TIGRIS EUPHRATES AND THE GLOBAL WATER CRISIS		

TIGRIS EUPHRATES
AND THE GLOBAL
WATER CRISIS
FINAL REPORT

FINAL REPORT
		
SSP 2011

SPACE STUDIES PROGRAM 2011
INTERNATIONAL SPACE UNIVERSITY
TU GRAZ, AUSTRIA

Tigris Euphrates and the Global Water Crisis

Final Report
International Space University
Space Studies Program 2011

© International Space University. All Rights Reserved.

The 2011 Space Studies Program of the International Space University was convened at the
TU Graz, Inffeldgasse Campus, Graz, Austria

While all care has been taken in the preparation of this report, it should not be relied on, and
ISU does not take any responsibility for the accuracy of its content.

The Executive Summary and the Final report may be found on the ISU web site at
http://www.isunet.edu in the “ISU Publications/Student Reports” section. Paper copies of the
Executive Summary and the Final Report may also be requested, while supplies last, from:

International Space University
Strasbourg Central Campus
Attention: Publications/Library
Parc d’Innovation
1 rue Jean-Dominique Cassini
67400 Illkirch-Graffenstaden
France
Tel. +33 (0)3 88 65 54 32
Fax. +33 (0)3 88 65 54 47
e-mail: publications@isu.isunet.edu

ii

International Space University, SSP 2011

Tigris Euphrates and the Global Water Crisis

Acknowledgements

ACKNOWLEDGEMENTS
Team H2OPE would like to express sincere gratitude to those who made SSP11 possible. We
would like to thank the following for their generous contributions:
Supporting Institutions
NASA- Earth Science Division (ESD) Applied Sciences Program
NASA-Langley’s Committee on Earth Observation Satellites (CEOS)
System Engineering Office

Group on Earth Observations
Technische Universität Graz
Team Project Staff
James Burke, Co-Chair
Noel Siemon, Co-Chair
Alexandre Lasslop, Teaching Associate
External Experts
Carol Carnett, Director of SSP English Programs
Stephanie Castle, UCI Irvine Earth System Science
Jim Dator, Director Hawai’i Research Center for Futures Studies
Bradley D. Doorn, NASA HQ - Science Mission Directorate, Earth Science Division
Marco Ferrazzani, ESA Headquarters
Lawrence Friedl, NASA HQ, Manager of the Earth Sciences Applied Science Program
Dominic Gould, London Office AMAR International Charitable Foundation
Yann H. Kerr, Director of CESBIO and Principal Investigator of the ESA/SMOS mission
Brian Killough, NASA LaRC Manager of the CEOS Systems Engineer Office (SEO)
Ashutosh S. Limaye, NASA Marshall Space Flight Center, Earth Science Office
Baroness Emma Nicholson, Chair of AMAR International Charitable Foundation
John Reager, UCI Irvine Earth System Science
Christopher Stott, Mansat Ltd. Isle of Man
Evan Thomas, Portland State University
Turdimirat Tursunmuratov, Senior Researcher, University of World Economy and Diplomacy
Olga Zhdanovich, ESTEC
For mentoring the team on the global water crisis and
showing us how space technologies can address this critical and impending issue.
We also acknowledge the MODIS mission scientists and associated NASA personnel for the
production of the TRMM data used in this report. We would like to thank our graphic
consultant Rohan Jaguste for designing our cover and creating our logo. Finally, we are indebted
to our classmates for providing nine weeks of space-centered dialogue, but more important,
keeping us sane with laughter and fun.
International Space University, SSP 2011

iii

Authors

Tigris Euphrates and the Global Water Crisis

AUTHORS
Allison Anderson
United States of America

Tal Azoulay
Israel

Abigail Calzada
Spain

Kai Chen
China

Christophe Colliard
France

Mirela Constantin
Romania

Sabrina Coudry
France

Cameron Dickinson
Canada

Laura Drudi
Canada

Berivan Esen
United Kingdom and Turkey

Pauline Faure
France and Japan

Giulia Federico
Italy

Maria Fischer
Austria

Olivier Fleury
France

Xiang Guo
China

Silvia Henriques Vicente
Portugal

Paul Kemp
Australia

Michael Kenn
Austria

Ksenija Kosenko
Latvia

Alexandre Laurin
Canada

Mark Lipsett
Canada

Jingyu Liu
China

Khalid Manjoo
South Africa

Stephen O’Brien
Ireland

Hui Ouyang
China

Jose Pessoa Filho
Brazil

Luke Roberson
United States of America

Laura Rose
Canada and United States of America

Linfeng Shang
China

Lucia Soto
Spain

Åse Svendsen
Norway

Guohui Wang
China

iv

International Space University, SSP 2011

Tigris Euphrates and the Global Water Crisis

Authors

Benjamin Wilcock
UK

Dawei Wu
China

Xu Yang
China

Nader Yared
Egypt and Canada

Gakuji Yokoyama
Japan

Weimin Zhang
China

Wencan Zhao
China

International Space University, SSP 2011

v

Abstract

Tigris Euphrates and the Global Water Crisis

ABSTRACT
Humanity’s influence on the global water cycle has negatively impacted Earth’s fresh water
supply. Increased population, urbanization, agriculture, industry, contamination, and economic
growth have placed great stress on the water cycle, resulting in the global fresh water crisis. This
report highlights these impacts on a global and regional scale.
The Tigris-Euphrates river basin includes all the key human drivers affecting the water cycle.
The intricate physical, geographical, and political dynamics within the basin create a distinct
circumstance that forms a basis for the global application of space-based solutions.
Earth observation and remote sensing satellites provide valuable data for large scale monitoring
of fresh water quality, and sustainable water management. This report shows how information
from remote sensing satellites, together with Geographic Information Systems (GIS), can
provide effective solutions that address the key drivers to the water cycle, thus enhancing water
authorities’ ability to forecast, plan, and evaluate water management strategies and policies for
the future.
The symbiotic relationship between water and education is vital in understanding water issues.
Space-based solutions such as tele-education assist in strengthening this relationship and will be
highlighted in this report. Space-based technologies provide innovative spin-off solutions to
existing ground-based water treatment methods, such as the use of solar-array power technology
for more efficient energy use for desalination plants.
One of the most challenging issues in the Tigris-Euphrates river basin is reaching agreement
among the riparian states on how best to manage shared water resources. Fostering scientific
cooperation among Turkey, Syria, and Iraq is crucial to getting governments to work together in
a harmonious and beneficial way. An International Water Station (IWS) based on the
collaborative concept of the International Space Station (ISS), together with downlink stations
in each country, is conceived as an ideal platform for data-sharing and a framework for the
implementation of a coordinated systematic approach to fresh water management on a regional
and global scale.
The global fresh water crisis is a reality and a major challenge of our time. Addressing this
challenge and finding solutions to confront the crisis is beyond the ability of any single nation.
The solution does not reside within a single technology or academic discipline; rather it will
require the cooperation of many nations through scientific and political partnership to formulate
a response that will collectively benefit the countless people affected.
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This report is an effort by 39 participants in ISU’s 2011 Space Studies Program to address the
problem of access to fresh water in nations and to identify how space derived information and
management skills can provide part of the solution.
During the nine weeks program, the participants investigated the Tigris-Euphrates river basin to
identify how people, agriculture, industry, and government influence the management of water,
to identify main issues and to provide space-based solutions.
The area chosen as a case study for this report is interesting from a historical perspective. The
Tigris and Euphrates Rivers, starting in Turkey and travelling through Syria and Iraq, pass
through the ancient area of Mesopotamia. In addition to its continuing history of unrest and
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the need may be aided by recommendations from an independent, unbiased team of workers
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AUTHOR PREFACE
From July 10th to September 9th, 2011 119 individuals from 31 countries with diverse
professional backgrounds participated in the 24th Space Studies Program of the International
Space University in Graz, Austria. Thirty-nine of those professionals from 20 countries were
assigned to research the global water crisis. We chose the Tigris-Euphrates river basin, cradle of
early human civilization, as the case study to highlight the human impact of the global fresh
water crisis on a regional scale. Team H2OPE conceived of a set of recommendations with the
vision:
“To inspire interest and engage international change towards the solution of the global water crisis.”
Our goal is to increase awareness of the global water crisis and provide space-based
recommendations for the Tigris-Euphrates river basin as an example of how regional water
management can be used to address the global water crisis in the world’s principal 26 river
basins.
_________________
Arabic Translation
 دولة مختلفة و إلى تخصصات و خلفيات مھنية و٣١ شارك مائة و عشرون طالب و متخصص )الذين ينتمون إلى
تعليمية متنوعة( فى فعاليت برنامج دراسات الفضاء الرابع و العشرين و المنظم بواسطة جامعة الفضاء الدولية بمدينة
أوكل إلى تسعة و ثالثون من.٢٠١١ غراتس بالنمسا فى الفترة الزمنية من العاشر من يوليو و حتى التاسع من سبتمبر
 و قد تم إختيار نھرى. مھمة البحث فى أزمة المياه العالمية. دوله مختلفة٢٠ ھؤالء المتخصصين و الذين ينتمون إلى
دجلة و الفرات ) منشئى أوائل الحضارات اإلنسانية( إلجراء دراسة تطبيقية لھذا البحث و الذى تم من خالله إلقاء
.الضوء على تأثير اإلنسان فى األزمة العالمية للمياه العذبة على النطاق اإلقليمى
:( العديد من التوصيات من خالل ھذه الدراسة تحت عنوانH2OPE) و قد إقترح ھذا الفريق و الملقب ب
""حتى نلھم و نثير إنتباه المجتمع الدولى لتغيرات ضرورية نحو إيجاد حلول جذرية ألزمة المياه العالمية
الھدف من ھذه الدراسة ھو زيادة الوعى بأزمة المياه العالمية و إعطاء بعض التوصيات و الحلول المقترحة لحل ھذه
األزمة على النطاق اإلقليمى أوالً بإستخدام تقنيات و تكنولوجيا الفضاء و قد تم إتخاذ نھرى دجلة و الفرات كمثال
توضيحى لھذه الدراسة و التى أوضحت كيفية إيجاد حلول ألزمة المياه العالمية من خالل إدارة المياه إقليميا أوال ألھم
.ستة و عشرون نھرا حول العالم
_________________
Turkish Translation
31 ülkeden farklı meslek gruplarına ait 119 uzman, 10 Temmuz-9 Eylül 2011 tarihleri arasında
Avusturya’nın Graz kentinde düzenlenen Uluslararası Uzay Üniversitesi 24. Yaz Okulu
Programı’na katılmıştır. Katılımcılardan 20 farklı ülkeden 39 uzman, küresel su krizi hakkında
araştırma yapmakla görevlendirilmiştir. Eski uygarlığın beşiği olarak adlandırılan Dicle-Fırat
havzası, küresel su krizinin insanlara etkisini bölgesel bazda vurgulamak için örnek olarak
seçilmiştir. H2OPE ekibi aşağıda yer alan vizyon çerçevesinde bu dokümanda bir dizi öneride
bulunmaktadır;
“Küresel su krizinin çözümü ile uluslararası değişimi desteklemek ve ilgi uyandırmak”
Küresel su krizine yönelik duyarliligi artırmak ve Dicle-Fırat havzası için uzay temelli onerilerde
bulunmakla birlikte , söz konusu alanda bölgesel su yönetiminin dünyanın önde gelen 26 su
havzasındaki küresel su krizinin çözümü için örnek olarak gösterilmesi hedeflenmektedir.
_________________
Team H2OPE, ISU SSP 2011
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Introduction

1 INTRODUCTION
"Rain and dew form in the sky and moisten the Earth.
Without water, life could not be, and human pursuits could not succeed."
- Liu’An – Han Dynasty (179-122 BC)
Water is critical to the survival of all life on Earth. Even though over 70 percent of Earth’s
surface is covered with 1.4 billion cubic kilometers of water, only 0.9 percent is considered fresh
and accessible surface water (United States Geological Survey, 2011). With such a vast
abundance of water around us, why are millions of people across the world dying from
inadequate access to potable fresh water every year? Free access to clean drinking water is a
basic human right (U.N. News Center, 2010), yet the lack of human access to fresh water has
become a global water crisis as countries restrict this precious resource. The world community
must address this crisis.
To address the global fresh water crisis, the International Space University tasked a select team
of professionals to research and assess the crisis, and suggest recommendations to the water
community. The team consists of 39 interdisciplinary professionals from 20 countries in the
space, scientific, engineering, policy, law, business and management, and education fields. The
team, H2OPE, derived its name from this vision:
“To inspire interest and engage international change towards the solution of the global water crisis.”
The global fresh water crisis expands across 26 river basins on six of the seven continents
(Figure 1-1) (United Nations Environment Programme, 2001). A single water basin was chosen,
leading to the team’s mission statement:
“To recommend space-based solutions to the global fresh water crisis through a focus on the Tigris-Euphrates river
basin.”
This report outlines the basic principles of water availability by explaining the natural
hydrological cycle and humanity’s substantial impact to that cycle on a global scale. Using the
Tigris-Euphrates river basin as a focus, this report identifies and describes four main humanderived drivers that relentlessly shape the quality and use of Earth’s fresh water supply. This
report will identify solutions and provide recommendations using space-based technologies to
address lessons learned from the case study. A bold, innovative concept will be generated from
the collection of recommendations. This report will demonstrate how lessons from the case
study, space-based solutions, and the innovative concept are applicable in Africa, Asia, South
America, or any of the world’s 26 major river basins in addressing the global fresh water crisis.
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Figure 1-1: World Water Basins

Source: (United Nations Environment Programme, 2001)

1.1

Earth’s Water Supply

Earth, known as the Blue Planet, gets its name from the water that covers over seventy percent
of its surface. Water is a simple molecule with complex chemistry. Even though water is
abundant on Earth, not all water is suitable for human consumption. A clear comprehension of
Earth’s water distribution is vital to understanding how and why there can be a global fresh
water crisis. Ninety-seven percent of Earth’s water is salt water found in oceans and not potable
(Figure 1-2). Of the three percent possibly fit for human consumption, 68.7 percent is captured
in glaciers and icecaps and 30.1 percent is ground water, while only 0.3 percent is accessible
surface water such as lakes and rivers (United States Geological Survey, 2011). The remaining
0.9 percent is other, unspecified water. These numbers show that of the total water on Earth;
approximately 0.009 percent (12.6 million km3) is considered fresh and accessible surface water
(United States Geological Survey, 2011).
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Figure 1-2: Distribution of Earth’s Water

Source: (USGS, 2011)
1.2

Natural Hydrological Cycle

Figure 1-33 provides a classical representation of the Earth’s natural hydrological cycle. The
quantity of water on Earth remains constant, but transforms into different physical states (solid
ice, liquid water, and water vapor) through a thermal regulatory cycle (Water Cycle Study Group,
2001).
Figure 1-3: Earth’s Natural Hydrological Cycle

Source: (Water Cycle Study Group, 2001)
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The Sun is vital to the hydrological cycle. The heat from the Sun evaporates surface water from
the oceans and rivers and sublimates ice and snow. The Sun also causes evapotranspiration, the
cumulative term for transpired water from plants being evaporated along with moisture in the
soil in the same region. The water vapor created from these processes increases the humidity
level until condensation forms on aerosol particles, such as dust and soot. The droplets continue
to grow in size until they fall to the ground in the form of rain, snow, or hail. Most precipitation
falls into the oceans or returns back to the ocean via accumulated surface runoff from rivers or
streams. A smaller amount of precipitation on the land penetrates the ground where it can
replenish aquifers or slowly seep back towards surface water. Precipitation can also accumulate
as snow, where it may stay trapped as ice for extended periods or melt in warmer weather to
contribute to surface runoff and infiltration (United States Geological Survey, 2011).
1.3

Human-Impacted Hydrological Cycle

The major aspect missing from the natural hydrological cycle described in Section 1.2 is the
ever-increasing impact of the human species. Earth’s population almost tripled in the last 60
years (United Nations Population Division, 2008). The result is a dramatic shift in the pathways
of the natural hydrological cycle as fresh water is diverted, processed, or contaminated. Figure 14 provides a snapshot of the human effects on the natural water cycle. This diagram shows a
clear depiction of the human species’ primary impacts on the hydrological cycle. Each of these
significant impact sectors: people, agriculture, industry, and water management, and their impact
on human health, will be addressed as drivers within this report.
Aside from the human impact on the water cycle, climate change has a significant effect on the
availability of fresh water. Climate change is an important issue that the international community
manages at multiple governmental and nongovernmental levels; however, it is not a driver that
will be addressed within this report. The scope of global climate change’s interactions with the
water cycle is still debated concerning the level of natural climate change versus humanimpacted climate change.
1.4

Tigris-Euphrates River Basin

The Tigris-Euphrates river basin was chosen as the case study for this report, because it
possesses all of the key human drivers within the human-impacted water cycle. The intricate
physical, geographical, and political dynamics within the basin create a distinctive circumstance
that can be the basis for global application.
The water in the Tigris-Euphrates river basin originates from the Minor Caucasus and the
Taurus Mountains in the Anatolia Plateau located in the Northwest region of Turkey. These
rivers flow from Turkey southwest into the Arabian Platform crossing into Syria and Iraq. Both
rivers converge with the Karun River to form the Shatt al-Arab channel in the surroundings of
Al-Qurna, about 70 km northeast of Basra, Iraq. The three rivers empty into the Persian Gulf
(Figure 1-5).
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Figure 1-4: Human Impacted Hydrological Cycle

Source: (Join the evolution, 2009)
Figure 1-5: Tigris and Euphrates River Basin

Source: (MapGuy, 2011)
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The total area of the river basin is estimated between 633,992 and 967,000 km2, depending on
the source (Garrido Caballero, 2007, Food and Agricultural Organization, 2008b, Kavvas, 2010,
Food and Agriculture Organization, 2009). This report will focus on Turkey, Syria, and Iraq,
referencing the United Nations data in Table 1-1. This report will not cover Iran, Saudi Arabia,
and Jordan because they have no contribution or direct access to the rivers (Table 1-2). The
average water flow of the Euphrates is about 32 billion m3 per year and ranges from 17 to 43
billion m3 per year (Garrido Caballero, 2007). The Karun flow rate is estimated at 20-25 billion
m3 per year (Leb, 2009). The Tigris River is an unstable and unreliable river making it a challenge
to calculate annual flow rates (Biswas, 1994).
Table 1-1: Basin Area by Country
Turkey

Syria
2

192,190 km
21.8%

Iraq
2

96,420 km
11.0 %

Iran
2

407,880 km
46.4 %

Other
2

166,240 km
18.9%

Total
2

17,060 km
1.9%

2

879,790 km
100%

Source: (Food and Agricultural Organization, 2008b)
Table 1-2: Contribution of the Total Water Potential by Country
Turkey

Syria

Iraq

Euphrates

88.70%

11.30%

0.00%

Tigris

51.90%

0.00%

48.10%

Source: (Garrido Caballero, 2007)
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2 THE HUMAN ELEMENT
"When you put your hand in a flowing stream,
you touch the last that has gone before and the first of what is still to come."
- Leonardo Da Vinci
The human element in the global water cycle is a critical factor that poses severe, negative
impacts to millions of people. As a global community that relies on water as a basic necessity of
life, the human impact on fresh water must be understood and addressed at all levels of
humanity through a symbiotic approach of education, outreach, and space-based technology.
This chapter discusses the global domestic use of fresh water and its effects on the water cycle,
the need for education on water use at the global, regional, and local levels; the regional policies
concerning water sharing; and concludes with space-based technology recommendations to
alleviate humanity’s effect on the global water cycle.
2.1
2.1.1

Domestic Fresh Water Use and Urbanization
Introduction

Domestic fresh water use is defined as “water used for all usual domestic purposes including consumption,
bathing, and food preparation” (Howard and Bartram, 2003), which includes “public and commercial
services such as hospitals and hotels” (Newman, 2006). Domestic fresh water use accounts for only
eight percent of the global fresh water use (World Business Council for Sustainable
Development, 2005) and is coming under great stress as the world’s population increases.
2.1.2

Global Problem

Worldwide, humans use 325 billion cubic meters per year of fresh water, which equals to 52
cubic meters per capita per year (Newman, 2006). The amount of fresh water used for domestic
purposes varies drastically throughout the world (Figure 2-1). The African continent, with a
population close to one billion people, is severely deprived of fresh water, whereas Australia,
with a population of around 22 million people, has the greatest domestic fresh water use per
capita.
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Figure 2-1: Proportion of Piped Water used for Domestic Purposes 1987 to 2003

Source: (Newman, 2006)

Between 1950 and 2000 the world’s urban population increased by 2.8 billion people. The global
urban population is expected to be at 60 percent by the year 2025 (University of Michigan,
2006). Increased urbanization at these levels puts pressure on the availability of fresh water and
leads to over exploitation in urban areas.
The global issues facing the domestic use of fresh water are found in the Tigris-Euphrates river
basin. Table 2-1 describes the key domestic fresh water statistics in Turkey, Syria, and Iraq.
Regionally, Turkey possesses the greatest improved water system, but improved water does not
imply potable water. In Turkey, tap water is not potable, but municipal water is used for other
domestic purposes. Increased urbanization from localized population growth is the biggest
factor for domestic water issues. The lack of domestic water availability in the Tigris-Euphrates
region has a detrimental impact on all aspects of a society including population health,
agriculture, livestock production, industrial growth, and education. Domestic water purification
and management is critical for stability and growth of nations within this region and will be
covered in more detail in the subsequent chapters.
Table 2-1: Tigris-Euphrates Regional Domestic Fresh Water Use

Turkey
Syria
Iraq

Domestic
Uses of
Total Water
Withdrawal
(%)
15
3
3

Population
with Access
to Improved
Water (%)

Population
(Millions)

Urban
Population
(%)

Current Rate
of
Urbanization
(%)

99
89
79

79
31
23

70
56
66

1.7
2.5
2.6

Source: (Central Intelligence Agency, 2001)
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2.2.1
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Water Education
Symbiotic Relationship between Education and Water

Education and water have an important symbiotic relationship. Access to fresh water is
necessary for education, and education is vital to inform people about water. Understanding the
issues related to water facilitates the planning for a sustainable future through changing society’s
behavior and increasing awareness (World Water Council, 2010).
2.2.2

Global View of Water Education

Global water education is an interdisciplinary subject. Storytelling and visualizations are
important teaching methods in elementary schools to effectively communicate lessons and ideas
about water (Water Education Foundation, 2011). For space-based water education, it is crucial
that educators are well trained, and that the students have a basic knowledge about the water
cycle.
According to (Mervis, 2011) children show interest in science when the subject affects their
lives. Space-based methods like remote sensing are value added to teach children about water
issues. Flinders University developed a pilot project aimed at increasing the proportion of
students with an interest in space and pursued a career in the science, technology, engineering,
or math fields. The concept relies on teacher education and student selection. Programs could
be adapted for specific regions to target water applications at a high school level (Department of
Sustainability, Environment, Water, Population and Communities, 2010).
NASA's approach of using video segments to educate students about water level changes could
also be adapted to a younger audience. The programs teach students about the impacts of
humans on the global water crisis. Space-based technologies are good tools to create awareness
of the water situation and promote sustainable development.
Global initiatives and institutions exist specifically aimed at water education and outreach.
A few examples include:
• World Water Week: Hosted and organized by the Stockholm International Water
Institute (SIWI), this annual event in Stockholm is the focal point for the global water
issues since 1991 (Stockholm International Water Institute, 2011).
• Project WET: A non-profit organization providing water education to children, parents,
teachers, and community members (Project WET, 2011).
• Charity: Water: A non-profit organization that manages water projects in developing
countries using space-based tools such as GPS (Charity: Water, 2011c, Charity: Water,
2011a, Charity: Water, 2011b).
• Water for People: A non-profit organization that uses GPS technology to provide
information and education materials to improve local water management (Water For
People, 2011a, Water For People, 2011b).
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Tele-education uses satellite communications technology to provide education remotely, and is
an effective tool to offer global education particularly to rural areas (Maniewicz, 2000). For
example, in India satellite television delivers information about agriculture, farm management,
and industry.
2.2.3

Regional Education Status

An understanding of a country’s educational system is fundamental to the organization and
dissemination of educational programs. Educational parameters are used to ascertain the quality
of education within a country. The main educational system parameters are primary school
attendance, literacy rate, and access to communication. In Turkey, Syria, and Iraq these
parameters define the education system and its current state.
•

•

•

Turkey
o From 2005 to 2009, 95 percent of children were enrolled in national primary
school.
o The adult literacy rate was 89 percent between 2005 and 2008.
o Stark differences exist between the quality of schools in rural and urban areas.
o 89 percent of the population own a phone (UNICEF, 2010c, UNICEF, 2005).
o 34 percent of the population use the internet (UNICEF, 2010c, UNICEF,
2005).
Syria
o From 2005 to 2009, 95 percent of children were enrolled in primary school.
o The adult literacy rate was 84 percent between 2005 and 2008.
o 33 percent of the population own a phone (UNICEF, 2010b, Sixmith, 2010,
Baumler, 2009).
o 17 percent of the population use the internet (UNICEF, 2010b, Sixmith, 2010,
Baumler, 2009).
Iraq
o From 2005 to 2007, 87 percent of boys and 82 percent of girls were enrolled in
primary school.
o The adult literacy rate was 78 percent between 2005 and 2008.
o 58 percent of the population own a phone (UNICEF, 2006, UNICEF, 2010a).
o In 2008 only one percent of the population use the internet (UNICEF, 2006,
UNICEF, 2010a).

It is important to improve the educational facilities, school institutions, and teaching methods in
Turkey, Syria, and Iraq. International and regional professionals in educational development,
urban development, water management, and NGOs must work together to define strategies,
schedules, and objectives (United Nations Human Settlements Program, 2001).
2.3

Socioeconomics and Politics

In July 2010, the United Nations General Assembly approved the Resolution that access to
clean drinking water is a human right; however, this agreement is not legally binding (Deutsche
Welle, 2010). As a consequence, international laws on fresh water are customary laws. An
example is the Berlin Rules on Water Resources established in 2004 adopted by the
International Law Association (Deutsche Welle, 2010, International Law Association, 2004).
10
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These laws state the following (International Law Association, 2004):
•

•

•

•

Preferences Among Uses:
o “In determining an equitable and reasonable use, States shall first allocate
waters to satisfy vital human needs” (International Law Association, 2004).
The Right of Access to Water:
o “Every individual has a right of access to sufficient, safe, acceptable, physically
accessible, and affordable water to meet that individual’s vital human needs”
(International Law Association, 2004).
o “States shall ensure the implementation of the right of access to water on a
nondiscriminatory basis” (International Law Association, 2004)
Education:
o “States shall undertake education at all levels to promote and encourage
understanding of the issues that arise under these Rules” (International Law
Association, 2004)
Protection of Particular Communities:
o “States shall take all appropriate steps to protect the rights, interests, and
special needs of communities and of indigenous peoples or other particularly
vulnerable groups likely to be affected by the management of waters, even
while developing the waters for the benefit of the entire State or group of
States” (International Law Association, 2004)

These laws recognize that it is the State’s duty to ensure that fresh water is provided to people as
a basic human right. The following sections detail the policies and views of Turkey, Syria, and
Iraq and describe a few of the existing intricacies related to the water sharing problem.
2.3.1

Turkey

The economic boom over the past 10 years in Turkey, along with the parallel growth in
urbanization, puts a significant strain on the nation's fresh water resources.
Figure 2-2 shows the comparison of the economic growth of Turkey, Syria, and Iraq using
GDP per capita. Wisely foreseeing this problem since the 1960's, the Turkish government
introduced the Güneydogu Anadolu Projesi (GAP), a comprehensive water management
project. This GAP project is a key element of fresh water issues in the basin giving Turkey
extensive control over water flowing into Syria and Iraq.
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Figure 2-2: GDP Per Capita (current USD)

Source: (Worldbank, 2011)
2.3.2

Syria

Geographical and socio-cultural issues are deeply interconnected in Syria and play a vital role in
water sharing and water access. Syria has claimed rights to the water of the Tigris-Euphrates
river basin since ancient times, but Syria also has declared that the Tigris and Euphrates rivers
are 'international watercourses' and 'shared resources'. Syria argues that Turkey’s aim is to
control the countries of the basin economically and politically by forcing them to be reliant on
water (Turkish Ministry of Foreign Affairs, 1996).
2.3.3

Iraq

In 2005 Iraq adopted a new constitution changing from a unitary state to a federal state
(Geopolicity, 2010). With a new constitution and government structure, water regulations and
government responsibilities changed so that (Associated Press, 2005):
•
•
•
•

Responsibility transitioned to the federal government.
Policies relating to water sources from outside Iraq are now addressed internally.
The federal government now has the responsibility to guarantee the rate of water flow
into Iraq and its fair distribution in accordance with international laws.
The government must formulate and organize the main internal water sources policy
for fair distribution. This has been organized by law.

These regulations are an important step for the Iraqi government to provide water in a manner
that corresponds to international laws and norms. In Iraq, the Ministry of Water Resources
(MoWR) provides integrated water resources management (Ministry of Water Resources, 2011).
To achieve its mission, the MoWR develops and implements riparian agreements, and maintains
relations with relevant international water management bodies (Geopolicity, 2010).
Turkey, Syria, and Iraq developed economically and socially in different ways over the last few
decades and, as a result, their views on each other and their water sharing policies also evolved
differently. Sharing water from the Tigris-Euphrates river basin is at the heart of many political
12
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and social problems. Using a space-based approach that exploits technological solutions that
are impervious to political barriers would address this political problem.
2.4

Space-Based Technology

An understanding of fresh water as a resource and its management in the Tigris-Euphrates river
basin is essential to develop and implement feasible space-based solutions. Space-based
solutions provide a unique perspective to solve the regional fresh water crisis, as they employ
intercultural, interdisciplinary, and international methods. This section summarizes current
space-related activities in Turkey, Syria, and Iraq.
2.4.1

Turkey’s Space Technologies Overview

The space technologies research institute of Turkey, TÜBITAK UZAY, was founded in 1985 by
the Middle East Technological University and the Scientific and Technical research council of
Turkey (TÜBİTAK UZAY, 2011). TÜBITAK UZAY began space-related activities by
collaborating with Surrey Space Technologies of the United Kingdom on the BilSAT 1 remote
sensing satellite launched in 2003. BilSAT is part of the Disaster Monitoring Constellation
(DMC), an international project among China, Thailand, Vietnam, UK, Nigeria, and Algeria.
The first remote sensing satellite independently designed and built by TÜBITAK UZAY, was
RASAT, which launched August 17, 2011. RASAT’s purpose is to map and monitor wetlands,
snow cover, flood disaster monitoring, water pollution monitoring, and urban and regional
planning. TÜBITAK UZAY also participates in SEOCA, a project that aims to develop Earth
observation technologies (TÜBİTAK UZAY, 2008).
Table 2-2: Remote Sensing Satellites from Turkey
Resolution
Satellites

Spatial (m)

Spectral (m)

Panchromatic: 7.5

0.42 – 0.73

RASAT
Multispectral : 15

(3 spectral bands)

Panchromatic: 12.6

0.45 – 0.9

BILSAT
Multispectral: 28

Radiometric
(bit)

Temporal
(days)

8

4

8

N/A*

(4 spectral bands)

* Satellite out of order since 2006 (battery end of life).
Source: (TÜBİTAK UZAY, 2011, TÜBİTAK UZAY)
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Syria’s Space Technologies Overview

Since 1986 the Syrian government funded the General Organization of Remote Sensing
(GORS) to analyze and disseminate remote sensing data from Chinese and NOAA satellites for
environmental studies (General Organisation of Remote Sensing, 2011). Projects include
management of the meteorological database and the database of wells in the upper Euphrates
River. GORS undertook a joint remote sensing project with Egypt’s National Authority for
Remote Sensing and Space Sciences to study land cover and land use in Syria. This project
established databases of land cover and uses to monitor changes, and provided trained, qualified
personnel for future remote sensing activities (General Organisation of Remote Sensing, 2011).
2.4.3

Iraq’s Space Technologies Overview

The Space Research Corporation began operations in 1988 with focused activities on vehicle
development to launch telecommunications satellites (Day, 2009). Some remote sensing
expertise exists in Iraq; the Iraq Marshland Observation System (IMOS), for example, is part of
the UN Environmental Program (UNEP) and provides a training opportunity for three Iraqi
professionals. There have been no reported space activities in Iraq in current times, and there is
a lack of any space-based solutions infrastructure.
2.4.4

Monitoring Urbanization

The scale of urban areas compared to other land uses is not large, yet the environmental impact
on fresh water resources is significant. Remote sensing is an effective space-based solution to
monitor urbanization and environmental impacts.
Remote sensing data can provide vital information on:
• Residential land use.
• Residential housing information.
• Building and cadastral infrastructure.
• Energy demand and conservation.
• Commercial and services land use.
• Industrial land use.
• Geographical layout of green land.
• Surface water in urban areas.
This list represents a small subset of information that can be provided using remote sensing
instruments on satellites. One example of measuring urbanization via remote sensing is the
Normalized Difference Vegetation Index (NDVI). The index compares changes in the near
infra-red (NIR) band to the red visible band. Plants reflect high amounts of NIR radiation,
whereas urban areas tend to absorb the NIR radiation (Weier and Herring, 1999). Differences in
contrast represent a means of monitoring urbanization over time. A decrease in the NDVI is
observed as a region becomes more urban (Sun et al., 2011). This type of information is
essential in monitoring and managing urbanization for making decisions based on real-time data.
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Team H2OPE recommends the use of remote sensing data for the monitoring and
management of urbanization as well as for education at all levels of the community.
Team H2OPE recommends the use of tele-education to enhance region-wide
education and raise awareness regarding the global water crisis.

2.4.5

Purification-Desalination Technologies

Increased urbanization puts increased demand on fresh water for domestic purposes. The large
quantities of seawater and salty groundwater compared to fresh water make desalination an
attractive option. Desalination is the removal of salt to produce safe drinking water containing
less than 0.5 percent salt (The Economist, 2011). Costs for construction and the operation of
large-scale desalination plants limit the feasibility of this technology; therefore, this technology is
used only to generate small amounts of water for domestic use. There are two ways to address
the issues of cost: (1) modify the processes to become more energy-efficient, or (2) use a zerocost, renewable resource such as solar, wind, or wave energy to generate fresh water.
Reverse osmosis (RO) is a popular desalination process (Figure 2-3). Pressure is applied to the
saltwater to force water, but not salt, across a semi-permeable membrane to give fresh water.
Figure 2-3: Principles of Reverse Osmosis (A) and Forward Osmosis (B)

A B
Sources: (American Heritage Science Dictionnary, 2010, Y. C. Tzahi et al, 2006)
Forward osmosis (FO) draws out fresh water by offering a more concentrated “draw solution”
into which liquid can flow. This solution pulls water molecules through a semi-membrane. The
resulting solution is heated to remove ammonium bicarbonate leaving behind pure water. This
method uses only 20 percent of the energy of today’s desalination plants (Ravilious, 2010).
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Desalination in the Tigris-Euphrates River Basin

In Iraq, there are over 350 government desalination plants using solar energy (Utilities ME Staff,
2010). The Syrian government formed the Scientific National Desalination Commission
(SNDC) to investigate the feasibility for desalination technologies (Alayoubi, 2011); since the
establishment of this commission is very recent, no progress has been reported.
2.4.7

Potential Technological Solutions

A space-based solution to decrease the energy associated cost is space solar array structures.
These structures collect and transmit electromagnetic radiation to a receiver on Earth where it is
converted to electrical energy (Tobiska, 2010). This technology needs further development in
design and transmission. Solar powered desalination has the potential to become a viable
solution in the far future; therefore, efforts must be made towards further development.
2.5

Recommendations

The human element is a major impact on the global water cycle. The impacts from increasing
population and urbanization are felt at the regional and national levels. Several key
recommendations were proposed to reduce this impact, starting with raising society’s education
and awareness about the severity and criticality of the global fresh water problem. In rural areas
and communities, space-based solutions such as tele-education provide effective educational and
awareness information to remote populations. Satellite technology provides a unique benefit to
developing countries that do not have access to modern classrooms, schools, and teachers.
Remote sensing data provides real-time data about urbanization growth, residential and
industrial land use, and surface water availability. This data provides further education to the
public and to the international water community.
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3 ECONOMIC DEVELOPMENT
"Water and air, the two essential fluids on which all life depends, have become global garbage cans."
- Jacques Cousteau
Together, agriculture and industry account for 92 percent of the world’s fresh water
consumption (Food and Agricultural Organization, 2008b). There is a large disparity on water
allocation between high- and low-income countries (Figure 3-1). Developed countries use 59
percent of their fresh water for industrial purposes, whereas developing countries only use 10
percent, with 82 percent of resources going toward agriculture. These proportions are expected
to change in developing countries where industrial consumption is expected to rise as economic
growth continues (United Nations Industrial Development Organization, 2003) .
Figure 3-1: Breakdown of Water Use in High- and Low-Income Countries

Source: (United Nations Industrial Development Organization, 2003)
3.1
3.1.1

Global
Economic Sectors

Economic production can be divided into four categories:
• Production of raw materials (primary sector).
• Processing products from the primary industry (secondary sector).
• Services and transportation (tertiary sector).
• Research and development (quaternary sector) (Rosenberg, 2011).
Primary sectors are frequently the largest industry in developing countries. Agriculture, a
primary sector, is the largest consumer of fresh water at 70 percent. Along with agriculture, the
primary sectors such as the production of metal, wood, paper, chemicals, gasoline, and oil,
consume a significant amount of fresh water (United States Geological Survey, 2011). To supply
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these industries with water, large-scale water diversion is provided through canals and pipelines.
Farmers divert water for local irrigation using weir dams that partially block the flow of streams,
creating a small reservoir (Ley, 2003).
Irrigation systems vary greatly in water use efficiency (Food and Agricultural Organization,
2008d). Surface irrigation is 55 percent efficient and is the most commonly used irrigation
method around the world (Food and Agricultural Organization, 2008d). Localized irrigation,
including sprinkler irrigation, has much higher efficiencies of around 84 percent (Food and
Agricultural Organization, 2008d). Agricultural livestock production greatly overshadows crop
related water use. Although the primary and secondary sectors dominate water use, they are a
necessary source of food and economic development for much of the world’s population.
3.1.2

Industrial and Agricultural Contamination

Similar to water consumption, water contamination varies by country, income, and economic
sector. Figure 3-2 shows organic pollutants by sector in developing and developed countries. In
developing countries, food, textile, and paper and pulp industries are the primary contributors to
organic pollutants. Organic pollutants contribute to bacterial growth, also called eutrophication,
causing oxygen to be depleted from the water. Eutrophication deprives organisms of oxygen
needed to survive and promotes bacterial contamination (Wu and Ji, 2002). Water oxygen
content is measured with the biochemical oxygen demand (BOD) as a proxy for determining the
concentration of organic pollutants (United Nations Industrial Development Organization,
2003).
Figure 3-2: Main Industrial Contributions to the Production of Water Pollutants

Source: (United Nations Industrial Development Organization, 2003)
Inorganic agricultural contaminants come from irrigation and livestock production. Fertilizers
and livestock pollutants contain salts, phosphates, nitrates, and ammonias that contribute to
eutrophication (Wu and Ji, 2002) Irrigation leads to water-logging, “the natural flooding and overirrigation that brings water at underground levels to the surface” (OECD, 2011), and salination, which is
an increase in salt concentration (OECD, 2011)(Hoorn, Alphen, n.d.). When crops are irrigated
with high salinity water, the salt reacts with the ground soil, causing minerals to rise to the
surface, leading to higher mineral run-off and smaller crop yields (Encyclopedia Britannica,
2011).
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Improper disposal of industrially derived pollutants is prevalent in developing countries. Up to
70 percent of untreated industrial wastes are dumped into water supplies, leading to
approximately 300-500 million tons of contaminants added to the water supply each year
(United Nations Industrial Development Organization, 2003). These pollutants include heavy
metals, organic pollutants, toxic sludge, and solvents from industry (United Nations Industrial
Development Organization, 2003). Wastewater from industries is primarily returned to the local
water source through the sewage system(United Nations Industrial Development Organization,
2003).
3.1.3

International Water Contamination Policy

Removal of agricultural and industrial water contaminants is a critical issue addressed by the
international community. The issue is complicated as water crosses borders to affect water
contamination in other nations. The Rio Declaration on Environment and Development (1992)
established guidelines for cooperation between States. The declaration assigns financial
responsibility to the state with pollution-causing activities (Louka, 2006). The Berlin Rules
created a legal framework for establishing water quality standards specifically addressing
irrigation and animal husbandry. Furthermore, States are required to monitor agricultural and
industrial impacts to manage groundwater and aquifer contamination (International Law
Association, 2004).
These international conventions are not enforceable, yet they serve to guide international
cooperation. For example, in the 1960’s a French mining company polluted the Rhine River
with chloride contaminants. The Convention on the Creation of an International Commission
for the Protection of the Rhine against Pollution was created in response to the event. The
Convention was successful in removing contaminants and led to a legally binding agreement
among the Netherlands, Germany, and Switzerland that provides financial contributions for
cleaning expenses (Louka, 2006).
3.2
3.2.1

Tigris-Euphrates River Basin
Regional Economy

In 2010, Turkey’s GDP was ranked 17th in the world and recognized as that of a developed
country (Worldbank, 2011). Its economy is diversified among the four sectors. Agriculture in
Turkey comprises only 10 percent of GDP (Food and Agricultural Organization, 2008d).
Leading commercial industries in electronics, automotive, transport, communications, and
tourism are tertiary and quaternary sectors driving local development and urbanization. In 2003,
11 percent of Turkey’s fresh water use was for industry, with 74 percent for irrigation and 15
percent for domestic (Food and Agricultural Organization, 2008d).
In contrast, Syria is a developing country with an economy mainly comprised of primary sectors
including agriculture, mining, and oil. Syria’s agricultural production accounts for 20 percent of
the GDP. In 2003, non-agricultural industrial activities only comprise approximately 3.7 percent
of Syria’s fresh water usage, whereas irrigation for agriculture usage accounted for 87.9 percent
(Food and Agricultural Organization, 2008c). There was an 89 percent increase in the industrial
water withdrawal between 1993 and 2003, demonstrating the growing industrial sectors as Syria
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develops (Food and Agricultural Organization, 2008c).
Iraq’s economy is highly dependent on the extraction of oil, a primary sector. In 2000, only five
percent of Iraq’s GDP was derived from agriculture, whereas over 60 percent was derived from
oil (Food and Agricultural Organization, 2008a). Political disruption resulted in oil being traded
for basic goods through the UN program “Food for Oil” (UN Security Council, 1995) to meet
agricultural demands. In Iraq, industry accounted for 14.5 percent of fresh water consumption,
compared to 79 percent for agriculture (Food and Agricultural Organization, 2008a).
3.2.2

Agriculture Impact

Error! Not a valid bookmark self-reference. shows the total irrigated and cultivated land area
in the Tigris-Euphrates river basin. The total cultivated area for each country varies greatly
(Food and Agricultural Organization, 2008c, Food and Agricultural Organization, 2008a, Food
and Agricultural Organization, 2008d). Iraq and Syria cultivate similar amounts of land, but Iraq
irrigates a higher proportion of land. Despite having nearly 2.5 times more irrigated land, Iraq’s
agricultural output is approximately six times lower than Syria. This is a consequence of Iraq’s
extremely inefficient irrigation systems resulting in salination and waterlogging problems (Food
and Agricultural Organization, 2008a). Figure 3-4 indicates revenue in 2007 from agricultural
activities in Turkey, Syria, and Iraq in terms of GDP (Figure 3-4 left) and total US dollars
(Figure 3-4 right).
Figure 3-3: Total Cultivated Area and Total Irrigated Area

Sources: (Food and Agricultural Organization, 2008c, Food and Agricultural Organization,
2008a, Food and Agricultural Organization, 2008d)
Figure 3-4: Percentage of GDP that agriculture represents (left) and amount in USD (right)

Sources: (Food and Agricultural Organization, 2008c, Food and Agricultural Organization,
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2008a, Food and Agricultural Organization, 2008d)

The Tigris-Euphrates river basin is sensitive to soil deterioration, salination, and waterlogging.
Irrigation caused salination in an estimated 1.5 million hectares in Turkey, while waterlogging
and drainage problems affected 2.8 million hectares(Food and Agricultural Organization,
2008d). In Syria, these problems have caused the loss of 5000 hectares along the Euphrates
River (Food and Agricultural Organization, 2008c). Iraq’s proximity to the sea and flat terrain
has led to a loss of 54 percent of its irrigated land (Food and Agricultural Organization, 2008a).
Adoption of modern irrigation techniques is very slow in all three countries. The majority of
irrigation is done with inefficient surface irrigation (Plusquellec, 2007). Even in Turkey, a
developed country, only eight percent of irrigation systems are highly efficient (Food and
Agricultural Organization, 2008d). In Syria, 11 percent of irrigation systems are highly efficient
because of efforts from the government to modernize. Iraq is the only country that does not
possess any highly efficient irrigation systems (Food and Agricultural Organization, 2008c, Food
and Agricultural Organization, 2008a, Food and Agricultural Organization, 2008d).
3.2.3

Industrial Impacts

Fresh water contamination from industry is prevalent in the region. Turkey’s water treatment
facilities do not adequately control pollutants. The contaminants found in Turkey’s fresh water
supply are heavy metals, pesticides, and agrochemicals (Food and Agricultural Organization,
2008d). For example, the Diyarbakir Waste Water Treatment Plant releases metals and organic
pollutants into the Tigris (Varol et al., 2010). Syria does not have full control over the pollution
coming from unregulated discharges from industry, public sewage, and agriculture. These
unregulated sources inject ammonias, pathogens, nitrates, and agrochemicals (Food and
Agricultural Organization, 2008c). Projects concerning water purification, public access to
sewage systems, and water conservation are in progress (UNIDO) In Iraq, 35 percent of the
fresh water is polluted and most of the sewage facilities are inaccessible, which restricts access to
only one in five families outside Baghdad. Inside Baghdad, one-third of waste-water and sewage
produced is treated, while the rest is directly discharged into the Tigris-Euphrates River Basin.
As a consequence, the amount of bacteria and disease is increasing (Environment News Service,
2010).
3.2.4

Policy

Turkey, Syria, and Iraq have a development plan to guide their own future industrial growth in
the Tigris-Euphrates river basin. Turkey’s Ninth Development Plan spans from 2007 to 2013
and aims to develop a production base for medium- and high-tech products (Ministry of
Industry and Trade, 2010). The plan promotes expanding Turkey’s highly qualified workforce
(Ministry of Industry and Trade, 2010).
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In Syria, the Directorate of Irrigation and Water Use (DIWU) is responsible for farm irrigation.
This Directorate is part of the Ministry of Agriculture and Agrarian Reform (MAAR) and has
the responsibilities for research, testing, and piloting water management managing programs
(Food and Agricultural Organization, 2008b). The Ministry promotes and support farmers with
technical advice to address pressing water issues. Syria established a licensing system to regulate
basin exploitation. The Syrian Ministry of Irrigation (MOI) created fixed fees for illegal use
licenses or for exploitation without a license. At the same time, Syrian decision makers have yet
to define water priority in any government document (Worldbank, 2011).
Iraq’s economic development is more tenuous than that of Turkey or Syria. Many Iraqi
industries were looted or destroyed during military conflict, and reinvestment is rare because of
political instability. Iraq’s National Development Strategy (Iraqi Strategic Review Board, 2005)
aims to develop industries, especially agriculture and tourism, without specifying a plan to
address water issues. The Iraqi government was conscious of its agriculture infrastructure
deficiency, and thus created a plan to restore and maintain the irrigation and drainage networks
by 2014 (Geopolicity, 2010). The Iraqi government identified the need to develop agriculture
research and educate qualified workers to improve Iraqi irrigation systems (Geopolicity, 2010).
Even though Turkey, Syria, and Iraq established agricultural and industrial water contamination
policies, they were developed independently of each other. A whole-of-region approach is
therefore required from Turkey, Syria, and Iraq to successfully address the industrial impacts
from water use suffered within the Tigris-Euphrates river basin.

3.3

Space-Based Technological Solutions

Space technologies could alleviate industrial and agricultural contamination in the region, as
pollution detection and water treatment will be necessary to ensure sustainable development in
each of these countries. To improve agricultural water use, efficient practices must be adopted,
including space-based monitoring and space technologies for water treatment.
3.3.1
3.3.1.1

Industry
Remote Sensing

Remote sensing data can provide estimates of lake and reservoir heights over vast regions and
with high repeat rates. As an example, joint US and European satellites, Jason-1 and
OSTM/Jason-2, measure water body heights with high accuracy (4-5 cm), and their data were
combined with historical data to provide a record of Turkish and Iraqi lake waters (Birkett et al.,
2009). The use of such data is extremely important in the overall management of water within
the Tigris-Euphrates river basin and could be used by local governments to measure and predict
hydroelectric energy potential, as is the case for Iraq’s Lake Tharthar in

Figure 3-5.
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Figure 3-5: Iraqi Lake Tharthar Height Variations, 1992-2012

Source: (Birkett et al., 2009)
Synthetic Aperture Radar (SAR) was used to detect pollution by measuring fluctuations in water
surface reflectance off-shore, and could be implemented on shore for rivers and lakes. Table 3-1
shows a list of current SAR systems (Topouzelis, 2008). The satellite sensing bands L, S, C, and
X represent different categories the radar frequency of the detector. The Normalized Radar
Cross-Section (NRCS) on SAR images indicates a change in the roughness of the water surface
when it displays areas with reduced reflection. Reduced reflection is a strong indicator for
harmful substances, such as oil. The film produces dark spots on the image, since the smooth
surface prevents scatter back to the satellite detector (Likoka et al., 2000). Figure 3-6 shows how
oil films appear in SAR images. The limitation of SAR is the spatial resolution, which prohibits
monitoring smaller bodies of water and increases the minimum detection level.
Table 3-1: Satellites Carrying SAR Instruments

International Space University, SSP 2011

23

Economic Development

Tigris Euphrates and the Global Water Crisis

Source: (Topouzelis, 2008)
Figure 3-6: SAR Image from RADARSAT-1 of Oil Spill in Strait of Malacca

RADARSAT-1 image depicting sea vessels (white
spots at bottom right) dumping oil (black) in the
Strait of Malacca. The surrounding sea is shown in
grey, with the land is shaded in light tones.
Source: (Nand et al., 2008)
3.3.1.2

Direct Sensing

Direct sensing systems are a combination of space- and Earth-based technology. In such
systems, data are measured in situ and transmitted to orbiting satellites, which send them to
receiver stations on Earth. After processing, data are made available to the users through
internet, e-mail, and facsimile. Among the information that can be measured and transmitted
there is temperature, atmospheric pressure, relative humidity, air temperature, wind direction
and intensity, incoming solar radiation, and concentration of different chemical species, such as
carbon dioxide, carbon monoxide, nitrate, ammonia, and oxygen (Carman, 2008). The
automation of the receiver stations, along with the use of satellite and computing facilities make
the data available to the end-user within hours.
ARGOS is the best-known data collecting satellite, developed in cooperation between the USA
and France. At any given time one satellite can transmit and receive information from 1,000
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transmitters (ARGOS, 2011).
3.3.1.3

Water Treatment

Hydrocarbon remediation tools offer a method to absorb and dispose of petrochemical
pollutants. Petroleum Remediation Products (PRPs) were developed as a collaboration among
industry, NASA’s Marshall Space Flight Center, and the Jet Propulsion Laboratory (European
Assiciation of Remote Sensing Companies, 2008). Fuels, motor oils, and petroleum
hydrocarbons can all be collected before becoming dispersed or settling. Hydrocarbon
contaminants such as oil and gas are selectively absorbed by wax microcapsules and float on the
surface (NASA, 2006). These high-efficiency microcapsules can clean up small to moderate
spills, and can easily clean oil on water and ground.
Team H2OPE recommends the use of remote sensing and GIS for the estimation of
lake and water reservoir heights and to monitor water-borne pollutants.

3.3.2

Agriculture

Remote sensing is used in agriculture to monitor water consumption, and to measure soil
moisture, precipitation, and plant stress. The sensed data is used to optimize irrigation, leading
to less water consumption and higher crop yields. Turkey, Syria, and Iraq need their own remote
sensing satellites for agriculture purposes, so each nation can collaborate on projects for data
access.
3.3.2.1

Monitoring Water Use

Remote imaging and GIS data can be used to monitor farm irrigation. Imaged data is used to
determine the size of weir dams and estimate capacities. Using the Murray-Darling Basin in
Australia as an example, researchers successfully used Landsat and SPOT data to evaluate
farmer compliance (Murray-Darling Basin Comission / Geoscience Australia, 2008). In absence
of remote sensing, monitoring individual farm consumption water is a labor-intensive process.
According to the 2001 UNEP report on marshland destruction in Iraq, “in view of the constraints of
undertaking fieldwork in this region, satellite imagery proved to be a particularly timely and useful tool in
evaluating the magnitude of land cover and land use changes that have taken place.” (United Nations
Environment Programme, 2001).
To better manage their water resources, Arkansas´s rice farmers in USA use direct sensing to
monitor soil moisture, rain fall, elevation of tail water collection pits, storage reservoir levels,
flow rates in and out, temperature and water depths in wetlands (Carman, 2008). Datacollecting satellite systems can also detect leaks along water distribution lines.
3.3.2.2

Monitoring Soil Moisture and Precipitation for Agriculture
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Soil moisture is the measure of the amount of water within a given volume of soil and a variable
playing a key role in the water cycle. Until recently, measuring soil moisture was a timeconsuming and expensive enterprise. Today, satellites can provide accurate measurements from
space in real-time and at global scale (Juglea, 2000). The most recent (2009) satellite mission that
provides this data is the ESA SMOS project. From space, SMOS can detect less than one full
water teaspoon mixed into a handful of dry soil. SMOS data provides accurate information on
the dynamics of soil wetness. This information is important to assess how much water can be
stored in the soil before runoff occurs, which results in more accurate forecasts of floods and
droughts.
The qualitative analysis of the average soil moisture maps for the Tigris-Euphrates river basin
shows a decrease in soil moisture over the past 20 years, which is mostly observed during winter
and along the water streams. Several factors can contribute to this include: less precipitation
during the winter months, less river/stream volume with the consequence of less flooding and
irrigated area, bad water management in particular related to irrigation systems and finally
climate changes.
Soil moisture and precipitation can also be measured remotely with either passive or active
microwave sensors (Moran et al., 2005). The quantity of water is calculated from changes in
reflectivity as the moisture content changes in dry soil, air, or water. As illustrated with Figure 37, measurements of rainfall (precipitation) can be estimated from the joint NASA/JAXA
Tropical Rainfall Measurement Mission (TRMM).
Figure 3-7: Average

Precipitation in the Tigris-Euphrates River Basin

Average Precipitation from June 1998-June 2011, obtained using
the TRMM satellite
Source: (NASA, 2011)
3.3.2.3

Monitoring Plant Stress

Vegetation exhibits a unique spectral reflectance in infrared wavelengths that changes as plant
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health fluctuates. Most of the near infra-red radiation (NIR) signal is reflected away from the
vegetation; while the short wave infra-red (SWIR) signal is absorbed by water in the plants. As
plant health changes, it creates variations in these NIR and SWIR reflectance patterns
(Keyworth et al., 2009). The Normalized Difference Vegetation Index (NDVI) is a scale used as
a plant health indicator. As water content decreases, the NDVI also decreases. This scale,
however, cannot currently identify the factors influencing plant health.
3.3.2.4

Monitoring Agricultural Contaminants

Remote sensing is used to monitor eutrophication and algae growth in river deltas by changes in
watercolor, sea surface temperature (SST), and turbidity. Contamination from fertilizers
promotes algal growth and leads to changes in reflectance that are remotely observable. Satellite
information must be augmented with traditional in situ data and calibration to validate the
measurements. Table 3-2 shows space assets that can be used to monitor ocean color.
Table 3-2: Satellites Available as of 2007 for Environmental Monitoring
Satellite

Sensor

Owner

IRS-P4

OCM

ISRO

Spatial
Resolution
360 m

MODIS

NASA

1 km

Ocean Color, Chl-a, SST,
Turbidity

ENVISAT-1

MERIS

ESA

300 m / 1.2 km

Ocean Color

FY-1D

MVIRS

CMA

1.1 km

SST

FY-2C

S-VISSR

CMA

1.25 km / 5 km

SST

NOAA 6-18

AVHRR

NOAA

1.1 km

SST

AQUA

AMSR-E

NASDA

5 - 50 km

SST

ERS-2

SAR

ESA

30 - 50 m

Ocean Dynamics

JASON-1

Poseidon 2

NASA

-

SSH (1)

QUIKSCAT

SeaWinds

NASA

25 km

SSW (2)

TERRA
AQUA

Monitoring
Ocean Color

Source: (CEARAC, 2007)
The detection of contaminants, such as: iron, chlorine, lead, sulfur, arsenic, fluoride, and
coliform bacteria in irrigation water, is important. Data-collecting satellite systems are able to
provide that information automatically. They can also evaluate the presence of contaminants as
a result of bad agriculture practices, including the use of pesticides. Moreover, they can allow
for the identification of the pollutant source. Finally, such systems can detect leaks along water
distribution lines.
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Team H2OPE recommends the use of remote sensing and GIS to monitor soil
moisture, farm irrigation, local precipitation, and water consumption.
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4 HEALTH
"We forget that the water cycle and the life cycle are one."
- Jacques Cousteau
Insufficient access to fresh water is a global health issue. Water pollutants that affect human
health come from numerous sources including agricultural run-off, industrial wastewater
discharge, and human waste. Exposure to these contaminants has serious ramifications to
human health (Al-Janabi et al., 2011). Domestic use of contaminated water results in a variety of
pathologies, putting stress on medical systems because of significant illness and mortality
(International Committee of the Red Cross, 2010).
This chapter discusses water contamination and its effect on human health, the importance of
water quality testing and guidelines, and medical care challenges on a global and regional basis.
Space-based technological solutions are explored to provide recommendations to these health
problems.
4.1 Global and Regional Health Overview
Urbanization and industrial activities stress available water resources and create pollutants that
further limit fresh water for drinking and domestic purposes. Agricultural fertilizers, industrial
contaminants, and human waste can pollute water supplies, as described in Section 3.2.2 and
3.2.3, and have serious ramifications to human health. Domestic use and ingestion of
contaminated water can result in heavy metal toxicity, diarrheal diseases, and parasitic infections,
all of which are associated with significant morbidity and mortality (International Committee of
the Red Cross, 2010).
The global water and associated public health crises are portrayed in the Tigris-Euphrates river
basin. Turkey, Syria, and Iraq rely on these rivers as their major water supply source. The stress
on the Tigris and Euphrates Rivers as a result of urbanization, industrialization, and population
growth has caused water pollution and public health issues; therefore, international and regional
guidelines on water quality and sanitation will be explored. Several non-profit organizations are
active in the region including Assisting Marsh Arabs and Refugees (AMAR), which provides
much needed health and education to the Marsh Arabs of Iraq (Nicholson, 2011). Diarrheal
diseases (cholera), parasitic infections (schistosomiasis), and chemical toxicity resulting from
poor water management pose a large stress to the medical care system in this region. These
challenges in healthcare services experienced by Turkey, Syria, and Iraq include lack of
healthcare providers, medical resources, continuing medical education, access to medical care,
and open dissemination of disease monitoring information. Space-based technological solutions
and recommendations to these problems are emphasized in Section 4.4.
4.2 Water Health Issues
Evaluating water quality and quantity has become a significant issue because of the concern that
fresh water will become a future scarcity (Varol et al., 2010). Water pollution includes any
processes that degrade water quality and that further influence the ecosystem. The lack of access
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to safe fresh water is a global issue with water being rendered impure by a variety of sources
including: agricultural pollution to urban rivers (Section 3.2.2), industrial contaminants (Section
3.2.3), and improper human waste disposal system (Section 3.2.3).
The world’s leading fatalities related to poor water management are shown in Figure 4-1 (WHO,
2010). Diarrheal diseases, schistosomiasis as well as chemical toxicity are some of the leading
health concerns associated with water management. Diarrheal disease and malaria account for
half of the global mortality rate; however, malaria will not be discussed in this report because it
is not a water-borne disease. The WHO indicates that there are 4 billion cases of diarrheal
disease annually, constituting 39 percent of global burden of disease (2010). Over 2 million of
these cases of diarrheal disease result in death, with most fatalities in the pediatric population
(WHO, 2010). There are many microorganisms that cause diarrheal diseases. The organisms
found in fresh water that can lead to diarrheal disease include viruses, fungi, protozoa, parasites,
and algae. Some of the most common and well-known forms of diarrheal disease occur,
including cholera, typhoid, bacterial dysentery, and gastroenteritis (Leclerc et al., 2002).
Figure 4-1: The Burden of Water Related Incidences

Source: (Prüss-Üstün et al., 2008)
The Tigris and Euphrates Rivers formed the cornerstones of the ancient Mesopotamian
civilizations (Steele, 2007). Since ancient times, the rivers were used for cleaning, irrigation,
agriculture, and disposal of waste. These practices persist in modern society and now result in
serious problems with significant deterioration in water quality.
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Diarrheal Diseases

Diarrheal diseases are a major global health burden. There are numerous causative agents for
fresh water-associated diarrheal disease with cholera being one of the most prevalent. Seven
global pandemics of cholera were reported since the early nineteenth century, and over 50
countries are still reporting cholera outbreaks (Colwell, 2004). This diarrheal disease is caused by
the bacterium Vibrio cholera transmitted by the ingestion of contaminated water or food leading
to dehydration. Seventy-five percent of cholera cases are without symptoms, and the individuals
that develop symptoms have the severe forms of diarrhea and dehydration (Leclerc et al., 2002).
Cholera is associated with significant mortality if no medical attention is given. If access to basic
medical health services is provided, treatment consists of oral and intravenous rehydration
requiring a large amount of clean fresh water; however, prevention strategies are much more
effective (Sack et al., 2004).
Cholera is a public health concern experienced in Turkey, Syria, and Iraq. Within the TigrisEuphrates river basin, large-scale diarrheal disease outbreaks are the result of poor sanitation
practices and management of water resources. Another key contributor to diarrheal disease is
inadequate access to potable water in this region (Leclerc et al., 2002). In Turkey, Syria, and Iraq
the number of fatalities every year by diarrheal disease are 6,500, 1,600, and 23,400, respectively
(WHO, 2009). These discrepancies further reflect the level of sanitation in each of these
countries.
Prevention of cholera consists of providing clean fresh water, proper sanitation, and education
to populations. Developing proper food hygiene and sanitation practices are equally important
in the prevention of further outbreaks of diarrheal illnesses. There is also a greater need for
national control of water management that ensures appropriate quality standards to reduce
disease outbreaks.
4.2.2

Schistosomiasis

Schistosomiasis is a parasitic infection that affects greater than 200 million individuals
worldwide with more than 700 million at risk of contracting this disease (Jílková et al., 2011;
Utzinger et al., 2010.) Approximately 300,000 individuals succumb to this disease each year (van
der Werf et al., 2003). Schistosomiasis occurs through the water-borne transmission of bloodfluke larvae from fresh water snails to humans (van der Werf et al., 2003; World Health
Organization, 2010; Centers for Disease Control and Prevention, 2011). Infected individuals
propagate the disease cycle through the expulsion of schistosoma eggs in their feces and urine.
These larvae subsequently lead to infection whenever humans are in contact with infected water.
As such, schistosomiasis is intimately associated with lack of clean fresh water (World Health
Organization, 2010; Centers for Disease Control and Prevention, 2011). Once inside the human
body, the blood flukes mature and result in severe illness (Gryseels et al., 2006; Isnard and
Chevillard, 2008; World Health Organization, 2010; Centers for Disease Control and
Prevention, 2011). These conditions can have much greater impact on the young leading to
adverse effects upon cognitive development and quality of life. Schistosomiasis leads to a huge
socio-economic burden mandating an efficacious prevention program. Primary intervention via
pharmaceutical therapy as well as primary and secondary prevention strategies are paramount in
controlling the great morbidity associated with this disease.
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Schistosomiasis prevention strategies include educational programs enforcing boiling all bathing
and drinking water, storing water for two days prior to usage as larvae survival is 48 hours in
fresh water, and prophylactic and therapeutic praziquantel therapy (Gryseels et al., 2006; World
Health Organization, 2010; Centers for Disease Control and Prevention, 2010). Studies
indicated that increasing stagnant water through damming rivers resulted in increased fresh
water snail density and therefore increased incidence of schistosomiasis (Tetteh et al., 2004; Seto
et al., 2008). Implementation of appropriate prevention strategies is required in regions endemic
with schistosomiasis, especially when dams are being used in the Tigris-Euphrates river basin, to
prevent further disease exacerbation.
Data specific to the incidence and prevalence of schistosomiasis and its associated disease
effects is limited for Turkey, Syria, and Iraq (World Health Organization, 2010). A telemedicine
program could provide vast information enabling more complete and thorough disease
management. An individual with a GPS enabled portable device could convey the location and
timing of each treatment delivered, which would aid in determining disease trends. As well, a
telemedicine program could provide important educational avenues for both healthcare workers
and the general public further enhancing preventative measures.
4.2.3

Chemical Contamination

Pollution from activities that impact water resources, soils, vegetables, and crops are hazardous
to human health. Chemical water pollutants, such as heavy metals and phenols, are serious
health concerns resulting in illness and fatality (Zhang et al., 2011). Heavy metals in water may
occur by natural processes or from human impact. Certain chemicals need rigorous monitoring
because of their narrow toxicity threshold (Karadede-Akin and Ünlü, 2007). Heavy metal
concentrations discovered in the Tigris-Euphrates river include: copper, zinc, iron, manganese,
and nickel, which may be produced by the variety of industrial plants bordering the Tigris River
(Karadede and Ünlü, 2000; Karadede et al., 2004). Heavy metal monitoring performed in fish
evaluates the potential pollution exposure to humans (Karadede et al., 2004). Preliminary
analyses of heavy metal concentrations in fish and water indicated that nickel is present at levels
exceeding the recommended guidelines for potable water (Karadede-Akin and Ünlü, 2007). A
variety of illnesses result from toxic thresholds of heavy metals. High levels of copper cause
liver and neurological degeneration similar to Wilson’s disease (Hancu et al., 2011), zinc causes
neurological degeneration (Bennett et al., 1997), iron causes liver disease (Ramm and Ruddell,
2005), manganese causes Parkinson-like syndrome (Guilarte, 2010), and nickel causes
nasopharyngeal tumors (Tokar et al., 2011).
Phenols are known for their cancer-causing effects. Chlorophenols, resulting from disinfection
of phenol containing water with chlorine, are a dangerous public health risk due to augmented
carcinogenicity compared to unchlorinated phenols (Al-Janabi et al., 2011). Al-Janabi et al.
reported that 2,4-dichlorophenol was the dominant phenol in the Tigris River (2011). These
levels exceed the WHO guidelines for potable water (Al-Janabi et al. 2011).
The impact of these contaminants on human health is poorly documented in Turkey, Syria, and
Iraq. Infrastructures need to be established that monitor these numerous chemical contaminants
that affect human health. Furthermore, continuous monitoring of these contaminants is
required to prevent and reduce the burden of disease associated with chemical contaminant
toxicity on human health.
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4.3 Water Policy and Guidelines
There is not an internationally recognized standard for water quality, and no authority has the
power to enforce any health-related water laws if they existed. The WHO developed guidelines
for water quality, which are suggestions of standards countries can follow but are not required
to (WHO, 2011). The EU also developed guidelines for water quality, and these are enforced in
EU countries but not outside of the EU. These standards also serve as a benchmark for other
countries (EU, 2011).
4.3.1

Turkey

Turkey’s motivating theme for water-related health issues is to harmonize its national health
policies with EU standards for health, particularly for water-quality. Turkey’s goal is to achieve
EU health standards to be accepted into the EU as a full member. The government of Turkey
recognized the importance of policy and legal regulations and standards for water quality as
pertains to health. Since 2008 a number of government agencies, including those responsible for
the GAP project, have been working with French governmental health experts within the
Program for Pre-Accession to the European Union. “The Turkish Authorities … examined the
legal aspects and responsibilities of the various institutions, the monitoring programs and their
optimization, [and] the reliability of the supply [of water] from a quantitative and qualitative
viewpoint” (OIEAU, 2011).
4.3.2

Syria

In Syria, the main government body responsible for policy decisions regarding health as it relates
to water quality is the Ministry of State for Environmental Affairs. The National Environmental
Strategy and Action Plan developed in 2003 proposed "reducing the contamination of water resources
from domestic and industrial wastewater discharges" (Alturkmani, 2010). Syrian government ministries
work closely with UN agencies to improve the quality of water; this cooperation is the result of
a resolute policy on the part of the Syrian government that recognizes the health impact of low
water quality. Though the government enacted policies throughout the years, gauging their
effectiveness is difficult as "Syria still suffers from an institutional culture in which accurate information and
statistics are hard to obtain and unavailable in a form that that is user-friendly to the public" (UNCT, 2005).
4.3.3

Iraq

After more than eight years of internal violence, Iraq is still very dependent on UN and foreign
aid to administer water policies and enforce quality standards, which are essential elements of
healthcare. “Administrative bottlenecks are apparently preventing Iraq from channeling its own largely unspent
resources to inputs such as [water treatment facilities]” (UNICEF, 2007). The US has spent hundreds of
millions of dollars to restore water infrastructure in this country, however, Iraq does not have
the capacity to develop and maintain these systems (Johnson, 2009).
4.4 Regional Healthcare Challenges
Access to safe water, sanitation, and healthcare is a public health priority for every individual
(International Committee of the Red Cross, 2008). Turkey has provided universal healthcare to
their citizens since 1961. The main objectives of the Turkish healthcare system are to provide
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preventive and definitive medical care to rural areas (Aksan et al., 2010). Turkey is committed to
granting public health services in the areas of diagnosis and treatment of communicable
diseases, immunizations, public and environmental health education, and data gathering on
patient healthcare (Ersoy and Nilgün, 1998). There are substantial regional health disparities in
Turkey despite the goals of universal healthcare; these inequalities become more apparent with
the growth of the private healthcare widening the gap for medical care access. Turkey’s current
two-tiered medical system has recently enabled further healthcare monetary investment, and
aims to ameliorate many of the health concerns (Aksan et al., 2010).
Similar challenges are present in Syria and Iraq. In Iraq, there are millions of individuals without
access to either fresh water or basic healthcare aggravated by the years of armed conflicts (IraqIran war, two Gulf wars, and Kurdish civil war), and 13 years of UN sanctions from 1990-2003
(Tawfik-Shukor and Khoshnaw, 2010). These conflicts resulted in the collapse of the medical
care infrastructure, with ongoing challenges in reconstruction an improved healthcare system.
Iraq is facing huge disease burdens from various communicable diseases, and acute and chronic
illnesses with disparities also seen in different sectors of the population. The rural regions suffer
from malnutrition and cholera, with urban regions facing obesity and diabetes (Tawfik-Shukor
and Khoshnaw, 2010). In remote areas of the country, Iraqis do not have proper access to
emergency medical services, and healthcare institutions do not have adequate supplies or
equipment to diagnose, treat, or manage the burden of water-borne diseases. The inadequacy of
the Iraqi healthcare system in providing sufficient delivery of medical care results in numerable
preventable deaths (International Committee of the Red Cross, 2008). Currently, there is the
need for reformed medical infrastructure and capable medical professionals for Iraq to deliver
basic healthcare (International Committee of the Red Cross, 2008). Furthermore, there is no
established infrastructure for continuing medical education to update healthcare providers on
emerging developments in clinical medicine, and there is limited or no information sharing with
international medical teaching institutions (Tawfik-Shukor and Khoshnaw, 2010).
These examples illustrate that not all riparian inhabitants of the Tigris-Euphrates river basin are
receiving adequate, safe medical care. There are challenges in diagnosis, treatment,
management, access to medical utilities and resources, and continuing medical education.
Solutions to these dilemmas will be discussed below.
4.5 Technological Solutions
4.5.1

Water Purification Technologies

Water purification is a fundamental and important step in converting fresh water from the
environment and providing it to the population to reduce and prevent the spread of disease.
Water purification technologies were developed on the International Space Station (ISS). The
water processor assembly (WPA) aboard the ISS recycles water through physicochemical water
purification technologies as a part of the Environmental Control and Life Support system
(ECLSS). The WPA is used to recycle perspiration, air moisture, and urine into potable water
(NASA, 1998). The WPA filters particles, debris, organic chemicals, and inorganic compounds
using membrane and chemical filtration systems. The solvent is then oxidized to remove volatile
organic compounds and eliminates bacteria and viruses. Forty-six percent of water recycled on
the ISS came from air moisture content (Bobe, 2007). The WPA is not a closed-loop system,
since it requires chemical and filter replacement. Due to the success of the WPA, several water
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recycling and purification spin-off devices were developed for on the ground. Several devices,
such as the Seldon WaterStick (NASA, 2011), Discovery System (Trinidad and Roy, 2006), and
the Vortex Voyager, are new portable methods that provide safe drinking water to remote areas.
The WaterStick was used in Rwanda and Ghana to provide safe drinking water but requires
electricity to operate. Widespread use of this technology is constrained by cost. The Discovery
System, which requires no electricity, was used in many remote areas such as Kendela, Iraq
(Trinidad and Roy, 2006).
Team H2OPE recommends the use of space spin-off technologies for water recycling
and purification to provide safe drinking water to all riparian communities in need.

4.5.2

Water Testing

Water monitoring for chemical contaminants and waste is necessary to prevent consumption of
contaminated water. This section outlines GIS and remote sensing coupled with computer
modeling to monitor water quality (Usali and Ismail, 2010). The success of GIS is based on “data
independence, genericity of the data manipulation language, and powerful output production possibilities”
(Meratnia et al., 2000, p. 861).
Changes in water quality and quantity can result from industrial discharges or agricultural runoff;
therefore, GIS is used to:
• Monitor water quality (Barban, 1997; Ministry of Water Resources, 2006; Usali and
Ismail, 2010; ESRI, 2011).
• Monitor groundwater and surface levels (Ministry of Water Resources, 2006; ESRI,
2011).
• Monitor water usage (Barban, 1997; ESRI, 2011).
• Monitor water supply and sanitation infrastructure (Barban, 1997; Ministry of Water
Resources, 2006; Usali and Ismail, 2010).
Remote sensing provides spatial and temporal information using satellites like Landsat, SPOT,
IRS, Coastal Zone Color Scanner, and SeaWiFS. Remote sensing provides information for largescale and long-term variations evaluating water quality, which may be used in addressing water
quality management (Usali and Ismail, 2010). Suspended matters in surface water are the most
common pollutants. The signal from GIS is reflected when surface water contains heavy metal
contamination and micro-pollutants. The suspended matter augments surface water radiance in
the visible and infrared electromagnetic spectrum, which can be detected by remote sensing with
the most appropriate wavelength between 700-800nm (Usali and Ismail, 2010). Remote sensing
further monitors suspended matter by measuring and mapping water turbidity, as it causes light
to be scattered and absorbed (Usali and Ismail, 2010). Remote sensing and GIS technology is
suitable for monitoring quantity and quality of water resources both regionally and globally
(Barban, 1997).
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Access to real-time data is a reoccurring barrtier to proper water management, because
immediate knowledge of contamination is critical to prevent adverse health outcomes. The
Water Canary is a low-cost testing technology similar to many terrestrial systems but uses space
technology to collect data and easily share data. The Water Canary not only provides rapid and
inexpensive microbial testing but can also transmit GPS-tagged data over a network (Water
Canary, 2010). Although still in a proto-type phase, Water Canary’s real-time data capabilities
can present immediate mobilization of supplies in areas where unsafe drinking water is found.
Similar to real-time water quality data, space-based systems can provide real-time information on
disease outbreaks. Data collected in situ are transmitted to satellites, which send them back to
Earth to be processed and distributed, called direct sensing. Since the time frame between
collecting the data and having them available to the end users is within hours, healthcare
managers can act promptly alleviating people´s suffering and death. Some Africa countries are
using such system to verify school attendance and disease outbreaks, such as malaria and cholera
(Argos, 2011).
In Turkey, Syria, and Iraq there are numerous agricultural and industrial pollutants deposited
into the natural water supply. Turkey has many water quality and subsequent health issues
caused by stress on the water supply from inappropriate water policy guidelines (Nas et al.,
2008). Turkey already uses GIS and remote sensing to monitor large-scale changes in water
quality as a cheap and effective quantitative tool. This information could be used in future
discussions on water quality management strategies (Nas et al., 2008).
Iraq faces a number of environmental and public health problems. A solution to these problems
exists in Earth observation satellites for environmental planning and monitoring, such as
identifying the status of water supply sources (Lovett, 2004). Iraq emphasized the importance of
judiciously monitoring the growing scarcity of safe fresh water, and one way of achieving this
was through GIS. Earth observation satellites monitored hazardous contaminants, like phenols,
heavy metals, and wastes that impact humans and the environment, and this information could
be fed into GIS (Lovett, 2004).
Remote sensing provides effective, cheap, large scale monitoring of water quality and offers
significant information to the global community (Barban, 1997; Usali and Ismail, 2010). Using
remote sensing, GIS is a solution to water quality issues facing the international community.
These valuable tools can be used to raise public awareness about the consequences of fresh
water contamination and can further be used in assisting governments to formulate policy
related to the fresh water crisis (Usali and Ismail, 2010). These technologies will allow policy
makers to forecast, plan, and evaluate water quality and management strategies in the future
(Barban, 1997).
Team H2OPE recommends the use of GIS for global monitoring of water quality and
quantity.
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Telemedicine

Telemedicine is the use of telecommunications for the delivery of healthcare services with the
goal of improving global health (House and Roberts, 1977). Telemedicine is a perpetually
changing, innovative technology and applicable to a broad spectrum of users in different
contexts and objectives (Le Goff-Pronost and Sicotte, 2010). Tele-medicine is a unique delivery
form of medical care and it includes many services such as primary care, specialist services,
remote medical care, medical education, and consumer medical information (House and
Roberts, 1977; American Telemedicine Association, 2011; Gagnon et al., 2006). The delivery of
primary care and specialist services could involve a specialized health professional assisting
another healthcare professional in a consultation, in the delivery of a diagnosis or providing
procedural guidance through the transfer of images, or in the use of video communications.
Real-time video conferencing further provides immediate discussions of treatment options
between institutions (Le Goff-Pronost and Sicotte, 2010; American Telemedicine Association,
2011). Tele-medicine is useful in isolated environments with a lack of access to healthcare
services or trained professionals. Furthermore, telemedicine could be used in continuing medical
education accreditation for health professionals in remote locations (online interactive
seminars). Finally, consumer medical information could be provided directly through the
Internet or through online discussion groups (American Telemedicine Association, 2011).
Figure 4-2 shows the use of a telecommunications satellite to enable communication and data
transfer between rural healthcare providers and tertiary medical care centers. This facility would
assist in providing a higher standard of medical care and would provide a means for real-time
disease monitoring. This infrastructure, along with remote sensing satellites, field scientists, and
water purification facilities, will promote the development of a high-resolution water
management program through a center for excellence while enhancing continuing medical
education and community education programs.
The majority of telemedicine requirements are achieved using cellular communication
technologies currently in place. Approximately 95 percent of land and 98 percent of the
population of Turkey; approximately 80 percent of land area and approximately 95 percent of
the population of Syria; and less than 50 percent of the land of Iraq, possess 3G access
(ChitChat Communications, n.d.). Where terrestrial 3G access provides limited video
conferencing capabilities, Very Small Aperture Terminal (VSAT) systems can provide much
great bandwidth enabling data sharing requirements associated with medical imaging systems
(Ackerman and Locatis, 2011). Numerous geostationary and low earth orbit satellite arrays
provide VSAT access throughout the Middle East including Eutelsat W6 for Ku-band; KA-SAT
for Ka-band, and AMOS-5, NSS-12, and Eutelsat AB-3 for C-band (Global TT,
2011). Providing smart satellite phones with medical communication and monitoring
applications or ground based transceiver stations for VSAT systems would reduce costs,
enabling a feasible implementation strategy for achieving the goal of universal healthcare
provisions, data acquisition, and data sharing.
Various telemedicine delivery methods include point-to-point connections, networked
programs, monitoring centers and web-based electronic patient health services. These programs
require high-speed telecommunication links between various sites. Healthcare institutions
deliver services directly to specialists using these telecommunication networks over point-topoint connections. Monitoring centers use landlines or wireless connections to provide medical
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care to patients in their homes. Finally, web-based e-health services provide consumers with
medical information over the Internet (American Telemedicine Association, 2011).
Telemedicine offers many benefits including the improvement in the accessibility, delivery, and
quality of healthcare. Telemedicine has been used as a platform for the delivery of health to
distant locations for over 50 years, allowing physicians and healthcare professionals to expand
universal medical care to distant locations (American Telemedicine Association, 2011; Gagnon
et al., 2006). Telemedicine programs alleviate patients’ and healthcare professionals’ travel
expenses costs, reduce waiting times, improve continuity of medical care, and reduce the length
of hospital stays (Le Goff-Pronost and Sicotte, 2010; American Telemedicine Association,
2011). Prolonged use of telemedicine makes these programs economically viable. Telemedicine
may further be used for a variety of medical specialties (i.e., teleradiology, telepsychiatry,
telecardiology, tele-education) or implemented in many community hospitals (Le Goff-Pronost
and Sicotte, 2010; Gagnon et al., 2006).
Figure 4-2: Telemedicine Communication Pathways

Source: (Iconsource, 2011)
Team H2OPE recommends the development of a sustainable telemedicine
infrastructure to enable a) communication and data transfer, b) environmental and
water assessment by field scientists, c) enhancement of medical care delivery, and d)
public health education.
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5 WATER MANAGEMENT
"When the well is dry, we know the worth of water."
- Benjamin Franklin
Water Management is the mechanism by which countries alter or control aspects of the water
cycle within their borders. The necessity for such control has increased in proportion to the
ever-increasing global population and associated increased demand for agriculture,
industrialization, and potable water. As humanity’s ability to alter the various aspects of the
water cycle increases, unforeseen consequences have resulted from water management such as
the disappearance of the Aral Sea in Central Asia shown in Figure 5-1 (Bennett, 2008) Decisions
to manipulate the water cycle can have a major impact on all riparian countries in any of the
world’s 26 river basins including the Tigris-Euphrates river basin.
Figure 5-1: Time Series of Images of the Aral Sea in Central Asia.

The dark areas indicate the water within the sea, while the light areas indicate dry land.
Source: (Tursunmuratov, 2011)
Historically, water resources decision-making between states was influenced by a zero-sum
approach – the concept being that one country’s gain is another country’s loss. The zero-sum
approach is oversimplified and based on an incomplete understanding of the hydrological cycle.
Better-informed decisions lead riparian states to win-win situations. This report provides a
greater understanding of the global water system and information sharing between states.
Water management is often driven by political or economic circumstances. Such decisions have
long lasting and unintended consequences. This chapter examines the dominant examples of
water management and their affect on a water basin. It will be shown how space-based solutions
improve decision making to improve access to fresh water.
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Figure 1.4 depicts several methods by which people manipulate water in an environment. One
of the most visible and highest impact methods is through damming rivers. Damming provides
many benefits to society, yet it can also harm the local environment (Menendez, 2011). Some of
the most significant ecological impacts occur over an extended period of time. Shifting from a
flood plain ecosystem dependent upon natural water fluctuations to a human-manipulated
reservoir ecosystem alters the wildlife, vegetation, hydrology, water quality, sedimentation, and
geology (Menendez, 2011).
Other forms of damming include “off-stream dams, irrigation reuse storages, public storages, and storages
contained within water delivery systems” (Murray-Darling Basin Comission / Geoscience Australia,
2008); (Bradly and Bos, 2010) states: “Worldwide, in 2001 it was estimated that there were 40,000 large
dams and over 800,000 small reservoirs…although the last figure is probably a substantial under-estimate.”
These smaller storage reservoirs make a major, and often not properly accounted for,
component of water management. Many storage functions are managed on a regional or local
scale, making capacity estimation and environmental impact difficult to ascertain. These storage
methods can have large-scale effects on local water systems, particularly in semi-arid regions
(Krol et al., 2010).
Approximately 30 percent of the fresh water on Earth is present as sub-surface ground water or
aquifers (Menendez, 2011). As illustrated in Figure 5-2, an aquifer is defined as permeable and
porous rock containing a water-filled underground layer accessible by drilling or via natural
springs.
Figure 5-2: Schematic Diagram of Aquifer Water Management

Humans extract water by pumping the aquifer [4]. The aquifer
is recharged by natural processes (surface water [5], rain [3])
and human process including infiltration [2] and wells [1].
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Source: (Veolia, 2010)
Globally, water from aquifers is used for agriculture: 70 percent, industry: 22 percent and
domestic use: 8 percent according to the FAO of the UN (Food and Agricultural Organization,
2008b). Figure 5.2 illustrates the use and regeneration of aquifers. The water table decreases in
areas where water is extracted from groundwater reservoirs. Improperly regulated extraction
exhausts the aquifer, leading to saline intrusions, which increase the salt content of groundwater
and reduce ground stability (Menendez, 2011). Often aquifers are not adequately monitored, yet
recent advances in remote sensing on a global scale provide improved monitoring of water
basins from space (Yan, 2010).
Transportation and diversion of water is an essential part of water management. Types of water
movement include the construction of canals for transportation, levees for flood control,
aqueducts for transportation of drinking water, ditches for drainage, and irrigation systems for
agriculture (Department of Sustainability Environment Water Population and Communities,
2010). These systems are typically either gravity driven or pressure driven. Many gravity driven
systems are open to the environment and, therefore, result in increased evaporative loss since
the surface area to volume ratio is frequently higher than in river systems (McJannet et al., 2008).
Pressure driven systems are used when gravity fed systems are insufficient. One example is
pipelines for transfer of water between different basins and sub-basins. Pipelines reduce
evaporative loss, but may increase the need for water treatment and may require pumping
stations resulting in higher construction and operational costs (Department of Sustainability
Environment Water Population and Communities, 2010).
5.1.2

International Policy of Water Management

Water basins are often located in the territory of more than one country, adding an international
dimension to the management and sharing of this resource. Over the years, many laws and
agreements sought to develop the legal basis for managing international water resources. Recent
years have seen progress towards a universal legal framework, recognizing modern global
environmental challenges.
In 1997 the UN adopted the Convention on the Law of Non-Navigational Uses of International
Watercourses. This document provides a framework for international agreements and national
laws on the uses of water. This Convention refrains from addressing specifics of water
management and is appreciative of the complexity and disparity of different situations.
Language such as “equitable and reasonable utilization and participation” and “obligation not to cause
significant harm” was used to define, in broad strokes, a framework for future national and
international agreements. As of 2000, 24 states agreed to this non-binding convention, including
Syria and Iraq (International Water Law Project, 2011).
The Berlin Rules is a legal framework for managing water disputes between nations created by
the International Lawyers Association in 2004 (International Water Law Project, 2011). This
non-binding set of rules defines the management, development, use, protection, allocation,
regulation, and control of waterways. The Berlin rules clearly state the roles and rights of
countries sharing a basin. An important aspect of water management recognized in the Berlin
Rules is the difference between upstream and downstream states (International Water Law
Project, 2011). Upstream states are usually in physical control of a basin and affect the flow of
water flow to the downstream state; however, in some cases downstream states are able to take a
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leading role in decisions regarding the entire river basin (Nile Basin Initiative, 2010).
Although the Convention on Law of Non-Navigational Uses of International Watercourse and
the Berlin Rules propose frameworks to regulate global water management, these policies are
not widely adopted. There are currently no internationally recognized water laws that govern the
non-navigational uses of water (Seligman, 2008).
5.2

Regional Background – The Tigris-Euphrates Water Basin

The Tigris-Euphrates river basin provides an interesting case study in water management and an
opportunity to showcase the application of space technologies for water management. There are
over 30 dams along the Tigris-Euphrates river basin; dams along the Euphrates have over five
times the capacity of the river’s annual water flow, whereas dams along the Tigris have twice the
capacity. There are at least 20 additional dams planned or in development for the region
(Partow, 2001). Owing to the number and size of dams in the region, all of the riparian nations
are confronted with the problems related to water damming (Partow, 2001). Although Syria and
Iraq have considerable water management programs, Turkey by far exerts the greatest influence
over water management in the region because of its upstream location and economic power.
Figure 5-3 illustrates the regional water management policies at national, international, bi- and
tri-lateral levels for the Tigris-Euphrates river basin. Attempts were made to form a trilateral
agreement through two Joint Technical Committees (JTCs) (Kibaroglu, 2004); however, these
attempts failed because the parties were unable to agree on terminology for classifying the
relevant rivers as ‘international watercourses’ or ‘transboundary waterways’ (Yildiz, 2011).
Figure 5-3: Water Relations between Turkey, Syria, and Iraq

Source: (Kibaroglu, 2004, Aysegul Kibaroglu, 1998, Syria Today, 2009, Yildiz, 2011)
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Turkey

Because Turkey is the source of the Tigris-Euphrates river basin, it has the greatest influence
over water storage in the region. Turkey has a projected total holding of 57.5 km3 of stored
fresh water, according to the plans of the unfinished Southeastern Anatolia Project (commonly
referred to by its Turkish acronym – GAP) (Republic of Turkey, 2011). The objectives of this
project are “to remove interregional disparities in the country”; “to enhance productivity and employment
opportunities in rural areas” and “to improve the population absorbing capacity of larger cities” (Kibaroglu,
2004). The GAP project is an extensive series of dams, reservoirs, and irrigation canals, which
together form an integral part of Turkey’s economic and social development policy. Turkey
expects the GAP project to double the amount of arable land in the country upon completion
(Republic of Turkey, 2011) by using mechanisms, such as water transfer tunnels, to irrigate the
Harran plain (Republic of Turkey, 2011). Implementing the GAP project resulted in sediments
being trapped behind the dams upstream, thus modifying the braided river system and
preventing natural annual floods from occurring. (Garrido Caballero, 2007).
Turkey and its neighbors have not agreed upon the extent to which the GAP system affects
both the Tigris and Euphrates Rivers. Furthermore, the lack of agreement on the amount of
water flowing across national borders is a major factor hindering the development of a
coordinated water management policy (Yildiz, 2011).
5.2.2

Syria

Syria faces several constraints on its domestic water system, most notably its geographical
position, 90 percent of its fresh water comes from Turkey, and its arid climate(IDRC, 2011).
The country also faces several challenges in the immediate term, including political uncertainty.
Syria encountered several challenges in attempting to address its national water management,
and their response has been fragmented (Food and Agricultural Organization, 2008c). In 2001
the government issued a National Plan for Irrigation Modernization focused on ground water
use with the goal of improving irrigation techniques (IDRC, 2011). In 2007, a National Strategic
Report for sustainable development was produced, setting water as a priority for Syria (Food
and Agricultural Organization, 2008c). The government established a number of bodies to
manage these various policy initiatives, including a National Action Plan to Combat
Desertification (Food and Agricultural Organization, 2008c), but water management remains
undeveloped at a local level. Currently, Syria’s largest dam is the Al-Tabka dam that accounts for
approximately 71 percent of its stored water resources and restricts the outflow of the
Euphrates River into Iraq (Food and Agricultural Organization, 2008c). In 2010, Syria and
Turkey agreed to build a dam together on the Orontes River that starts in Lebanon and flows
through Syria into Turkey (Hurriyet Daily News, 2010). This is a positive step towards possible
future coordination regarding the Euphrates River.
5.2.3

Iraq

Iraq receives water originating from both Syria and Turkey and is highly impacted by their water
management strategies. One of Iraq’s most pressing internal problems regarding water
management is the contrast between the northern and the southern regions of the country.
Northern Iraq benefits from higher rainfall, but is more rural and typically lacks a developed
sewage system. Southern Iraq is arid and has a higher percentage of urban areas with developed
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water infrastructure (Republic of Iraq, 2007). Further complications arise from the recent
invasions of Iraq, in which much of the water infrastructure was either damaged or destroyed,
and Iraq is investing to reestablish a modern water system (Republic of Iraq, 2007). An
underlying complication identified by Iraq in its National Development Strategy (2007) is the
extent of government corruption. The Iraqi government acknowledged this fact and is initiating
policies to address this situation (Republic of Iraq, 2007). In 2010, Iraq launched an initiative in
conjunction with UNESCO to centralize the collection of water data for the entire country,
which includes a “National Hydrogeological Resources Assessment Network and Database” (UNESCO
and Republic of Iraq, 2011).
A UNESCO report on Iraq recently showed that poor government policies, combined with
natural drought conditions and bad irrigation practices, led to serious drinking water and
agricultural issues in the northern parts of the country (UNESCO and Republic of Iraq, 2011). The
report indicated that approximately 70 percent of traditional underground system of water
adduction, known as Karezs, were depleted (UNESCO and Republic of Iraq, 2011).
In southern Iraq, marshlands were drained to increase land use by excessive damming of the
Tigris-Euphrates river basin. As a result, the environment was devastated, including loss of
wildlife, decreased water quality, and increased soil salinity (Partow, 2001). This result also serves
as an example of large-scale water management in the region and the associated effects for the
indigenous population. A study of human impacts on the Tigris-Euphrates river basin shows
that the area of the marshlands, Shatt al-Arab, decreased from about 8000 km2 in 1966 to 750
km2 in 2002 (Jones et al., 2008). Recent progress was made in restoring the marshlands through
a UN Environmental Program titled Iraqi Marshlands Observation System, with upwards of 58
percent of the marshland being restored through the increased release of upstream water
(Partow, 2001). Following this period of rehabilitation, an estimated 200,000 people remain
displaced from the area (Partow, 2001). Finally, the impact caused by upstream dams in the
Tigris River also led to a decrease in the natural discharge of sediments, which would otherwise
be naturally transported downstream (Nicoll, 2009).
5.3
5.3.1

Space-Based Solutions
Remote Sensing

One key element in addressing a national or regional water problem is to characterize and
quantify the water resources for better and sustainable management. Traditional assessment
methods rely on ground-based monitoring systems, such as climate stations, stream flow gauges,
and groundwater monitoring wells. In situ measurements are important, but often scarce, and
cannot capture the spatial and temporal heterogeneity of the water resources on a global scale.
Yan et al. noted that the result of only performing in situ measurements was often a poor
estimation of the key driver of the hydrologic processes (Yan, 2010). Space-based observations
using remote sensing satellites and data analysis offer a global view of the system and play a vital
role in assessing qualitative and quantitative global and local changes. The data can then be used
to inform policy makers and influence water management decisions.
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Space-Based Assets for Remote Sensing

The ability to monitor water within a nation is imperative for proper water management. A
systemic view of water within a given country or, more important, within a complete water
basin, can be made via analysis of satellite data. The breadth of these orbital assets results in
complimentary data covering nearly all aspects of the hydrological cycle. This data is often
available for little or no cost, and institutions such as NASA and ESA provide data portals
where current and historical data can be accessed.
NASA’s Goddard Earth Sciences Data and Information Services Center (GES-DISC)
(http://disc.sci.gsfc.nasa.gov/) provides users with data on precipitation, atmospheric water,
and hydrology. The data is available at all levels of processing, from raw units sent directly from
the satellite, through geospatial estimates of water distribution. The data is searchable by data
product type (that is, the various methods of measuring water from space) and can be either
downloaded directly or plotted using the website’s online Geographic Information System
Plotting tools. This powerful, free tool provides current and long term trends for use in water
management in many areas of the globe depending on coverage by the specific satellites).
The European Space Agency (ESA) Earth Observation (EO) portal provides access to
information and services, including satellite imagery and other data products from Earth
Observation missions, a directory to locate data, and map servers and cartographic resources.
The portal is available online (eoportal.org, 2011). Data products from ESA (and non-ESA)
satellites can also be obtained through the ESA’s Earth Observation Link (EOLI) (ESA, 2009)
5.3.1.2

Ground Truthing (Calibration) of Satellite Data

Satellite observations are not sufficient for comprehensive water management. Calibration of
hydrological data acquired using space based remote sensing is required, and achieved by
comparison with in situ data, i.e. direct measurements of hydrological parameters. When in situ
observations are scarce or not available, satellite data are much less accurate and, therefore, less
useful.
Calibration of remote sensing data highlights any error that the satellites may experience, and
provides a standard for comparison. Often processing methods are adjusted to improve the
accuracy of the resulting data. The work of Dinku also highlights the need for regional studies,
in this case rainfall measurements in Saudi Arabia, as deviations may be found for some
instruments over a specific region (Dinku, 2006).
Team H2OPE recommends that nations within the Tigris-Euphrates river basin
participate in campaigns to calibrate remote sensing satellites using ground-based
data. Such endeavors provide a mechanism for scientific collaboration, often leading
to international and regional cooperation.
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Analysis of Ground Water in the Tigris-Euphrates river basin – Application of
GRACE Data

As an example of remotely sensed data being employed to measure elements of the regional
water cycle, an analysis of data from the GRACE satellite was performed over the period from
2002 to 2010 for the Tigris-Euphrates river basin. The GRACE satellites measure minute
fluctuations in the Earth’s gravitational field by determining the precise location of a pair of
satellites as they orbit. Subtle changes in the measured gravitational field can be attributed to the
relocation of ground water and thus, quantitative estimates can be made for a region as small as
one degree in latitude and longitude. Continual measurements from April 2002 to December
2010 were examined to reveal the prominent tendencies of ground water in the Tigris-Euphrates
river basin (here defined as latitude 27° to 43° N and longitude 35° to 51° E). This data
indicated that water events changed on a periodic annual scale, as well as over the long-term.
5.3.3

Annual Fluctuations

Measured changes in the Earth’s gravitational field, determined by using the method of Voss et
al (2010) (Voss, 2010), show the periodic nature of ground water in the Tigris-Euphrates river
basin (Figure 5-4). The figure illustrates an increase in the amount of ground water in Turkey
during the spring months (April) followed by an increase in Syria and Iraq’s ground water later
in the year (October).
Figure 5-4: Annual Changes in Ground Water in the Tigris-Euphrates River Basin

Annual changes in ground water in the Tigris-Euphrates river basin (based on monthly averages
from April 2002 through December 2010) – January (top left); April (Top right); July (Bottom
left); and October (bottom right). The darker shades indicate areas of increased ground water,
46

International Space University, SSP 2011

Tigris Euphrates and the Global Water Crisis

Water Management

while the lighter shades indicate areas with little or no ground water.
5.3.3.1

Long-Term Trend

A regional assessment of trends over the period between April 2002 and December 2010 was
performed. The result (Figure 5-5) shows large variations in the amount of ground water
compared to the average during this period. It also indicates the relative amount of ground
water decreasing from mid-2007, which corresponds to a drought that was experienced in the
region during this time (Sykes, 2009).
Figure 5-5: Fluctuations in Ground Water for the Tigris-Euphrates River Basin

Relative changes in the amount of Ground water for the Tigris-Euphrates
river basin for the period between April 2002 to December 2010.
5.3.4

Modeling of the Water Cycle

Remotely sensed data collected from space can be used to provide a holistic view of the water
resources of an entire region. As summarized in Yan, et al. (2010) (Yan, 2010), complimentary
data from several satellite assets can be used to model the various aspects of a water basin. In
their study, Yan, et al. employed data measuring rainfall (TRMM, see Section 3.3.2.2 for sample
data), agriculture (Landsat TM), cloud monitoring (AVHRR), Soil Moisture (SSM/I,AMSR-E),
Surface Temperature (ASTER) into a single model of the Sinai Peninsula and the Eastern
Desert of Egypt. The model employed in this study was the Soil and Water Assessment Tool
(SWAT), which simulates hydrological processes and crop growth, and with the output being
estimation of water usage for energy production and most notably agricultural needs. ESA also
provides earth observation tools that could be employed in modeling efforts through their
Global Monitoring for Environment and Security (GMES) project (GMES, 2001). Validation
of a model through comparison with ground based monitoring increases the accuracy and
reliability of the remotely sensed data. As the basin is typically modeled in its entirety, estimates
of water resources in neighboring states can also be made, improving policy and decisionmaking.
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As illustrated in Figure 5-6, remotely sensed data employed as part of a regional systemic
approach to the management of water systems greatly enhances the quality of information
available to decision makers. This data would be best used as part of a comprehensive model of
the Tigris-Euphrates Water Basin.
Figure 5-6:

Satellite Assets for Monitoring Water in the Tigris-Euphrates

Team H2OPE recommends that a regional water model of the Tigris-Euphrates river
basin be developed and maintained by scientists from Turkey, Syria, and Iraq. This
model would provide a regional standard for water resource management.

5.4

Recommendation

One of the most challenging issues in the Tigris-Euphrates river basin is reaching agreement
among the riparian states on how best to manage shared water resources. The implementation
of a coordinated, systemic approach to water management in the region could greatly enhance
each nation’s ability to best utilize fresh water. The use of space-based technology and
collaboration as tools could provide the necessary framework for a multi-lateral solution.
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6 CONCEPT
Recent years brought significant developments in space-based technologies, which are able to
provide unique and useful information on the quantity and quality of water resources on
regional and global scales. As a result of the information garnered in the preceding chapters, the
final recommendations of the H2OPE project can be grouped into two complementary
categories: space-based technical and operational.
6.1
6.1.1

Technical Recommendations
Remote Sensing Solutions

Remote sensing is able to provide monitoring of a wide range of water related parameters that
could be used for proper management. Through the advancement of such technologies, ever
more accurate data is produced, providing better methods of monitoring. One should bear in
mind, that remote sensing is not yet mature enough in some key areas relating to water, such as
providing information on small bodies of water such as rivers, or providing sub-surface
measurements.
Though remote sensing is not able to solve water issues directly, it could be used for monitoring
how fresh water is affected by:
• Increased urbanization.
• Residential land use.
• Residential housing information.
• Building and cadastral infrastructure.
• Energy demand and conservation.
• Land use for commercial services.
• Waste disposal.
• Industrial land use.
• Agriculture.
• Geographical layout of vegetation.
• Surface water in urban areas.
• Waterlogging.
• Dam/weir building.
• Chemical and microbial contaminants.
• Water management and monitoring.
• Global water cycle changes.
There are currently a wide variety of satellite solutions to monitor each aspect of the water cycle,
and a subset is provided in Appendix 1, along with their associated advantages and
disadvantages (a more comprehensive listing of current and future satellites capabilities can be
found at http://database.eohandbook.com/). As provided in the Appendix, low cost solutions
exist to utilizing space-based data, considerably less than the costs associated with developing
the technology directly. The infrastructure, software, and training of people in charge of
interpreting the image products should be taken into account. A rough order of magnitude
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estimate of these timelines is also provided for resource management. The recommendations
regarding remote monitoring of water discussed in previous chapters could be approached using
the framework provided in Appendix 1 as an initial guide and customized to suit the needs of
the end user.
6.1.2

Other Spaced-Based Solutions

Ground-based technologies are often augmented with space-based technologies to provide a
more efficient and comprehensive solution. Appendix 2 provides example solutions to the
problems presented in previous chapters. These space-derived solutions are categorized as GISbased, communication-based (telemedicine and tele-education), and water purification. Coarse
estimates of cost and implementation time, as well as the associated advantages and
disadvantages, are provided as a guide. Finally, due to limitations such as implementation time,
cost, or efficiency, many of these technologies are not yet a replacement for conventional Earthbased technologies.
6.2

Operational Recommendations

Following the specific recommendations provided in the previous chapters, the H2OPE team
envisions an operational means of realizing their full potential. Team H2OPE recommends the
creation of a ground-based International Water Station (IWS) based on the cooperative
framework demonstrated in the construction and operation of the International Space Station
(ISS). The IWS would be created at the nexus of the Turkish, Syrian, and Iraqi borders and
serve as a model of cooperation and collaboration for other nations facing similar water
challenges.
6.2.1

Cooperation as an Answer to Complex Challenges

Previous successful examples of international cooperation provide inspiration and serve as a
guide to elaborate a new proposal for the regional water management and the Tigris-Euphrates
river basin. It is Team H2OPE’s firm conviction that science, and in particular space programs,
can contribute to complex and challenging situations in a decisive and significant way.
Beginning in the 1950’s and continuing through to the end of the 1980’s, the USA and former
USSR competed for space supremacy. Despite this competition, both countries cooperated on
a number of different initiatives, most notably the creation of the UN Committee on the
Peaceful Uses of Outer Space (Sagdeev, 2008), and Khrushchev’s letter to Kennedy raising the
possibility of a space international cooperation (1962). This later initiative led to the exchange
of weather data from satellites; a joint effort to map the geomagnetic field of Earth; and
cooperation in the experimental relay of communications. Continued space cooperation led to
the historic ‘space handshake’ in July 1975(Perepechenov). In 1993, following the collapse of the
Soviet Union, the Russian Federation joined the ISS initiative with other partner countries,
leading to the joining (NASA, 2009) of US and Russian space modules in 1998(Logsdon, 1998).
The continuation of the program until 2020 confirms this success story.
Other examples of cooperation are the International American Water Resource Network
(IWRN), whose goals are to advance water policy in the Americas, and Inter-American Institute
(IAI) for Global Change Research. The IAI is composed of 19 countries, whose vision is to be
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an instrument by which scientists and decision makers throughout the Americas can jointly
address critical issues of global change (Inter-American Institute Website, n.d.)
6.2.2

Science Diplomacy Opportunity

Historically, scientific collaboration has often preceded political cooperation. As stated in a
recent Royal Society article: “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. Science provides a
non-ideological environment for the participation and free exchange of ideas between people, regardless of cultural,
national or religious backgrounds” (The Royal Society, 2010a). There are currently several initiatives
aimed at using scientific research as a first step in international diplomacy, most relevantly there
is a Middle Eastern project entitled Synchrotron-light for Experimental Science and
Applications (SESAME), which is currently under construction in Jordan (The Royal Society,
2010b).
6.2.3

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

The fundamental tenet of the International Water Station in the Tigris-Euphrates river basin
would be to create an environment that would enable data sharing and scientific cooperation
among Turkey, Syria, and Iraq. The development and sharing of technologies specific to the
region would also be encouraged among the three participating nations. Ideally this could lead to
optimization of the irrigation processes, developing crops that are less water dependent
implementing better sanitation programs and improving the overall reuse of water. This would
also establish a basic space infrastructure in Iraq, and thus allow it to participate in joint space
efforts with Turkey and Syria. Although such a framework is presented using the TigrisEuphrates river basin as an example, the ideas presented herein could also be applied to other
water basins around the globe. Figure 6-1 shows a schematic diagram of the IWS-TEC
Figure 6-1: IWS-TEC
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Phase 1 – Tigris-Euphrates Cooperative Centers of Excellence

This first phase of the IWS is a minimal cost enterprise, allowing each of the three member
states to initiate the sharing of data. Centers of excellence would be created at leading academic
institutions within each of the three countries, making use of existing infrastructure.
The centers of excellence would:
1. Participate in coordinated satellite calibration campaigns relevant to water resource and
undertaken by foreign space agencies, such as ESA, JAXA, and NASA. As part of this
effort, participation would necessitate coordination of water measurements from air and
ground based assets currently in use in the region. This could also include collaboration
with internal institutions such as the General Organization of Remote Sensing (GORS Syria) and the Space Technologies Research Institute (TUBITAK UZAY - Turkey), or
international institutions such as WMO, EUMETSAT, ECOMET, ECMWF, NOAA,
NCEP, UNEP. The coordination of international data sharing will thus provide a
means of regional cooperation.
2. Produce a regional water model in cooperation with the other participating countries.
As a starting point, this would make use of current satellite data relating to the
measurement of water. Each center of excellence would provide a high level of
knowledge of these fields, and assist in addressing global water issues, and ultimately
produce a regional water model in cooperation with the other participating countries.
One of the most frequent causes of water negotiations failures is mutual distrust
between countries regarding analysis of the water basin. As stated in Peaceful uses of
international rivers: the Euphrates and Tigris Rivers dispute the author states: “government officials
of these 3 countries appear to believe that information disclosure on water would have potentially
harmful effects on their national security” (ELVER, 2002). Although such models exist within
each of the member countries, the production of a regional model will provide a
comprehensive view of the Tigris-Euphrates river basin with the result being superior
to the sum of its parts.
3. Communicate the IWS results to the scientific community via publications, newsletters,
and conferences.
6.2.3.2

Phase 2 - Downlink Stations and GIS Infrastructure

The next phase will be focused on increasing space and water monitoring capabilities within the
region. This will require new infrastructure as follows:
1. A downlink station would be provided to each country at their center of excellence and
would be part of a larger global network. The primary task of the stations would be to
offer downlink capabilities to any satellite, preferably those providing water
measurements, and increase the overall capacity of the global downlink network.
Additionally, this endeavor would result in the training of highly qualified personnel in
these countries, promoting greater ties with the international scientific community.
This model was successfully employed in Nigeria, where a physical downlink station
facilitated both improved international infrastructure and a sense of national pride
(Techno-Sciences, 2010).
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2. The creation of a regional GIS based monitoring system would be developed similar to
(or making direct use of) the FLOW system (FLOW, 2011). FLOW operates at low
cost and in a highly scalable manner making it implementable in the Tigris-Euphrates
river basin and facilitating ground based monitoring of the relevant water management
parameters. Data of this type could also be used in satellite calibration campaigns.
Ultimately, data of this type could be provided in a Google Earth type environment,
providing multiple layers of information to the end user.
3. To create a regional direct sensing network that would centralize the collection of
remotely sensed water data being transmitted to satellite assets. See Section 4.3.1 on
ARGOS.
6.2.3.3

Phase 3 – International Water Monitoring and Research

As a symbolic gesture, Team H2OPE recommends that Turkey, Syria, and Iraq construct a
physical International Water Station for the Tigris-Euphrates river basin, or IWS-TEC. The
junction of the Turkish, Syrian, and Iraqi borders is the Tigris River, which provides a strong
image of the fundamental connection between these nations. Formally, the building would act as
a hydrological monitoring and research station. Informally, IWS-TEC would be a centralized
location for conducting meetings regarding coordinated management of water in the TigrisEuphrates river basin. While the grandeur of such an endeavor is recognized, implementation of
a building of this type should not be understated. A physical building devoted solely to tri-lateral
water coordination is essential for long-term cooperation.
6.2.4

The Role of the International Community

Funding would be provided by a variety of international and regional institutions (World Bank,
International Monetary Fund, Arab League). Collaboration with members of UNESCO’s
International Hydrological Program, which promotes the sustainable management of water
around the globe, is highly recommended. The World Bank has a vested interest in the region,
owing to its financial support of other regionally important projects. More recently, the World
Bank has persuaded nations to agree on sharing their resources as a prerequisite to obtaining
funding.
It is fundamental that regional authorities assume their responsibilities as decision makers, so it
is highly recommended that part of the IWS funding come from governments and local
stakeholders. All countries should have a balanced participation by calibrating their financial
contribution. Participation in the IWS-TEC could also help to advance national policies of all
three countries, such as Turkey’s aspirations to harmonize its standards with those of the EU
(Section 4.2.1).
Turkey, Syria, and Iraq are aware of the water crisis in the Tigris-Euphrates river basin, and the
team H2OPEd that the humble recommendations from this report increase cooperation in the
region.
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7 CONCLUSIONS
“We're all downstream.”
- Jim and Margaret Drescher
The world is in a global fresh water crisis. The mission of team H2OPE is to recommend spacebased solutions to this crisis through a focus on the Tigris-Euphrates river basin. In the
Introduction, this report outlines the key human elements related to the global water cycle,
including people, agriculture and industry, health, and water management and makes global
recommendations to address this impact using space-based solutions as the underlying theme.
Many of these key human elements are interrelated and cause negative impacts on the regional
water cycle. Population growth and increased urbanization drive an ever-increasing demand on
the fresh water supply. Inefficient use of water by agriculture and industry along with poor
regulation leads to water contamination and subsequent health issues. The current health
infrastructure is struggling to meet these challenges. Inadequate education and awareness of
responsible water use exacerbate these problems. Furthermore, there is a lack of inter-regional
water management cooperation and coordination to address these issues. Space-based solutions
provide a means to mitigate these issues.
Remote sensing satellites, together with GIS, provide effective solutions that address these key
human elements. The effects of urbanization can be monitored and managed using real-time
data from remote sensing satellites (Section 2.4.4). These satellites also provide data to increase
agricultural efficiency. Remote sensing is capable of detecting agricultural and industrial
contamination of water along with other health related water-borne contaminants as described
in Sections 3.3.2.1 through 3.3.2.4. This technology also enhances water authorities’ ability to
forecast, plan, and evaluate water management strategies and policies for the future. Satellite
based telecommunication systems are required for the efficient use of remote sensing and GIS
data dissemination. Moreover, telecommunication systems provide a means for international
cooperation, education, and data sharing.
Team H2OPE strongly recommends the implementation of a ground-based International Water
Station (IWS) for water research inspired by the collaborative concept of the ISS, together with
downlink stations in each country. This cooperative research station would serve as an ideal
platform for data-sharing, as well as a framework for the implementation of a coordinated
systematic approach to fresh water management on a regional and international scale. This will
foster scientific cooperation among Turkey, Syria, and Iraq and is crucial to getting governments
to work together in a harmonious and beneficial way. Space-based solutions provide a solid
foundation to implement the recommendations outlined in this report, and will serve to provide
effective means to ameliorate the global fresh water crisis in the years to come.
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Table A-1: Space-Based Solutions (Remote Sensing)
Drivers

Problems in the TigrisEuphrates River Basin

Space-Based Solutions
Monitoring urban spatial
patterns and growth trends

Urbanization

Urban planning

Description
Medium resolution
multispectral satellite
(ex: Landsat, Spot,
Quickbird, etc)

People
Recycling Domestic Water
Education
Overconsumption of Water

Health

Health

Industrial Contaminants

Water-borne Diseases
(Cholera &

International Space University, SSP 2011

Cost
Ex: Landsat-7 image
for free,
QuickBird: 18-40
USD/KM2
SPOT: 10-30 USD/
KM2
N/A
N/A
N/A
~100 USD per
product

N/A
N/A
N/A
Indirectly detecting
pollutants through
vegetation stress (NDVI)
(Griffith, J.A. 2001)

N/A
N/A
N/A
Medium resolution
multispectral satellite

Detecting pollutants using
multispectral remote sensing
(WQI: Water Quality Index)
(Vignolo, A et al 2005;
Pesce, S.F. 1999 ; Barghava,
D.S. 2003)

Medium resolution
multispectral satellite (ex:
Landsat 7)

Detecting oil spills with SAR
satellites

SAR products (ex: Envisat,
TerraSAR, CosmoSkyMed)

~ 750 USD per
product (100*100km)

Monitoring the factors
responsible for disease

Non-commercial imagery

Should be free

~ 100 USD per
product (Landsat)

Implementation
~1 year
Setup organization
for implementing
remote sensing data
processing
N/A
N/A
N/A
~1 year
A well-trained
monitoring and
alerting center
~1 year
A well-trained
monitoring and
alerting center
~1 year
A well-trained
monitoring and
alerting center
~ 1 year
A well-trained

Advantages
Disadvantages
(A/D)
A: Data are available,
low cost
D: Rely on foreign
system

N/A
N/A
N/A
A: Low cost solution
D: NDVI is related to
only some water
quality parameters
A: Low cost solution
D: WQI is questioned
as it is a simplified and
global index
A: Fully operational
solution
D: Need for a
permanent and thus
costly observation
A: Wide coverage, early
warning system
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Schistosomiasis)

Access to Medical Care

Lack of Proper Waste
Disposal

Salinization

Tigris Euphrates and the Global Water Crisis

break-out, precipitation,
vegetation growth, water
temperature (Ford, T.E
2009)

N/A
Indentifying proper areas of
waste disposal to not pollute
water (Netzband, M 2007):
Panchromatic and
multispectral imagery of
medium resolution merged
in a GIS

Monitoring of rivers salinity

monitoring and
alerting center

N/A
Commercial imagery (ex:
Ikonos)

N/A

N/A
Image products ~35
USD/KM²

N/A

N/A
< 1 year
Order on the
Internet
Acquisition of GIS
Training on GIS

N/A

Agriculture
Measuring soil moisture (to
detect where water is wasted)
Waterlogging

Agriculture

66

High phosphorus levels

Detecting plants lacking
phosphorus to rationalize
fertilizing (Milton, N.M.

Thermal infrared, L-Band
or passive microwave
remote satellite products
(ex: Aqua, SMOS, SMAP
in 2014)
Multispectral image
products including IR
bands (ex: Landsat)

Products are free for
scientific purposes

~ 1 year
A well-trained
monitoring and
alerting center

~100 USD per
product

~ 1 year
A well-trained
monitoring and

D: Need for a
permanent monitoring
- greater use of its own
satellite or a global
satellite system; validity
of models relating the
disease and monitoring
measurements
N/A
A: Easy to implement
D: Recycling should be
implemented
meanwhile

Available remote
sensing is not able to
produce such
information on rivers
since their spatial
resolution is too low
(SMOS, Aquarius :
#50-100km)
D: Spatial resolution is
very low (best is 10km
for SMAP in 2014)
A: Remote detection
D: Costly; sensibility of
the measurements to
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1991; Skidmore, A.K. 1997;
Cohen, W.B. 2004)
Measuring soil moisture (to
detect where water is wasted)
Water Wastage

Agriculture

High phosphorus levels

Detecting plants lacking
phosphorus to rationalize
fertilizing (Milton, N.M.
1991; Skidmore, A.K. 1997;
Cohen, W.B. 2004)
Measuring soil moisture (to
detect where water is wasted)

Water Wastage
Measuring soil moisture (in
order to optimize watering
or to take preventive
measures for droughts or
floods) (Robinson, D.A.
2008; Hain, C.R. 2011)
Agriculture

Not enough water for
crops (precipitation, soil
moisture)

International Space University, SSP 2011

Measuring precipitations to
optimize irrigation (Levin, Z
et al. 2008)

Appendix 1

Thermal infrared, L-band
or passive microwave
remote satellite products
(ex: Aqua, or SMOS,
SMAP in 2014)
Multispectral image
products including IR
bands (ex: Landsat)
Thermal infrared, L-band
or passive microwave
remote satellite products
(ex: Aqua, or SMOS,
SMAP in 2014)
Thermal infrared, L-band
or passive microwave
remote satellite products
(ex: Aqua, or SMOS,
SMAP in 2014)
Microwave radiometer (ex:
Aqua, AMSR)

alerting center

external parameters

Products are free for
scientific purposes

~ 1 year
A well-trained
monitoring and
alerting center

D: Spatial resolution is
very low (10KM for
SMAP in 2014)

~100 USD per
product

~ 1 year
A well-trained
monitoring and
alerting center

A: Remote detection
D: Costly; sensibility of
the measurements to
external parameters

Products are free for
scientific purposes

~ 1 year
A well-trained
monitoring and
alerting center

D: Spatial resolution is
very low (10KM for
SMAP in 2014)

Products are free for
scientific purposes

~ 1 year
A well-trained
monitoring and
alerting center

A: Large covered area
and repetitiveness of
provided data
D: Detection limited to
5-10 cm depth

Products are free for
scientific purposes

~ 1 year
A well-trained
monitoring and
alerting center

A: Large covered area
and repetitiveness of
provided data
D: Other solutions can
be provided by ground
techniques (ground
based radar or water
collecting system)
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Agriculture pollution
(Algal bloom)
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Measuring vegetation stress
to optimize watering and
fertilizing (Hatfield, J.L. et
al. 2008)

High resolution optical
imager (Vis+IR) Ex :
Landsat 7, Terra

Landsat image
products are free

~ 1 year
A well-trained
monitoring and
alerting center

Early detection of Algal
blooms
(Jin-Feng, M et al. 2008)

Ocean color sensors (ex:
MODIS aboard the aqua
satellite)

Free

~1 year
A well-trained
monitoring and
alerting center

To monitor the lakes and
rivers levels

SWOT satellite

Detecting oil spills by SAR
satellite

SAR image products
(ERS-1/2
RADARSAT-1/2
TerraSAR-X)

750 USD / products
(100*100km)

~1 year
A well-trained
monitoring and
alerting center

Detecting contaminants with
hyperspectral satellite

Hyperspectral image
products

> 2500 USD per
product (few

~1 year
A well-trained

Water
Management
Total amount of water
consumption

Water
Management
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N/A

Not available (2020)

Contaminants in Rivers

A: Large covered area
D: Use of airborne
sensors

Need for high
resolution to get
information in small
area (rivers). The
smaller resolution on
existing sensors is 250
meters.
D: Simpler means
could be developed
locally to monitor such
levels around industrial
facilities
A: Work in both
inclement weather and
at night. Over a large
area and at long
distances. Superior
spatial resolution.
D: Calm water , wave
shadow give the false
impression
A: Image can be
acquired remotely
D: Costly; low spatial
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(Cantero, M.C. et al. 2004)

Creating a water
management model (current
water management and
future prediction)

Optical or SAR imagery
combined if possible to
ground measurements

kilometers wide)

monitoring and
alerting center

Start up funding plus
continuous funding
after

~6 months
(Ground truthing
and calibration
campaign;
implementation)

Low cost (USD $1.64M)

~1 year
(linking data sources
to the GIS)

Ex: FLOW
Water
Management

Water Sharing among
Countries

Creating a GIS monitoring
system
SWOT satellite
Monitoring lakes and rivers
water level

Water
Management

Identification of Dams

International Space University, SSP 2011

Available in 2020

To delimitate water area on
satellite imagery (area type
detection and change
detection)

Multispectral commercial
imagery
(ex: Landsat, Spot,
Quickbird)

Landsat is free

~1 year
A well-trained
monitoring and
alerting center

Measuring heights of lakes

JASON 2 satellite
SWOT satellite

Free

~6 months
Available in 2020

N/A

resolution of space
sensors (20m)
compared to airborne
sensors (5 m)
A: Could provide
analysis on the impacts
of a water related
decision
D: Long to establish a
predictive model (or at
least progressive)
A: Easy monitoring of
water management
parameters
D: Need of good
networking
A: Easy to implement
D: Detection only
when a dam is already
built
D: Designed for
oceans surveillance
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Consequences of dams
building
Water
Management

70

Monitoring lakes & rivers
levels

SWOT satellite

Creating of a water
management model (for
future prediction)

Optical or SAR imagery
combined if possible to
ground measurements

Tigris Euphrates and the Global Water Crisis

N/A

Available in 2020

N/A

Start up funding plus
continuous funding
after

~2 years
(Ground truthing
and calibration
campaign;
implementation)

A: Could provide
analysis on the impacts
of a water related
decision
D: Long to be
established
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Table A-2: Space-Based Solutions (Other)

Drivers

Problems in the TigrisEuphrates River Basin
Urbanization
Recycling Domestic Water

People

N/A
N/A
Tele-education

Education

Overconsumption
Water

Health

Other spacebased solutions

of

Description
N/A
N/A
Space agencies
Education institutions
Private companies
NGOs

Cost
N/A
N/A
Depends on the provider

Implementation
N/A
N/A
Personnel training
Telecommunications
infrastructure

Advantages
Disadvantages
(A/D)
N/A
N/A
A: Access to remote areas;
access to better education
D: Access to specific
infrastructure
(satellite
availability; Internet)

N/A

N/A

N/A

N/A

N/A

Water test prior
to drinking

Space Agencies
Education/
Research
Institutes
Private companies

Ex: Water Canary (USD 100200)
(Water
Canary,
2011;
Mashable, 2011)

Using light spectrum
analysis , transmit GPS
tagged data all over the
world by a network

A: Less energy cost; GPS
data transmitted by the
wireless or wire network;
the
data
processing
software is open source.

Industrial Contaminants
D: In some areas networks
are unavailable; currently
still in its fifth prototype,
have not start massive
production.
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Drivers

Problems in the
Other spaceTigris-Euphrates
Description
based solutions
River Basin
Water
borne Water purification NASA
diseases
techniques used
on the ISS

Tigris Euphrates and the Global Water Crisis

Advantages
Disadvantages
(A/D)
NASA provides the Water It is not available for the A: Less energy cost
Recovery System (WRS) only mass market
for
the
ISS
purpose
Cost

Implementation

Water
Corporation

Access
to Tele-health
Medical Care is
difficult

Lack of proper
waste disposal
Salinization
Waterlogging
Agriculture
High phosphorus
levels
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Security Based on an iodinated resin There are already 500 A: Easy to install/15 L per
min
used during 30 years by the devices in Mexico
NASA (Shuttle and ISS)
D: Filtration cartridges
Price unknown
changed after 114,000 L
(price unknown)
Space agencies
Depends on the provider
Personnel training
A: Access to remote areas;
Health institutions
Telecommunication
access to quality health
Private companies
infrastructure
care services; lower health
system expenditures
D: Particularities of the
medical
profession;
barriers
(licensure,
reimbursement, etc.)
(International Journal for
Equity and Health, 2011)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Waste of water
Not
enough
water for crops
(precipitation,
soil moisture)
Agriculture
pollution (Algae
bloom)

Industry

Water
management

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Timeline
~
6/12
months
(for engineers to adapt
the existing FLOW
interfaces or to create
new
application
to
Google Earth)

A: Low cost; easy to
implement;
easily
accessible

Contaminants in
rivers (gas, oil,
N/A
heavy metals)
Total amount of
water
N/A
consumption
Water
sharing Electronic
among countries
interfaces
(to
share information
on
water
management)
Dams
identification
Consequences of
dams building
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On the Internet or cell Low cost solutions sustained
phones
by NGOs
(ex: FLOW: Field Levels
Operation Watch)
(FLOW, 2011)

D: Need
investments

for

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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