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Our Vision
To inspire interest and engage international change towards the solution
of the global water crisis
Küresel su krizinin çözümü ile uluslararası değişimi desteklemek ve ilgi
uyandırmak

Our Mission
To recommend space-based solutions to the global fresh water crisis
through a focus on the Tigris-Euphrates River Basin.
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Water
Global Water Crisis
Access to fresh water is a basic human right. Fresh water contains less
than 0.5 parts per thousand of salts
in solution and is used by people
for drinking, domestic, agricultural,
and industrial purposes. Although
the Earth is often referred to as the
“blue planet”, only 0.009 percent is
considered fresh and accessible surface water [1]. Strain on this already
scarce resource will increase as the
population grows, exacerbating the
fresh water crisis around the globe.

Human Impact on the
Water Cycle
The natural water cycle begins with
the transition of water into water
vapor through evaporation from
surface bodies of water and plants.
Vapor condenses in the atmosphere
to form clouds and eventually precipitation. Through runoff, surface
water reservoirs like oceans, lakes,
and rivers are replenished. Ground
water is recharged as precipitation
is absorbed and filtered through
the soil. A crucial component is the
influence people exert over the water
cycle. Dams, irrigation, introduction of material from agriculture and
industry, and domestic consumption have fundamentally altered the
natural cycle.
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the global water crisis
Report Focus
Resolving the global water crisis requires coopera-

and applied to the global water situation. This report

tion among individuals, regional policy makers, and

identifies and describes four main human-derived

nation states. Space can provide the information,

drivers that shape the quality, use, and allocation

experience, and technology needed to facilitate coop-

of Earth’s fresh water supply. We identify solutions

eration. Traditional strategies of water resource man-

and provide recommendations using space-based

agement are important, but augmenting conventional

technologies and international management skills to

approaches with space-based solutions provides a

address lessons learned from the case study

more comprehensive view of water resources.
Our analyses led to nine main recommendations
This report outlines the basic principles of water

including one that will increase cooperation and data

availability by explaining the link between people and

sharing internationally. We advocate a phased pro-

their influence on the water cycle. We use the Tigris-

gram to establish a ground-based International Water

Euphrates river basin as a focus because it exhibits

Station at the point where the borders of Turkey,

examples of many fresh water problems, enabling

Syria and Iraq meet.

our analyses and recommendations to be extended

Lessons from Space

REFERENCES:
[1] UNITED STATES GEOLOGICAL SURVEY.
2011
Image: James Gordon; Join the Evolution;
NASA

Space-based solutions offer unique vantage point to aid
in solving the global water crisis
• Remote sensing to monitor, detect, and image Earth
• Direct sensing to collect data more easily
• Purification techniques to remove pollutants
• Satellite communication for access to information
• Experience in international science collaboration
• Experience managing international programs
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Region
Hydrology
The Tigris-Euphrates river basin
was chosen for its unique physical,
geographical and political characteristics. The Tigris and Euphrates
are two separate rivers that form the
24th largest river basin in the world.
It is situated in the Middle East and
the rivers flow through Turkey, Syria,
and Iraq. The Tigris and Euphrates
originate in the mountains of Turkey.
The water of the Euphrates flows
from the Anatolia Plateau, crosses
into northern Syria, then flows into
Iraq. The Tigris flows south from
Turkey into Iraq where it joins the
Euphrates about 70 km from Basra,
Iraq in a region known as the al
Ahwar. Ultimately, the water flows
into the Persian Gulf. The Basin covers 879,790 km2 and the average flow
at the river mouth is 101 billion m3
per year [1].

Control of Water
River flow fluctuates greatly between
seasons, as well as from year to year,
making access to water is a critical
issue. Sharing water from the Tigris
Euphrates river basin is at the heart
of many political and social problems. Turkey contributes 89 percent
of the water in the Euphrates and
52 percent of the water of the Tigris.
The remaining water comes to the
Euphrates from Syria and to the
Tigris from Iraq [2]. As the upstream
country, Turkey exerts a dominant
influence over the region’s water.
Cooperation is required to resolve
these challenges
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tigris-euphrates river basin
sharing water resources
Turkey, Syria, and Iraq have had several failed at-

Although Syria and Iraq have considerable water

tempts at cooperating on water use. Attempts were

management programs, Turkey by far exerts the

made to form a trilateral agreement through two

greatest influence over water management in the

“Joint Technical Committees,” (JTCs) [3]. These at-

region. The Turkish Güneydogu Anadolu Projesi

tempts failed because the parties were unable to agree

(GAP) project is a comprehensive water management

on waterway terminology [4], though some bilateral

strategy with an extensive series of dams, reservoirs,

cooperation exists. There is much planning going on

and irrigation canals. The lack of agreement on the

in the Tigris-Euphrates river basin, but too little plan-

amount of water flowing across national borders is a

ning is coordinated among the three countries.

major factor hindering the development of a coordinated water management policy [4].

Space Cooperation

REFERENCES:
[1] FOOD AND AGRICULTURE ORGANIZATION. 2009.
[2] GARRIDO CABALLERO, A. 2007.
[3] KIBAROGLU, A. 2004.
[4] YILDIZ, A. I. W. D. 2011.
Images: Based on MapGuy; European Commission; National Geographic

Space collaboration can be used as a model to increase
regional cooperation
• Space data are not limited to national borders
• Science collaboration in space is apolitical
• Sharing cost and technological expertise makes
larger projects feasible for a single nation
• Management experience can overcome challenges,
such as for the International Space Station
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people
dOMESTIC wATER AND dISEASE
Domestic fresh water use is defined as “water used

in the population under the age of five [2]. Prevention

for all usual domestic purposes including consump-

of diarrheal diseases consists of providing clean wa-

tion, bathing, and food preparation” [1]. The lack

ter, proper sanitation, appropriate food hygiene and

of access to safe fresh water is a global public health

public outreach in health education. Water purifica-

issue. Contaminated water results in a variety of

tion strategies are also essential to reduce and prevent

water-borne illnesses with significant morbidity and

the spread of disease. Non-profit organizations are

mortality. Diarrheal diseases, especially cholera,

active in the region, such as Assisting Marsh Arabs

cause over 2 million deaths yearly, with most fatalities

and Refugees (AMAR) [3].

rEGIONAL aCCESS
Turkey uses considerably more
water for domestic purposes than
Syria and Iraq. This correlates with
its economic boom and increased
urbanization over the past 10 years.
Although Turkey has committed to
universal healthcare, access is not
equal [4]. Similarly, Syria and Iraq
lack adequate purification resources,
healthcare providers, access to
medical care, and dissemination of
disease monitoring information to
prevent disease burden [5].
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health and domestic use
rEMOTE sENSING
Remote sensing is used to monitor urbanization and

ment. Real-time remote sensing data combined with

its resultant effects upon regional water demands.

geographical information systems (GIS) provides an

Remote sensing provides information regarding water

effective tool to address water quality challenges and

volume, turbidity, pollution, algal blooms and tempo-

public health concerns .

ral dynamics that is used to enhance water manage-

rEGIONAL aCCESS
Telemedicine using satellite-based
communication (1) provides improved disease management by
augmenting access to healthcare.
Rural doctors (2) are able to diagnose
and cross reference information with
hospitals (3). Researchers and specialists (4) worldwide are able to access information about health issues
and monitor global health trends.
Health education (5) is improved
for both healthcare workers and the
general public as more people have
access to medical information [6].
Furthermore, these satellite systems
can provide tele-education programs
enabling enhanced rural education
and increase awareness regarding
water problems.

Recommendations

REFERENCES:
[1] HOWARD, G. & BARTRAM, J. 2003
[2] WHO, 2010
[3] Nicholson, 2011
[4] Ersoy and Nilgün, 1998
[5] International Committee of the Red
Cross, 2008
[6] Le Goff-Pronost and Sicotte, 2010
Images: National Geographic; James Dale;
based on Icons-land, Pierocksmysocks,
and Aha-soft team

• Remote sensing to monitor urbanization
• Space spin-off technologies for water recycling and
purification to provide safe drinking water
• GIS data to monitor water quality and quantity
• Tele-education to enhance education and raise
awareness regarding the global water crisis
• Telemedicine infrastructure to enhance medical
care delivery
• Space communication nodes directly linked with cell
phone networks
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Technology

space-based solutions

Current Space Capabilities
Turkey

Syria

Iraq

The space technologies research

Since 1986 the Syrian government

The Space Research Corpora-

institute of Turkey, TÜBITAK

funded the General Organisation

tion began operations in 1988

UZAY, began space-related activi-

of Remote Sensing (GORS) to

with activities focused on vehicle

ties in 1985. Selected highlights of

analyze and disseminate remote

development to launch telecom-

its space program include: BiLSAT 1

sensing data from Chinese and

munications satellites [3]. Informa-

– a collaboration with Surrey Space

NOAA satellites. GORS undertook

tion on Iraq’s space capabilities is

Technologies as part of a Disaster

a joint remote sensing project with

not readily available and there is a

Monitoring Constellation (DMC);

Egypt’s National Authority for Re-

lack of any space-based solutions

RASAT was launched in August,

mote Sensing and Space Sciences

infrastructure.

2011 to map and monitor wetlands,

to study land cover and land use in

snow cover, flood disasters, water

Syria. [2].

pollution, and urban and regional
changes; SEOCA is a project that
aims to develop Earth observation
technologies [1]

Relay and Communication
Communication using orbiting satellites allows access to entire regions,
in particular, remote regions with limited or no ground infrastructure.
Information can be transmitted from a centralized location in real time,
reducing the need for large numbers of highly trained personnel. By
employing satellite communications, tele-education and telemedicine can
shorten the divide between specialists and inhabitants in the remotest of
areas. Similarly, relaying of monitoring data via satellite communications
provides unparalleled access for ground/based sensing networks.

water purification
Water purification converts fresh water to potable water by removing
contaminants such as sediments, biological impurities, and organic and inorganic chemicals. Filtration systems, activated carbon cartridges, chemical processing, and ozone are techniques used aboard the International
Space Station. These capabilities could be modified to augment terrestrial
systems. New space-based spin-off technologies are emerging as possible
technological solutions for remote water purification systems.
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Remote Sensing
Measurements on all aspects of the water cycle can be obtained from
space, with the advantage of frequently observing large geographical
regions. Multispectral images, show the amount of sunlight reflected
REFERENCES:
[1] TÜBİTAK UZAY. 2011.
[2] GENERAL ORGANISATION OF REMOTE
SENSING. 2011.
[3] DAY, D. 2009.

off of the Earth’s surface or clouds. The relative amount of reflected
light provides information on vegetative health, for agriculture and
water purity.
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Economics
Economic use of Water
Agriculture and industry account for
92 percent of world fresh water consumption [1]. In developing countries, agriculture accounts for the
majority of consumption. Increased
economic growth, however, shifts
this proportion toward industry. In
Turkey, 74 percent of fresh water is
used for agriculture. Of the three
Basin countries, Turkey is the most
industrialized and has the highest
industrial water consumption [1,2].
Syria’s economy is mainly comprised
of agriculture, mining, and oil. In
2000, agriculture accounted for 87.9 percent of water

Industrial waste dumping into water leads to the ad-

consumption. Iraq’s economy is highly dependent on

dition of approximately 300-500 million tons of con-

oil. In 2000 agriculture accounted for only 5 percent

taminants each year. Pollutants include heavy metals,

of the GDP, with over 60 percent derived from oil [2].

organic pollutants, toxic sludge, and solvents.

Iraq must trade oil for basic goods through the UN
program “Food for Oil” [3]. Industry accounts for 14.5
percent of fresh water consumption compared to 79
percent for agriculture [1].

Regional Development
Each country has developmental
plans to guide future economic
growth. Turkey hopes to develop a
production base for medium and
high-tech products [4]. Syria and
Iraq are focused on improving agriculture. In Syria, the Directorate of
Irrigation and Water Use (DIWU)
is responsible for research, testing,
and piloting water management
programs [5]. Iraq intends to develop
its agriculture research and educate
workers to improve irrigation systems [6]. Addressing water resource
issues will be critical for the success
of these development strategies.

10

industry and agriculture
rEMOTE sENSING
Remote imaging and GIS data can be used to op-

drainage systems. Infrared sensors can detect plant

timize irrigation, leading to less water consump-

stress and increase crop efficiency. Soil moisture and

tion and higher crop yields. Millions of hectares of

precipitation can be measured remotely with either

agricultural land in the Tigris-Euphrates river basin

passive or active microwave sensors. In absence of

have suffered from soil deterioration due to salination

remote sensing, monitoring water is a labor-intensive

and water-logging caused by inefficient irrigation and

and time consuming process.

applied technologies
Space-based water purification
technologies can be used to clean
industrial pollutants from water. For
example, oil can be absorbed by wax
microcapsules that were developed
in the space industry [7]. Direct
sensing systems are a combination
of space and Earth-based technology. Data are measured in situ and
transmitted to orbiting satellites that
relay to receiver stations on Earth.
Currently, Iraq is using this system
to measure weather related data, but
the technique can be extrapolated for
water parameters such as concentration of chemical species like carbon
dioxide, carbon monoxide, nitrate,
ammonia and oxygen [8].

Recommendations

REFERENCES:
[1] FAO, 2011
[2] FAO, 2008a
[3] UN Security Council, 1995
[4] Ministry of Industry and Trade, 2010
[5] Aquastat, 2008
[6] Geopolicity, 2010
[7] NASA, 2006
[8] Carman, 2008
Images: Aaron Schwartzbard; Tech. Sgt.
Cohen A. Young; Fata RDP

• Remote sensing and geographic information system
[GIS] for the estimation of lake and water reservoir
heights and to monitor water-borne pollutants
• Remote sensing and GIS to monitor soil moisture,
farm irrigation, precipitation, and consumption
• Integration of ground-based, automated sensor
networks with space measuring systems, data
processing and delivery to users
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management
Water Management
Water management is the sum total
of policy decisions that are made in
response to the problems that have
emerged as a result of population
growth, urbanization, agricultural
and industrial pressures, as well as
the health requirements for clean
water. Poor water management decisions in the Tigris-Euphrates region
have resulted in self-destructive and
unforeseen consequences.

Regional projects
One of the most challenging issues in managing

Turkey expects the GAP project to double the amount

water in the Basin is reaching agreement among the

of arable land in the country upon completion [2]. In

three riparian states on how best to manage their

addition to political uncertainty, Syria’s agricultural

shared water resources.

sector is still in the process of modernizing and places
a strain on already limited water resources. Iraq is

There are over 30 dams along the Tigris-Euphrates

in the process of rebuilding after years of war and

river system, with at least 20 additional dams planned

sectarian violence. Greater cooperation by connecting

or in development for the region [1].Turkey’s GAP

non-political scientific communication among scien-

project is an extensive series of dams, reservoirs, and

tists in the three countries would facilitiate intelligent

irrigation canals, which together form an integral part

water resource use.

of Turkey’s economic and social development policy.
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controling resources
rEMOTE sENSING
Satellite observation is important for monitoring

data garnered from both satellite and ground-based,

water quantity and quality, but alone is not sufficient

including GIS systems. These models can be used to

for comprehensive water management. Models of the

develop improved water management strategies and

hydrological system are required, ideally integrating

as a predictive tool.

GRACE Data
Advances in space technology have
made it possible to measure nearly
all aspects of the water cycle. As an
example, the use of data from the
GRACE satellites, see figure at left,
provides a unique understanding of
ground water in the Tigris-Euphrates
water system. Here large amounts of
ground water indicated with darker
shades; little or no ground water
with lighter shades.

Recommendations

REFERENCES:
[1] Partow, 2001
[2] GAP Project, 2011
Images: National Geographic; Environment Canada (this reproduction not
endorsed by the Government of Canada)

• Participate in a campaign to calibrate remote
sensing satellites efforts using ground-based data.
Such endeavors provide a mechanism for scientific
collaboration, often leading to international and
regional cooperation
• Develop and maintain a regional water model of the
Tigris-Euphrates river basin by scientists from
Turkey, Syria, and Iraq. This model would provide a
regional standard for water resource management
13

Cooperation
“Scientific values of rationality, transparency and universality are the same the
world over and so can be used to underpin good governance and build trust
between nations." - Royal Society, 2010

Cooperation on Earth
The International Space Station demonstrates how nations collaborate on
a common goal despite differences in
policy and ideology. It is the management example for the proposed solution,
the International Water Station in the Tigris Euphrates region. The application of

A regional approach to developing water technologies specific to the TigrisEuphrates River Basin would facilitate
greater efficiency while increasing collaboration. The use of space-related
technologies can provide solutions to
the monitoring and purification of water

space technologies to the monitoring of
water provides a mechanism for international data sharing, removing obstacles
previously hindering cooperation.

not currently employed in the Basin

Role of the International community
International financial and charitable
institutions, banks, international or
regional organizations could provide
adequate funding (World Bank, International Monetary Fund, Arab League).
Of particular note would be collaboration with members of UNESCO’s Inter14

national Hydrological Program, which
promotes the sustainable management
of water around the globe. More recently,
the World Bank has persuaded nations
to agree on sharing their resources as
a prerequisite to obtaining funding for
their projects.

International Water Station Tigris-Euphrates Cooperative (IWS-TEC)

phase 1

Tigris-Euphrates Cooperative Centers of Excellence

Participate in coordinated satellite campaigns:
Calibrating remote sensing satellites using ground-based
data provides a mechanism for scientific collaboration
Develop a communal regional water model:
The model provides a regional standard for water resource
management and future regional management and policy

phase 2

Downlink Stations and GIS Infrastructure

Construct satellite downlink station in each country:
This allows training of highly qualified workers, is a source
of national pride, and has successfully been used as a
mechanism for positive change [2]
Create a regional GIS/Ground monitoring network:
Similar to the low cost FLOW [3] solution, a series of
ground based measuring stations would provide regional
coverage of water quantity and quality.

phase 3

Tigris-Euphrates Water Station

Turkey, Syria, and Iraq construct a research center:
As both a symbolic gesture and a real commitment, Team
H2OPE recommends that Turkey, Syria, and Iraq construct
a physical International Water Station for the TigrisEuphrates river basin, or IWS-TEC. This is a challenging
endeavour, but a physical work center where collaboration
can take place is essential for long-term cooperation.
REFERENCES:
[1] Partow, 2001
[2] GAP Project, 2011
Image: Mou
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