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MISSION STATEMENT
Our mission is 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.

VISUALISING THE TRANSFER OF KNOWLEDGE FROM ONE COMMUNITY TO ANOTHER
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MOTIVATION
Water is everywhere around us. However, freshwater is a precious resource that is scarcer than
many of us think. Freshwater consists of only 2.5% of all water on Earth, and of that, only a tiny
fraction exists on the surface in lakes and rivers that are easily accessible.
More importantly, freshwater as part of the water cycle is not confined neatly within national
borders, but instead flows across international boundaries without limit. This becomes a problem
when increasing demand begins to exceed the available freshwater supply causing scarcity
issues. Issues of distribution and control cause contention between nations, and these issues will
only continue to escalate in the future as global and regional populations increase.
Space provides a unique opportunity to observe the global hydrological cycle from a holistic
reference frame, without borders, allowing true understanding of how this vital resource belongs
to all. Space also provides knowledge and skills to better manage this shared resource on which
we all depend.

METHODOLOGY
This report has the ambition to highlight the best operational practices within the space sector
that can be utilized for freshwater management and to increase the global consciousness of
these practices. A structured approach was taken by the Global Water Initiative team while
addressing how space could contribute to freshwater management:
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THE TIGRIS RIVER SUSTAINS RICH AGRICULTURE AT DIYARBAKIR, TURKEY
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THE GLOBAL HYDROLOGICAL CYCLE
The hydrological or water cycle (see below) is the never-ending process involving all the
movements and changes in physical forms of water on Earth. It is a global process that is not
bound by geographical boundaries.
Every change requires a transfer of energy and thus the water cycle is intimately related to the
energy exchange between the land, water bodies and the atmosphere. The source of the energy
required for all the water cycle processes is the Sun.

THE HYDROLOGICAL CYCLE. IMAGE CREDIT: NASA, 2010

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 as well as effects of these activities
include: aquifer mining, dam building, surface water diversion, desertification, wetland drainage,
soil erosion in agricultural regions and deforestation.
This global culture of growth also exacerbates natural climate changes. The effects of human
activities on climate change can be very difficult to model with accuracy because climate change
is unpredictable, has long time-frames of impact, and is specific for different regions of the world.
Smart decisions, persistent investment and informed management are required to address these
challenges.

4

GLOBAL WATER INITIATIVE

THE TIGRIS AND EUPHRATES RIVERS
The Tigris and Euphrates rivers both originate in Turkey, flowing through Syria and Iraq before emptying into the
Persian Gulf. Since the beginning of Turkish efforts to utilize these rivers for irrigation and hydroelectricity, river flows
have decreased from approximately 30 billion cubic meters a year to 25 billion cubic meters as measured at the
Turkey-Syria border. Current water management projects in the region are highly likely to reduce this further,
impacting users downstream. Best practices from the space community include the use of remote sensing for
monitoring or the development of frameworks for a shared technical forum between Turkey, Syria and Iraq. These
could provide the basis for working toward a basin wide water sharing agreement.

In Turkey, the Southeastern Anatolia Project (GAP) for freshwater
management started in 1977. It has grown to be a stimulus for
economic growth with plans for 22 dams and 19 hydroelectric
power plants. The GAP is expected to
consume more than 50% of the Euphrates
river and 14% of the Tigris river flows,
having a dramatic impact on the
downstream nations of Iraq and Syria.
Officially, Turkey recognizes
water as a basic human
need and views water as
a
“catalyst
for
cooperation rather than a
source of conflict.”

TURKEY

SYRIA

IRAQ
Syria is heavily dependent
upon the Euphrates River.
Syria’s major development of
their section of the Tigris/
Euphrates River Basin built three
dams on the Khabour River, a
tributary of the Euphrates, to produce
hydropower and store water for
irrigation. Syria does not have much
potential to increase their share of the
Euphrates supply via negotiation with
Turkey and hence must either rely on
alternative resources which are of
limited availability or improve
efficiency to stretch their
current supply and meet
demand.

A decrease in
supply exacerbated by
drought in 2007 pushed Iraq 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.
Iraq is in a position where demand of the nation is
exceeding the supply from a flow reduced Tigris and
Euphrates. They are currently utilizing alternative
water sources to meet their need; however, usage
is at a rate greater than can be sustained in the
long term.
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THE NILE RIVER
The Nile River Basin flows through 10 countries. It consists of two rivers; the Blue Nile, originating from Lake Tana in
Ethiopia, and the White Nile, originating from Lake Victoria. Disagreements between up- and downstream nations,
decreasing water flowing through the Nile and population growth are potential causes of conflict. One example is
Ethiopia’s Great Ethiopian Renaissance Dam (GERD), which plans to significantly alter the downstream flow of the Blue
Nile.

Egypt heavily relies on the Nile for energy and
agriculture. To secure this need, Egypt and
Sudan signed the Nile Water Agreement in
1959 , which determined the amount of water
each nation was entitled to withdraw from
the Nile.

EGYPT

However, up to 85% of Nile water
flowing through Egypt originates in
Ethiopia and arrives via the Blue
Nile. As such, Egypt is strongly
against Ethiopia’s GERD project.

SUDAN
Like Egypt, Sudan depends
on the Nile. Though Sudan
signed the Nile Water
Agreement in 1959 with
Egypt, construction of Aswan High Dam
and Lake Nasser reduced Sudan’s
share of the Nile through secondary
evaporation effects. This has caused
significant tension in the past.

ERITREA

Sudan is also against the GERD as it is
worried its share of the Nile will reduce
even further with completion of the project.

ETHIOPIA
With a booming economy and more
foreign investment coming into the country,
Ethiopia wants to build the Great Ethiopian
Renaissance Dam (GERD) to ensure it can provide
water, energy and food security for its population
in
the long term. There has been a
lack of
consultation
with
neighbors
Sudan and Egypt on the impact the
GERD will have downstream.

SOUTH
SUDAN

UGANDA
KENYA
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THE JUBBA AND SHABELLE RIVERS

In addition to the GERD project,
Ethiopia is also building dams on their
side of the Jubba & Shabelle rivers to
generate hydroelectricity and use for
agricultural irrigation.

ETHIOPIA

A

The consequences of the dams for Somalia
could
be severe, as much of Somalia’s food
M
O
production relies on these two rivers. It is
S
estimated completion of the dams will result in
more than a 60% reduction of water flow into
Somalia. The dam projects have been initiated and
implemented without any agreements, consideration or
discussion with Somalia. This could further jeopardize
Somalia’s recovery from the civil war.

I
AL

LAKE CHAD
Human activities have exacerbated climate change, resulting in often permanent shifts in the
hydrological cycle. The desertification of Lake Chad is an extreme example of how these shifts
affect human usage of water and can lead to conflict.
Lake Chad exists at the nexus of the borders of Chad, Niger, Nigeria and Cameroon. Between
1972 and 2001, Lake Chad, once Africa’s third largest freshwater resource, shrank by 90% (See
image below). Clashes broke out between
Nigeria and Cameroon as farmers and
fishermen from both nations who depend on
the waters of Lake Chad for their livelihoods
migrated to follow the remaining water, thereby
crossing international borders. The dispute
eventually was taken all the way to the
International Court of Justice for mediation.

DESERTIFICATION OF LAKE CHAD: GREEN IS VEGETATION, BLUE IS WATER, YELLOW IS ORIGINAL
IMAGE BASED ON LANDSAT DATA
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IMPROVING WATER USE EFFICIENCY

The first scenario refers to the situation where there is little interest or willingness to negotiate
with neighbors for improving water management. In this scenario the water quantity pulled from
the shared resource cannot be increased. Additionally, the nation has no real opportunities to
increase their supply via other natural sources.
In such a case, the Global Water Initiative team suggests implementing a combination of the
best practices displayed above in an interdisciplinary manner to improve the efficiency of water
utilization. These best practices are designed to reduce demand for freshwater to better match
the available supply.
The following page highlights some of the identified best practices to examine how they might be
implemented. A complete analysis of each of the best practices identified above is available in
the full report.
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CLOSED LOOP LSS
The graphic to the right displays the complex
interaction of life support systems aboard the
International Space Station. Such systems
are used in space missions to provide water
to astronauts using various water treatment
techniques. Lessons learned from closed-loop
systems can be applied when utilizing
freshwater on Earth to decrease the risk of
water pollution and improve overall efficiency.
This technology can be applied at both a
domestic and community level.
INTERNATIONAL SPACE STATION CLOSED LOOP LIFE
SUPPORT SYSTEM DIAGRAM

MONITORING WATER QUALITY
Earth observation allows monitoring of large
areas with the use of limited resources.
Monitoring water quality and leakage in water
infrastructure using satellite remote sensing is
of vital importance. Water management
authorities are recommended to utilize
information from geographical information
systems to supplement other conventional
monitoring tools. This improves infrastructure
management and allows development of
strategic intervention plans. An example of
water turbidity monitoring using Earth
observation can be seen on the right.
WATER TURBIDITY ASSESSMENT USING REMOTE SENSING
IMAGE CREDIT: EOMAPS/USGS/NASA

PUBLIC PRIVATE PARTNERSHIPS (PPP)
The graphic to the right displays the actors
found in a typical PPP and how information
flows between them. PPPs have been used in
space to engage private industry in markets
typically covered by public organizations.
Water management programs using PPPs
could be implemented to improve water usage
efficiency. Clear public policy, reasonable
expectations of desired outcomes and
engaging
water
management
experts,
ensures success of ventures between private
enterprises and governments.
WATER PUBLIC PRIVATE PARTNERSHIP ORGANISATION
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ALTERNATIVE WATER SOURCES

This scenario refers to the situation where the demand of a nation exceeds the total supply
available to that nation from the shared resource. In this scenario, 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.
In such a case, the Global Water Initiative team recommends the nation to first try and improve
efficiency to reduce demand by implementing some or all of the recommendations for managing
Scenario 1. If this is not enough, the above best practices should be implemented to help identify,
utilize and manage alternative freshwater resources to help manage to close the gap.
The following page highlights some of the identified best practices to examine how they might be
implemented. A complete analysis of each of the best practices identified above is available in
the full report.
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NON-CONVENTIONAL WATER SOURCES
Developments in space engineering have
created opportunities for non-conventional
technologies which can provide alternative
access to potable water. Technologies not
normally used terrestrially can provide
freshwater where none existed previously.
The selection of each innovative technology is
dependent on the overall regional availability
of freshwater and the cost of energy, as laid
out in the table to the right. Examples of such
technology are atmospheric condensation,
water desalination and soil moisture sensing
systems.
IDENTIFYING NEW WATER SOURCES
Space agencies should incentivize
identification of soil moisture and underground
reservoirs through the use of satellite data. A
comprehensive knowledge of size of available
underground sources as well as water
distribution in the soil can allow the
development of appropriate exploitation and
management techniques. Such practices are
very useful and are used extensively to
support the sustainable development and
management of water resources at all levels.
An example of this can be seen on the right; a
SPOT 5 satellite true color picture depicts
center-pivot irrigation (bottom right) exploiting
identified aquifers for agriculture.

ENERGY
COST

AVAILABILITY OF FRESHWATER
RESOURCES
LOW

HIGH

LOW

Atmospheric
Condensation

Soil Moisture
Utilization

HIGH

Desalination /
Sabatier

Conventional
Approach

NON-CONVENTIONAL WATER SOURCES APPLICATIONS

SPOT 5 IMAGE OF CENTER-PIVOT IRRIGATION
IMAGE CREDIT: CNES ASTRIUM SERVICES / SPOT IMAGE

MOBILE APPS
Space agencies in water-stressed countries
should incentivize the development of
smartphone applications, based on spacebased data, to increase awareness and
exploitation of new sources of water. An
example of this is the work done by the Indian
Space Research Organization, which has
created mobile applications to help farmers
use untapped water resources (see right).
ISRO MOBILE APPLICATION
IMAGE CREDIT: ISRO
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INTERNATIONAL COOPERATION

This scenario refers to the situation where there is potential to increase the shared water supply
via negotiation, cooperation and international agreements. In many situations, nations do not
have full access to the shared water resource but there may be opportunities to better
coordinate usage with neighbors.
In such a case, the Global Water Initiative team recommends a nation first implement the best
practices highlighted for the previous two scenarios, first increasing efficiency in water usage,
then utilizing alternative resources to meet demand. If demand is still not satisfied, a nation
should attempt implement the best practices above, which are selected to assist in increasing
the level of cooperation between nations sharing freshwater resources.
The following page highlights some of the identified best practices to examine how they might
be implemented. A complete analysis of each of the best practices identified above is available
in the full report.
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INTERNATIONAL TELECOMMUNICATION
UNION
The International Telecommunications Union
(logo to the right) is an example from space of
how limited natural resources (electromagnetic
spectrum and orbital slots) can be successfully
distributed and managed on an international
level. The ITU ensures that conflict is avoided
through regular conferences and agreement
through consensus. The model of ITU
cooperation can be used as a framework for
international agreements on transboundary
freshwater management.

INTERNATIONAL TELECOMMUNICATION UNION LOGO
IMAGE CREDIT: ITU

OUTREACH THROUGH SPACE ART
Art as a means of communication and
outreach is able to transcend language
boundaries. It is a powerful way of engaging
emotions and inducing critical thinking. The
“overview effect” can be utilized for art and
advocacy. For example, images taken from
space of water flowing across the landscape
with no regard to international borders can
raise awareness of the need for international
cooperation when managing freshwater
resources. Spaceflight participants Anousheh
Ansari and Guy Laliberté are ideal candidates
for such advocacy. The image on the left was
taken by Laliberté and shows damming of the
Euphrates in Turkey.

A RESERVOIR ON THE EUPHRATES RIVER, TURKEY
IMAGE CREDIT: ONE DROP FOUNDATION/GUY LALIBERTÉ

MAPPING WATER FOR TRANSPARENCY
Water management authorities can use Earth
observation data, obtained from a neutral
source to support a transparent framework for
transboundary
freshwater
management
agreements. The data used can objectively
characterize water availability, distribution,
usage and quality analyzed at regional and
basin levels. Data analysis can help
authorities when planning future actions by
taking into account the needs of local
communities and assisting in efficiently
managing freshwater resources.

REMOTE SENSING DATA IS IMPARTIAL AND TRANSPARENT
IMAGE CREDIT: PICDAN.IR

BLUE MARBLE REPORT

13

IMAGE CREDITS: GIORGIO ARMANI, TOMAS CASTELAZO, BARBERA CAPELLO, BRADLEY PIERIK

CONCLUSION
This team project investigated the challenges of the global freshwater situation in the 21st
century. Research 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. Conflict over sharing water arises when the
water demand of adjacent nations exceeds the total supply available from a shared freshwater
resource.
A number of best-practices from the space sector was assessed for their capability to solve
trans-boundary water sharing issues. The Global Water Initiative team analyzed solutions from
technical disciplines of space, such as spin-offs from space engineering techniques and
applications of remote sensing data. The team also assessed non-technical aspects of space,
such as space law applications, ethical considerations, space management models and
outreach methods. The three scenarios leading to transboundary conflict over water sharing
provided a framework for the solutions to be assessed and for final interdisciplinary solutions to
be recommended.
It is the hope of the Global Water Initiative 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 Global
Water Initiative 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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THE NILE RIVER DELTA, EGYPT, AS SEEN FROM SPACE
IMAGE CREDIT: EOSNAP, 2011
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