all of these factors considered Syria is in a position
where the demand is 90% consumed by agriculture (Mourad & Berndtsson, 2012).
The role space plays in Syria is significant. Syria set up the General Organization for Remote Sensing
(GORS) in 1986 which collaborates with the Ministries of Irrigation, Agriculture, Petroleum,
Environment, Housing, Public Utilities, and Higher Education as well as the General Establishment of
Surveying and General Directorate of Meteorology. GORS utilizes satellites for remote sensing of
hydrology, agriculture and environment among other utilizations techniques. (Koudmani, 1992)
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There is room for improvement in regards to water use efficiency to reduce the total demand that
can match the supply. In this case, Syria would be considered an example of a nation in the first or
possibly the second situations described in Section 1.3 Methodology. Syria has little ability to
increase their supply from the Euphrates via further cooperation with Turkey, and all the alternate
sources they have are stressed with the demand for agriculture and the utilization of other nations
sharing the same freshwater source.
In Turkey the initiation of the Southeastern Anatolia Project or GAP to dam the headwaters of the
Tigris and Euphrates rivers began in 1977. This project consisted of several dams and reservoirs. The
location of these can be seen below in Figure 11.

Figure 11: The Southeastern Anatolia Project Dam Locations (Ayboga, 2009)

The original scope of the GAP program was for utilization of freshwater to double its arable
farmlands and produce hydroelectricity. As the years progressed so did the scope of the GAP project
which grew to encompass an integral part of the national social and economic growth strategy
adding four million jobs (UN-ESCWA & BGR, 2013). With a target completion date of 2047, the GAP
project plans to produce 22 dams and 19 hydroelectric power plants (UN-ESCWA & BGR, 2013).
Turkey has invested in remote sensing technology for the purpose of monitoring wetlands, snow
cover, water pollution, urban and regional changes, and is looking to invest in technology for Earth
observation (Anderson, 2011).
While damming has prevented flooding downstream, the natural flow of the Euphrates River has
been disrupted. A freshwater supply decrease on the order of 5 BCM at the Turkey -Syria border has
already been observed; total flow has been reduced from 30 BCM to 25 BCM. The GAP project is
expected to consume more than 50% of the Euphrates River and 14% of the Tigris River by the time
of its completion, posing a dramatic impact to the downstream nations of Iraq and Syria (UN-ESCWA
& BGR, 2013). A more detailed map of the water management systems in each of the three riparian
nations can be seen below in Figure 12.
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Figure 12: Euphrates Tigris River Basin Detailed Map (FAO, 2009)

Currently, Turkey recognizes water as a basic human need and views water as a “catalyst for
cooperation rather than a source of conflict.” The Turkish Ministry of Foreign Affairs states in its
Transboundary Water Policy that “Each riparian state of a transboundary river system has the
sovereign right to make use of the water in its territory” and at the same time acknowledges that
riparian states must not do “significant harm” to others when considering utilization of such waters.
Another policy states the use of transboundary waters should be in an equitable, reasonable and
optimum manner noting that equitable is not to be confused with equal distribution of the
freshwater resource among riparian states (Turkey Ministry of Foreign Affairs, n.d.).
Attempts toward basin-wide agreements for the distribution of water have been made dating as
early as the 1920’s but all thus far have been unsuccessful. Key events regarding progress toward
basin-wide agreement over the past 40 years are highlighted below (FAO, 2015):





In 1975 tensions rose as Iraq experienced a 25% decrease in freshwater supply from the
Euphrates River after the building of Turkish Keban Dam and the Syrian Tabqa Dam. Both
Syria and Turkey acted to restore part of the freshwater supply in order to ease tensions.
In 1983 a Joint Technical Committee for Regional Waters was established to attempt to deal
with water issues among all three riparian nations.
In 1984 an approach to agreement was proposed with each nation reporting its needs to be
compared against the supply of each river individually. The response if the demand
outweighed the supply differed by nation. Turkey proposed the projects which provided the
best social and economic merits would be implemented. Syria proposed each state would
be debited the difference between supply and demand proportional to its demand.
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In 1987 an informal agreement established between Turkey and Syria in 1987 regarding the
minimum average flow at the Syrian-Turkish border to be 15.75km3/year.
In 1990 an agreement between Syria and Iraq was established that 58% of the Euphrates
River flow that comes into Syria will continue to Iraq with 42% to remain in Syria
In 1993 The Joint Technical Committee disintegrated without any formal agreement
between all three nations.

Since the 1990’s other smaller agreements have been formed. One of particular importance is a
water institute which was created in April 2008, supported by 18 water experts from each country to
cooperate on solving water related problems. This has had relatively little success. (FAO, 2015).
A report by the United Nations in 2013 contributes the lack of agreement to multiple factors, two of
which are the variant positions in regards to international water law and terminology and the lack of
accurate data. The UN notes that for the few water management studies that have been performed
by the states of Turkey, Syria and Iraq in the Tigris/Euphrates River basin, the data is barely
discussed, much less made available (UN-ESCWA & BGR, 2013).
The experience with remote sensing and the existence of a shared technical forum between Turkey,
Syria and Iraq is encouragement that the Tigris Euphrates river basin is ripe for aid from the space
community in working towards a basin wide water sharing agreement. It seems the infrastructure
exists to distill and disseminate basin-wide space-based information. This, however, will not produce
a complete solution as the issue is not a purely technical issue. Full resolution and agreement in this
region will require wise litigation for agreement between all parties involved to understand the true
demand versus the changing supply and how to reconcile the differe nce that may result. The space
community has experience and lessons learned in international law that may prove a valuable
perspective to this region.

2.2.5 The Danube River Basin
The Danube Region was selected as an example as it shares many issues with the re st of the world in
terms of transboundary water sharing and pollution. It is the most international river basin in the
world with 19 countries sharing the Danube river basin. It crosses Croatia, the Moldova,
Montenegro, Austria, Bulgaria Romania, Czech Republic, Germany, Hungary, Serbia, the Slovak
Republic, Slovenia, and Ukraine. Figure 13 shows the Danube river region. These countries recognize
the importance of sharing this valuable resource and have agreed on a common management plan
to protect the Danube and repair the damages already done through mismanagement in the past.
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Figure 13: The Danube river (Uniworld, 2015)

The Danube has been selected as an example to present a successful framework of international
cooperation for water management, and how space has contributed to this success. Therefore it will
be analyzed differently than the two previous examples. The issues that occur in the Danube region
will be outlined as well as how they are successfully managed.
The EU Water Framework Directive (WFD) (European Commission, 2000) establishes a legal
framework in Europe in order to protect water resources and their ecosystems. It sets specific
deadlines for EU Member States to create Programs of Measures and River Basin Management
Plans. In 2000, when the Water Framework Directive was adopted, members created and
implemented the Danube River Basin District Management Plan (DRBDMP) (International
Commission for the Protection of the Danube River, 2009). This plan gives both a legal and political
framework to allow cooperation and transboundary water management on the Danube.
The DRBDMP is structured on three levels of coordination. The first one is on the international level,
basin wide. The second level is on the national level or sub-basin level, managed by appropriate
authorities. And finally, the sub-unit level is defined with national territory. The DRBDMP uses space
intensively, mostly through the use of remote sensing (International Commission for the Protection
of the Danube River, 2009).
The courses of rivers in the Danube River Basin have been modified since the 16 th century in order to
create protection against floods, for hydropower generation and for navigation. All these
modifications deeply affected the local ecosystem, e.g. changes in river depth leading to reduced
flow rate and stopping the natural sedimentation.
In particular, dams have a strong impact on rivers as the sedimentation process is deeply altered.
Indeed, sediment is kept upstream, which means they need to be removed. And the lack of sediment
in the downstream part of the river means that material must be artificially added to the river to
stabilize it. Figure 14 shows the hydroelectric power plants located in the Danube river basin. More
dams are planned in the Danube River Basin. Hydropower generation is the main source of energy
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for certain countries. For example, in Austria, 60% of total electricity is generated by hydropower
plants (International Commission for the Protection of the Danube River, 2009) .

Figure 14: Danube River Basin District: Hydropower Plants (HPP) (International Commission for the Protection
of the Danube River, 2009)

Droughts are a normal phenomenon and are a recurrent feature of climate change. However, they
have a high damage potential in terms of economic losses, ecological changes and impact on human
health. Indeed they can damage crops, reduce water supply. It is the result of a combination of
meteorological, physical and human factors (International Commission for the Protection of the
Danube River, 2009).
The European Commission is developing a set of drought indicators incorporating the impact of
water stress on the natural vegetation and on agriculture. The Danube is used as an example to
develop the LISFLOOD model (APPLE News, 2014). This is a benchmark to develop a large scale
model of the droughts in Europe to be integrated in the European Drought Alert System.
Floods are a natural phenomenon but they can turn into disasters if no mitigation policy is applied.
They are extremely difficult to prevent even though measures can be taken to reduce their
frequency and the damage they cause. Even if the course of the Danube is controlled to over 80% of
its length, major flood events are still common, the last ones occurred in 2002, 2005, 2006, 2009,
20010 and 2013. A set of measures are being implemented in the Danube River Basin to control the
floods, such as flood forecasting and early flood warning systems. Other ways of mitigating flood
damage are done through the creation of forums to allow for the exchange of expert knowledge and
recommendations for a common approach in assessment of flood prone areas as well as the support
for the preparation and coordination between sub-basin-wide flood action plans. For the Danube,
flood action plans rely on space monitoring activities using data from satellites such as Envisat,
Cryosat and Landsat (International Commission for the Protection of the Danube River, 2009) .
Within the Danube River Basin, 11 transboundary groundwater bodies have been identified. The
pollution of such a body makes aquifers vulnerable. Around 60% of the Danube River Basin depends
on groundwater bodies. Hence effective mitigation measures are needed, such as a regulatory
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framework prohibiting the direct discharge of pollutants into groundwater (International
Commission for the Protection of the Danube River, 2009) . Figure 15 shows the repartition of
groundwater bodies in the Danube River Basin.

Figure 15: Groundwater Bodies in the Danube River Basin (International Commission for the Protection of the
Danube River, 2009)

Much like the other examples, the Danube River has been subject to considerable environmental
stress due to human activities. Industry, agriculture and tourism generate economic activities wi thin
the Danube region which also contributes to pollution, contamination and over-extraction. This
section will present the main issues identified in the Danube River Basin.
Agriculture is a source of income for the population living within the Danube ri ver basin; it is also a
source of pollutants such as fertilizers and pesticides. Inappropriate agriculture practices pollute
rivers and groundwater and create soil erosion. Unfortunately, the trend is to intensify agricultural
activities, and is expected to increase the loads of agricultural pollutants affecting the Danube (FAO,
2011).
The industry and mining in the Danube River Basin represent 31-42% of the Gross Domestic Product
of the region and between 29-50% of the employment. The Danube region has a lot of chemical,
food, and pulp and paper industries. They are also the main polluters as their discharges have
immediate environmental impacts on water pollution, groundwater and soil contamination and
reduce the availability of freshwater. Three main reasons for the pollution are outdated technologies
and harmful substances that could be substituted, no pre -treatments prior to the discharge of
wastewater in the sewerage system, and inadequate treatment facilities. These pollutions can be
reduced through significant investment. The countries that need it the most are Herzegovina,
Romania, Hungary, Bosnia and Slovakia. In addition to investment, each country should create and
enforce an appropriate legal and institutional framework, ensure adequate management and close
any environmentally unacceptable sites. (International Commission for the Protection of the Danube
River, 2009)
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Figure 16 shows an Envisat
image of the delta of the
Danube River. The Bulgarian
Spatial Data Infrastructure
(BSDI) has an objective to
provide information for the
DRBDMP. It consists of an
open spatial databases and
operational services to
support
transboundary
cooperation in the Danube
River Basin region and South
East Europe. The priority is to
increase
cooperation
between EU institutions and
Danube countries through a
joint venture. The BSDI is Figure 16: Radar image of the Danube Delta (Envisat) (ESA, 2011)
part of the Copernicus
program from ESA (Bulgarian Spatial Data Infrastructure, 2014). An important part of this project is
the use of remote sensing for monitoring.
As can be seen, the Danube is not without its issues, however, there is a strong management system
implemented which aids in preventing conflict arising between the sharing countries. The Danube
basin management is a successful framework, but it is beneficial to keep in mind that it might not be
applicable to another region due to the specificity of it. Indeed, all the countries in the Danube
region share a very long history, and over the years have learned how to effectively work together
and draw agreement between each other.

2.3

CONCLUSIONS

The Nile river basin, the Juba and Shabelle rivers, Lake Chad and the Tigris/Euphrates river basin are
just a few examples that are used to highlight the issues with transboundary freshwater sharing. As
can be seen from these examples, lack of access to freshwater is a serious issue that causes many
arguments, conflicts and in the case of Tigris and Euphrates, outright wars. Lack of appropriate and
up-to-date information and management programs is a primary ground for many problems
concerning the resource. There are cases such as the Danube where sharing water across borders
has been successful. Following these types of models will help to ex tract best practices and possibly
apply certain techniques to other areas of the world where these issues are present. Space
resources can be utilized and manipulated in order to help deal with these issues. Data acquired
from satellites can be used to help management programs in transboundary water problems.
The scenarios outlined in Section 1.3 are derived from the global survey undertaken by the GWI
team and highlighted by the examples above. The next sections will delve into best practices derived
from the space community which can help to mitigate the issues and conflicts arising from
transboundary water sharing.
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CONTRIBUTIONS FROM SPACE

This section addresses the best practices from the space community that can be utilized in the
freshwater management sector. The selection methodology for these practices was provided earlier
in Section 1.3 Methodology. Section 3.1 Engineering a Way to a Wetter World addresses space
engineering techniques that can be applied to terrestri al water management, Section 0 Several
possible best practices have been presented along with background about how these techniques
were developed, their application, and examples of where they may be used. The best practices that
have been identified effectively cover the scenarios presented. They offer a wide range of options
for improving the quality of existing water resources and offering access to new sources o f water.
The issues of technology transfer, cost, and ethical considerations must be addressed before
implementing any of these best practices. The most effective solution will inevitably one which
integrates these engineering technologies with the best practices from following sections.
The Application of Space to Our Water World discusses applications of Earth observation systems for
monitoring of different parts of the global hydrological cycle. In Section 3.3 International Relations
and Coordination space law applications, ethical considerations and space management models are
discussed. Finally, Section 3.4 Outreach from Outer Space presents outreach methods for increasing
knowledge transfer between space and water management communities, and educating the general
public on transboundary water issues. Each of the subsections describes the nature of the best
practice, its current application in the space community, and its potential to be applied by the water
management community to improve transboundary sharing of water in each of the three identified
conflict scenarios described earlier in Section 1.3.

3.1

ENGINEERING A WAY TO A WETTER WORLD

The following section explores and identifies the direct and indirect engineering space solutions that
can be applied to terrestrial water management problems. In this case, direct means coming from
space such as techniques developed for onboard use on pre viously operational habitable spacecraft
and space stations, and on the International Space Station (ISS), which is currently in operation.
Indirect engineering space solutions means that the solution is a spin-off product, developed as a
resultant of the space sector, but not necessarily used in space.
Human daily water requirements for space and on Earth are outlined in this section to provide one
with an understanding of the physiological needs of individuals involved in human space flight
activities. This can be important for more efficient use of freshwater on Earth. The benefits and
applications of closed loop systems are also explored. Water purification techniques are a major
focus of this section and detail the many ways that this process is done as well as how they have
been or could be applied terrestrially to aid in providing potable water to those in need. In addition,
non-conventional methods of freshwater sourcing are investigated. These techniques are researched
in order to uncover potential freshwater management solutions for the three scenarios of supply vs.
demand outlined in Section 1.3.
A wide swath of prospective best practices were investigated as part of the research conducted on
the space engineering (ENG) and human spaceflight (HPS) disciplines. Table 4 below details the
researched practices and technologies, and documents the finalized selection of chosen best
practices. The methodology in the decision making process involved trading-in and trading-out
potential concepts based on an individual practices correlation with the GWI team mission
statement. Furthermore, the anticipated potential impact of the practice and technology towards
resolving issues related to the three shared freshwater resources scenarios have been considered.
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Table 4: Engineering best practices identified and selected
BEST PRACTICES SELECTED
Understanding Nutritional needs from space science (daily water requirements)
Closed-loop systems
Water purification technology
Non-conventional water resources
Atmosphere water generator (humidity condensate)
Soil moisture sensors (space-based and terrestrial)
Desalination - Photovoltaic solar cell development
PRACTICES TRADED OUT
Concurrent Engineering (methodology)
Biosphere type LSS systems
Polluted land / reclamation of water resources
Development of more capable RS satellites
Ground penetrating Radar for infrastructure monitoring
ISRU: Mining/soil sourcing elements for water production on celestial bodies
Artificial rain and engineeri ng involved

Traded-out practices were either deemed as unfit to recommend, at a conceptual or early phase of
development, or unfeasible for further investigation considering time and resource constraints. An
example of the latter is the practice of concurrent engineering, which is a methodology rather than a
technology. General ideology of concurrent engineering in the context of freshwater management
was approached in order to suggest improvements in technology and efficiency, as well as
incorporate ethical awareness in the development of terrestrial water treatment plants. Upon
consultation and research, exercising the approach through specific recommendations was deemed
unfeasible in the context of the GWI team project timeline. In addition, advantages from concurrent
engineering specific to the space sector require extensive analogy in order to be appropriately
executed. Practices including In-Situ Resource Utilization (ISRU) on celestial bodies in relation to
sourcing of elements to produce potable water from extracted hydrogen and oxygen is purely
conceptual at the time of writing and does not offer terrestrial advantages. Other technologies were
deemed to have a weak connection with both space engineering (ENG) and human spaceflight (HPS).
Four best practices have been selected after completion of the research and se lecting-in iteration
process.

3.1.1 Daily Water Requirements
The physiological requirements of humans have long been the subject of investigation both
terrestrially, and in space. Health professionals have understood the specific nutritional
requirements of healthy adults living on Earth for decades, and each year these requirements are
continually refined. Since the dawn of the space age, scientists have been dedicated to
understanding the physiological requirements of humans in space. This has been vitally important,
as finding more food in space is not a simple task of going down to the market. Decades of research
have defined to a high degree both the nutritional requirements of astronauts and cosmonauts and
the resources they use. A better understanding of the physiological needs of individuals involved in
human space flight activities can be important for more efficient use of resources on Earth.
Nutritional requirements for humans in space are similar to those on Earth. In order to manage an
astronauts’ health the life support systems must provide necessary goods such as oxygen, food and
water. Table 5 shows a comparison of these requirements on Earth and in space. It is important to
note that requirements are relatively similar for food and oxygen but that the average water
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consumption rate levels on Earth are approximately two times of those in space. This is due to a
variety of factors including activity levels and atmospheric conditions. (NASA, 2006)
Table 5: Life requirement on Earth and in space (NASA, 2006)
ITEM

ON EARTH (KG/DAY)

IN SPACE (KG/DAY)

0.84
3
1.77
4

0.84
1.62
1.77
0.80

OXYGEN
DRINKING WATER
DRIED FOOD
WATER FOR FOOD

Table 5 is important for considering the most basic needs of an individual, which is described in later
in Section 3.3 International Relations and Coordination as a fundamental right. What is not displayed
is the overall consumption rate for individuals throughout a man-day. Regarding human daily
requirements, it is possible to see in Figure 17 that the amount of domestic water used by one
person is significant in comparison to what is actually consumed. It is a challenging undertaking, both
technically and ethically, to attempt to reduce the daily hydration requirements of people. It will be
much easier to reduce the amount of water used for domestic tasks or indeed modify the behavior
of those for whom scarcity is not an immediate threat. (UNESCO, 2011)

Output:

Input:

Perspiration: 1625g
CO2: 943g
Urine: 1630g
Feces: 94g

Dry food: 641g
Oxygen: 806g
Water: 2845g

Domestic water:
Hygiene: 5440g
Toilet: 500g
Wash: 13,500g
Figure 17: Human daily requirements (Paragon Space Development Corporation, 1997)

While information similar to that contained in Figure 17 is available from terrestrial sources, not all
of it has been widely distributed and openly available. Having a greater understanding of how water
is used, both by the general public and experts, increases the effectiveness of new systems for water
management. Providing better nutritional information helps reduce the problem of inefficient
resource utilization. Individuals more aware about how water is used and how much is wasted are
less likely to use excessive amounts of water in daily life.
The greatest perceived benefit of daily requirements information communication is on scenario one,
whereby existing constraints necessitate more efficient use of resources. Effective implementation
will be based on a region by region basis. Appropriate distribution of the aforementioned data using
the following methods discussed has the potential to positively impact on all three scenarios.
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Widespread distribution of the information described above will be the primary method for
implementing efficient water usage. Distribution of information can either be active or passive in
nature, depending on the audience. Passive distribution delivers more accessible information to
those who seek it, while active distribution directly provides information to those most influenced by
it. Section 3.4 Outreach from Outer Space emphasizes these methods. Distribution of information
should occur on a large scale basis, in order to influence freshwater consumption rates on a global
level. Encouraging policy makers towards implementing improvements in water management
systems in place and influencing public mentality, is the ultimate goal. Section 3.3 (International
Relations and Coordination) further discusses the management methodology.

SCENARIO 1
The GWI team recommends the communication of daily water requirements to regions
through outreach where scenario 1 applies. Space has developed a precise understanding of
the water required for human health and the amounts actually used. By better understanding
these variables more efficient terrestrial water usage occurs.

3.1.2 Closed Loop Systems
In general, life support systems (LSS) for space missions are classified by degree of closure (unclosed,
partially closed and closed) and by the type of process used to regenerate products (chemical,
physical and biological) (NASA, 2012). Deciding which system is the best option is a complex process
for space applications. In general, short missions do not require the complexity of closed systems,
while longer missions benefit from increasing loop closure which reduces th e need for outside
resources. The actual technologies for producing water in space are addressed later in this section.
What is focused on here is how the overall LSS system can be used terrestrially. Although fully closed
biological LSS are the most difficult to implement, there has been a push in several areas to move
towards these type of systems.
In the case of space activities, unclosed systems are not efficient for missions longer than about 170
days due to the expenses and the difficulty to provide supplies (Swickrath, et al., 2011). On the
contrary, open systems are utilized extensively on Earth but are not necessarily environmentally
efficient because of the amount of consumable materials required. Partially closed systems are used
extensively in space to regenerate oxygen and water while removing carbon dioxide and storing
solid wastes. A diagram of the system installed on the ISS is shown in Figure 18 below (NASA, 2000).
Although this is an overview of the process, with many steps left out, it is important to note that
water is an active component in many the systems, not just those directly related to potable water.
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Figure 18: Flow Diagram of the International Space Station Environmental Control & Life Support System
(NASA, 2000)

As depicted in Figure 18, each step in the closed loop system is linked to one another. By changing
the flow in one part it affects the outputs in a different area. This is true of systems on Earth as well.
For example, by clearing forests to make room for crops more food may be produced. At the same
time, a reduced amount of CARBON DIOXIDE is removed from the atmosphere. In turn, the volume
of oxygen generated through photosynthesis will be affected along with the way water flows
through the soil. This can affect populations many kilometers away from the cleared fields. By
treating Earth’s environment as a set of closed systems instead of individual components, more
effective solutions can be found.
Regardless of the method of closure, the space industry continues to develop technologies to
continue closing the loop on LSS. Figure 19 below examines the specific technologies used on the ISS
which either generate or rely on water to function. The stream labeled “crew latent” is the humidity
that’s been condensed in a separate process.
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Figure 19: Water Recovery and Management architecture for ISS (NASA, 2011)

If these technologies are used on Earth they reduce the number of raw materials necessary for a
community albeit increasing the energy required. This solution is similar to using water treatment
technology from the ISS but takes on a full system perspective instead of a single element.
The use of closed loop system mentalities helps to alleviate stress in all three of the hypothetical
scenarios. Of particular interest is scenario three (Section1.3), where a shared resource is available
between two regions. Providing a better understanding of the overall effects on a system can benefit
both an upstream and a downstream region. An example, elaborated on later, is using biological
systems to purify wastewater. This can provide sewage treatment capability for the upstream state,
improving conditions for the public, and providing more usable water to the downstream state. A
more specific case would be the use of closed systems at individual homes.
Some projects like Biosphere 2, an experiment conducted over the course of 2 years simulating a
long space mission with a closed bio-regenerative life support system, tested the possibility of using
these systems in a real world situation (Dempster, 1999). This project shows the possibilities offered
by closed loop systems in water treatment and regeneration to provide and support human activities
and needs on Earth. Overall the project was not successful due to a variety of reasons, but the water
treatment systems proved to be effective nevertheless (Dempster, 2014).
It would be highly beneficial to use some of these technologies on a large scale. This concept is
relatively underdeveloped, however, and is only available at a single -household level. Further
developments could allow expansion from three to six people to upwards of 100 plus individuals.
Closed loop devices are already used on a small scale in some Eco-responsible houses to provide
independence in energy and water (Eco Friendly Houses, n.d.). These systems are more and more
present around the world, although generally seen in developed countries due to the expensive
price of the installation. The image below, Figure 20, shows an example of one such home.
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Figure 20: Diagram of an energy efficient home displaying several technologies with closed loop features
(Young, 2014)

By reducing the price of installations and ensure its implementation, governments could allocate
money to citizens who would like to install closed loop system in their homes. This is similar to green
energy government tax schemes implemented in Greece (Res Legal, 2014). In order to equip underdeveloped and developing countries, where water access is one of the major concerns, cheaper
systems need to be developed to allow a profitable permanent access to water. This is where th e
idea of spin-offs, which are popular in the space industry, can be important. Another possible
implementation strategy is the idea of the public-private-partnership which the Section 3.3
International Relations and Coordination discusses in detail.
The wastewater bus receives condensate from the Common Cabin Air Assemblies (CCAAs). The
water vapor is condensed and delivered to the bus by a water separator. The wastewater is sent to
the Carbon Dioxide Reduction System, which then uses Sabatier reaction technology to create water
from hydrogen and carbon dioxide.
The technology in question is highly developed in the area of human space flight. Habitable stations
supporting human activities require an intelligent, integrated LSS. This is in order to reduce
dependency on external cargo supply launches and develop a feasible LSS for spacecraft and space
stations operating beyond GEO.
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The Water Recovery and Management (WRM) system onboard the ISS provides potable water to the
crew for drinking, oxygen regeneration, hygiene, experiments and urinal flush w ater (NASA, 2011).
The Water Recovery System (WRS) supports this function by transforming wastewater collected in
the form of crew urine, humidity condensate and Sabatier product water.

SCENARIO 1
The GWI team recommends the use of closed loop systems for scenario 1. By using a
combination of efficient and low impact technologies with methodologies developed in space
water and other resources can be recycled with limited input of raw materials.

3.1.3 Water Purification Technologies
Supplying fresh, drinkable water to astronauts has long been a problem for engineers working with
space systems. The most obvious solution is for the astronauts to simply bring the water with them.
This was often the only option during the beginning of the space age and is still often the best option
for short duration missions. As humanity has reached out into space and developed space stations
and even conceived feasible methods for surviving on celestial bodies, a better solution was needed .
This is where the development of water purification systems in space began.
None of this is to say that water purification is unique to space applications. The process of water
purification has been ongoing for centuries. Space, however, offers certain u nique challenges that
terrestrial applications do not. On Earth “water recycling is reusing treated waste water for
beneficial purposes such as agricultural and landscape irrigation, industrial processes, toilet flushing,
and replenishing a groundwater basin” (Yoshikawa, 2015). Prior to extraction from source, the water
quality should be determined by utilization of space -based Earth observation (EO) platforms as
discussed in Section 3.2.2 Monitoring Water Quality. Typically, potable water isn’t generated directly
from treated sewage. The typical process of generating potable water for terrestrial applications
follows these steps:













Pre-treatment
Coagulation and Flocculation
Rapid Granular Filtration
Adsorption and Ion Exchange
Advanced Oxidation
Residuals Management

pH Adjustment
Sedimentation
Membrane Filtration Reverse Osmosis
Air Stripping and Aeration
Disinfection

Many of these steps rely on the use of resources that aren’t easily available in a microgravity
environment such as: gravity, oxygen, heat dissipation, electricity, and process chemicals. In many
areas of the world availability of these items can also be limited, especially in conflict zones. This is
why space based technologies may be useful in certain terrestrial applications.
Water recycling is very important for human society to relieve the pressure on freshwater resources
today and is an even more urgent requirement for the future (US EPA, 2014). The technologies of
NASA’s space water recycling are well developed and advanced in keeping with the space mission
evolutions. Table 6 below summarizes the technologies that have been used to provide potable
water in space and their potential and current applications.
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Table 6: Technologies providing potable water in space and potential / current applications
TECHNOLOGY

HISTORICAL
USE

APPLICATION

WATER ION
PURIFYING

Apollo

Provided a lightweight
water purifier for initial
space missions.

IODINE RESIN
BEADS

Space
Shuttle

Space Shuttle made use of
a bed of tiny resin beads
containing iodine to purify
the water.

PLANT
SEWAGE
PROCESSING

Stennis
Space
Center

Potential sewage
treatment in extraterrestrial habitats

DISTILLATION

ISS

URINE
PROCESSING
ASSEMBLY
(SPK-U)
CALCIUM
AND SULFATE
IONS
FORWARD
OSMOSIS

ISS

Future

Future

LIPID-BASED
MEMBRANES

Future

BIOLOGICAL
FUEL-CELL

Future

Distillation using an
absorption bed and a
catalytic oxidation which
produces clean water
humidity condensate and
crew’s urine.
Urine is treated with a
chemical process. It is
distillated and brine is
concentrated
Removing calcium and
sulfate ions from recycled
water.
A membrane-based
process that does not
require external pressure
thus lowers cost and
improving reliability.
Lipid molecules fit like
puzzle pieces and come
together to form the bases
of a regenerative
membrane.
Can sequester carbon
dioxide into other useful
by-products, for example
methane or bio-plastics.

TERRESTRIAL APPLICATION

SOURCE

Commercial, widely used,
technology for swimming pools,
fountains, and cooling towers.
Example: The Carefree
Clearwater systems.
Introduce iodine into water
supply. Works in the same way as
chlorine or metallic ions. In 1994,
Iraq ordered 10,000 of these
iodine-based purification units.
NASA’s John C. Stennis Space
Center in Mississippi still makes
use of aquatic hyacinths to purify
the sewage rather than being
chemically processed.
Water Security Corporation
(WSC) has licensed this
personalized ISS device of turning
urine into drinking water for
commercial ground-based
filtration systems use
Distillation used extensively. SPKU technology not directly applied

(NASA
SPINOFF,
2004)

No current terrestrial
applications

(news.wef
.org,
2015)
(news.wef
.org,
2015)

A passive wastewater treatment
system using forward osmosis
has been created for commercial
use.

(NRSC,
2008)

(Tristin,
2015)

(Chou,
2011)
(WRISIndia,
2014)
(Bobe, et
al., 2014)

No current terrestrial
applications

(news.wef
.org,
2015)

No current terrestrial
applications

(news.wef
.org,
2015)

3.1.3.1 Space Based Water Purification Technologies Applicable to Terrestrial Uses
The technologies of water recycling or purification developed for the space program can be applied
far beyond its original purpose, although not all of these technologies can be applied in every
situation. These will need to be assessed based on the individual needs of each area. S everal of
these systems have already been applied in terrestrial applications. Their success and future
possibilities are discussed below.
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Use of space based water purification technologies is beneficial to any area where humans reside. Of
particular interest is the second scenario described in the introduction where the nations other
water sources are not fit for human use. Space based water purification is particularly adapted to
deal with polluted or unusable water sources since they have been developed specifically to reclaim
water from human waste. While the technologies of water purification may not be directly
transferrable to terrestrial applications, they can be spun-off into other systems which can utilize
these advances. In fact, several of these technologies have already been used on Earth.
Beginning with technology from the Apollo era, NASA has a long history in aiding the
commercialization of its water purification technologies. The system used in the Gemini capsules
consisted of small electrodes which release ions into the water. This subsequently kills off bacteria
and algae before being removed by a filter. Figure 21 shows how the company Carefree Clearwater
has adapted this technology to be used for terrestrial applications (Carefree Clearwater LTD., 2006).
This system is used to provide microbial control to swimming pools, cooling towers and water
fountains. While not a complete purification solution, it is an effective step in the process that
requires limited raw materials.

Figure 21: Apollo era water purification technology used for terrestrial applications (Carefree Clearwater LTD.,
2006)

Moving into the era of the Space Shuttle is another technology that has seen even wider terrestrial
use. The water purifying process on the Space Shuttle involved passing the water through a bed of
iodine-enriched beads to provide microbial control and the breakdown of organic materials. There
then follows a series of filters that removes contaminants to provide safe drinking water (NASA,
n.d.). This technology was adapted for terrestrial use by Vector Environmental Technologies. During
the 1990s the technology was used extensively in the Middle East countries of Saudi Arabia, Kuwait,
Oman, Bahrain, Qatar and the United Arab Emirates along with several others (Columbo, 2001). At
the turn of the century the company Water Security Corporation (WSC) took over control and uses
their system for both residential applications and for disaster response. The system as developed by
WSC contains not only the iodinated resin from the Space Shuttle but also micro-filters and activated
carbon to offer a complete purification system (Water Security Corporation, 2006).
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3.1.3.2 Terrestrial Space Industry Water Purification Technology Transfer
NASA's John C. Stennis Space Center in Mississippi , USA still uses a biotechnology as a method to
process its sewage. After passing through an elongated section of plastic pipe containing aquatic
hyacinths, the sewage will be very clear of bacteria and impurities to water a garden (Tristin, 2015).
Chen and Sun (2011) put forward a method of a controlled ecological life support system for a water
processing and circulation system design. The concept is to use filtered and ultraviolet disinfected
wastewater to irrigate the plant and red duckweed to further absorb the dissolved elements. So the
solution is introducing the plant into municipal waste water processing systems just like NASA's John
C. Stennis Space Center and Chen do.
This solution is implemented by technology transfer from the space sector to the water treatment
sector. The general municipal wastewater process is shown in Figure 22. The objective of municipal
wastewater treatment is removing contaminants from wastewater and producin g an
environmentally safe fluid waste stream and a solid waste which is suitable for disposal or
reuse (keneco environment company, 2015). Compared with the process of ordinary wastewater
treatment, the new biotechnology mode of municipal sewage treatment just adds two steps. One is
in the step of pretreatment: after separating the solid from the sewage, an extra bio-pretreatment
environment is built which will filter the sewage and absorb some nitrogen in the sewage.

Figure 22: Diagram of a municipal sewage treatment plant including bi ological remediation (keneco
environment company, 2015)

Another one is in the step of ‘after-treatment’. After-treatment introduces some plants such as red
duckweed into further water purification process. It can be used at an individual household level in
rural area which can be easy to implement and the costs are small. It can also be used in city
municipal wastewater treatment system. The advantage is that it reduces the negative influence on
the ecosystem through the reduction of the use of a chemical element and perhaps a reduction in
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the energy consumed. The disadvantage is that there needs to be a large area to grow aquatic plants
and it is costly in comparison to the household level implementation.
Technology transfer from the space sector to the water treatment sector implements this solution.
There are already several companies which utilize these technologies to provide water in remote
villages or cities (Joshi, 2012). For example, Chiapas in Mexico; Kampang Salak in Malaysia; Sabana
San Juan in the Dominican Republic; Balakot in Pakistan; and Vera Cruz in Mexico all benefit from it.
Water Security Corporation (WSC) is another example that has licensed a personalized ISS device of
turning urine into drinking water for commercial ground-based filtration systems use.

SCENARIO 2
The GWI team recommends physiochemical water purification as a method of water
purification for the second scenario. Space offers the opportunity to purify freshwater sources
and treat wastewater using methods not developed terrestrially. By using technologies from
human space missions, systems can be developed which are modular and robust

SCENARIO 3
The GWI team recommends biological water treatment as a method of water purification for
the third scenario. Purification of wastewater provides better health to upstream states and
greater access to water resources for downstream states. This technology, developed
terrestrial, may be transferred to future extra-terrestrial habitats

3.1.4 Non-Conventional Water Resources
There are a variety of technologies that provide alternative opportunities for better water access,
which can apply in specific situations. These are technologies that would not typically be used
terrestrially but provide access to freshwater where none existed before, or in areas where there is
no method to increase supply from conventional sources, such as in scenario one. Table 7 below
separates the situations for best applying the technologies into four different areas. Selection of
each technology depends on the overall availability of water and the cost of energy in those areas.
Each of the technologies provided is discussed later for how it can provide freshwater in these areas.
Table 7: Selection criteria for nonconventional water resources
ENERGY COST
AVAILABILITY OF FRESHWATER RESOURCES
LOW
HIGH
LOW

Atmospheric Condensation

Soil Moisture Utilization

HIGH

Desalination / Sabatier

Conventional approach

There are examples of areas which could benefit from these solutions. In areas of Israel, or Peru
there is limited availability of conventional freshwater resources and electricity is either prohibitively
expensive or unreliable. These areas also have high atmospheric humidity which can be condensed
in the same manner as on the ISS to provide potable water. Soil moisture sensors are helpful where
surface water is limited but agriculture is plentiful. The moisture in the soil could be extracted and
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purified similar to plans for Martian habitats. The desalination / Sabatier processes are energy
intensive, but using photovoltaic technologies originally developed for space, seawater and carbon
dioxide can be turned into potable water.
3.1.4.1 Atmospheric Water Generator
Generation of water from atmospheric condensate is a well -understood both terrestrial and in space
applications as well. Terrestrial applications are being developed for economical and feasible
solutions to the global freshwater crisis. Space-based technologies are already mature and
integrated into a sophisticated LSS. The possibility of utilizing condensate from atmospheric air for
the purposes of providing nonconventional water resources is considered.
The atmosphere water generator works by converting humidity in the air to water. It is a humidity
and temperature driven application. The volumes of water it can generate depend on the air
conditions, such as humidity and temperature. Specifically, water vapor content in the air depends
on the air temperature. If the air temperature drops, the water vapor content of the atmosphere
exceeds the solubility, excess water will settle down into liquid water. This is why dew is present in
the morning, as water condenses overnight when it is colder than daytime. The atmosphere water
generator works on this principle. The theory is very simple, but the most important element is the
efficiency of the generator.
A key element of the water regeneration system onboard the ISS is the Russian built system for
water recovery from humidity condensate (SRV-K). This service module is designed to sustain 2-3
personnel, with the remaining ISS crew members covered by US WRS. The SRV-K2M is the current
system used on the ISS, and has accounted for a total of 59% of crew needs for potable water over a
14 year period. This accounts for 39% of the total demand for water onboard and resulted in a
freshwater payload delivery saving of approximately 18800kg (Bobe, et al., 2014). This represents a
significant economic savings, creates reduced environmental impact and decreases dependency on
external delivery for astronauts. Table 8 highlights the power consumption rate and mass
requirements of the humidity condensate system onboard ISS:
Table 8: Power consumption and mass requirements of the SRV-K system on the ISS (Bobe, et al., 2014)
ITEM

AMOUNT (UNIT)

MASS OF THE INITIALLY INSTALLED SYSTEM:
AVERAGE DAILY POWER CONSUMPTION FOR A 3 PERSON CREW:
FEED AND RECOVERY
FEED, RECOVERY AND HEATING
SPECIFIC ENERGY FOR FEED AND RECOVERY:
MASS OF HARDWARE REPLACED DURING FLIGHT (ORU):
TOTAL
SPECIFIC
AMOUNT OF WATER RECOVERED:
HUMIDITY CONDENSATE
HUMIDITY CONDENSATE + OTHER WATER
SAVINGS IN MASS OF WATER IN THE ABSENCE OF WATER RECOVERING:

115 kg
0.4 W
30 W
2 W-hr/L H2 O
1,390 kg
0.086 kg/L H2 O
16,155 L
27,945 L
18,800 kg

The SRV-K system is an element of the LSS system on ISS which been in operation since November
2000, commencing with ISS Mission 1. Previously flown incarnations of the SRV -K system have been
in operation on the Soviet Salut space stations from 1975 to 1986, as well as on space station Mir
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(1986-1999) (Bobe, et al., 2007). Therefore a vast amount of flight heritage has been achieved to
date, creating a well-established technology.
Water recovery on ISS using the SRV-K humidity condensate extraction system shares numerous
technical commonalities with terrestrial based systems, albeit with a higher level of complexity. The
SRV-K humidity condensate process utilizes three main sub-systems, each of which has multiple
phases. The sub-systems complete tasks in the following sequence:
1. Filter and conduct 1st stage purification (removal of contaminants),
2. Fine purification and mineralization of the condensate
3. Storage of the now potable water, heating / cooling and dispensing
Figure 23 illustrates a schematic of the service module SRV-K humidity condensate WRS used
onboard ISS as part of the stations LSS:

Figure 23: Schematic of SRV-K humidity condensate WRS used onboard ISS (Bobe, et al., 2014)

A combination of these phases, which incorporate technology for sorption -catalytic processing,
mineralization, use of ionized silver for preservation and pasteurization of water in a heater unit is
conducted. The unit is both compact and robust (operating continuously), which is a strong basis for
technology transfer. (Bobe, et al., 2007)
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GENius: Atmospheric Water Collection Applicable for Civilian/ Military Uses
“GENius” is a terrestrial product of the ISS atmosphere water generator which can generate
freshwater independently for both civil and military applications. It can produce 450 liters of
freshwater per day under conditions where the average temperature is 25°C and relative humidity
55%. It is reported that production units have been sold in seven countries to date. It is believed that
these can also benefit the population where potable water is not available. (Watergen, 2014)
A more complex version of the same technology as “GENius” is used aboard the ISS. All of the
processes which are used on the ISS to provide water to the crew could be used on Earth on a small
to high level scale. In fact these systems could be used for individual houses. For example, a
compressor can collect air to condense the water in the oxygen and provide a significant quantity of
water for inhabitants of households. Combining this solution with closed loop systems, wastewater
can be collected and transformed by the Sabatier reaction. This solution could permit a household to
be autonomous in water utilization.
Figure 24 shows how an atmosphere water generator works with a high level of efficiency. Humid air
goes into the generator and goes through the water vapor selective membrane, which can reduce
the energy requirement for extracting water out of humid air by more than 50% (D.Bergmair, 2014).
A vacuum pump and a recirculation pump are also used to keep a low-pressure. Re-circulated sweep
steam can further improve efficiency.

Figure 24: Illustration of atmosphere water generator principle (D.Bergmair, 2014)

3.1.4.2 Desalination & Photovoltaic Solar Cell Development
Desalination is a process of obtaining potable water from sea water. In order to get freshwater,
several processes are needed to remove salt and other minerals which are present in sea water.
There are many methods to accomplish these processes, such as: solar desalination, lowtemperature thermal desalination, thermionic process and the Passarell process. Solar desalination
is one of the most important methods. It uses solar energy to purify sea water into freshwater. The
technology has many advantages associated with it. The process is clean, economic and requires no
consumption of other energy sources.
Photovoltaic solar arrays are an important element of a spacecraft’s power sub-system design, for
spacecraft operating within the Martian perihelion. The technology uses solar energy to generate
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electrical power for the spacecraft. Many advanced solar energy technologies have been developed
in order to improve the efficiency of solar energy transferring to the system bus, which attempts to
decrease unit cost and obtain more power from the Sun (Welch, 2014). These technologies can also
be used to improve the efficiency of solar desalination. Due to the advantages of solar desalination
and the shortage of freshwater resources, many countries are now working to develop practical
solar desalination. To highlight the current status of development, the world’s largest solar powered
desalination plant is under development in Saudi Arabia (CleanTechnica, 2015).
3.1.4.3 Soil Moisture Sensors
Soil moisture storage is water retained in a celestial bodies soil. Soil moisture is particularly
important for its role in understanding weather and climate. It fundamentally accounts for the heat
exchange of water amid a lands surface and the environment via water evapotranspiration and
precipitation. It is also a good indicator of surface water run-off tendency, soil erosion, flood control,
hydrology, geotechnical engineering, water reservoir management and water quality control.
Soil moisture is involved in both water and the energy cycles, it is an Essential Climate Variable.
(ECV). (ESA Climate change initiative, 2010). Consequentially in developing a weather pattern and
the production of precipitations, soil moisture must be a key element of consideration. (Earth
Science Office NASA, 1999)
Soil moisture detection technology is determined using various technologies, from handheld
terrestrial soil moisture probes to neutron detectors onboard NASA’s Odyssey orbiter used for
prospecting presence of underground water-ice on Mars (Barlow, 2008). Also the joint NASA and
DLR mission GRACE monitors the Earth’s gravitational field and mass distribution (NASA, 2006b),
while the use of ground penetrating radar is also in development for next generation Mars rovers
(Kim, et al., 2012). The technology developments made in space engineering for usage on celestial
bodies and orbiting platforms are transferrable through the aforementioned applications and
technology.

SCENARIO 2
The GWI team recommends nonconventional technologies that will allow water to be accessed
from sources that are not typically available in areas that have no other available resources

3.1.5 Considerations for Implementation
The space community has developed a wide variety of techniques and technologies to deal with the
issues of water management in space. Many of these same technologies have been shown to be
transferrable to various terrestrial applications. These transfers are not direct, of course, and often
complicate the process of effectively adapting the technology to suit the situation. These transfers
can encounter challenges in areas such as cost and scalability along with various ethical
considerations as well.
There are obvious differences between space based and terrestrially developed engineering
solutions in regards to water management. Space based solutions have to deal with microgravity and
extremely high transportation costs. They have the advantage of a disti nct project lifecycle and a
well-defined management structure. Terrestrial applications on the other hand are constrained by
cost limitations and population fluctuations, and by extension demand for water. They have the
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benefit of a larger development base and easy implementation of incremental improvements. These
differences can make it difficult to build an entire new water treatment plant based on the ISS
system. At the same time this can make it easy to implement a new microbial control unit using
iodinated-resin with technology from the space shuttle.
The cost of implementing new technologies can often be prohibitively expensive to implement,
especially in developing regions. As an example of this, Table 9 below displays the estimated cost of
building a pilot scale sewage recycling plant in both Singapore and Mexico City. The project primarily
looked at both the technologies and the public perception of the system. Since it was only at pilot
scale the system did not treat a significant portion of the cities’ sewage.
Table 9: Budget (in $1000s )for a pilot study examining the public perception of recycling greywater in
Singapore and Mexico City (Bernal, 2011)
ACTIVITIES/ITEM
YEAR 1
YEAR 2
YEAR 3
COSTS
PERSONNEL
$30
$30
$30
EQUIPMENT
$5
$5
$5
CONSUMABLES
$4
$4
$4
MISSIONS
$20
$20
$20
DISSEMINATION
$10
$10
$10
PILOT (2 UNITS)
$700
MISCELLANEOUS
$28
TOTAL
$935
FUNDING
WHO
MEXICO
SINGAPORE
WWWYES

$235
$150
$350
$200

As can be seen a significant capital investment is necessary even for this small project. In addition,
this plant is only using conventional treatment technologies, and not integrating newer technologies
transferred from the space community (Bernal, 2011). The good news is that there are organizations
which provide funding to help communities implement new water management projects. Several of
these are discussed in Section 3.4.3 Innovation Competitions & Prizes. They offer an opportunity
both for new water management projects but also to develop entirely new technologies.
The pilot scale plant mentioned in Table 9 is a good example of a situation where ethical concerns
need to be addressed in regards to new water management technologies. In general, people have
three kinds of psychology requirements in regards to water, economic, social, and ethical security
(Acreman, 2003). The requirement for ethical security breaks down into three misconceptions about
water (Haddad, et al., 2009):
1. People believe that nature is better for health even when no advantages exist
2. People evaluate risk as a feeling rather than through analysis
3. People believe “once contaminated-always contaminated,” they aren’t open to purifying sewage
and using it for drinking
These are not to say that every person or every community shares these beliefs. They are simply
beliefs that must be accounted for when investigating new water management technologies. One
solution to implementing these best practices, whether reducing water usage or recycling sewage is
to develop them in an incremental manner. This reduces the shock of adapting to a new
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environment all at once. Whether it is ethical considerations, cost efficiency or simply developing
the technology, it is necessary to fully investigate each potential solution before attempting to
integrate it with the existing social structure.

3.1.6 Conclusions
Several possible best practices have been presented along with background about how these
techniques were developed, their application, and examples of where they may be used. The best
practices that have been identified effectively cover the scenarios presented. They offer a wide
range of options for improving the quality of existing water resources and offering access to new
sources of water. The issues of technology transfer, cost, and ethical considerations must be
addressed before implementing any of these best practices. The most effective solution will
inevitably one which integrates these engineering technologies with the best practices from
following sections.

3.2

THE APPLICATION OF SPACE TO OUR WATER WORLD

With the introduction of EO satellites, remote sensing has become an important tool with which to
study the dynamics of hydrological processes on Earth. EO satellites capture variations in temporal
resolutions and hydro-meteorological variables. Knowledge of these factors can significantly
improve the water resources assessment and management methodologies. Radar altimeters
monitor worldwide water levels and trace the rate of the flow of rivers. Optical and radar
instruments identify any changes in water resource area, while spectrometers measure water
quality. Satellite measurements have made significant contributions towards building a database for
water accounts. This accumulated data is often more reliable than secondary data obtained from
terrestrial means (Kumar & Rashmidevi, 2013).
This section covers the potential applications of remote sensing to improve efficiency of the existing
systems, to detect new water sources and to improve the accountability of water availability for the
equitable distribution of this natural resource. It further includes the solutions for water
conservation, water quality evaluations, groundwater studies and river basin management.

3.2.1 Monitoring Land Use Patterns
This solution aims to improve water use efficiency where there are no other alternatives to match
the high demand. Agriculture and land cover can be mapped using multi -spectral bands, near infrared (NIR) spectral bands to distinguish irrigated and non-irrigated areas of vegetation, mid infra-red
bands (MIR) to distinguish bare soils and visible spectral (VIS) to detect water (Bandara, 2006).
Remote sensing algorithms such as SEBAL (Surface Energy Balance Algorithm for Land) are currently
used to convert remotely sensed spectral radiances into useful information for estimating variations
of important crop parameters, such as evapotranspiration (ET), root zone soil moisture and biomass
growth (Bandara, 2006). Figure 25 below shows the result of the evapotranspiration levels for
different land use patterns as derived by SEBAL. It is evident that agricultural lands have the highest
evapotranspiration.
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Figure 25: Evapotranspiration levels for various land uses derived using SEBAL over 2008 (Droogers, et al.,
2009)

Through classification of land cover (e.g. water bodies, bare soils, and vegetation) and agricultural
land use (irrigated and non-irrigated areas), information is gained about the area under irrigation in
order to facilitate water usage and water distribution.
3.2.1.1 Current Application Examples
The purpose of classifying land cover and agricultural land use is to diagnose the water accounts at
the regional scale, and to monitor the hydrological processes of reservoir inflow, evapotranspiration
patterns, soil moisture and agricultural productivity along different river basins (Bastiaanssen &
Prathapar, 2000).
Multispectral imaging at VIS, NIR, SWIR, LWIR wavelengths of the electromagnetic (EM) spectrum
are required in order to estimate crop parameters. The higher the spectral resolution, the more
precise the variations between different crop stages of growth can be distinguished. NASA’s
Advanced Land Imager sensor provides all the relevant bands to study these models (Wenbo, et al.,
2013). This technology is also widely used in the Integrated Water Management Institute (IWMI).
A summary of the usage of each band for the identification of certain features and some of the
principal processing indices that are used to distinguish relevant features, are highlighted in Table 10
and Table 11, respectively.
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Table 10: A description of the main bands in the visible and infrared part of the spectrum utilized in remote
sensing applications (Silleos, et al., 2006).
WAVELENGTH
BAND NAME
INTERVAL
COMMON FEATURE HIGHLIGHTED
(APPROXIMATED)
VISIBLE
(MAINLY RGB)
NEAR INFRARED (NIR)
SHORT-WAVELENGTH
INFRARED (SWIR)
MID-WAVELENGTH
INFRARED (MWIR)
LONG-WAVELENGTH
INFRARED (LWIR),
INCLUDING THERMAL
INFRARED

450-520 nm (blue)
520-600 nm (green)
600-700 nm (red)
750-1400 nm
1400-3000 nm

Atmosphere and deep water imaging
Vegetation and deep water structures
Man-made objects, soil and vegetation
Mainly vegetation
Vegetation, soil moisture

3000-8000 nm

Soil, moisture, geological features

8000-15000 nm

Geological structures, thermal differences in
water, land surfaces.

Table 11: A non-exhaustive summary of some of the vegetation indexes used for agriculture management
(Silleos, et al., 2006).
PROCESSING
BANDS
SCHEMATIC DESCRIPTION
GENERAL APPLICATION
TECHNIQUE
USED
𝑁𝐼𝑅 − 𝑉𝐼𝑆 (𝑟𝑒𝑑 )
NORMALISED
NIR, VIS
Evaluate if the target area
𝑁𝐷𝑉𝐼 =
DIFFERENCE
contains green vegetation or not
𝑁𝐼𝑅 + 𝑉𝐼𝑆 (𝑟𝑒𝑑 )
VEGETATION INDEX
(NDVI)
𝑉𝐼𝑆 (𝑔𝑟𝑒𝑒𝑛 ) − 𝑁𝐼𝑅
NORMALIZED
NIR, VIS
Distinguish open water areas
𝑁𝐷𝑊𝐼 =
DIFFERENCE
from non-water features
𝑉𝐼𝑆 (𝑔𝑟𝑒𝑒𝑛 ) + 𝑁𝐼𝑅
WETNESS INDEX
(NDWI)
𝑉𝐼𝑆 (𝑔𝑟𝑒𝑒𝑛 ) − 𝑉𝐼𝑆 (𝑟𝑒𝑑 )
GREEN VEGETATION
VIS
Estimation of the green
𝐺𝑉𝐼 =
INDEX (GVI)
population of plants in the area.
𝑉𝐼𝑆 (𝑔𝑟𝑒𝑒𝑛 ) + 𝑉𝐼𝑆 (𝑟𝑒𝑑 )
𝑆𝐴𝑉𝐼 = 𝑁𝐷𝑉𝐼 (1 + 𝐿)
SOIL-ADJUSTED
VIS, NIR
Minimize the effects of the soil
VEGETATION INDEX
Where L is an appropriate scaling
texture to highlight the
(SAVI)
factor that takes account of the
vegetation type
characteristics of the soil.
TRANSFORMED
VIS, NIR
Used to enhance statistical
𝑇𝑉𝐼 = √𝑁𝐷𝑉𝐼 + 0.5
VEGETATION INDEX
relevance of the results.
(TVI)

These features, such as soil moisture, vegetation and geological structures, provide a holistic map of
land cover and land use from above. This map provides information for the efficient use of water.
3.2.1.2 Describing the Potential of the Solution
Distinguishing boundaries between different objects using remote sensing has important
applications. High resolution radiometers should be used to eliminate the vagueness of boundary
zones. However, the greatest difficulty in doing this is the trade -off between high resolution and
short revisit time. Generally, to satisfy revisit time, larger swath widths and low resolution
radiometers (a few hundred to a thousand meters) must be used to cover large areas (Polidori,
2011). Figure 26 shows the difference between the real sample area and the space -based image
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taken with low resolution. The space-based image can present either an over or under estimation of
the irrigated and non-irrigated areas.

A)

B)

C)

Figure 26: Difference of boundary between the real sample area and space-based image.
a) a part of the study area as a sample, b) the sample area overlaid by a pixel grid of the MODIS pixel size, c)
spatial extent of the sample area represented by the pixel grid similar to the MODIS pixel size (Bandara, 2006).

SCENARIO 1
The GWI team recommends the analysis of land cover and agricultural land to improve water
use efficiency and enhance irrigation practices. Accurate information about crop parameters
such as evapotranspiration is critical in order to assess how much water is needed for different
crop growth phases. This practice is suitable for scenarios where there is no method to
increase supply via alternative sources and thus a sustainable use of the available water
resource has to be promoted.

3.2.2 Monitoring Water Quality
This solution aims to improve the efficiency of water management by using satellite imagery. High
resolution images contribute toward monitoring water quality and detecting water pipeline leakage.
Remote sensing and geographic information system (GIS) technology, in combination with some
computer modelling, provides a good practice to monitor water and its quality. These applications
are used to monitor specific water quality parameters, such as turbidity, phytoplankton, suspe nded
matter, as well as dissolved organic matter (Usali, 2010).
Generally speaking, moisture dominates the spectral reflectance of soils in the 340-2500nm
wavelengths and therefore there is a need for high spatial resolution to identify the exact spot of
leakage. The reflectance values of all datasets, the vegetation indices (VIs) and the different false
color composites from the satellite images can be integrated to compare the differences between
the images acquired before-leakage and after-leakage detection. The cover and revisit requirements
depend on the length of the pipeline and the frequency of leakage detection (Athos, et al., 2013).
3.2.2.1 Current Application Examples
The integration of GPS, GIS and remote sensing data technologies provides a valuable tool to assess
and monitor water quality. An analytical approach based on the optical properties of water is used
to study surface water. Suspended matter consists of mainly common pollutants in surface water. It
plays an vital role in water quality management since it relates to micro-pollutants. The suspended
matter increases the radiance from surface water in the NIR and VIS range of the EM spectrum
(Usali, 2010). Remote sensing methods can be used to estimate the concentration of suspended
matter in water by providing temporal and spatial information. The suspended matter studies have
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been done by different satellites such as IRS, SPOT, and Landsat, as shown in Figure 27 below. These
studies have shown the relationship between suspended matter and reflectance from a single band
or a combination of various bands on satellite platforms (Hellweger, et al., 2004).

Figure 27: Total suspended matter distribution example of the London part of River Times turbidity pattern
from Landsat imagery (EOMAP, 2014)

Multispectral imagery obtained from high-resolution imaging sensors in the VIS, NIR and thermal
infrared wavelengths is useful for detecting irrigation canal leakages in distribution networks.
Leakage from irrigation canals can be detected from images acquired from individual bands,
particularly from the thermal band (Athos, et al., 2013).
This technology has been used to detect water leakage in a major rural pipeline in Cyprus, running
from the Choirokoitia area to the Frenaros area, passing through the central and central -east part of
Cyprus. The existing pipeline, with a length of 65km, i s located three meters below ground. The
pipeline was reported as a problem due to several leakages and has been used as a test bed for
different remote sensing techniques in the detection of leakages. Figure 28 and Figure 29 illustrate
satellite imagery of land use and pipeline leakages in this area, respectively (Athos, et al., 2013).

Figure 28: The "Frenaros - Choirokoitia " waterpipe
(in blue). Points 1-3 indicate the areas were water
leaks have been reported (Athos, et al., 2013).

MSS2015

Figure 29: CORINE 2000 land use in the area of
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et al., 2013).
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3.2.2.2 Describe the Potential of the Solution
Limitations in spatial and spectral resolution of current sensors on satellites restrict the effective
application of remote sensing data to monitor water quality. There is a need of focused research on
understanding the effects of water quality on thermal and optical properties of surface waters.
Remote sensing techniques are cheaper and a quantitative method used to evaluate water quality
parameters, which will help to facilitate adequate management (Ritchie, 2003). The Global Water
Partnership, founded by the World Bank, has collaborated with the Global Meteorological
Organization (GMO) for remote sensing data availability and products (GWP, 2010). One of the
largest ambient water quality data assessment systems is Environmental Protection Agency’s (EPA)
STOrage and RETrival (STORET) system which has been collecting and storing water quality data for
both underground and surface water. The STORET data can be analyzed, summarized, and accessed
by many users for their desired purposes (US EPA, 2013). This data collected for different agencies
and private entities needs to be assessed properly and used for water quality monitoring and better
utilization of water resources.
Using remote sensing techniques for detection of water leakages is time and cost effective in
comparison to traditional methods. Preliminary studies have shown that ground spectroradiometric
data along with the low altitude spectroradiometer system indicate substantial differences in
reflectance values leakage areas (Athos, et al., 2013). The limitation is that it cannot be used in
urban areas due to a deeper and more extensive pipeline grid and a lack of vegetation. However, the
use of space technology in rural areas can make detection much easier.

SCENARIO 1
The GWI team recommends the monitoring of water quality and leakage detection using
satellites to improve the efficiency of water supply systems and meet the excessive demands.
In the situation where additional water sources are not available or are inaccessible, the
methods outlined above can be used by water management authorities to implement targeted
strategies. In addition, quality monitoring can be used in support of purification techniques for
open water bodies discussed in the Section 3.1.3. In this way an assessment can be conducted
and actions can implemented.

3.2.3 Identifying New Water Sources
In many areas water sources are available but inaccessible, or they are too polluted for safe human
consumption. For such situation, it is necessary to identify new sources of available water. The use
of remote sensing has allowed more extensive mapping of groundwater reservoirs. Remote sensing
satellites have played an important role in the efforts made to identify new groundwater sources
(ESA, 2014).
3.2.3.1 Current Application Examples
The Gravity Recovery and Climate Experiment (GRACE) satellite, which studies Earth’s gravity field,
provides data on runoff and groundwater storage on land masses. The GRACE mission monitors
groundwater levels from space, complementing comparable information obtained from local
sensors. Figure 30 shows this combination. There are not clear indications to the general public of
the changing groundwater levels, since underground water sources are out of sight or are not
generally available for use. Using GRACE satellite data, there is an opportunity to visualize and model
these sub-surface freshwater supplies (NASA, 2006b).
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Figure 30: Combined data from GRACE mission and other satellite observations. It shows timely mapping of
groundwater and soil wetness conditions (NASA, 2014).

The Australian Space Research Program’s Garada mission will focus on measuring the moisture in
Australia’s soil for different purposes such as agriculture, environmental protection, mining,
prediction of dust conditions, and land use planning. The synthetic aperture radar (SAR) data
generated by this mission could also be used to study the effects of groundwater on the local water
cycle. Groundwater effects on soil moisture can more accurately describe the total moisture flux in
the area. Combining Garada data with stream flow data and a digital elevation model could generate
a hydrological model. Water quality and underground water is another area that benefits from this
area. The Bureau of Meteorology (BOM) is currently working on groundwater detection with the
help of the Australian Groundwater Detector, software which combines all data and explores
precious underground water reserves (Australian Centre for Space Engineering Research, 2013).
The NASA Earth Observation Division has strong involvement in the development of the hydrological
observation system. Missions under this division work to quantify soil moisture, water cycling, and
groundwater mass (NASA, 2006b). METEOR, METOP, METEOSAT, GOES, RADARSAT, Landsat,
FengYun and INSAT series satellites of the GEOSS system monitor the Earth’s water cycle and
groundwater tables (CEOS WGISS, 2013).
3.2.3.2 The Potential of the Solution
The descriptive data gained by these missions are used both for government policy and planning and
also for public information. This includes the status of the water bodies and new sources of
surface/underground water sources. For a water quality of groundwater, it is important to
determine the management problems for which the water quality data is require d. The data is
specific for public health and regulatory concerns which include the identification of contaminants
and monitoring for spills (Ongley, 1999).
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SCENARIO 2
The GWI team recommends the identification of underground reservoirs using satellite data
where most other alternative sources are inaccessible. A comprehensive knowledge of the
underground reservoirs as well as the water distribution in the soil can allow the development
of appropriate exploitation techniques. Such practices are very useful and are used extensively
to support the sustainable development and management of water resources at all levels.

3.2.4 Mapping Water for Transparency
The GWI team proposes an Earth observation product to be offered in the case of multinational
agreements over shared water resources consisting of a comprehensive map of the entire basin. The
solution is to make use of remote sensing technologies to map the shared water resources across
nations. It aims to enhance the transparency in water availability and its usage. This subjective
information will be the provocation for international cooperation between fellow states sharing an
international river basin (Bastiaanssen & Prathapar, 2000).
Detailed and authentic water accounts aid in the improvement of the productivity of water in a river
basin, adding a new dimension to the water balance and providing insights into how water usag e can
be more productive and economically rational (Molden, et al., 2001). The relevant information to be
included in the product is summarized in the Table 12.
Table 12: Summary of the relevant information to be included in the product proposed
INFORMATION
TECHNOLOGIES USED
COMMENTS
TOTAL AMOUNT
AND
DISTRIBUTION OF
WATER

Combination of satellite
imagery,
geographical
mapping and additional insitu measurements

USAGE,
EFFICIENCY AND
QUALITY

The various methodologies
outlined in the previous
sections of this chapter.

CASE SPECIFIC,
REGIONAL OR
TIME DEPENDENT
DATA

Various sources,
dependent

case

Availability over time for monitoring reasons is a key
aspect. Minimum requirements on a yearly basis,
additional updates can be requested. For example, after
the construction of new infrastructures, such as a dam, the
product is to be updated.
Information has to be included at all scales (basin and
nation). Time requirements are the same as above or more
stringent in case of specific situations, such as after natural
disaster affecting quality.
For example, for heavily seasonal dependent basin, the
product has to be offered both for the dry and wet season,
with highlights on the relevant differences of interest to
water management authorities such as area of floods.

The final user of this product should be multinational, international or external authorities who are
in charge of the management of shared water resources. It should constitute of transparent
information sharing as a base for agreement establishment, as a monitoring tool for compliance to
agreements and dispute settling. It will also apply as a basis for an efficient exploitation plan over
the years.
3.2.4.1 Current Application Examples
The elements composing the general product are all used independently and/or on a local basis.
Although there have been dedicated efforts to study climatology and ecology, remote sensing
scientists have generally not gone so far as to investigate transboundary river basin levels and then
merge as an integrated set of data all relevant information. The reasons for that can be identified as
the lack of an existing end-user, i.e. an international authority overseeing the shared resource, and
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the greater effort required to process the amount of data. It is difficult to estimate precisely the time
and efforts required for this type of new product. On one side, the fact that all the information
required is potentially available reduces the complexity. Alternatively, the bigger geographical
extension required adds complexity to the product, as long as there is coherent integration of
different sources over time. This second technical obstacle is very dependent on the time of
collection of the information. Various instruments are used and it could be difficult to obtain the set
of data for the entire region in a single passage for all the instruments. A certain margin can b e
established after an analysis of the specificity of the region taking account of the variability of the
parameters to be measured over time. The exact method with which to do this is outside the scope
of this report. A problem arises if all relevant measurements cannot be collected together during the
specified time interval. As mentioned in Section 3.4.2 Mobile Apps such data are being disseminated
for management purposes by the Indian government on a smaller scale. Thus, this could be a
potential step towards establishing an effective management structure at all levels.

Figure 31: The Nile basin where Earth observation products could be helpful geopolitically for transparent
water management (International Water Management Institute, 2014).
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An example of a transboundary water basin map over for which EO products can be developed to
improve transparent water management across political boundaries is shown in Figure 31 above.
“Satellite Observations of International River Basins for All,” initiated by the International Water
Management Institute (IWMI) and International Institute for Aerospace Survey and Earth Sciences,
aims to build a database available to all parties which will help to create a consensus on the
conditions of the basin from the upstream to the downstream states. Data from an international
fleet of sensors could be found in the Earth Observing System Data and Information Sys tem (EOSDIS)
about river basins (Bastiaanssen & Prathapar, 2000).
Table 13 shows previous missions contributing data to understanding the global hydrological cycle,
some of which is available in archives. It is anticipated that ESA’s Sentinel constellation will prov ide
revised and enhanced data sets once on-line (ESA, 2013a).
Table 13: Example of missions contributing to the monitoring of hydrological processes in vast international
river basins (Bastiaanssen & Prathapar, 2000)
MISSION
SENSORS
SPATIAL
TEMPORAL
TOTAL
SPECTRAL
RESOLUTION
RESOLUTION
BANDS
REGION
NOAA
ENVISAT
ENVISAT
TERRA

AVHRR
AATSR
MERIS
MODIS

1.1 km
1.0 km
250m- 1.0 km

0.5 days
1 day
3 days
1-2 days

5
18
15
36

VIS, NIR, TIR
VIS, NIR, TIR
VIS, NIR
VIS, NIR, TIR

Remote sensing images are used to develop a distributed hydrological model called Semi-distributed
Land Use-based Runoff Processes (SLURP). This model uses elevation data of public domain
databases obtained from NOAA-AVHRR images to divide a large watershed into small units with
different land cover categories. These include the daily components of the hydrological cycle and
generated runoff. Various applications of the model have been operational. Papers have been
published but it is not yet clear of the extent and the accuracy of the results which have been
obtained (Kite, 2011).
ESA’s TIGER project developed the
Water Observation & Information
System (WOIS). This consists of
open source software for
assessing,
monitoring
and
providing inventory on water
resources in a cost-effective and
coherent manner. The software is
available for download after a
simple registration (Geoscience
Australia, n.d.). The products are
based on classic maps of the
region, including the hydrological
network, political boundaries and
main water infrastructures. As an
example of this, Figure 32 shows
an integrated image of the Zambia
River captured by Sentinel-1. EO Figure 32: This Sentinel-1 image integration over a river map shows the
extent of flooding of the Zambia River (European Space Agency, 2014)
products are available such as
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medium and high resolution basin characterization; land degradation, water bodies and shoreline,
wetlands, erosion potential mapping; water quality, flood and hydrogeological parameters
monitoring. SPOT, RapidEye, Landsat, Sentinel-2, Envisat MERIS and AATSR, MODIS (Aqua) assist in
ESA’s TIGER Initiative for water body and shoreline mapping in Africa (NASA, 2015).
ESA’s GlobWetland II project, in collaboration with the Ramsar Convention, is helping Mediterranean
countries monitor precious water resources. With the help of the Global Wetlands Observing System
(G-WOS), data is utilized to draft a water map for the specific regions (ESA, 2013b).
3.2.4.2 The Potential of the Solution
The solution proposed is an application with the potential to improve shared water resources
management. Unfortunately, these innovations are rarely implemented for integrated water
resources management in river basins even though the data is publicly available through database
archives on the internet. There are structural deficiencies present in the policy of organizations as
much of the data is not disseminated. Water resources managers are often not aware of its
existence. The main benefit of this is having a reliable, objective, comprehensive set of information
for the proper and equitable exploitation of the water source. The solution is thought to address
mainly the transparency issues faced by various nations sharing the same water resource. The
intrinsic objectivity of the information, coupled with a transparent non-national entity managing
them can be both a starting point for efficient cooperation among stakeholders, communication and
trust between concerned interest groups (Bandara, 2006).
The limitation at the moment is that these types of products exist but not collectively for the same
basin and expand all over Africa. In the continuation of the program, entire shared basins may
potentially be covered with all the information required. This is in part directly due to the user
focused approach of the project that translates into a strict dependence on the local authorities
request for the development of the products (Tøttrup, et al., 2014).
The GWI team supports the work of Bastiaanssen and Prathapar (2000), in the creation of a working
group composed of international remote sensing experts to develop analytical tools suited to
understanding river basins through satellite imagery. The result would be applied by local subject
matter specialists to target river basins. It is not yet clear what market exists and it is expected that
the private sector would charge of its development. To facilitate transparency and to avoid the
dependence on national authorities, it should be developed by a non-governmental organization.
Such a task is not unprecedented; several studies have been conducted by the IWMI where experts
used public domain databases which are complemented with satellite images to make hydrological
analysis of basins (Bastiaanssen & Prathapar, 2000). The working group would also serve as a neutral
source of expertise to facilitate negotiation when parties sharing water are in conflict.

SCENARIO 3
The GWI team recommends an Earth observation product that can be used as a monitoring
tool. It consists of a map at the basin level containing all the relevant information. The product
is an objective tool for assessing the water availability, distribution, usage and quality over a
region both at the national and basin levels. In a scenario in which a shared water resource is
present, an open a dialogue between all actors on regulated water exploitation, transparency
and trust building is of key importance. This product will allow the regulators to take into
account the potential needs of each nation and efficiently manage the shared water resource.
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3.2.5 Conclusions
In this section, solutions to all scenarios described in Section 1.3, are suggested. The GWI team has
outlined the method of determining the land use patterns using satellite data for better
management of limited water resources. It also gives a precise estimation of crop parameters for the
sustainable use of water. Remote sensing and satellite images can also be used to monitor water
quality and to detect leakages in water pipelines. Reflectance value data sets of water bodies and
land surfaces help to detect suspended matters and pipeline detection. Such practices are useful
when there are limited sources of water and necessary to improve efficiency of the existing water
utilization systems.
Remote sensing is a useful tool to identify and map underground water tables that are often
inaccessible by conventional means. The accurate calculation of surface runoffs and groundwater
levels will help in proper planning of water extraction and exploitation methods. In case of
agreements and cooperation of shared river basins, we suggest the proper mapping of the entire
basin for the equitable water usage among the different nations. This will help maintain
transparency and encourage international collaboration. The solutions are identified as best
practices and further suggestions are made on how to implement such solutions for at all
management levels.

3.3

INTERNATIONAL RELATIONS AND COORDINATION

Outer space and the celestial bodies have been defined in legal treaties as both global commons and
the common heritage of mankind. Freshwater on Earth shares many similarities as a resource with
outer space. Any discussion concerning the contributions from space towards the challenge of
freshwater management should recognize the role of space policy in defining these resources. In
particular the development of treaties recognizing the non-appropriation of space or celestial bodies
by any party and the access to space with respect to all space faring nations will always remain the
biggest contribution from space to water management. Further, it is appropriate to mention the
working mechanisms space treaties have permitted for international cooperation in sharing radio
frequency spectrum and in the creation of the ISS.
This section will demonstrate how best practices from space law, politics, economics, management
and business could be applied to alleviating issues and conflicts relating to water management. First,
how space uses the concept of global commons as a best practice when managing access and usage
in space. Then, how this concept might be transferred to defining freshwater when creating
management frameworks or international cooperative agreements will be explored. The section will
then continue by examining the concepts of public-private partnerships as a best practice in the
space community and how they could be used further in freshwater management.

3.3.1 The Outer Space Treaty & the Moon Treaty
Through the existence of two variables, rivalry and excludability, we can divide goods (that which
satisfies a want and provides utility) into four different categories: private goods, club goods, public
goods and common goods (O'Sullivan, et al., 2010). This division can be seen below in Table 14.
Table 14: The four categories of goods based on rivalry and excludability.
EXCLUDABLE
NON-EXCLUDABLE
RIVALROUS
NONRIVALROUS
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A common good is non-excludable and rivalrous. Non-excludability means that it is not possible to
exclude any individual or group from utilizing that good. Rivalrous means that its use by one
individual or group precludes its use by another. A subset of the common good is that of the global
commons or common-pool resource. This subset includes goods whose size or other characteristics
make it difficult, but not impossible, to exclude use. Outer space is considered a global commons. It
is interesting to note that other global commons include the global ocean, the atmosphere, and
potentially cyberspace (Frakes, 2003).
It would generally make sense to classify freshwater as part of the global hydrological cycle and thus
as a global commons, however certain aspects of freshwater can be made exclusive and hence not a
pure common good. The main example of this is the damming of a river prevents downstream users
from accessing the river. Even this has exceptions however, since unless the flow is completely
stopped by the dam, the downstream flow has merely been reduced (rivalrous usage) and not fully
excluded from use.
Outer space by definition is also classified as a global commons (a subset of a common good). Article
I of the Outer Space Treaty (1967) states:
“Outer space, including the Moon and other celestial bodies, shall be free for
exploration and use by all States without discrimination of any kind, on a basis of
equality and in accordance with international law, and there shall be free access to
all areas of celestial bodies.” (UNGA, 1967).
This legal principle is the cornerstone of the OST and maintains the status of outer space as a global
commons and maintains the principle of non-excludability. Article III also states that those
participating in exploration or use of outer space must do so both in accordance with in ternational
law and:
“…in the interest of maintaining international peace and security and promoting
international cooperation and understanding” (UNGA, 1967)
The principles that the OST introduce have been almost unilaterally agreed upon, with over 100
parties ratifying the treaty, and more than 25 others who have signed the treaty but not ratified. The
OST and its legal treatment of outer space and the activities conducted in space are considered best
practice by the space community.
The Moon Treaty (1979) is another contribution from the space community this report considers for
defining the ethical scope of water treaties and agreements. Article IV of the Moon Treaty (1979)
states:
“The exploration and use of the moon shall be the province of all mankind and shall
be carried out for the benefit and in the interests of all countries… Due regard shall
be paid to interests of present and future generations as well as to the need to
promote higher standards of living conditions of economic and social progress and
development…” (UNGA, 1979)
The Moon Treaty introduces the concept of the global heritage of mankind. This concept has also
been applied to the seabed and ocean floor (UNGA, 1982), and also in part to the Antarctic (Frakes,
2003). This concept has 5 main components. A resource under the jurisdiction of the common
heritage of mankind:
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1. Cannot be owned. That is, there is no private or public appropriation.
2. Must be managed by all nations together. That is, no single nation should manage since the
resource belongs to all. This practically necessitates a specialized organization or agency to
manage the resource.
3. If exploited, the benefits must be shared equally amongst all.
4. There can be no military or weapons installed in territorial commons areas.
5. The resource must be preserved for future generations. That is, it cannot be exploited in a
way that doesn’t preserve its present state (Frakes, 2003).
The UN Convention on the Law of the Sea has been widely agreed upon, with over 150 signatories
and 60 ratifications. However, only 11 countries have signed the Moon treaty, according to the most
recent reports (UN, 2015). If only a few countries in the world have signed and ratified the treaty
safeguarding the Moon for the benefit of all mankind, it is expected there would be fewer countries
willing to protect water as a common good. The main reason for the failure of the Moon treaty to be
accepted is commonly identified as being the overly restrictive definition of the common heritage of
mankind classification.
On the other hand, the global commons status would add the greatest value when defining this
natural resource. The conceptualization of water as a common good provides solid guidelines to
develop a concrete political, legal, economic and ethical framework. Contrary to the common
heritage of mankind, the exploitation and benefits potential are not limited.
The concept of a common good has a few issues when applying it to freshwater. Primarily, it doesn’t
lead naturally to the most efficient possible distribution among individual’s needs. Thi s problem is
linked with its global access and the cost of resource management. This kind of good is particularly
threatened by the ‘free rider problem’. If each individual has free access (i.e. isn’t excluded), there is
a propensity to utilize it more than if access was restricted (i.e. exclusive). Thus demand can often
outstrip the available supply. The problem is the same for both water and space. Access involves the
risk that unbalanced usage threatens the common interest. The limited slots available at geosynchronized orbit or the limited quantity of drinkable water available are both examples requiring
cooperative management from states. In other words, the management of these resources requires
a cooperative system sharing the exploitation and derive d benefits but also common monitoring
(Cordonnier, 2012). A system for managing this problem when related to space is explored below
when discussing the International Telecommunication Union.
The common heritage of mankind provides a very restrictive legal basis concerning access, usage and
exploitation of water resources and is not relevant enough to fulfill the current needs. Because of
this, the global commons concept involving limited constraints represents an ideal semantic
framework for developing a global initiative as a solution. This problem is directly addressed by
giving the resource common heritage status, but goes against classical historical usage patterns.
Having water as a common good does not oppose directly historical trends for water usage and
management. It extends the cultural vision of water to the global scale, guaranteeing water access
and usage for all. (Velasquez, et al., 1992).
Both concepts have a powerful ethical involvement. Considering water as the common heritage of
mankind would have a significant protective dimension concerning its usage and management.
Considering water as a common heritage would pose important ethical, cultural and economic
considerations of its usage and management. Water as a common heritage would prevent critical
developments in extraction, usage and management at local and international levels. If the general
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principles of law gather interesting elements to build a solid framework for water managem ent, it
requires a wider definition to cover a more accepted political, economic and ethical dimension.
Because of the strict ethical framework delivered by the concept of common heritage, using it for
water might not a perfect solution and would limit considerably the potential economic motivation
for water management. The correlation of these elements with the economic concept of global
commons could better provide interesting opportunities for the status quo (Prue, 2011). Either way,
both concepts add value to the discussion of how we can better manage transboundary, shared
freshwater resources in a cooperative and international manner.

SCENARIO 3
The GWI team recommends that the Outer Space Treaty and the Moon Treaty are both
considered by nations in the third scenario identified in Section 1.3:
The model of the Outer Space Treaty (1967) for defining outer space as a global commons
should be considered when creating international agreements or frameworks for freshwater
management. Specifically, the legal status of freshwater should be defined and the rights to
access and usage without interference are of vital importance.
The Moon Treaty (1979) and the concept of a Global Heritage of Mankind should also be
considered. The full definition is too restrictive to be applied to freshwater. It should instead
be considered as a guide for what is achievable (and what is not) when developing
international agreements.

3.3.2 International Telecommunication Union
The International Telecommunication Union (ITU) was established in 1865 originally for the purpose
of regulating radiotelegraph communications. Over time its mandate has expanded and it now acts
as the main forum for discussion on the future of the information and communication technology
sector. It has been a UN agency since 1947, and currently has a membership of 193 countries and
over 700 private entities and academic institutions (ITU, 2015a).
As an example of a best practice from the space community, the ITU is of considerable interest.
Specifically, the ITU Radiocommunication Sector (ITU-R), which manages globally the radiofrequency spectrum and satellite orbits. The main mission of the ITU-R is:
“To ensure rational, equitable, efficient and economical use of the radio-frequency
spectrum by all radiocommunication services, including those using satellite orbits,
and to carry out studies and approve Recommendations on radiocommunication
matters.” (ITU, 2015b)
While not limited in its application to space activities, since it covers terrestrial radiocommunications
as well, the model the ITU uses is considered a best practice by the space community. Radio spectrum and orbital slots are both considered as limited natural resources by the ITU and by the
space community. Both of these resources have similar characteristics to freshwater. The way they
are treated and utilized by the space community through the ITU-R could provide a framework for
both defining freshwater and managing it in international agreements. As an example of
international cooperation across legal jurisdictions it is perhaps an ideal model for managing
transboundary water management.
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SCENARIO 3
The GWI team recommends the model of the ITU for nations in the third scenario described
in Section 1.3. The ITU model for management of radio-spectrum and satellite orbital slots
should be considered when creating agreements between nations for shared freshwater
resource management.

3.3.3 International Space Station
The ISS began construction in 1998 as the result of a joint programme operated by the space
agencies of 4 nations; the US (NASA), Russia (Roscosmos), Canada (CSA) and Japan (JAXA), as well as
the European Space Agency (ESA) representing Europe. It is commonly referred to as the most
expensive single structure ever created and is certainly the most complex space based object ever
built. It weighs approximately 450 metric tonnes and is over 100m wide. (NASA, 2011).
The complexity and size of the ISS means that no single nation could have afforded to undertake
construction and operation on its own and cooperation with others was a necessity. It was
constructed and is operated based on a legal framework consisting of intergov ernmental
agreements, memoranda of understandings between the space agencies, and bilateral agreements
to implement the various memoranda as well as establish a management structure for the program
(ESA, 2015b).
Despite recent sanctions by the US and other governments against Russia, due to conflict in the
Ukraine (Holland & Mason, 2014), the operation of the ISS has continued without hindrance. Russia
and the US have both committed to sustained operations until 2024 (De Selding, 2015). This level of
international cooperation and agreement for what is deemed as an important scientific and
exploratory venture is considered a best practice by the GWI team.
The ISS agreement between the US, Europe, Russia and Japan provides a solid framework and
reference for how international projects of great importance can move forward for the benefit of all
parties, even in the presence of, at times, conflicting national priorities.

SCENARIO 3
The GWI team recommends the model of cooperation from the ISS for nations in the third
scenario described in Section 1.3. The model and framework of international cooperation
between the US, Russia, Europe, Canada and Japan that underpins the ISS should be
considered when creating agreements between nations for shared freshwater resource
management.

3.3.4 Water Public Private Partnerships
Water management is a complex task which involves the assurance of proper usage of water for
sustainability through various activities. Water allocation needs to be objective and responsive to
the needs of society in order to maximize the welfare of society and the environment. Pollution from
industry, agriculture, etc. has a large impact on the freshwater resources available to a nation and
must be controlled to minimize its impact. In order to implement effective and efficient programs,
water resources must be monitored in real time. The proper economic and financial tools must be
applied to support equitable and sustainable usage of water. Transparency and corruption factors
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are directly related to the operational efficiency of freshwater management systems w ithin states,
as well as on the transboundary level. Therefore, information must be managed accordingly in order
to provide accurate databases to make transparent decisions.
Through this analysis, the GWI team aims to identify similarities between the PPPs applied in the
space sector and the various emerging PPPs in the water management and business sectors. The
focus is on developing countries and emerging PPPs are a viable option to help develop water
management and promote the use of existing databases regarding freshwater resources, water
pollution etc. Moreover the privatization of water resources will be explored by analyzing financial
terms while taking into account ethical perspectives.
PPPs were selected as effective organizations that are demand driven and have a mission focused on
specific market needs, both from an industrial and a societal perspective. These organizations
address relevant and current issues with regards to water management while anticipating future
demands and trends. The space and water management communities currently both have PPPs and
share many common elements. It was found that PPPs can create a virtuous cycle of mutual benefit
for all parties concerned.
Two space PPP projects stand out, Skynet 5 and Galileo. The largest PPP was the Ministry of Defense
(MoD) contract with Skynet 5 which provides the UK military with secure satellite communications. It
is now fully operational with three geostationary satellites and has become a successful example for
future projects. The second example is the European Commission’s Galileo project, an equivalent to
America’s Global Positioning System (GPS). It is widely characterized as a controversial attempt at a
public and private partnership. (Pricewaterhouse Coopers Corporate Finance, 2003)
Galileo program governance was inadequate and division of roles was not clearly defined. Member
states intervened in the interest of their national industries and conflicts of interest triggered an
ever spiraling loop of schedule delays leading to low user satisfaction, putting private partners’
revenue at risk. By 2007 the program was five years behind schedule and facing an overrun of €2.25
Billion (Hein, 2007). In 2007 the EU terminated PPP negotiations, taking a traditional public approach
for deployment.
Comparisons of Skynet 5’s success
versus Galileo’s troubled PPP attempt
conclude that criteria for successful
PPPs in the space sector are a stable
policy environment, a secure market
and experienced partners. In other
words, the policy and regulatory
environment is underlined as an
effective means for the reduction of
conflicts that might emerge from lack
of experience. (Bertrán & Vidal, 2005)
PPPs have presented key attributes
that are beneficial for certain projects.
One of the main benefits that PPPs
offer is the sharing of risks and
resources between the partners. Over a
project’s lifetime this division of risks Figure 33: Private sector's contribution to PPPs (McKinsey
Company, 2009)
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and resources results in higher efficiencies, lower costs and improved revenues. The private sector
has many contributions to add to a PPP which are depicted in Figure 33 above. The private sector
that is involved in PPPs has a much stronger incentive and more opportunity to optimize the design,
build, and finance operations and maintenance for higher revenue. A stronger customer focus from
the private sector maximizes the expected service revenues and contributes in the expansion of the
customer base. In addition private partners offer innovative developments of high potential and new
sources of income and usually improve the program timeline and budgetary management. Reducing
budgetary pressures, spreading cost of financing over project lifetime, and the increase of
flexibility/potential for other opportunities is another positive aspect (Pricewaterhouse Coopers,
2005).
3.3.4.1 PPPs in the Water Sector
Certain global trends can be observed from the formation of PPPs in the water and wastewater
sectors. First of all, PPPs provide a means of ‘filling the infrastructure gap’ and financing the delivery
of these critical water infrastructure programs, both in developed and developing countries. PPPs
utilize innovation coming from the private sector to integrate natural and infrastructural solutions to
water management. The use of PPPs in the wastewater sector is expanding globally. This trend
enables infrastructure development and the reuse of non-potable water resources in industry and
agriculture. These wastewater infrastructure projects have also continued to develop independently
of the global financial crisis (Aileen Anderson, April 2011). A typical PPP structure is shown in Figure
34.

Figure 34: Water PPP organizational structure (Bertrán & Vidal, 2005)

PPPs in the water sector avoid the disadvantages of monopolies, and the conflicts inherent to
regulation. By virtue of their economic and operational bond, the public and private sectors reach a
common understanding of the technical, economic, and social challenges involved in providing
sustainable water services.
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The private sector has made significant and lasting contributions to the delivery of reliable, safe
water worldwide. Increases in prices are often an argument against water PPP’s, but are not usually
factual. According to the International Finance Corporation (2011), in a sample of 1,200 water and
energy utilities in 71 developing and transitioning countries, no systematic change in residential
prices occurred as a result of PPPs. The nature of these partnerships varies wide ly and builds on the
private sector’s ability to improve quality and efficiency and to extend access. The nature depends
on the government’s capacity to raise finance and subsidize expansion to the poor as well.
Rural water PPPs have proliferated in recent years mainly for piped schemes, less often for hand
pumps and other point-source supplies. Proof that this model will deliver sustainable rural water
supplies at scale, however, awaits more data on long-term costs, profitability, and performance. So
far, most countries have not demanded significant investments in infrastructure from their private
partners, and thus external capital financing is still needed. Several positive examples of the
implementation of the Public Private Models of successful water management can be found in Cote
D’ Ivoire where a successful partnership of water utilities has been taking place for over fifty years.
(Marin, et al., 2009)
3.3.4.2 Impact on Operational Efficiency
The creation of PPPs has a positive impact to utility creditworthiness, revenues, and ultimately the
financial viability of the water sector. Significant progress over several indicators further enhances
the impact on the operational efficiency of water related PPPs in different domains such as
reduction of water losses, improvement in water collection rates, pipeline networks of premises etc.
For example there have been tangible benefits both for population and government, however it
does not always mean progress over all indicators and rarely means full compliance with contract
targets. (The World Bank, June, 2012)
First round Public-private partnerships from the 1990’s, particularly in the developing world, were
often introduced as a last-minute measure to remedy unsustainable economic and technical
situations (Marin, et al., 2009). For example, private investors are requested to inject freshwater
capital for new investments under tightly controlled contractual or regulatory tariff frameworks. The
evolution of tariffs resulting from the introduction of the PPP depends in large part on the technical
and economic situation at the point when the PPP takes over the water service infrastructure, and
on the level of public financial support. The efficiencies produced by the private investors can bridge
the gap to cover operating costs and help finance new investments, resulting in stable and
sometimes decreasing tariffs.
With the emergence in developing countries of a second round of PPPs follo wing the first and
somewhat ill-fated experiments in the 90’s lessons similar to those learned from Galileo are being
applied. Marin in his work for the World Bank in the report “Public-Private Partnerships for Urban
Water Utilities; A Review of Experiences in Developing Countries” observes that this second round of
PPPs has been more successful when public financing has been used for investment (Marin, 2009)
mirroring the Skynet5 experience. Marin also goes on to suggest that when partnerships are made
with local or national private investors there is a better alignment of strategic goals between
government and enterprise
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SCENARIO 1
The GWI team recommends the approach to PPPs evident in the Skynet5 program for
nations in the first scenario described in the introduction. By having clear public policy, an
informed and reasonable expectation of desired outcomes and by engaging water
management experts, ventures between private enterprise and government can be
successful for both parties. Where governments have a committed policy and clearly set
service levels and resist dictating how the private partner(s) execute the plan private
investors can assess, understand and mitigate risk.

3.3.5 Conclusions
The Outer Space Treaty and the Moon Treaty can contribute to the basic legal, economic and ethical
framework for cooperation on water management. The ITU and the ISS provide management
frameworks for cooperation and consensus at an international level. Many lessons can be drawn
from the process the space community has been through to also reach consensus on agreements on
water. The biggest learning outcome, therefore, resides in acting for the benefit of all mankind from
cooperation regardless of political, economic and scientific development.
While not immediately apparent, space and water PPPs have similarities in a number of areas. They
are the requirement to provide a service to government and its people, to do so w ith the budget
that is limited and to meet important national strategic objectives.
Although PPPs are already extensively used within the water management community, there are
lessons from PPPs in the space sector that can be applied to obtain a more effi cient PPP in the water
management community. Looking at the Galileo project and seeing how the states were acting in
the interest of their own national industries which ended up causing the initial failure. This is directly
related to how upstream nations control the flow of and access to water, sometimes to the
detriment of their downstream neighbors. As an example of PPP success, the Skynet5 case provides
a reference for national programs to improve efficiency of existing water resources. Clarity of policy
and purpose, understanding risks and leveraging sector expertise in a partnership where strategic
goals are shared, such as the national interest, create the foundations for a successful Public-Private
Partnership. This applies equally to a nation’s interest in space and to securing their national
interests in water.
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OUTREACH FROM OUTER SPACE

Part of the GWI team’s mission statement is to increase the level of knowledge transfer between the
space and water management communities. This aim is visualized in Figure 35 below. This report not
only aims to recommend best practice space methodologies for global freshwater management, but
also to propose a realistic framework for implementation of these solutions. Successful
implementation of solutions must consider how to effectively appeal to the user.

Figure 35: Increasing interaction between the space and water communities is an aim of the GWI team

The design of any system loses significant value if it does not account for the motivations and the
desires prompting its development and necessitating its use. The following section will discuss best
practice methodologies in use within the space outreach community. The GWI team has identified
the following four best practice outreach solutions: the use of social networking by space agenci es,
the development of mobile apps using space data, the use of space art to raise awareness and
funding, and competitive prizes for innovative technologies and concepts. These solutions are
summarized, with examples, in Figure 36.

Social Networking

Mobile Apps
Competitive Prizes
for Innovation
Space Art

•NASA's "Galactic Social Media Empire"
•ESA's creative film, Ambition, and social media kits

•India's Web Enabled Water Resources Information System
•NASA's International Space Apps Challenge
•ESA's a nnual App camps

•Anous heh Ansari and the X Pri ze
•Pri nce Sultan Bin Abdulaziz International Pri ze for Water
•LAUNCH: Wa ter Initiative

•Guy La l iberte's Poetic Social Mission and the One Drop Foundation
•Experi ence Design methodology by Nelly Benhayoun

Figure 36: A summary of the best practice outreach solutions from the space community with examples.
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These solutions are already effectively connecting proposed technical, social and financial solutions
within the space community to the users. This section will also assess at what scale these projects
are now operating and how they can be further developed to increase knowledge transfer between
the space and water management communities.

3.4.1 Use of Social Media
The following section describes the use of social networks by space agencies, and details how these
platforms are used effectively for outreach as well as how they can be further developed.

Social
Networking

•NASA's "Galactic Social Media Empire"
•ESA's creative film, Ambition, and social
media kits

The first identified outreach solution is the use of web-based social networking services and social
media marketing by space agencies such as NASA and ESA. These agencies use social networking to
encourage a more bottom-up approach to both space and water management projects (iSchool at
Syracuse University, 2012). ESA and NASA utilize social networking services such as Twitter,
YouTube, Instagram and Facebook for public outreach (NASA, 2015c).
NASA headquarters has accounts on 12 social networks (NASA, 2015c) NASA Headquarters’ official
account on Twitter has over nine million subscribers (Twitter, n.d.) and the efforts of NASA’s Social
Media Team have resulted in a total of 10 million likes on the main Facebook page, currently posting
up to 3 pictures or videos a day and receiving approximately 15,000 likes per publication including
2,000 comments and 5,000 shares. In addition to the official Headquarters page, NASA has over 100
pages on Facebook alone, covering different missions, centers, facilities and astronauts (NASA,
2015c). Beth Beck, NASA’s Open Innovation Program Manager, calls NASA’s social media initiatives
the “Galactic Social Media Empire.”
While NASA reaches a greater number of people using social networking services, one may argue
ESA better utilizes YouTube and other video platforms to outreach artistic videos on their spa ce
activities. ESA’s YouTube channel has released animated videos for all age groups, which increases
ESA’s popularity at all age levels and shows the work being done by the space agency in a fun way.
The short film, Ambition, communicates ESA’s expectations for the Rosetta mission through an
artistic performance. The promotional video was filmed as a futuristic sci -fi narrative and was
accompanied with stylistic movie posters (pictured in Figure 37). The film stars an actor from a
popular television show, Game of Thrones’ Aiden Gillen. The English version of the film on the
official ESA channel has been watched over 1.1 million times alone (ESA, 2015).

Figure 37: The promotional poster for the Ambition short film, which promoted ESA's Rosetta mission to a
comet (ESA, 2015) (ESA, 2014c).
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Juan de Dalmau (2015), head of the ESA Communications Office, credits social media with greatly
enhancing the outreach capabilities of ESA and has helped in communicating ESA’s projects and
achievements .
3.4.1.1 Improving Water Use Efficiency
NASA is already using social media to educate people on the effects of overconsumption of water
resources and how to reduce individual and community water consumption. On the 15th of
February 2015, NASA published Figure 38 (NASA, 2015b) on the official Headquarters’ Facebook
page. This picture is striking and raises awareness that this future is not only conceivable, but
probable. The post allows access directly to the website in order to learn more. This mass and
instantaneous access to information provokes public action to reduce water consumption.

Figure 38: Potential drought patterns for the year 2095 in North America (NASA, 2015b)

The projection, Figure 38 portrays that by 2095 most of North America will be desertified. This
specific publication helps create a more conscious society in a region hit by water scarcity, one which
is more likely to reduce consumption and increase recycling.
There is a gap in publications from the space community on social networking services specifically
targeting water issues. NASA’s Twitter Environmental Topics account (@NASAenvcomm) partially
addresses water issues, but has been mostly inactive since July 2014 (NASA, 2015). The GWI team
recommends updated information on the NASA Environmental Topics account concerning water
issues and space solutions. The team also recommends space agencies to develop a Twitter account
specifically with a water and space theme.
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SCENARIO 1
The GWI team recommends a social media package, discussed previously in with a specific
theme for water and space, to sensitize the populations in order to optimize water usage both
in domestic consumption and in agricultural consumption. The package should provide
constant publications and videos, produced in such a way that it appeals the human intellect as
well as the human passion, to motivate people into actively participating towards more
efficient water usage. Visual art can have a great input in making the publications and videos
more appealing.

3.4.1.2 Identifying New Sources of Water
NASA uses web-based social networking to increase awareness on the ways space can help identify,
utilize and manage alternative water resources. For example, NASA has a YouTube video called “Real
World: NASA and the Chesapeake Bay,” which aims to inform the general public on the ways NASA
has helped preserve and monitor pollution at the Chesapeake Bay. However, the video has not been
very popular, garnering only 5,423 views and 4 comments (NASAeClips, 2015).
The GWI team recommends the use of more attractive and appealing videos for engagin g the
general population in how space can be used to solve Earth problems. An example of an engaging
video comes from the joint ESA and NASA social media campaign for Philae, the Rosetta lander,
including a cartoon of the Philae craft landing on a comet, Figure 39, a comet landing hashtag and an
avatar Facebook page for Philae. The agencies call this Facebook, Twitter, YouTube outreach
package a “comet landing social media kit” (JPL, 2014).

Figure 39: A capture from the Rosetta-Philae cartoon promoting the first landing on a comet through YouTube,
Twitter and Facebook (JPL, 2014).

NASA’s efforts to educate the public on how to use information from satellite images for solving
Earth problems is spread across many environmental topics, including sustainability, climate change
adaptation, remediation, restoration, water and energy conservation and compliance. All of these
issues and their space solutions are intermixed on web-based social networking services, and
communities such as the water management community cannot easily access specific suggested
solutions. The GWI team recommends NASA separate its environmental outreach efforts by specific
topics into separate Twitter handles and YouTube channels
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3.4.1.3 Raising Potential for Negotiation
NASA scientists are researching the link between violent conflict and water scarcity. According to
James Famiglietti (2014), a University of California professor who conducts research for NASA,
groundwater depletion is a major cause for concern, because it hinders the food production in
densely populated areas such as regions in India and the Middle East. Famiglietti argues th at
conflicts caused by failure to share water harmoniously are ongoing and analysts expect this to
continue (Arsenault, 2014). Although scientists at NASA have researched water-related conflicts and
transboundary issues, there have been no web-based or social networking campaigns to raise
awareness on the issue.

SCENARIO 3
The GWI team recommends space agencies create highly targeted social media campaigns to
reach management institutions and influencing individuals that can increase cooperation in
transboundary issues.
3.4.1.4 Implementing the Solution
As seen in the examples above, the space community has been proactively pursing campaigns
through web-based social networking to raise awareness on their activities, including the ways space
can help better manage water. ESA has examples of highly targeted and extremely effective
animated and artistic videos disseminated through YouTube. Millions have watched these videos
and follow their accounts. NASA has shown the power of Facebook and Twitter to successfully raise
awareness on their initiatives. In order to successfully raise awareness on the water predicament,
the GWI team recommends the creation of a social media account or hashtag specifically targeting
water and space.

3.4.2 Mobile Apps
The following section describes the development and use of mobile apps by the space community,
and details how these platforms are used effectively for outreach as well as how they can be further
developed.

Mobile
Apps

•India's Web Enabled Water Resources Information
Sys tem
•NASA's International Space Apps Challenge
•ESA's a nnual App camps

The second identified outreach solution is the development and use of mobile apps to create
incentive for and to educate users on how to use space data to better manage water. While social
networking utilized by NASA and ESA targets the general public, mobile apps can target professional
and educational users more specifically as well as be available for personal use. The space
community is providing enormous amounts of data in the field of EO, but both professional and
personal users and managers of water are in need of skills to interpret and use the data. The space
community is developing mobile apps and support infrastructures to enable utilization of remote
sensing data. Further development and implementation of these mobile apps would increase
utilization at all levels of the water management community.
As discussed in Section 3.2.1 Monitoring Land Use Patterns and Section 3.2.3 Identifying New Water
Sources, satellite data can be used in optimizing water consumption. The Indian government has
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successfully empowered village-level water managers by setting up an infrastructure where mobile
apps can be utilized at the individual level and where individual users have incentive to use them.
Data is provided directly to the mobile devices of Indian users through a mobile app infrastructure
provided by the Indian government. The Indian government has launched various applications for
mobile devices such as the Web Enabled Water Resources Information System that enables the user
to know the water resources present in their area as well as information on dams, tourist spots, river
basins, etc. (WRIS-India, 2014). Other mobile based services such as “MKisan” and various others
help farmers to receive relevant information such as rainfall and agriculture best practices directly
from water management experts and other stakeholders (ibnlive, 2013). Village Resource Centers
(VRC) support the overall infrastructure by providing necessary training to students and other
villagers in computers, agricultural advisories, non-formal education, skill development and the
interpretation of the satellite imaging data (NRSC, 2008). This already established infrastructure
could also be used to train people in the use of mobile applications.
A platform for global app development is NASA’s International Space Apps Challenge. It aims to
develop new mobile applications using space data. This initiative is under NASA’s Open Innovations
Program, which co-ordinates competitions at around 100 locations worldwide to engage and
connect participants to generate open source, new and innovative solutions in support of NASA’s
mission and operations. Public data sets, such as the climate.data.gov database, are utilized for
these proposed solutions (US Government, 2015). According to Beth Beck, the competition is one of
a kind as it brings innovators around the world together in the same place for a specific amount of
time and allows them to solve problems while utilizing the collective genius of people aro und them
(APPLE News, 2014). In 2013, innovators around the world came together to develop an app for
predicting water contamination. The apps developed from this challenge are depicted in Figure 40
and were promoted by NASA with the hash tag #watercontamination or #mWater. The mwater
team has created a mobile application and global data base of water resources which provides
information about the contaminants in a sample of water. The mwater team wants to update the
application with population density data, developing ways to predict the contamination of
transboundary resources and incorporating digital elevation model within the app (mwater, 2013).

#populationbywatersource

•An app targeting local municipalities and health workers to determine
people in their community that lacks access to clean water
(spaceappschallenge, 2013)

Predicting water
contamination

•An app to generate visualization for the flow of contaminants in a
water source. This application can be used by the government
authorities of various nations that share water resources and it can be
helpful in establishing the proper water monitoring
(spaceappschallenge, 2013)

Pipe by Pipe

•An app to map the potable water source location with regards to the
population density (spaceappschallenge, 2013)

Aquaping

•An app to be used to report water bodies at the risk of contamination
by different sources, such that surrounding water management
communities can take proper measures (spaceappschallenge, 2013)

Figure 40: Mobile apps developed through NASA's 2013 International App Challenge having to do with solving
water issues (spaceappschallenge, 2013)

The International App Challenge has additional water-specific challenges planned, such as the Clean
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Water Mapping as pictured in Figure 41. The figure also demonstrates the accessibility of the
challenge, providing attractive and easy-to-use interfaces where users can easily click a button and
create a project and offer an app-based solution to existing global problems. While the International
App Challenge seems to be generating innovative ideas and problem solving techniques for water
issues, it is unclear how well they have been implemented and how well they are supported by a
national infrastructure such as in the situation of India.

Figure 41: The online interface to submit a clean water mapping app as part of NASA's International App
Challenge (International App Challenge, 2015)

ESA organizes an annual Apps Camp where developers from various ESA and EU member countries
come together for one week and develop mobile apps that utilize satellite data (ESA, 2015c). The
organization has run five such camps with the first one starting in 2011 (ESA, 2012). One of the
competitions organized by the agency is the Copernicus Masters competition earlier known as the
GMES Masters, aiming to foster product development and entrepreneurship in Europe. It looks for
ideas that can be implemented quickly as a business case. In addition to rewarding the best ideas the
agency also provides data packages, technical support and business incubation (ESA, 2013c). In 2015
the FarmIQ App won the challenge’s first prize for developing a mobile app that uses Earth
observation and agricultural data to provide state-of-art predictive monitoring, crop monitoring, and
advance warnings of potential problems. Another prize winning App was AGRAI that was developed
to assist farmers in routine jobs and issue warning in case of droughts, frost and pest outbreak (ESA,
2015c). Unlike the NASA International App Challenge, the ESA apps are clearly implemented and
available to users online.
3.4.2.1 Improving Water Use Efficiency
In 2014 the WaterSense App won the ESA’s annual app camp challenge, the app is developed
specifically to assist farmers with irrigation utilizing the Sentinel -1 satellite data available for water
availability and soil moisture. This app is really helpful i n optimizing the water resources as it
provides farmers with field-by-field analysis of soil moisture that can be utilized by the countries like
Spain and Italy which use half of their water resources for irrigation (ESA, 2014b). The infrastructure
developed by the Indian government in developing the Village Resource Center also plays a
significant role to strengthen the rural areas and educate people on variety of mobile applications
developed.

SCENARIO 1
The GWI team recommends space agencies use the suggested infrastructure to develop mobile
apps so that farmers and professionals can monitor exact water use.
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3.4.2.2 Identifying New Sources of Water
Mobile applications such as WRIS app developed by Indian National Remote Sensing Center
combined with the app Aquaping, can help in raising awareness about new water resources in the
country and how those resources are managed properly. If a new water resource is discovered in an
area then mobile applications can be developed mainly targeting the farmers and regional water
consumers that provide information regarding the amount of water left in the resource,
contamination of the resource and importantly in how many years the resource will be fully
depleted if the current rate of water consumption continues. Once they will get aware of the
situation, then solutions from scenario one comes into picture in educating people about reducing,
reusing and recycling.

SCENARIO 2
The GWI team recommends space agencies in water-stressed countries incentivize the
development of smartphone apps to increase usage of new sources of water and water
harvesting. An example of this is the work done by ISRO, who has created apps to help farmers
use untapped water resources.
3.4.2.3 Raising Potential for Negotiation
In 2011, a cholera outbreak occurred in Haiti because sewage from a UN security pers onnel camp
contaminated a river upstream used as a drinking water source (mwater, 2013). Mobile applications
can be developed to monitor the contamination of water sources and alert the general public of
potential issues. As discussed in Section 3.2.4 Mapping Water for Transparency this information
strengthens ties between countries as well as maintaining international co-operation and peace.
One such application titled “Predicting water contamination” is being develope d that targets the
contamination and mapping the flow of these contaminants in shared water resources.

SCENARIO 3
The GWI team recommends space agencies and advocates targeting countries facing lack of
cooperation, in order to drive their populations into mutual understanding and respect.
Education at primary level through apps can be used to create a culture of cooperation, mutual
respect, and mutual understanding.
3.4.2.4 Implementing the Solution
An important gap between the space and water management communities is the lack of awareness
of available technologies for measuring the global water cycle, water recycling and climate change.
In addition to mobile apps for professional and personal use, as in the Indian framework and the
International Apps Challenge, mobile applications can be developed to educate students at the
primary level.
Primary education through mobile apps can be implemented in schools and colleges as well. The
One Laptop per Child is the organization that is providing laptops to children throughout the world in
collaboration with various United Nations programs, various government organizations and NGOs.
The organization has developed a tablet suitable for children from 3 to 12 years of age. The tablet
has over 150 applications. With more and more governments, such as the Peruvian government,
implementing project-based learning in schools, the digitization of the classroom seems inevitable
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(OLPC, n.d.). This brings an opportunity where the space community can collaborate with this
organization and develop a mobile application that creates more awareness among the water
community about the benefits space data can provide. Animations developed by ES A such as the
Near Swell System (ESA, 2015d) specifically for kids can be integrated into these tablets to introduce
kids to climate change, the global water cycle and many other climatic changes happening across the
globe. The Indian government is planning to invest approximately 1.2 billon USD to distribute free
tablets to around 20 million students in India (Rastogi, 2013).
Countries that currently lack the public infrastructure to feed mobile applications directly to the user
could utilize existing NGO infrastructure. For example, the NGO “Millennium Villages Project,” is
already working in many African countries to promote the use of remote sensing and Geographic
Information Systems (GIS) to address challenges in agriculture, education, infrastructure, health,
gender equality, and business development. The participation of national governments is vital to the
success of the Millennium Village Project, as these are initiated only in countries where national
leadership not only supports but also engages with the program (Millennium Project, 2013). Some
processed information is provided open-source for data poor parts of the world such as southern
Africa but these data sets could be better utilized by countries in raw form and with the support of
in-country training and skills development (ESA, 2014). The GWI team recommends the following
framework as depicted in Figure 42.

Figure 42: Flow chart for the development of global mobile apps

Figure 42 integrates the best out of all the mobile apps development across the world; it integrates
the Earth observation data for example EPA’s STORET (STOrage RETrival) system as discussed in
Section 3.2.2 Monitoring Water Quality, around the globe with the administrative data, Climate
Change Data, thematic maps, and socio-economic considerations. The flowchart in Figure 42 is
inspired by the Indian Space Based Information Support for Decentralized Planning (SIS-DP)
architecture (NRSC, n.d.).
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3.4.3 Innovation Competitions & Prizes
The following section describes the use of competitive prizes which encourage innovative
development for the water management community, and details how these platforms are used
effectively for outreach as well as how they can be further developed.

Competitive Prizes
for Innovation

•Anous heh Ansari and the X-Prize
•Pri nce Sultan Bin Abdulaziz International Pri ze for Water

The GWI team has identified the offering of prizes for innovative technologies and concepts as a best
practice outreach solution within the space community which offers knowledge transfer to the
water management community.
Anousheh Ansari is the first female private space explorer and she is devoted to empowering social
entrepreneurs of the younger generation (Anousheh Ansari, 2009). Her time in space aboard the
International Space Station in 2006 and her outreach since then has been focused on youth activism
and motivating innovative new technologies to solve Earth problems. Anousheh is a member of the
X-Prize Foundation’s Vision Circle, as well as its Board of Trustees (Anousheh Ansari, 2009). The XPrize has an Energy and Environment Prize Group which has, as part of its mission, the goal to
generate breakthroughs in water resource management (X Prize, 2015).
The Prince Sultan Bin Abdulaziz International Prize for Water (PSIPW) is another competition which
encourages innovation in water management technology. The PSIPW is a Saudi-based effort which
rewards efforts made by scientists, inventors and research organizations globally which contribute
to sustainable availability of potable water. The PSIPW participate in the meetings of United Nations’
Committee on the Peaceful Uses of Outer Space in Vienna as an observing member. The PSIPW also
organizes bi-annual International Conference in conjunction with the United Nations and various
space agencies, on the Use of Space Technology for Water Management, which to date has been
held in Riyadh, Buenos Aires, and Rabat (Prince Sultan Bin Abdulaziz International Prize for Water,
2015).To cover entire water research landscape, The PSIPW offers five bi -annual prizes as
categorized in Table 15 on the next page (Prince Sultan Bin Abdulaziz International Prize for Water,
2015).
NASA Open Innovation Program Manager, Beth Beck, is also closely involved with NASA projects
aimed toward increasing knowledge transfer between the space and water management
communities. The GWI team has identified two NASA programs as best practices, the LAUNCH:
Water Incubator organization and the Fragile Oasis organization.
3.4.3.1 Improving water use efficiency
NASA Open Innovation Program Manager Beth Beck is also involved with an organization
“Launch.org” that has a goal to “Accelerate Innovation for Sustainable Future”. The organizat ion
inaugurated with water “LAUNCH: Water Incubator” as a logical starting point because it is a critical
commodity for everyone and not just the astronauts orbiting in International Space Station.
(Coturnix, 2010)The competition was organized at NASA’s Kennedy Space Centre and it selected ten
Innovators who had addressed water sustainability challenges in areas that included water
contaminant floating sensor network, water efficient vertical farming systems, carbon credit
financed water purification system, low cost bacterial water testing, evaporation-based
underground irrigation technology and electro-chemical arsenic removal system among others, with
their transformative ideas and research and technology.
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Table 15: Prizes for innovative technology in water management offered through the Prince Sultan Bin
Abdulaziz International Prize for Water (Prince Sultan Bin Abdulaziz International Prize for Water, 2015).
TYPE OF PRIZE
DESCRIPTION
TOPICS
CREATIVITY
PRIZE
SURFACE WATER
PRIZE

Encourage pioneering scientific
work that provides an original and
innovative solution.
Open to scientific work that
provides a solution related to
surface water utilization.

GROUNDWATER
PRIZE

Open to scientific work that
provides a solution related to
groundwater utilization.

ALTERNATIVE
WATER
RESOURCES
PRIZE

Open to scientific work that
provides a solution related to
utilizing alternative water
resources.

WATER
MANAGEMENT/
PROTECTION
PRIZE

Open to scientific work that
provides a solution related to the
management and protection of
water resources.

Any water-related field.
























Water Harvesting
Rain and Runoff Water Modeling
Effects of Global Warming on Precipitation
Evaporation and Transpiration
Sedimentation Control in Surface Water Systems
Flood Mitigation and Control
Groundwater Recharge
Groundwater Exploration and Assessment
Groundwater Contamination
Aquifer Characteristics
Pumping Tests
Desalination
Wastewater Treatment
Water Reclamation, Purification, and Recycling
Innovative Water Production Methods
Cloud Seeding
Fog and Dew
Integrated Water Resources Management
Water Conservation
Water Demand Management
Water Pollution Control
Sustainability of Water Resources

SCENARIO 1
The GWI team recommends space agencies to sponsor more competitions such as LAUNCH:
Water Incubator, to engage innovators around the globe to develop new technologies for
water sustainability
3.4.3.2 Identifying new sources of water
The PSIPW has an entire prize dedicated to technology identifying alternative water resources. The
Creativity Prize and the Groundwater Prize have also been awarded to scientists developing remote
sensing techniques which can better monitor available sources which are not being fully utilized. For
example, the 2014 winner of the Creativity Prize was awarded to the GPS Reflections Group at the
University of Colorado Boulder for the development of a new cost-effective technique called GPS
Interferometric Reflectometry (GPS-IR) to measure snow depth, soil moisture, and vegetation water
content. In 2008, Dr. Wolfgang Kinzelbach won the Groundwater Prize for developing a new and
effective way to use remote sensing for groundwater modelling (Prince Sultan Bin Abdulaziz
International Prize for Water, 2015).
Organizations like Fragile Oasis, under the guidance of astronauts working in space, envisions being a
means to help people and organizations across the globe to collaborate and find s olutions for the
problems that we are facing on the planet (FragileOasis, n.d.). The organization has completed a
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project entitled “Free the Water” to raise awareness regarding the concept that we have a
significant amount of water trapped outside of the natural water cycle (Fragile Oasis, n.d.). The other
two projects of Fragile Oasis are “United Nations Clean Water Carbon Credit Program” run by Manna
Energy limited for water treatment in rural Rwanda (MEL, n.d.)and the “ONE DROP In Honduras Access to Safe Water for the Communities of the Dry Tropics.” Development o f this project is
discussed in Section 3.4.3 Innovation Competitions & Prizes.

SCENARIO 2
The GWI team recommends governments to sponsor contests, such as the PSIPW, to engage
the general public, taking advantage of crowdsourcing to bring about innovative ideas to
increase the usage of new water sources
3.4.3.3 Raising potential for negotiation
Perhaps the way in which Anousheh Ansari most presents an opportunity for crossover between the
space and water management communities is in her attempts to bridge gaps between borders and
between different cultural and national communities. Ansari is Iranian and tours around the Mid dleEast and the world advocating for the importance of space and the relevance of space in solving
Earth problems. She is an ambassador for cross-cultural experiences and cooperation, embodied by
her time spent aboard the ISS and by her activities since then (Anousheh Ansari, 2009). She tours
globally promoting the benefits of space for use on Earth and she is devoted to promoting space
travel and women’s leadership (APB Speakers International, 2015). Linked to her official webpage,
Ansari has a blog she kept during her training and space flight which is available in English, Russian,
Persian and German (Anousheh Ansari, 2006).
The PSIPW is also committed to raising the potential for negotiation and collaboration between
nations. In order to promote the exchange of ideas globally and open channels of cooperation
among water authorities, PSIPW Prize Council not only holds regular meetings around the world but
also organizes meeting for bi-annual award in Riyadh, capital of another Arab country, and also in a
non-Arab country (Prince Sultan Bin Abdulaziz International Prize for Water, 2015) .

SCENARIO 3
The GWI team recommends involvement Advocates, such as astronauts, space tourists and
public figures, to help in bringing population facing transboundary water issues into
cooperation. For example, Anousheh Ansari has been an important advocate for increase
cooperation and promotes education through space-based assets. Also the models of the
competitions like PSIPW should be encouraged for creating a platform for global ideas
exchange and raising potentials for negotiation.
3.4.3.4 Implementing the Solution
Although the Fragile Oasis program is an outreach program without an associated competitive prize,
it is a best practice outreach method which could offer global competitions to encourage people to
think about how to free water trapped outside the water cycles in various ways in their country. As
discussed next in Section 3.4.4 Outreach through Space Art, these concepts could be technical or
artistic.
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3.4.4 Outreach through Space Art
The following section describes the use of space art for fund raising and awareness on global water
issues, and details how these platforms are used effectively for outreach as well as how they can be
further developed.

Space art

•Guy Laliberte's Poetic Social Mission and the One Drop
Foundation
•Experience Design methodology by Nelly Benhayoun

Artistic forms of outreach appeal to human emotion and stick in the human memory. An identified
best practice outreach solution is the use of space art to raise awareness on water issues and
funding for further water management efforts. Space art takes many forms, including drawing and
painting, the spoken and written word, still and moving photographic images, and human motion.
Art, the aesthetic dimension of life, is not a frill or an add-on to space activities. It is an essential part
to all of them (Dator, 2014).
Space art can raise public awareness on water issues and space solutions. The sale of space art to
the general public can also provide funding for water management initiatives. The space community
is already raising awareness and funding using space art. The team has identified a best practice
outreach solution from the space community in the efforts of Guy Laliberté. Laliberté is the founder
of Cirque du Soleil and the first Canadian space tourist. His organization, The One Drop Foundation,
works to increase access to clean water around the world using proceeds from artistic projects (One
Drop Foundation, n.d.). Laliberté’s use of space and art as a way to provoke awe and action is
identified as a best practice outreach method in the space community. The following section
analyzes the projects of Laliberté and the One Drop Foundation in the context of each
transboundary conflict scenario and outlines potential for future devel opment.
3.4.4.1 Improving water use efficiency
During his 11 days in space on board the International Space Station (ISS), Laliberté carried out a
Poetic Social Mission. This mission was to raise individual and community awareness of water related issues and to help encourage sustainable change in universal water access and protection
(One Drop Foundation, n.d.). Laliberté took thousands of pictures while in space and published these
photographs in a collection called GAIA. This book, as well as a travelling exhibit of the photographs,
is a collection of “art that bears witness to the miracle of water and its essential relationship with
our fragile planet” (One Drop Foundation, n.d.). Figure 43 captures an image of a lake in Tibet’s Ngari
Prefecture, the sources of many of China’s rivers. With increasing demand, these resources are
becoming severely stretched.
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Figure 43: A lake in Tibet’s Ngari Prefecture, the sources of many of China’s rivers (One Drop Foundation,
2012b).

Another part of Laliberté’s Poetic Social Mission was to orchestrate a two-hour event of song, dance,
poetry and acrobatics from the ISS. The show, called “Moving Stars and Earth for Water” blended
artistic performances and poetic readings in 14 cities from a litany of participants including former
U.S. president Al Gore, Canadian astronaut Julie Payette, U2, Shakira, and Quebec biologist Jean
Lemire. There were water-themed Cirque du Soleil performances in Montreal and Las Vegas, a flash
mob in Times Square to the song “Beyond the Sea,” a song by the a cappella group Ladysmith Black
Mambazo in South Africa, Moroccan rappers in Marrakech (space.com, 2009). All of these artistic
expressions together formed a global plea for higher awareness of water issues on Earth,
orchestrated by Laliberté as he experienced the fragility of the Earth from above. As has been
discussed, the Overview Effect is a powerful force which is often misunderstood. Laliberté is
communicating his Overview experience in an artistic way and in connection with well -known
people on Earth and recognizable and appealing to the general public.
Both GAIA and the Moving Stars and Earth for Water event illustrate how space art can be used to
educate people on the beauty and fragility of the Earth’s water supply, prompting more efficient use
of available water resources. The outreach project target populations which have high water
footprints, high per capita water use, and a high percentage of high income individuals (Mekonnen &
Hoekstra, 2011). This method serves two supporting purposes: the GAIA project raises awareness
among those using the most amounts of water and the GAIA project produces funding which is fed
directly to the One Drop Foundation.
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SCENARIO 1
The GWI team recommends hosting individual or recurring artistic events which educate
people on the beauty and fragility of the Earth’s water supply, thus prompting more efficient
use of available water resources. An example of great work done in this direction is Laliberté’s
One Drop Foundation. Also, the team recommends producing space art which can be sold to
raise funding for more efficient use of water in developed and developing countries.
3.4.4.2 Identifying New Sources of Water
Pictures of the Earth’s surface can also increase awareness about pol luted bodies of water and
sources which are often ignored. For example, Figure 44 is an image of the subsoil of the Saharan
desert in Algeria, which conceals major water resources. Out of sight and somewhat out of mind,
underground resources such as those shared by Algeria, Libya and Tunisia and are increasingly used,
threatening sustainability (One Drop Foundation, 2012).

Figure 44: An image of the northern Sahara aquifer, shared by Algeria, Libya and Tunisia . From Guy Laliberte's
GAIA project (One Drop Foundation, 2012b)

As mentioned in Section 3.4.3 Innovation Competitions & Prizes, the Fragile Oasis program raises
awareness about the amount of water trapped outside of the natural water cycle. There is currently
a gap in creative forms of outreach on this topic. In California, significant rainwater is allowed to
runoff into the oceans although the region is experiencing extreme drought (Healy, 2014). In Jordan,
large amounts of water are captured in sub-sea-level reservoirs called wadis (Figure 44) and runoff
into the Dead Sea without being utilized (NATO Science for Peace and Security, 2010). There is little
awareness within the urban Jordanian population about these beauti ful regions and hidden water
sources, although artistic projects such as the GAIA project could increase awareness.
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SCENARIO 2
The GWI team recommends all space agencies and relevant institutions, especially institutions
in water-stressed countries, to organize artistic expositions to educate people on the location
of untapped water resources and the needs of people for water.

3.4.4.3 Raising Potential for Negotiation
As articulated by Beth Beck and by the Overview Institute in Section 3.4.6 Ethics, very few people
have the opportunity to go into space and experience the view of a fragile and unified Earth.
Laliberté has not only found a way to communicate his personal experience but also to communicate
the global experience of available water resources. The Overview Institute i dentifies a growing
skepticism toward the Overview Effect in reaction to new commercial space and attempts to use this
emotion for financial benefit, but Laliberté is enacting progress by finding a way to combine and
integrate diverse areas of his life about which he is passionate. This combination creates a dynamic
and a genuine infrastructure for change. His photographs raise awareness about the lack of
boundaries of water. People are accustomed to looking at a globe with boundaries drawn over the
land. Seeing images taken from the perspective of an artist in space , such as those shown in Figure
45 and Figure 46, and seeing the way water passes over land without borders can be emotional and
significant for the individual perspective of sharing water.

Figure 45: The Syr Darya River flows between Kazakhstan, Uzbekistan and Tajikistan, as pictured from space by
Guy Laliberte's GAIA project (One Drop Foundation, 2012b).
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Figure 46: An image of the Euphrates River in Turkey from Laliberté's GAIA collection. The building of dams in
Turkey affects agricultural in Iraq and Syria (One Drop Foundation, 2012b).

SCENARIO 3
The GWI team recommends the usage of space art, to make use of the “overview effect”. This
effect can influence the general public into actively engaging and pursuing a sustainable and
cooperative policy. Seeing picture from space of water flowing from one country to the other
without borders can bring about passion of the public, thus generating and conscious
population.
Laliberté has not only found a way to raise awareness on water issues through the use of space
photography but also through water-themed circus performances on Earth. One Night for ONE DROP
is an original one night only production features renowned guest performers alongside artists from
the eight Las Vegas Cirque du Soleil productions (One Drop Foundation, 2014). The event raises
awareness for water issues worldwide. The event also raises funds for the One Drop Foundation and
for innovative educational programs in Nevada through a partnership with the Las Vegas Springs
Preserve.
The One Night for ONE DROP concept could be further developed to increase awareness not only of
global water issues but also on space solutions to these issues. The GWI team proposes a water- and
space- themed Cirque du Soleil performance which will tour globally, potentially raising vast funds, a
percentage of which will go directly to the One Drop Foundation.
The Cirque du Soleil shows generate an estimated annual revenue exceeding US$810 million. The
multiple permanent Las Vegas shows alone play to more than 9,000 people a night. Guy Laliberte
now has 95% ownership of the Cirque du Soleil brand and already has a vested interest in greater
collaboration between the space and water management communities. It is not unprecedented to
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Figure 47: The Cirque du Soleil water-themed stage
production, “O,” cover art from the performance Figure 48: An example of a space-themed trapeze
performance (CarolinaTix, 2014)
music album (Cirque du Soleil, 2015).

use Cirque du Soleil performances as a social action project. Currently, the Cirque du Monde is
targeting marginalized youth.
A space- and water- themed performance could have choreography which communicates the
Overview Effect through movements which mimic the movements of astronauts in microgravity. The
programs for these performances could include educational facts on water and space as well as
sponsorship by water purification technologies or other technologies identified by initiatives such as
Launch. The music composed for the performance could be consolidated into a soundtrack which
could be sold for additional funding and outreach, similar in model to the Rosetta soundtrack. Figure
48 and Figure 47 show promotional material from two of these types of performances which could
be used for outreach activities.
The GWI team suggests a water- and space- themed performance, which would combine elements
of both.
3.4.4.4 Implementing the Solution
We need to communicate complex scientific concepts and knowledge clearly, through art and
visualization, in a direct or stylized manner (Balint, 2015). The argument is that the space community
has a responsibility to communicate effectively to the water management community and the
general public about why and how space is useful. An effective way to do this is through storytelling,
because stories appeal to people and stay with them over time.
In addition to specific space art projects, the space community can also offer creative methodologies
for the outreach of scientific concepts and projects. An ide ntified best practice method for the
outreach of space art is Experience Design, developed by Nelly Benhayoun. Benhayoun argues that
designing extreme and immersive live experiences for the institution and the general public to
interact directly with space art causes critical thinking about an issue (Benhayoun, 2014). In this
solution, the institution is the space community and the water management community. Although
there are no ongoing Experience Design projects linking the space and water management
communities, Benhayoun and Experience Design are viable platforms for the development of a
compelling link which will demand critical thinking from both communities.

MSS2015

Final Report

81

Global Water Initiative

Blue Marble Report

3.4.5 World Space Week
Based on the conclusion that space can offer innovative best practice solutions to the global water
crisis, it becomes imperative to communicate these solutions to those who can utilize them. The
GWI team proposes a space- and water- themed bid for the 2016 World Space Week.
World Space Week is an international celebration of space technology and its contribution to the
betterment of humanity. Declared by The United Nation General Assembly in 1999, it is held every
year from the 4th to the 10th of October. The World Space Week provides a unique opportu nity for
space outreach and education. People around the globe are educated about benefits they are and
can receive from space. A global team of National coordinators promotes and facilitates the
celebration of World Space Week within their own countries with the support of World Space Week
Association with the coordination of the United Nations (United Nations, 2014).
Making water management part of the Earth-focused theme of World Space Week would be an
opportunity to reach more than 80 countries that actively participate and recognize the role of
Space in societies. World Space Week could create a forum where decision makers, space agencies
and water management professionals and the general public can learn and teach water
sustainability. Water management techniques could be presented through a variety of application
packages and social media channels using creative outreach to target specific audiences (United
Nations, 2014).
World Space Week could provide the perfect platform for all of the presented ideas to be
implemented in the following ways and for them to receive international publicity. Table 16 provides
a summary of the options the GWI team has identified for World Space Week
Table 16: A description of using World Space Week as platform to outreach
ACTIVITY
DESCRIPTION
SOCIAL
NETWORKING
SERVICES

WEEK OF
WATER AND
SPACE
CURRICULUM IN
SCHOOLS

OFFERING OF
WEEK-LONG
WORKSHOPS
FOR MOBILE
APP TRAINING

MSS2015

Web-based social networking can be the forum to bring
together space agencies and people sensitizing them on water
management and the effects of individual’s activities
pertaining to water usage. This can be outreached across
political and geographical border through the following:
 Space agencies utilize the world space week hashtag
(wsw16#)
 WSW social media kit to be outreached on different social
network services platform.
 Publish creative educational videos about water
management via space on YouTube.
 Space agencies using their Facebook page to create
awareness on the theme of WSW.
Week of water and space curriculum in schools: Incorporating
learning of water management from space in the school
curriculum as extracurricular activity to be celebrated during
the world space week annually.
This is targeted at the young school kids and will go a long way
into future giving the impression on how to use water and
how space is used to managed it.
Mobile apps provide data to the professionals (e.g. farmers
and Industries) to enable them use water more efficiently on a
larger scale. Dedicating the world space week to training
professionals on the use mobile apps and as well as keeping
them abreast of innovations and updates of the technology
will be worthwhile in managing water.
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NASA and ESA
twitter account
#WSW14
Rosette and
Philae kit
ESA YouTube
NASA Facebook
account.

Indian Schools.
ESA Eduspace.

Village Resource
Centers training
Indian Farmers
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ACTIVITY

DESCRIPTION

EXAMPLE

APP
COMPETITIONS
ALL OVER THE
WORLD
PERFORMANCES

Introducing world-wide competition on designing ideas that
best manage water efficiently during the world space week,
similar to the Prince Sultan bin Abdulaziz International Prize
for Water.
Celebrating the world space week with various artistic
performances that center on water crisis and space solutions,
tends to appeals to human emotion and the message easily
adhere to human mind and stimulate his consciousness.
Space tourists, such as Anousheh Ansari and Guy Laliberte can
be invited to a televised talk show to give their support to the
innovations from space and the benefits and also the
consequences of not embracing these innovative
technologies.
They may also motivate by offering to rewards further
concepts and ideas.

Prince Sultan bin
Abdulaziz
International Prize for
Water
GAIA and the Moving
Stars and Earth for
Water event

SPACE TOURIST
VISITS AND
TALKS

The X-Prize
Foundation’s Vision
Circle

3.4.6 Ethics
In order to optimally implement social media campaigns, carry out activities during official
celebrations, or use the arts to outreach and rally people toward sustainable water usage,
management, and policy, several considerations have to be taken into account. Cultural differences
must be considered, in order to have successful activities in different parts of the world. Studies
have shown that cultural biases of different audiences have an impact on the effectiveness of any
given campaign. Some audiences react better towards positive campaigns focused on the benefits,
when other audiences perceive better campaigns focused on the problems that can be avoid
(LaPlante, 2005). These principles are embedded in human nature; therefore, the message of some
campaigns would have to change completely in order to have an optimal impact in the society we
want to reach. ESA's YouTube campaign, which has been very effective, takes into consideration the
different cultural backgrounds of their member states and an example of this is that most videos in
their channel are translated into Spanish, French, German, and Italian. Videos from the ISS are done
in the native language of the astronauts and then are subsequently translated (ESA, n.d.).
Therefore, for the different scenarios researched, campaigns have to be targeted to certain
populations. Emphasis should be done on the specific issues that that audience could help
overcome, while taking into consideration Social and Cultural differences of the target audience.
Campaigns portraying the opportunities of space technologies for water issues rather than the
threats to water sources, could potentially have greater success. Before engaging in any campaign,
research has to be done to understand the population targeted.
Ethical questions also arise from the method and the message of a campaign. Some people might
find it unethical to ask people that live in water-stress countries to reduce consumption, while
residents in highly developed countries with no water-stress consume well above what is needed to
satisfy all possible needs (Water Business Council for Sustainable Development, 2005). As we have
shown in Figure 17, if water consumption is brought to a minimum it should be less than 8 m 3/year
per capita, but as we can see in Figure 49, For example is it ethical to demand Egypt, a country with
known water problems to reduce consumption, when a country like the USA consumes almost 3
times more water?? (Water Business Council for Sustainable Development, 2005). Optimizing water
use, could be a better term in order to avoid potentially sensitive topics. Furthermore, campaigns to
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reduce and/or optimize consumption should be conducted at all levels of society and throughout the
world, not just water-stressed countries.

PER CAPITA WATER WITHDRAWAL (M3/YR)
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CHINA
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EGYPT

FRANCE

USA

Figure 49: Average per capita water withdrawals for domestic use (Water Business Council for Sustainable
Development, 2005)

The Overview Institute points out the danger of space simulation art, media and entertainment of
the Overview Effect being perceived as a marketing tool rather than a form of public space
awareness. Some social leaders, for example, those in the water management community, could
also see the new space movement as distracting from the critical issues of our time, such as the
environment, energy, and international relations, instead of effective in solving them (The Overview
Institute, 2012).
The Overview Effect has been experienced by fewer than 600 people and it is difficult to
communicate such a rich cognitive experience through conventional media. The Overview Institute
hypothesizes that the advent of commercial space will open up the experience of the Overview
Effect to thousands of people. In addition, high-definition digital media will provide new and
powerful tools in the forms of art, media, entertainment and education to immerse Earth -bound
audiences in a close approximation of the space environment (The Overview Institute, 2012).
Whether or not these predictions are true, the work of space tourists, such as Anousheh Ansari and
Guy Laliberté, are inspiring and appealing to the younger generations. Ansari and Laliberté are
effective because they have personal experiences which are communicated emotively to the general
public. Despite public skeptic towards the Overview Effect experience as a marketing tool or a
distraction from effective change, space tourists offer an example of what Beth Beck identifies as
effective and genuine outreach methods: “[just] be relevant, be authentic, be unique, be
informative, be humble -- people, our communities, we know what’s real and we’re going to honor
what’s real” (iSchool at Syracuse University, 2012).

MSS2015

Final Report

84

Global Water Initiative

Blue Marble Report

3.4.7 Conclusions
Of all the solutions explored and offered it is perhaps outreach and education that offers the
greatest hope. By engaging and activating the general populace as well as decision makers, space
and water management professionals true change can be affected and real solutions delivered.
Best practices identified include the use of social media, mobile applications or apps, competitions
and prizes and utilizing space art as a means of engaging diverse audiences. These solutions are
presented below including a brief summary in Figure 50.

Social Media and Networking
•This is very popular with ESA and NASA, these space agencies uses
social networks like Twitter, YouTube, Instagram, Facebook etc to
disseminate information and intimate specific targeted audience of
their activities (imgkid, 2015).

Mobile Apps
•Developed for professional, educational and personal uses, to create
awareness and educate users on how to use data from space in water
management (FARMIQ, n.d.).

Competitions and Prizes
•Competions and Prizes for water management innovation: Aimed at
encouraging concepts of innovative technology contributing to water
management from space and thus increasing knowledge (Santhanam,
2014).

Space Art
•Involve the use of visual and performing space-related arts to created
public awareness on the stressed Earth’s water supply and stimulate
positive trend in efficient use of water. Space tourists: Having seen
the true situation of the Earth from space, the overview effects
created on the minds of space tourists put them in the fore front
educating and sensitizing the general public (Mahsheed, 2014).
Figure 50: Summary of the best practices related to outreach and humanities

A unique opportunity exists through which to focus these practices in the form of World Space
Week. By adopting Water Management as the theme for 2016 and with due consideration for the
diversity of culture in areas targeted by outreach programs such as those proposed Space can make
a difference to global freshwater management and sustainability.

3.5

CONCLUSIONS

This section has identified and examined some of the best practices from the space community that
can be utilized in for freshwater management. Section 3.1 Engineering a Way to a Wetter World
addresses space engineering techniques that can be applied to terrestrial water management,
Section 0 Several possible best practices have been presented along with background about how
these techniques were developed, their application, and examples of where they may be used. The
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best practices that have been identified effectively cover the scenarios presented. They offer a wide
range of options for improving the quality of existing water resources and offering access to new
sources of water. The issues of technology transfer, cost, and ethical considerations must be
addressed before implementing any of these best practices. The most effective solution will
inevitably one which integrates these engineering technologies with the best practices from
following sections.
The Application of Space to Our Water World discusses applications of Earth observation systems for
monitoring of different parts of the global hydrological cycle. In Section 3.3 International Relations
and Coordination space law applications, ethical considerations and space management models are
discussed. Finally, Section 3.4 Outreach from Outer Space presents outreach methods for increasing
knowledge transfer between space and water management communities, and educating the general
public on transboundary water issues. Each of the subsections describes the nature of the best
practice, its current application in the space community, and its potential to be applied by the water
management community to improve transboundary sharing of water in each of the three identified
conflict scenarios described earlier in Section 1.3. The next section will take these three scenarios
and compile comprehensive best practices recommendations that cover the full sp ectrum of
disciplines from the space community.
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RECOMMENDATIONS

This section provides guidelines for implementing the best practices identified in the previous
section. Each of the scenarios previously defined in Section 1.3 Methodology, Table 2 is addressed
and the potential of the identified and described best practices to contribute to the solutions is
explained. It should be noted that no recommendation al one is supposed to be a definitive solution
to the scenario; instead, the recommendations can provide insight from lessons learned by the space
community on that can be implemented together with other terrestrial measures. The GWI team
recommends that these guidelines should be used in a combinatory manner. On one level this
means that when multiple best practices are applicable to a scenario, they should ideally be
implemented together rather than picking any single one. Of course consideration must be mad e to
the ability of a nation to implement these best practices, both economically and technologically.
On another level, the recommendations for the three scenarios build on each other. This concept
can be seen in Figure 51 below. The recommendations for the first scenario to reduce water usage
and improve efficiency should be applied before applying the recommendations for scenario two or
three. Likewise, the recommendations for dealing with the second scenario should also be applied
before the recommendations for the third scenario.

Negotiate
and Cooperate

Scenario 3

Identify and Utilize
Alternative Sources

Scenario 2

Improve Water Use
Efficiency

Scenario 1

Figure 51: Pyramid of scenarios. The base of all GWI team recommendations is to improve water use
efficiency.

4.1

THE FIRST SCENARIO: IMPROVE EFFICIENCY

The first scenario refers to the situation where there is little interest or willingness to negotiate with
neighbors for improving water management, and the quantity pulled from the shared resource
cannot be increased. Additionally, the nation has no real opportunities to increase their supply via
other sources.
In such a case, the GWI team suggests the following best practices are implemented in a
combinatory or interdisciplinary manner to improve efficiency of water utilization. These best
practices are designed to reduce demand on freshwater to better match the available supply. Figure
52gives a visual representation of the best practices identified i n the previous section and highlights
those appropriate to the first scenario. The selected best practices are also below.
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Figure 52: Best Practices applicable to the first scenario.

Daily Water Requirements
The GWI team recommends that nations facing this situation develop an in-depth knowledge of daily
water requirements for humans (See Section 3.1.1 for details). Space has developed a precise
understanding of the water required for human health and the minimum amounts required for
consumption and sanitation. By better understanding these variables more efficient terrestrial water
usage can be developed. Space has developed this understanding to help ensure astronauts well being in the extreme, confined environment of space vehicles. A similar approach could be taken in
regions where water resources are limited, to learn about basic human needs, and improve the
efficiency of water used. Widespread distribution of the information to the whole society should be
the primary method for implementing this.
Closed Loop Systems
For additional efficiency, the lessons learned from using closed-loop systems could be implemented
(See Section 3.1.2 for details). Such systems are used in outer space missions, where external
resources are not available. By using a combination of efficient and low impact technologies with
methodologies developed in space water and other resources can be recycled with limited input of
raw materials. Using water treatment techniques learned from closed-loop systems can decrease
the risk of water pollution and improve the efficiency of water usage. The GWI team recommends
the implementation of these technologies, on a domestic and community level. The problem with
such systems, however, is the high development cost, therefore the availability for individuals might
be limited. This should be assessed closely when considering implementation of this best practice.
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Monitoring Land Use Patterns
In contemporary agriculture, water use efficiency and irrigation practices can be enhanced through
analysis of agricultural land cover, distinguishing irrigated land from non-irrigated. Accurate
information about crop parameters, such as evapotranspiration, can be obtained from satellite
imagery to assess how much water is needed for different crop growth phases (See Section 3.2.1).
The GWI team recommends the local management authorities to extensively use such information in
order to maximize efficiency. In addition, it is important to disseminate this information to farmer
communities and other data users.
Monitoring Water Quality
Monitoring water quality and leakage in the water infrastructures using satellite remote sensing is of
vital importance to be aware of what has been wasted and where to intervene to tackle the
problem. The GWI team recommends disseminating information gathered about water quality to
the general public to increase awareness and promote efficient practices. The report also
recommends water management authorities add information about leakage detection to other
classic monitoring tools, to improve infrastructure management and develop strategic intervention
plans. In Section 3.2.2, the points of this guideline are further discussed.
Water Public Private Partnerships
PPPs are recommended for water management programs aimed at improving usage efficiency. By
having clear public policy, an informed and reasonable expectation of desired outcomes and by
engaging water management experts, ventures between private enterprise and government can be
successful for both parties. Where governments have a committed policy and clearly set service
levels and resist dictating how the private partner(s) execute the plan private investors can assess,
understand and mitigate risk. In Section 3.3.4, further information can be found on how PPPs can be
implemented.
Use of Social Media
The GWI team recommends a social media package, discussed previ ously in Section 3.4.1, with a
specific theme for water and space, to sensitize the populations in order to optimize water usage
both in domestic and agricultural consumption. The package should provide frequently updated
publications and videos, produced in such a way that it appeals the human intellect as well as the
human passion, to motivate people into actively participating towards more effici ent water usage.
Visual art can have a great input in making the publications and videos more appealing.
Mobile Apps
The GWI team recommends all space agencies use the suggested techniques described in Section
3.4.2 to educate at the primary school level. Students and members at the youngest level of society
may learn to optimize water use. The GWI team also suggests using recommended infrastructure
which can facilitate precise monitoring of water use by farmers and other agricultural professionals.
Innovation Competitions & Prizes
The GWI team recommends the increased use of competitions for improved water management
such as LAUNCH: Water Incubator, to engage innovators around the globe to dev elop new
technologies for water sustainability and efficiency. More information can be found in Section 3.4.3.
Outreach through Space Art
The GWI team recommends water management authorities to host one -time and/or regularly
occurring artistic events which educate people on the beauty and fragility of the Earth’s water
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supply, thus prompting more efficient use of available water resources. A n example of great work
done in this direction is Laliberté’s One Drop Foundation, for which more information can be found
in Section 3.4.4. Also, the team recommends encouraging space art which can be sold to raise funds
for more efficient use of water in developed and developing countries.

4.2

THE SECOND SCENARIO: IDENTIFY ALTERNATIVE SOURCES

This scenario refers to the situation where there is little interest or willingness to negotiate with
neighbors for improving water management, and the quantity pulled from the shared resource
cannot be increased. However, in this case, the nation has other potential sources available to
increase supply, but they are not at present time ready for human consumption or utilization. These
other sources may be polluted, inaccessible, or not yet discovered.
In such a case, the GWI team suggests the nation to first try and improve efficiency of use to reduce
demand by implementing some or all of the above recommendations. If this is still not enough to
balance supply and demand, the following best practices should be implemented in a combinatory
and interdisciplinary manner in addition. Nations can use space to identify, utilize and manage
alternative sources. The ways space can contribute to this are visualized in Figure 53 below, and
discussed in the following paragraphs.

Figure 53: Best Practices applicable to the second scenario.

Water Purification Technologies
For increasing water supply, the GWI team recommends physiochemical water purification as a
method of water purification for utilizing alternative freshwater sources. Space offers the techniques
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to purify freshwater sources and treat wastewater using methods not developed terrestrially. By
using technologies from human space missions, systems can be developed which are modular and
robust. Such systems could be used on different scales, starting from personal households, spanning
up to village or town level. For more information, see Section 3.1.3.
Non-Conventional Water Resources
The GWI team recommends nonconventional technologies allow water to be accessed from sources
that are not typically available with conventional water access techniques (see Section 3.1.4 for
more details). This allows them to develop appropriate exploitation techniques by directly accessing
the underground resource or the implementation of collection system in runoff areas, l ike water
harvesting. Such methods are already practiced by a number of institutions in developed countries
to support the sustainable development and management of water resources at all levels.
Identifying New Water Sources
The GWI recommends the identification of underground reservoirs using satellite data where most
other alternative sources are inaccessible. A comprehensive knowledge of the underg round
reservoirs as well as the water distribution in the soil can allow the development of appropriate
exploitation techniques. Such practices are very useful and are used extensively to support the
sustainable development and management of water resource s at all levels. For more details, see
Section 3.2.3.
Mobile Apps
The GWI team recommends space agencies in water-stress countries to incentivize the development
of smartphone apps to increase usage of new sources of water and water harvesting. An example of
this is the work done by ISRO, who has created apps to help farmers use untapped water resources
(See Section 3.4.2 for details).
Innovation Competitions & Prizes
The GWI team recommends space agencies sponsor contests, such as the PSIPW (discussed in
Section 3.4.3), to engage the general public, taking advantage of crowdsourcing to bring about
innovative ideas to increase the usage of new water sources.
Outreach through Space Art
The GWI team recommends to all space agencies and relevant institutions, especially institutions in
water-stressed countries, to organize artistic expositions to educate people on the location and
amounts of untapped water resources. For example, the One Drop Foundation has organized
expositions on the subject in the US. The model of the exposition described can be used to educate
other parts of the world. How this can be executed is examined in further detail in Section 3.4.4.

4.3

THE THIRD SCENARIO: INTERNATIONAL COOPERATION

This scenario refers to the situation where there is potential to increase the supply from the shared
resource via negotiation, cooperation and international agreements. The nation addressed may or
may not have access to alternative sources as well.
In such a case, the GWI team first recommends to implement guidelines from previous sections 4.1
and 4.2. If these measures still mandate an increase in supply, the team recommends implementing
the best practices summarized below. Again, a visual representation of the interdisciplinary selection
of these best practices is also shown in Figure 54 below.
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Figure 54: Best practices applicable to the third scenario.

Water Purification Technologies
The GWI team recommends biological water treatment as a method of water purification to improve
international cooperation. Purification of wastewater provides better health to upstream states and
greater access to water resources for downstream states. These this technology, developed
terrestrial technology may be transferred to future extra-terrestrial habitats. For more information,
refer to section 3.1.3.
Mapping Water for Transparency
The GWI team recommends water management authorities to use Earth observation data, obtained
from a neutral source, for providing transparent framework and therefore improving trust to
establish transboundary agreements (see Section 3.2.4 for details). The product used should contain
objective characterization of the water availability, distribution, usage and quality over the region
analyzed at basin levels, regardless of national boundaries. It can help authorities planning future
actions by taking account of the needs of the local communities and efficiently manage water
resources.
The Outer Space Treaty & the Moon Treaty
The GWI team recommends that the model of the Outer Space Treaty (1967) for defining outer
space as a global commons should be considered when creating international agreements or
frameworks for freshwater management. Specifically, the legal status of freshwater should be
defined and the rights to access and usage without interference are of vital importance. The Moon
Treaty (1979) and the concept of a Global Heritage of Mankind should also be considered. The full
definition is too restrictive to be applied to freshwater. It should instead be considered as a guide for
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what is achievable (and what is not) when developing international agreements. For more details
see section 3.3.1.
International Telecommunication Union
The GWI team recommends that the ITU model for management of radio-spectrum and satellite
orbital slots be considered when creating agreements between nations for shared freshwater
resource management. For more information on how the ITU model can be used, refer to section
3.3.2.
International Space Station
The GWI team recommends the model and framework of international cooperation between the US,
Russia, Europe, Canada and Japan that underpins the ISS should be considered when creating
agreements between nations for shared freshwater resource management. For more information,
see section 3.3.3.
Use of Social Media
The GWI team recommends creating highly targeted social media campaigns to reach management
institutions and influencing individuals that can increase cooperation in transboundary issues. For
more details, refer to Section 3.4.1.
Mobile Apps
The GWI team recommends space agencies and advocates targeting countries facing a lack of
cooperation, in order to drive their populations into mutual understanding and respect. Education at
primary level through apps can be used to create a culture of cooperation, mutual respect, and
mutual understanding. Advocates, such as astronauts, space tourists and public figures, can help
bringing population facing transboundary water issues into cooperation. For example, Anousheh
Ansari has been an important advocate for increase cooperation and promotes education through
space-based assets. See Section 3.4.2 for details.
Innovation Competitions & Prizes
The GWI team recommends involvement of space tourists as crossover between the space and
water management communities to bridge the gap between the borders. Also the competitions like
PSIPW should be encouraged for creating a platform for global ideas exchange and raising the
potential for negotiation. For more information, see Section 3.4.3.
Outreach through Space Art
The GWI team recommends the usage of space art, discussed in Section 3.4.4, to make use of the
“overview effect”. This effect can influence the general public into actively engaging and pursuing a
sustainable and cooperative policy. Seeing a picture from space of water flowing from one country
to the other without borders can bring about passion of the public, thus generating and conscious
population.

4.4

SUMMARY

This section provides an overview of the best practices recommendations for implementing the
lessons learned by the space community to the three different supply-demand scenarios identified
by the GWI team. These recommendations build on one another, as the methods for dealing with
the first scenario are applicable to dealing with the second and third scenarios, and similarly the
methods for dealing with the second scenario are also applicable to the third scenario.

MSS2015

Final Report

93

Global Water Initiative

5

Blue Marble Report

CONCLUSION

The global hydrological cycle is an established natural process, subject to the laws of physics rather
than men. Water is present everywhere around the globe, regardless of national boundaries. Closer
investigation reveals, however, that the amount of fresh, potable water constitutes only about 1% of
the total water on Earth. This 1% has to be shared among the world’s population, which exceeded
seven billion people in 2012. Due to a rapid increase in populati on combined with global climate
change, many nations are already experiencing or will experience crisis over water.
This team project investigated the challenges of the global freshwater situation in the 21st century.
The GWI team, comprised of 23 students of 15 different nations, began this endeavor on the basis of
an academic and emotional drive to contribute to the betterment of the global freshwater situation.
The GWI team completed a comprehensive overview of the present literature discussing the
situation of different nations facing freshwater issues. The investigation revealed that there is a lack
of effective and sustainable water management in many parts of the world, as well as general
scarcity, caused by over-usage of potable water and lack of access to certain forms of the resource,
such as water under the Earth’s surface or water locked as ice in glaciers. The investigation also
revealed substantial effort and initiative from both the space and freshwater management
communities to develop and implement solutions for freshwater issues.
This research revealed that there are many nations, specifically those pursuing space as part of their
national policy, which utilizes space technology to effectively improve water management. Earth
observation satellites play an important role in understanding different parts of the global water
cycle and providing a global image of the Earth’s water resources. However, the research als o
revealed that despite the number of good examples of Space solutions for global freshwater issues,
there is a lack of knowledge transfer between the space community and the freshwater
management community. There is also a lack of knowledge transfer betwe en the space community
and the general public on how Space can effectively contribute to global freshwater issues.
Space and water share common characteristics, including a lack of regard for national borders and
the potential for categorization as a public good. On the foundation of this shared framework, the
GWI team set out to identify areas where Space can help improve current practices in the
management of existing global freshwater resources and to facilitate increased knowledge transfer
between the freshwater management and space communities. The GWI team decided to focus on
conflict between nations over transboundary, shared freshwater resources. This decision was made
after consideration of gaps in existing literature, the opportunity for updating of existing literature,
the relevance of the topic in the global community, and the level to which best practices from space
could be helpful and relevant in the contemporary world.
The team identified three distinct scenarios, describing the potential cau ses of transboundary
conflicts. The conflict over sharing water resources arises when the water demand of a nation
exceeds the total supply available to that nation from the shared resource. In the first case, there is
no ability to negotiate with neighbors and the quantity pulled from the shared resource cannot be
increased. Additionally, the nation has no method to increase their supply via other sources. In the
second case, the nation facing water scarcity has other, non-shared sources available to increase
water supply, but they are not at present time fit for human use. In the third case, there is potential
to increase the supply from the shared resource via negotiation and international agreements.
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The GWI team decided to compile an interdisciplinary best practices guide for decision-makers and
for the general public from which lessons learned from space can be utilized in the freshwater
management sector. The GWI team then assessed to what extent each of these best practices from
space could be utilized to improve transboundary sharing of water for each of the three i dentified
scenarios. A number of exemplary practices from the space sector, showing the capabilities of space
to contribute to freshwater management, were thoroughly discussed in this report. The GWI team
analyzed solutions from technical disciplines of space, such as spin-offs from space engineering
techniques and applications of remote sensing data. The GWI team also assessed non-technical
aspects of space, such as space law applications, ethical considerations, space management models
and outreach methods.
It should be noted that the compilation of best practices from space is wide -ranging, but not
exhaustive. The intention of the GWI team is to demonstrate the benefits of improved knowle dge
transfer from space to the freshwater management community for a subset of the issues facing the
freshwater management community, and not to list every possible solution for every identified
problem. The framework of the three scenarios leading to transboundary conflict over water sharing
provides a framework for the solutions to be assessed and for final interdisciplinary solutions to be
recommended. Section 4 provides the recommendations for best practices from space as applied to
each transboundary water sharing scenario.
It is the hope of the GWI team that this collection of best practices and recommendations for
increased knowledge transfer will provide insight and spark ideas for further conversation between
the space and freshwater management communities. The GWI team believes in the importance and
relevance of using space to solve problems on Earth. The team also recognizes a distinction between
the value that can be offered by space-based and terrestrial-based efforts for improved freshwater
management. The primary value of this report is its offering of interdisciplinary recommendations
for how the communities can benefit from integration and mutual influence.
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