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Abstract

ABSTRACT
Kenya’s coast has abundant natural resources and as the population grows these resources
are under increased pressure. It is important to plan future coastal developments in a
sustainable way, so that ecosystems remain productive and diverse. This report identifies
the socioeconomic, environmental, technical, and policy issues and challenges related to
the integrated management of coastal ecosystems in Kenya.
The Koastal team chose to address problems related to marine and terrestrial water
pollution along the Kenyan coast. Clean water is essential for ensuring the survival of
wildlife habitats and ecosystem sustainability. Water pollution can quickly destroy an
ecosystem’s natural balance, as water is a building block for life. Water pollution also
affects people living along the coast as their health, food supplies, and income are
endangered.
Koastal’s solution related to marine and terrestrial water pollution uses an interdisciplinary
approach. We suggest an integrated water pollution management and livelihood support
system using marine, ground, and space sensors to supply data to state authorities in
Kenya. We propose a three-step process including detection, response, and regulation of
water pollution. Data from sensors is sent for data processing, and then to a decision
support system. As a second step, the decision support system will issue alerts and
warnings to state authorities and to the population living on the coast. This will be done
through mobile phone communications, radio broadcasts, and other mass communication
channels. Team Koastal proposes four mobile phone applications dealing with potential
fishing zones, oil spills, water pollution and collecting geo-tagged images and videos.
As a third step, our solution includes policy, law, and education recommendations. These
address the enhancement of existing governing framework to ensure the application of
laws for integrated coastal zone management. Koastal suggests educational initiatives for
the youngest members of local communities, their parents, and the policy makers they
elect. Koastal described a system for cost-effective integrated coastal zone management, in
the hope that it could help improve and protect the lives of those in the coastal regions of
Kenya.
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Faculty Preface

FACULTY PREFACE
This is the twenty-sixth year of the Space Studies Program (SSP) held at the main campus of
the International Space University in Strasbourg, France. As in previous years the
participants were offered the choice of three Team Projects, focused on applications of
space technologies for the benefit of humankind and the peaceful use of outer space. This
report entitled Koastal is the product of nine weeks’ research, covering various
socioeconomic, environmental, political, and technical issues with a focus on the Kenyan
coastal zone.
The ISU Team Project is an academic collaboration, unique in nature, and it is a difficult
academic task to accomplish. Thirty individuals from 12 nations and from various cultures,
professional disciplines, and of different ages, were expected to produce cost-effective
solutions for the support of Kenyan coastal ecosystems and their inhabitants. Koastal
solutions encompass the use of space-based integrated applications, including Earth
observation, satellite telecommunications, and location-based services enhanced by
wireless ground communications.
In nine weeks, the 30 authors of the Koastal report created their own team structure,
assessed the complex interdisciplinary issues, completed gap analyses, and developed
solutions. In this report, the Koastal team presents its findings, supporting the
establishment of a network of space-based and ground-based sensors for monitoring the
water of marine and terrestrial ecosystems in the coastal regions of Kenya. The
technological solutions developed by Koastal aim to secure and support the lives of citizens
in these coastal areas. Several solutions are suggested utilizing mobile phone applications,
such as messages containing information which can be used to locate optimal fishing sites,
as well as alert or warning messages in case of natural disaster or severe water pollution.
To guide these 30 professionals, members of the ISU faculty as well as visiting experts
shared their experience in applications of various space and ground technology issues in
the coastal regions. In particular, we would like to express our appreciation to NASA and
ESA.
We, the faculty, are very proud and honored to be associated with this talented, highly
motivated, hardworking, and dedicated group of ISU participants and we present their
results to the reader.

Olga Zhdanovich
Team project Chair
Scott MacPhee
Teaching Associate
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TEAM PREFACE
Team Koastal is made up of 30 members from 12 nations representing a diverse set of
academic and professional backgrounds. Each of us is proud to be a participant at the
International Space University’s Space Studies Program 2013 and excited to contribute
towards this important project. Developing a sustainable space-integrated coastal
management system is of critical importance for all coastal nations and is a particular
challenge in the developing world.
“We, the people of Kenya [are] respectful of the environment, which is our heritage, and
[we are] determined to sustain it for the benefit of future generations”
This quote from the 2010 Kenyan constitution helped inspire us into choosing water
pollution as our primary area of focus to guide us through the many highly interrelated
challenges of coastal management.
This report examines the use of cost-effective space-integrated solutions for sustainable
management of the coastal zones in Kenya. While water pollution is our primary focus it is
only one of the many challenges for coastal management in Kenya. To solve these
challenges we suggest a multidisciplinary approach covering management, policy,
technology and public outreach. Our suggested solutions were developed considering the
International Space University’s three I’s: International, Intercultural and Interdisciplinary.
Team Koastal would like to thank our team project Chair, Olga Zhdanovich, and our
Teaching Associate, Scott MacPhee. Without their help, guidance and support we surely
would not have been able to produce this report in its current form. We would also like to
pass our thanks to Jim Burke for his wisdom and encouragement and Dr. Val Byfield for her
expertise pertaining to all things coastal. We are grateful for support received from NASA.
We hope that the findings presented in this document will help citizens of Kenya and of
coastal regions worldwide. Go Koastal!
Koastal Team
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1 INTRODUCTION
Over two-thirds of Earth’s surface is covered by ocean (USGSa, 2013) bordering 620,000 km
of coastline (NASA, 2010). Oceans and land meet at coastal regions that extend from inland
water and adjacent land mass to estuaries, beaches, dunes, and wetlands making coastal
regions ecologically diverse. These regions are a habitat for many species like fish, birds,
and land animals. In addition to hosting unique coastal communities, these abundant
environments often play a significant role in transportation, tourism, trade and provide
many natural resources for inhabitants (NRC, 2007).
Coastal areas are often highly populated. Most of the world’s mega cities are on coasts, and
more than 70% of the world’s population live at a distance of less than one day’s walk from
a coast. This proximity and dependence creates a strain on the surrounding environment,
and leads to large amounts of pollution. Dense coastal populations are also vulnerable to
natural disasters, a concern increased after the two tsunamis events of 2004 and 2011.
Kenya’s coast stretches for 536 km and supports people with unique cultures, needs, and
resources in addition to supporting a breadth of environmental diversity. Minor changes to
the ocean’s equilibrium that arise from pollution, rising water levels, or temperature
fluctuations, can create catastrophic shifts in the fragile ecosystem and the life it supports.
Kenya’s coastal ecosystems provide important services for the local populations like food
and wood for heating houses. Marine and terrestrial water pollution is a threat to all
coastal areas as it affects the whole coastal ecosystem directly as well as the inhabitants.
For example tourism amounts for almost half of Kenya’s Gross Domestic Product and
sustaining the coastal areas is important to ensure the tourist industry keeps the economy
running.
The Kenyan Constitution reflects the vital role of water for the country. It declares the right
of every Kenyan “to clean and safe water in adequate quantities” (KLR, 2010). The Kenyan
government must recognize threats and intervene to prevent degradation of the coastal
region in line with this constitutional right.
This report investigates the Kenyan coast to suggest solutions to helping coastal zone
stakeholders manage and preserve the coastal resources for future generations. The
solutions rely on cheap technology and existing resources.

1.1

Project Scope

Team Koastal chose water pollution as its focus for the study and limited its scope to Kenya
because NASA sponsored this team project based on its SERVIR program in East-Africa. We
set out to assess natural and human-induced problems in Kenyan coastal zones. We
analyzed existing institutional infrastructure and available space and ground technologies
to develop an integrated water pollution management and livelihood support system. As an
interdisciplinary study we looked into policy, legal, economic and educational aspects.
We apply a three-step strategy to the coastal problems in Kenya. The first step starts with
defining and understanding the problem. In the second step we investigate the different
International Space University SSP 2013
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elements that contribute towards the problem and also search for the methods used to
detect and monitor these contributions. In the last and third step we will suggest a solution
and its required implementation in order to address the identified problem.
It was important for us to keep the proposed solution affordable and applicable to the
region. No new space hardware was designed for this reason. Team Koastal aims to help
the inhabitants of Kenya’s coast to secure and support their livelihood in everyday life and
in case of disasters but the report targets stakeholders who perform integrated coastal
zone management.

1.2

Mission Statement

To suggest cost-effective solutions for managing resources and activities conducted in
Kenya’s coastal zones. This will be achieved by exploring space-integrated technologies,
policy recommendations, and activities related to environmental monitoring and
sustainable resource management.

1.3

Aims and Objectives






Complete a comprehensive assessment of environment, political and
socioeconomic conditions of Kenya.
Design viable space-based means for monitoring water pollution and disaster
management.
Suggest an interdisciplinary and cost-effective initiative for water pollution
management.
Use existing technology as much as possible.
Optimize benefits related to education and public engagement.

This project is aimed at coastal managers and those who benefit from improved coastal
management. Stakeholders can be local, regional, or national, and range from the general
public to the state of Kenya. Different parts of the project will be more applicable to some
stakeholders. An example is pollution monitoring: local governments benefit from efficient
pollution monitoring as they need to enforce environmental legislation. The local
population benefit from pollution monitoring because they can avoid polluted areas.
Environmental organizations benefit because knowing where the pollution is helps protect
the environment.

International Space University SSP 2013
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Figure 1-1: Main concepts
From a primary survey, the Koastal team identified key issues related to Kenya’s coastal
regions. Koastal’s main focus is to monitor and prevent water pollution by supplying costeffective monitoring solutions using existing infrastructure. From our initial investigation
four main categories emerged. To create a framework for further inquiry, subtopics were
expanded from these issues.

Figure 1-2: Team Koastal concept map
The diagram above illustrates how the main issues have their own problem areas. This
report follows the development of these categories and how they relate to water pollution.
Following an extensive review, Koastal formulated a series of feasible strategies to
implement. We placed emphasis on space-based applications, social awareness, Integrated
International Space University SSP 2013
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Coastal Zone Management, and maximizing available resources.
This report can be used as a resource for implementing Integrated Coastal Zone
Management and aims to secure and support the livelihood of coastal inhabitants in Kenya.

International Space University SSP 2013
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2 KENYAN COAST
The chapter introduces coastal zones and explains why we chose the Kenyan coast for
further study. The concept of Integrated Coastal Zone Management is introduced in section
2.2 before a review of socioeconomic considerations are given in section 2.3 specific to the
Kenyan coast. Section 2.4 describes coastal ecosystem elements of Kenya. In section 2.5
environmental problems of the Kenyan coast are highlighted. Section 2.6 explains why we
chose water pollution as the primary source of concern.

2.1

Coastal zones

Coastal areas refer to the interface between land and sea. For management purposes a
more definite term ‘coastal zone’ is used which has legislative value (Allen et al., 1998).
Each country has their own definition to the extent of coastal zones based on their
administration. The European Commission’s Joint Research Centre defines a coastal zone as
a strip of land and sea of varying width depending on the nature of the environment and
management needs which seldom correspond to existing administrative or planning units.
According to the Research Centre natural coastal systems and the areas in which human
activities involve the use of coastal resources may extend well beyond the limit of territorial
waters, and many kilometers inland (Lavalle et al., 2011).
Traditional activities like fishing, forestry and agriculture often exist side by side with
specialized activities like tourism, shipping, and, industries in coastal zones. These areas are
vital to the economy of developing countries as their economy depends more than others
on natural resources found in coastal zones (Sorensen and McCreary, 1990). Amongst the
coastal regions of developing countries, nearly 52% of the African coastlines are under
threat from human intervention (Allen et al., 1998). Based on NASA’s SERVIR project and
their sponsorship of this study Team Koastal studied the Kenyan coastal zone as a model to
understand coastal zone problems. The space-integrated and cost-effective solutions
presented in chapter 5 are applicable to most coastal zones. We use coastal zone as an area
that extends 100 km landward from the coast and out to sea within 200 m depth isopleth
(Pernetta and Milliman, 1995; Burke et al., 2001).

2.2

Integrated Coastal Zone Management

Coastal areas are diverse and fragile ecosystems. Coastal resources are continuously under
pressure from population demands so control and management is necessary. Integrated
Coastal Zone Management is a holistic management approach, based on the "ecosystem
concept" that integrates the protection of marine areas with human activities pursued in
the coastal zone . The concept of Integrated Coastal Zone Management was introduced
during the Earth Summit conference held in Rio de Janeiro, 1992, and is defined as a
“dynamic multidisciplinary and iterative process to promote sustainable management of
coastal zones.” (Gündling, 2006). This process includes planning and collecting information,
along with decision-making. Integrated Coastal Zone Management asks that all relevant
stakeholders to take actions to meet the objectives for a coastal area. A central concept to
Integrated Coastal Zone Management is sustainability, finding the balance between
development and protecting the environment demands. Integrated Coastal Zone
International Space University SSP 2013
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Management also aims to protect coastal ecosystems and communities from natural
disasters through disaster management strategies.
The long-term goals of Integrated Coastal Zone Management are balancing diverse aspects
of coastal areas such as environmental, cultural, social, economic, and political. Integrated
also refers to integrating ocean and land components.
The success of Integrated Coastal Zone Management is measured by the impact of actions
and the implementation of policies and solutions and this is a big challenge in many coastal
regions. Team Koastal solutions developed in chapter 5 is an integrated attempt at
providing data for all concerned on the Kenyan coast. Decision-makers as well as fishermen,
the general public and coastguards are integrated into our solution bringing existing
technologies together in an integrated system. We will discuss the impact of our solutions
from a social, economic and policy perspective in chapter 6.

2.3
2.3.1

Kenyan socioeconomic considerations
The People of Kenya

According to the 2009 census, Kenya has a population of almost 40 million (KNBS, 2011). Of
these, 523,183 live in the city of Mombasa, the principal city on the coast. The rural coastal
areas are generally less affluent than inland cities (Meilink, 2000). Christianity is the
dominant religion, but also has people of Islamic faith. The adult literacy rate was 61.5 in
2006 (Kilele, 2007).
For most Kenyans, traditional values and the responsibilities associated with it have great
importance. Kenyan families tend to be large. Many of Kenya’s rural inhabitants live on
small farms, some live in houses made of mud and wooden poles with thatched roofs, while
others live in houses of brick or stone with metal roofs.
Cell phones in rural Kenya have brought practical, social and economic change and
contribute to cultural change. In Kenya there were one million cell phones in 2002, in 2006
this number had risen to almost seven million (Eriksson, 2008). People commonly use short
messaging services as it is one of the cheapest ways of communicating. Cell phones have
transformed the job market and have had a tremendous impact on running a business. It
has also changed the way money is exchanged. A mobile money exchange system called MPesa is used in rural areas as most people do not have a bank account. Mobile-phone
technology is becoming an information gateway for health issues, especially when it comes
to family planning and reproductive health (Athumani, 2012).
The abundance of cell phones in Kenya, the large network coverage and their everyday use
make them a very cost-effective and efficient form of communicating information. The
solutions proposed by Team Koastal in chapter 5 make use of this research to distribute
disaster warnings and information cheaply and quickly.

2.3.2

Economy

Agriculture is the second largest contributor to Kenya’s Gross Domestic Product. In 2005
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agriculture, including forestry and fishing, accounted for about 24% of GDP. However, in
spite of this dependency, only 15% of Kenya’s total land area is fertile enough for farming,
and only around 8% can be classified as first-class land. About one-half of the total
agricultural output is subsistence production. Subsistence farming is largely sweet potatoes
and corn, and typically uses the slash-and-burn agricultural technique.
The majority of African farmland is foreign property, with very little land locally owned.
Absence of ownership contributes to poverty and hampers resolving land management
issues (Alila and Atieno, 2006).
The principal cash crops are tea, horticultural produce, and coffee. Horticultural produce
and tea are the main growth sectors and the two most valuable Kenya’s exports, but most
of these are not grown on the coast. Droughts are common in Kenya and large-scale
international food aid is often required to compensate failed crops and livestock death. As
an example, in 2004, aid was provided for 1.8 million people (World Food Program, 2005).
The expansion of credit to the agricultural sector allows farmers to better deal with crop
fluctuations and changing market prices of their produce.
Kenyan industry accounts for approximately 25% of the Gross Domestic Product. Kenya is in
the process of establishing its industrial base, with import substitution and processing
industries firmly established. The country wants to achieve the newly industrialized nations
status by the year 2020. The increase in industrial activity brought by this process poses an
additional threat to the ecological environment of coastal areas.
Tourism has a major role in Kenyan economy. Generating an estimated $500m per year, the
industry is the country's single largest source of foreign exchange. Kenya has experienced a
15% increase in tourists since 2009, with over 60% of visitors concentrated in coastal
regions. This sudden influx has resulted in an overconcentration of tourist activities in some
areas of the country, notably the coastal beaches on the North coast, the Diani areas on the
South coast, and some national parks and game reserves. The rapid growth of Kenya’s
tourism industry has made sustainable use of coastal resources, such as the coral reef, all
the more important. Demand for seafood, shells and souvenir coral has risen sharply while
local supplies are depleted. The impact of this resource exhaustion stretches beyond the
coastal regions, with other areas now seeing deficits in food supply and damage to the
environment.
2.3.3

Education

The average Kenyan spends 11 years in formal education resulting in an adult literacy rate
of 61.5% (CIA, N.D.). While 75% of the children attend primary school, the quality of
education is poor. This is caused by the low student to teacher ratio of 100:1.
Levels of education are lower in the coastal regions than in urban areas of Kenya. There is a
large inequality in education due to gender, urbanization and infrastructure. Women are
generally less-well educated because they stop going to school when they get married –
often at a young age.
2.3.4

Ecosystem Services
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Ecosystem services are benefits to humankind gained from natural resources. Examples of
such benefits in the Kenyan coastal region include food from the sea, wood from the
mangrove forests for fuel or construction, and economic benefits derived from tourism and
ecotourism (MIA, 2005).
The 2005 United Nations Environment Program and the International Institute for
Sustainable Development report on Kenya stated that with few exceptions, “all ecosystem
services and constituents of human well-being are stressed and threatened” to a degree
that it is near impossible to prioritize among them (Wong et al., 2005). Table 2-1 illustrates
those findings:

Table 2-1: Kenyan ecosystems under threat by region (Wong et al., 2005)

The most threatened ecosystem services within the coastal region are food, clean drinking
water, energy and the ability to earn a livelihood. These issues will be discussed in chapter
2.5.

Access to clean water is an issue affecting life expectancy, disease and even agriculture.
UNICEF figures show that among a population of more than 40 million in 2010, 41% of
Kenyans lacked access to clean drinking water. In addition, 68% had only basic sanitation
systems (UNICEF and the World Health Organization, 2012). Poverty and an absence of
infrastructure are the main cause for inadequate clean water in the coastal regions.
Human and industrial waste contaminate the water supply due to a lack of sanitation,
regulation, and enforcement. The situation is made worse by recurring droughts and floods.
Increasing the number of clean-water points, improving sanitation, better waste
management, and education on water pollution are methods of alleviating this problem.
Many organizations, both in Kenya and abroad, are currently putting effort towards the
implementation of these changes (Kwak et al., 2010).
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Coastal ecosystems in Kenya
Coral reefs

Coral reefs are biologically diverse ecosystems made up of corals, sponges, crustaceans,
mollusks, fish, sea turtles, sharks dolphins and many other organisms. The presence of each
of these organisms is necessary to maintaining the system’s balance between predators
and prey (Reef Relief, 2010).
Corals are thin layers of calcium carbonate that have been secreted by soft bodied animals
called coral polyps. The living organisms that make up the coral reef ecosystem are directly
affected by the local terrestrial and marine environments, which include mangrove forests
and sea grass beds. In the absence of mangroves and sea grasses, coral reef ecosystems
become susceptible to collapse due to inhospitable environment.
2.4.2

Mangroves

Mangrove forests are essential coastal ecosystems covering nearly 75% of tropical and subtropic coastlines and are linked to controlling coastal erosion, improving air quality, and
offer habitat for many life (Hamilton and Snedaker, 1984). Mangroves also form an
important link to the marine food chain (Saenger et al., 1983; CCNT, 1988). Mangrove roots
filter nutrients, ensnare debris and sediments, prevent coastal erosion, and are feeding and
spawning grounds for fish and crustaceans (Wang et al., 2003). The filtering of both macroand micro- water contaminants creates clean water where unique seagrass and coral reef
species thrive (Wang et al., 2003). These forests are often found where rivers drain into
oceans, and contain a mix of fresh and salt water. As such, these forests are classified as
“salt-tolerant” (Wang et al., 2003). Approximately 45,590 hectares of the Kenyan coast are
covered by mangrove forests (Kirui et al., 2012).
2.4.3

Seagrass

Seagrass are maritime flowering plants that grow exclusively in sea water. The Kenyan
coastline houses 12 species of seagrass (Government of Kenya State of the Coast, 2009). In
contrast to seaweed, seagrass develop a complex root system and can be found along
coastal regions, particularly near coral reefs and tidal pools. Seagrass are a part of the diet
of larger underwater organisms, like turtles, and also provide a habitat to smaller marine
life, like prawns. Additionally, seagrass is beneficial to coral reefs by reducing sediment load
(Seagrass-Watch, 2013).
2.4.4

Dunes

Sand dunes are naturally occurring hills built by either wind or water flow. These structures
are dynamic and malleable coastal landforms that are vulnerable to wind and waves (SNH,
2000). Sand dunes generally form close to beaches, deltas, river mouths, island barriers and
regions with high wave break (Martinez and Psuty, 2004).
2.4.5

Coastal forests

A large number of organisms live in the coastal forests of East Africa. These forests are
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distinct from woodlands and mangrove forests. Dense overlapping canopies, thick groundcovering, high density, and abundant species next to the sea are characteristic of coastal
forests. Coastal forests exist over many tropical climates including subtropical, tropical dry
forest, and tropical very dry forest (Burgess and Clarke, 2000).

2.5

Environmental problems on the Kenyan coast

2.5.1

Water Pollution

Industrial water pollution
The greatest challenge in industrial pollution facing Kenya is the dumping of industrial
waste into the ocean and nearby rivers. The easiest solution to this is a regulatory one but
Kenya’s National Environmental Management Authority suffers from underfunding,
corruption, and a misunderstanding with society at-large about the benefits of
sustainability projects. The public is unmotivated to seek solutions to pollution issues and
they are generally unaware that environmental pollution causes serious diseases. Possible
solutions to these gaps in funding and understanding are partnerships with private industry
and educational outreach programs.
Agricultural water pollution
The Kenyan government subsidizes fertilizers for farmers through the National Accelerated
Agricultural Input Access Program. Fertilizer use in Kenya increased by around 50% in 2001
and 2009. The goal of the program is to improve food availability and reduce the chances of
a hunger crisis. Between 2007 and 2012, the program helped 2.5 million small-scale
farmers.
Overusing fertilizer can have significant impacts on nature and the environment. Large
amounts of nutrients from fertilizers can leach into groundwater which can lead to nutrient
pollution. Eutrophication occurs in water reservoirs when the water is exposed to a large
amount of nutrients. The nutrients allow algae and plankton to grow rapidly. Normally,
algae produce oxygen, but eutrophication can reduce visibility and light in the water, and
algae start to consume oxygen. When the organism dies and is decomposed by bacteria,
even more oxygen is consumed creating an oxygen-depleted environment that is lethal to
fish and other organisms.
Also relevant to agriculture-related pollution is the use of pesticides, which are used to
increase crop outputs. Pesticides can impact local environments by radically changing the
ecological balance. They may also kill secondary animals and plants and accumulate in the
food chain posing a danger to humans.
2.5.2
2.5.2.1

Health hazards related to water pollution
Water, hygiene and disease

Poor water quality and supply management made worse by a lack of government
investment characterize Kenya’s situation. Among the current Kenyan population about
43% do not have access to clean water (Marshall, 2011). Many Kenyans are in contact with
polluted water, causing diseases such as malaria (Marshall, 2011).
Recently, the Kenyan Ministry of Public Health and Sanitation committed itself to reducing
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the mortality from water-related diseases; however, the proposed program faces many
challenges (Mohamed, 2011). Currently, 49% of Kenyans have no access to basic sanitation
and 54% of Kenyans have no access to safe water supply. It is thus a challenge to ensure
affordable and safe drinking water for all citizens, especially at a household level.
Constant outbreaks of waterborne diseases are a major concern to the Ministry. The
Ministry has no budget for water safety activities, so the division must rely solely on its
partner organizations for implementation. Annually, water pollution is responsible for
thousands of deaths in Kenya. According to a report from the Government of Kenya, there
are three main categories of diseases arising from unsafe water: water-based, water-borne,
and water-washed (Marshall, 2011).
2.5.2.2

Water-based disease

Water-based diseases are spread by aquatic hosts or by water-inhabiting insects. This
category of diseases includes malaria and intestinal worm diseases. Malaria is caused by a
parasite transmitted through mosquitos’ bites. If left untreated, malaria can be lifethreatening. According to Marshall (2011), the disease is concentrated in areas of Kenya’s
western highlands and around the coastal and lake regions. The Global Health Observatory
Data Repository (Marshall, 2011) counted 26,017 deaths from malaria in Kenya in 2010.
Malaria is currently considered one of the country’s most serious health problems.
2.5.2.3

Water-borne disease

Water-borne diseases are defined as illnesses contracted by consuming contaminated
water. This category of diseases includes typhoid fever, hepatitis, cholera, diarrhea and
dysentery. Diarrhea is one of the top ten causes of morbidity and mortality in Kenya. Given
the severe consequences of contaminated water consumption, resolution of the issue is
crucial to closing the income gap in developing countries. Without access to potable water,
it is impossible for any part of society to function efficiently (Mohamed, 2011).
2.5.2.4

Water-washed disease

Inadequate personal hygiene can cause health problems such as eye infections and skin
diseases. These ailments are classified as water-washed disease and occur in Kenya due to
the lack of clean, running water.
2.5.3

Rising sea level

Water levels on the Kenyan coasts have been rising steadily over the past decade. The
economic and physical vulnerability of coastal cities with poor populations cause significant
concern. Coastal agriculture, a major source of income for coastline residents, stands at risk
for inundation and soil salinization. In Kenya, estimated losses from just a one meter rise in
water level are estimated at $500m (Nicholls et al., 2007).
2.5.4

Climate change

Since the 1960s, droughts in Africa have become more frequent, longer-lasting and more
severe, impacting the lives of millions of people in Kenya. The increased frequency of these
events is linked to the change in climate (Boko et al., 2007). Strong fluctuations in lake
water content have been observed in recent years for Lake Victoria and Lake Tanganyika,
directly impacting local inhabitants (Boko et al., 2007). While precipitation levels are
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expected to increase over the years, projections on extreme weather events such as
tropical cyclones are inconclusive (IPCC, 2007). Climate projection of sea-level rise revealed
the vulnerable position of the Kenya coastline. During floods, diseases became more
widespread, affecting not only the local population, but also the biodiversity and the
ecosystem.
2.5.5

Mangrove deforestation

Since 1980 worldwide mangrove forests have shrunk by nearly 3.6 Million ha. (FAO, 2007;
Giri et al., 2010). In Kenya, 70% of wood by-products come from the coastal mangrove
forests (Musyoka, 2010). Wood is critical as a source of both fuel and building components
(Wong et al., 2005). Aside from humans using mangroves for building and heating, the trees
are also under threat from coastal erosion and polluted water.
Poor forest management and over-harvesting have depleted the mangrove forests
significantly (Musyoka, 2010). A poor crop in 2000 led to a complete ban on the harvest of
mangroves (Karuga, 2013). The government and the international scientific community.
Kirui et al. (2011) estimated the Mangrove forest depletion in Kenya over the last 25 years
(1985-2010) to be 18% and is one of the leading environmental degradation factors in
coastal Kenya. The cost of mangrove poles is reportedly high in Kenya, which provides
motivation for illegal harvesting (Dahdouh-Guebas, 2000).
Acknowledgement of the problem has spurred great advances in preserving and replanting
mangrove forests. Over the last 10 years, conservationists in the region have planted an
estimated 10 million mangroves. While mangrove forests may be shrinking, the rate of
depletion has lessened by nearly one-third in less than two decades (Kirui et al., 2011).
Some predictions suggest that the return of the mangrove forest may soon even allow
Kenyans to benefit from marketable carbon-tax credits (Karuga, 2013).
2.5.6

Fishing

Approximately 80% of marine products in Kenya come from shallow coastal waters and
reefs (Fondo and Sigurossan, 2004). Aside from selling fish for food, a large market for
Kenya’s fishing industry are tourists with many recreational fishing activities
complementing income from fishing.
Overfishing is a concern, with reports showing a negative impact on the health of the coral
reefs near the coast. Complete collapse in ecosystems has occurred when overfishing has
led to an increase in disruptive creatures like sea urchins (Stephens, 2012).
In Kenya, red tides can negatively impacted fish availability. Thousands of fish washed up
dead in 2002 on the shore due to toxic algal blooms, rendering fish unsuitable for human
consumption (Pearce, 2002)
2.5.7

Coral bleaching

Coral bleaching occurs when algae living in the coral are expelled. These algae can only
survive at certain temperatures and if the sea temperature goes up too much the coral can
die. Other causes of coral bleaching include changes in salinity, sedimentation, fishing
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practices and increased solar radiance. Coral reefs provide crucial habitats for fish and
other organisms, so as coral reefs die, these other organisms are jeopardized (HoeghGuldberg, 1999).
2.5.8

Coastal erosion

Coastal erosion is a naturally occurring process that is intensified by human activities.
Erosion from waves and tides, along with weather effects are worsened by humans building
dams and ports around the coast. As the coast erodes it often destroys coral reefs and
barriers in the process (Francis et al., 1997).
Detecting coastal erosion by satellite is difficult due to changing tides. To accurately assess
shoreline change, older maps must be investigated in parallel with new satellite images.
This method can be used to identify an average between high tide and low tide, whereby
older images are used as reference (Mustelin et al., 2010).
2.5.9

Natural disasters

In general, a disaster is defined as a large and disruptive hazardous event that impacts
society or its environment and cannot be managed by a community’s own resources
(Oxford Dictionaries, 2013; Mukabana, 2005).
Coastal regions are particularly prone to disasters such as earthquakes, cyclones, tsunamis,
floods and oil spills. An impact and frequency analysis specific to Kenya shown in Figure 2-1
shows which threats are most relevant to the region, using coastal hazards identified by the
United States Indian Ocean Tsunami Warning System Program (US IOTWS, 2007). While the
direct impact of climate change may not be obvious, it precipitates many secondary effects,
and so climate effects are also included in the analysis (Met Office, 2011). Floods, rain and
droughts are the top three natural hazards in Kenya according to the United Nations World
Food Program (WFP, 2013).

Figure 2-1: Impact and frequency of hazards along Kenya’s coast
2.5.9.1

Rain and floods

Kenya’s two rainy seasons cover the whole year except for February and July, spanning the
low lands and regions around rivers. The Kenyan government classifies drought and floods
as one of the country’s most frequent hazards, impacting up to 150,000 people
(Government of Kenya, 2009). Flooding often causes surface and ground water
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contamination as industrial pollutants mix with drinking water.
2.5.9.2

Earthquakes

Kenya is prone to earthquakes as part of the East-Africa Rift zone, shown in Figure 2-2.
Large earthquakes strike the Western portion, whereas the Eastern rift has smaller
earthquakes (Saemundsson, 2008; Baker and Wohlenberg, 1971). Four earthquakes with a
moment magnitude between 6 and 6.9 have occurred in Kenya in the last century (from
USGS online catalogue). Earthquakes can destroy man-made structures, offshore drilling
facilities, and power grids causing environmental problems and health hazards (Kenya
National Council for Law reporting, 2010).

Figure 2-2: African Rift (Afar consortium) and last century’s earthquakes (USGSb, 2013).
2.5.9.3

Tsunamis

Tsunami floods leads to salinization of ground and surface water and land productivity
degradation as well as decreased drinking water quality from oil-residue pollution, sewer
overflow, industrial pollutants and other waste materials (IUCN, 2005). Tsunami floodwater
washes industrial pollutants, sediments and nutrients into the ocean and is another cause
of eutrophication and red tides as introduced in sections 2.5.1 and 2.5.6. The
phytoplankton multiplication and degradation of corals, potentially leading to oxygen
depletion in marine waters (Littler et al., 2006). Regional efforts have been put into the
development of a tsunami warning system but there is room for improvement. Team
Koastal’s suggestion for an Integrated Coastal Zone Management system will address this in
chapter 5.
2.5.10 Oil spills

Oil spills are defined as the accidental or intentional discharge of oil into water (OECD,
2013). Oil spills have a high impact on the environment, the surrounding ecosystems and
marine life. For example, birds die due to drowning, starvation or loss of body heat when
covered with oil. In tropical regions, coral reefs and mangroves can be damaged or killed,
depending on the type of oil and the substrate with which they are covered. Damages occur
if oil smothers the reefs or breathing roots of trees and if toxic oils penetrate the
sediments. Coral reefs are also increasingly susceptible to bleaching where oil spills have
occurred. The recovery of the natural environment after a severe spill can take decades
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(ITOPF, 2013).
Oil spill sources include oil tankers, oil leaks on land, oil drilling at sea, and pirate activities
(EPA, 2013). In Kenya, ships have run aground on the reefs outside Mombasa harbor that
are bound to lead to oil disasters in the future. The most significant pollution incident to
date involved the puncturing of an inland oil tank in 1988 spilling 5,000 tons of oil into a
mangrove creek (ITOPF, 2008). More recently, in January 2013, an oil spill at Madhubaha
beach in Mombasa, threatening locals and the surrounding marine life (Ochieng, 2013).
Oil disaster management can be split into three stages: prevention, mitigation and
monitoring. The earlier a response team arrives at the source of an oil spill the easier and
cheaper it is to clean up. The solutions developed for this report address these by
monitoring pollutants and sending alerts to aid in the clean-up and are presented in
chapter 5.
Oil spill information benefits many stakeholders along the Kenyan coast including local
communities, local government, non-governmental organizations, oil companies, trade
associations, tour operators, and water management authorities .

2.6

Conclusion: marine and terrestrial water pollution

The ecosystems and challenges to the Kenyan coast discussed in chapter 2 links directly or
indirectly to water pollution. Marine and terrestrial water pollution degrades the coastal
forests and mangroves, causes coral bleaching, reduces fish populations, reduces land
productivity, causes health hazards, and overall deterioration in the quality of life.

Figure 2-3: Linked challenges
As Figure 2-3 illustrates, water pollution is one of the most interdependent challenges in
the coastal region. Fresh water pollution is one of the many contributing factors towards
marine water pollution. In addition, marine water pollution is affected by natural disasters,
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climate change, coastal erosion, manmade changes, and naturally-occurring phenomena.
Marine and terrestrial water pollution from oil spills destroys the marine flora and fauna
and costs a lot to clean up. The Kenyan economy is dependent on tourism and the coastal
areas even more. Tourists to Kenya’s coast come for the beaches, coral reefs and fishing.
We have shown that water pollution affects these attractions and so water pollution has a
strong link to the economy as well.
To limit the scope of this project’s research and keep the recommendations specific enough
to be of any value we selected water pollution as the main focus. Aside from its high
influence to many coastal zone ecosystems, water pollution is a viable challenge to tackle
with space and ground based sensing applications. Satellite technology is seen as a main
source of data that can be used directly for evaluating the present condition of water
pollution and other associated parameters. Optical and microwave sensors are capable of
capturing the water quality and quantifying the pollutants.
By focusing on water pollution we hope to keep our recommendations feasible and
practical but because water pollution is so present in each subsection our
recommendations could positively affect the entire coastal region through an Integrated
Coastal Zone Management system.
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3 INSTITUTIONAL FRAMEWORK AND
TECHNOLOGY
In order to address the challenges discussed in the previous chapter the Kenyan
government and other organizations have established a framework of coastal zone
management. This section provides an overview of the existing policies, laws and
institutions already implemented in the region. Pan-African and International initiatives are
also discussed. An overview of existing resources and available technology is presented
along with a description of the current ground communications architecture. This chapter
will provide the basis for the gap analysis provided in chapter 4.

National policies, laws and institutions

3.1

Kenya has many institutions involved in managing the environment. They range from
government departments, non-governmental organizations, the private sector,
associations, community based organization and others. With such a range of institutions
there is bound to be operational conflicts and duplication of roles and responsibilities. The
Environmental Management and Coordination Act devolves administration of a number of
environmental and natural resources management issues to communities through District
and Provincial Environment Committees (Dowman and Kufoniyi, 2010).
3.1.1.1

Policies

There are several national level policy instruments that are relevant to the management of
the coastal and marine environment (NEMA, 2009):










3.1.1.2

The Draft Environment Policy (2009)
The Draft Integrated Ocean Policy (2009)
The National Oceans and Fisheries policy (2008)
The Water Policy (1999)
Draft Wetland Policy (2009)
National Land Policy (2009)
Draft Forestry Policy (2009)
Draft Wildlife Policy (2008)
Draft Tourism Policy (2009)
Regional Development Authorities Policy (2007)
Laws

Kenya’s legislative framework includes environmental law and several sectoral laws on
developing and exploiting coastal environments. The laws on this subject are unclear and
not unified and there is no dedicated institution that coordinates efforts to protect the
area. As a consequence coastal management comes as a secondary responsibility in most of
these sectors. Poor governance of resources, duplication of efforts and wasted resources
are the result. The sector laws and the institutional framework relating to coastal zone
management are listed here (NEMA, 2009):


Environmental Management and Coordination Act (1999)
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The Fisheries Act (1991)
Science and Technology Amendment Act (1977)
Merchant Shipping Act (2009)
The Water Act (2002)
The Physical Planning Act (1996)
The Forest Act (2005)
The Wildlife Conservation and Management Act (1985)
Coast Development Act (1990)
National Museums and Heritage Act (2006)

3.1.1.3

Institutions

Organizations and agencies share responsibilities to support the policies and legal
instruments mentioned above. For example, the Kenya Wildlife Service mainly ensures that
wildlife is conserved and used for national economic development to benefit the people of
Kenya.
The Tana and Athi Rivers Development Authority and the Coast Development Authority
give advice on general development coordination, and conduct development activities
along river basins.
The Coast Development Authority has functions as broad as conducting studies to ensure
sustainable use of coastal resources as well as developing long-range development plans
for the coastal area.
The Kenyan Maritime Authority administers the Merchant Shipping Act, is mandated to
monitor and regulate maritime affairs in the country.
To enhance coordination between national bodies, the National Environment Management
Authority was established in 1999. It supervises and coordinates matters related to the
environment. The Act also established the National Environment Council, which formulates
policy and sets national goals to protect the environment and promote cooperation
between stakeholders. The Environmental Management and Coordination Act also
established Provincial and District Environment Committees as forums for environmental
protection and conservation stakeholders.
The National Environment Management Authority initiative commissioned a series of
documents to address issues and challenges and to develop a coastal management
strategy. These documents include the draft Integrated Coastal Zone Management Policy of
2007 and the National Environment Action Plan Framework delivered in 2009. These
recommendations resulted in the Integrated Coastal Zone Management Action Plan for
2011-2015.

3.2

Pan-African initiatives

The institutional infrastructure in Africa is spread over many organizations. While some of
the organizations contribute to the technological capabilities of Africa as a whole, others
are more specific to countries such as Kenya (V. Byfield, personal communication August
2013). Summarizing the biggest organizations leads to the following list (V. Byfield, personal
communication, August 2013):
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African Association of Remote Sensing of the Environment
Established in 1992, the African Association for Remote Sensing of the Environment is a
non-governmental organization based in South Africa that focuses on using Earth
observation data from the GEONETCast system, a near real time, global network of
satellite-based data dissemination systems designed to distribute space-based, air-borne
and in-situ data (AARSE, 2005).
The African Association for Remote Sensing of the Environment also helps train local
experts, focusing on data-access management and quality control as well as sensor
integration (Byfield, 2013).
Bridging actions for GMES and Africa project (BRAGMA)
BRAGMA is an African initiative in cooperation with the European Union to coordinate
exploitation of the soon-to-be-launched Sentinel series of satellites. These satellites form
part of the European Union’s Global Monitoring for Environment and Security (GMES)
program. The observation data from these satellites will be made available and BRAGMA
will exploit the data to benefit African nations (Byfield, 2013).
Europe-Africa Marine Earth Observation Network
The Europe Africa Marine Earth Observation Network focuses on distributing data online
and through the GEONETCast distribution system. The network is made of regional and
national experts and keeps close ties with other African initiatives. The group offers Earth
observation training and is funded by the European Union (Byfield, 2013).
Western Indian Ocean Marine Science Association (WIOMSA)
The Western Indian Ocean Marine Science Association organizes marine and coastal
professionals for East Africa and the Indian Ocean Islands. It also issues international
certifications for professionals (Byfield, 2013).
Other organizations of significant contribution include:
 African Monitoring of the Environment for Sustainable Development
 Agulhas and Somali Current Large Marine Ecosystems Project
 AfricaGIS
 European Organisation for the Exploitation of Meteorological Satellites
(Eumetsat/EUMetcast)
 GEONetcast
 Global Monitoring for Environment and Security
 Monitoring of Environment and Security in Africa
Both BRAGMA (2013) and African Association of Remote Sensing of the Environment (2013)
optimize the resources of African nations such as Kenya. BRAGMA drafted a methodology
outline for Africa on the infrastructure for earth observation and data management
(BRAGMA, 2012). As part of this, the African Association of Remote Sensing of the
Environment was identified as the largest Earth observation processing entity in Africa.
Organizations like the African Monitoring of the Environment for Sustainable Development,
the Agulhas and Somali Current Large Marine Ecosystems project, GEONetcast, Global
Monitoring for Environment and Security, Monitoring of Environment and Security in
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Africa, and the Western Indian Ocean Marine Science Association have as primary goal to
acquire space-based scientific data. This includes measurements on weather, ocean
temperature and color. These organizations and projects are often substantially linked. The
African Monitoring of the Environment for Sustainable Development created the
Monitoring of Environment and Security in Africa for example (AMESD, 2013) and
EUMetcast maintains a global Geographic Information System, called GEONetcast to
distribute data to organizations.

Figure 3-1 Area coverage of EUMetcast (GEONETCast, 2013)

Western Indian Ocean Marine Science Association collects ocean data and distributes it to
member nations. Large databases are provided by organizations like the African Association
of Remote Sensing of the Environment, the Intergovernmental Authority on Development
Climate Prediction and Applications Center, and the Regional Center for Mapping of
Resources for Development. This includes data for Kenya that can be integrated in
Geographic Information System software for further analysis.

3.3

International initiatives

This section outlines existing international Earth observation initiatives that cover Kenya.
3.3.1

SERVIR Project

SERVIR is a joint venture between NASA and the US Agency for International Development
(USAID). It provides web-based satellite images and other types of data to help developing
nations and for social benefit around the world. SERVIR means “to serve” in Spanish and
reflects the project’s goal to provide information to enable governments to assess
environmental threats and respond to natural disasters. The data is used by scientists,
environmental managers and decision makers and helps formulate policy on climate
change, biodiversity, flooding, forest fires, and storms (Archy, 2011).
SERVIR began in 2004 as a collaborative effort among NASA, USAID, the World Bank and the
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Central American Commission for Environment and Development. The project relies on the
other organizations as well for expertise in scientific research and international
development. Partnerships from the US government include the National Oceanic and
Atmospheric Administration, the Environmental Protection Agency, the US Forestry Service,
and the US Geological Survey. The program works closely with governments and
international organizations to establish local capacity and to achieve SERVIR’s long-term
goal to ensure host nations will become self-sustaining.
The SERVIR system focuses on eight areas of social benefit identified by the Group on Earth
Observation, a voluntary partnership of governments and international organizations to
develop new Earth observation projects. The Group on Earth Observation projects are
organized into agriculture, biodiversity, climate, disasters, ecosystems, health, water, and
weather (NASA Facts, 2012; NASA USAID, 2013).
SERVIR uses satellite observations, ground-based data, forecast models, decision-support
tools and interactive visualization capabilities. All the data are sent to SERVIR’s website.
Data from geosynchronous and polar orbiting satellites funded by NASA and the National
Oceanic and Atmospheric Administration are used. The data are displayed as images that
scientists use to predict natural disasters and give advance warning to citizens. SERVIR
makes previously inaccessible information available to scientists, environmental managers
and decision makers (Anderson, 2010).
USAID offers training to advance scientific and technological capabilities in the program’s
host nations. The program, managed at NASA’s Marshall Space Flight Center, USA, is
opening several hubs around the world (personal communication K. Ross, August 2013).
In 2005, the first hub was opened in Panama in partnership with the Water Center for the
Humid Tropics of Latin America and The Caribbean. In 2008, a second hub was opened in
Kenya to cover the East African region. This venture was in partnership with the Regional
Center for Mapping of Resources for Development. The most recent hub covering the
Himalaya region was built in partnership with the International Centre for Integrated
Mountain Development. SERVIR plans on opening more hubs for other developing regions
in the world. The hubs have teams of scientific experts who turn satellite data into useful
information for governments and non-governmental organizations. They coordinate with
other specialist organizations that could benefit from the Earth observation data.
The system has already been used 35 times to respond to environmental threats such as
wildfires, floods, landslides, and harmful algae (SERVIR GLOBAL, N.D.).
3.3.2

Global Monitoring for Environment and Security

The Global Monitoring for Environment and Security system, also known as Copernicus, is a
new initiative headed by the European Commission in partnership with the European Space
Agency (ESA) and the European Environment Agency. It aims to provide accurate, timely
and accessible information to improve managing the environment, understanding and
reducing the effects of climate change as well as to ensure civil security. The system uses
data from some 30 satellite as well as airborne and ground sensors from European and
non-European organizations. The European Commission is responsible for the system on
behalf of the European Union, which sets requirements and manages the services (ESA,
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2013c).
This system will provide vast amounts of data and will benefit six main categories: land
management, the marine environment, atmosphere, emergency response, security and
climate change. ESA is managing the space component and the system will start operation
after the launch of the first Sentinel mission. Five families of Sentinel missions are planned
for Copernicus, the first of which is scheduled to launch in 2013.
Each Sentinel family will have a specific task (ESA, 2013c):






Sentinel-1 will provide all-weather, day and night radar images for land and ocean
services.
Sentinel-2 will deliver high-resolution optical images for land services.
Sentinel-3 will provide high-accuracy optical, radar and altimetry data about oceans
and land.
Sentinel-4 will provide data for atmospheric monitoring from a geo-synchronous
orbit.
Sentinel-5 will provide data for atmospheric composition monitoring from a polar
orbit.

In addition to ESA’s five families of dedicated Sentinels, Copernicus includes missions from
other space agencies. Data from other satellite missions will be integrated, harmonized and
coordinated in cooperation with national space agencies, European weather organization
Eumetsat, and other missions that contribute to the programs objectives (ESA, 2013c).
The ESA website gives the following technical specifications for the GMES satellites:








Synthetic Aperture Radar sensors, for all-weather day-and-night observations of
land, ocean and ice surfaces.
Medium-low resolution optical sensors for information on land cover, like
agriculture indicators, ocean monitoring, coastal dynamics, and ecosystems.
High-resolution and medium-resolution optical sensors, panchromatic and
multispectral, for regional and national land monitoring activities.
Very High Resolution optical sensors for targeting specific sites, especially in urban
areas as for security applications.
High accuracy radar altimeter systems for sea-level measurements and climate
applications.
Radiometers to monitor land and ocean temperature.
Spectrometer measurements for air quality and atmospheric composition
monitoring.

The Copernicus ground segment relies on national public and private facilities. It provides
access to Sentinel data and coordinates input from other missions. The ground segment
includes mission control that operates the Sentinel satellites and turns data into products
for the Copernicus services. The Data Access Portfolio document defines all the datasets
and identifies data access conditions, such as how to order data, processing levels, delivery,
and licensing (ESA, 2013b).
Copernicus services will provide information that is of interest in five domains (ESA, 2013d):
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Services related to the marine environment such as monitoring marine safety and
transport, oil-spill detection, water quality monitoring, and weather forecasting.
Services monitoring land use such as water management, agriculture and food
security, land-use change, forest monitoring, soil quality assessments, urban
planning and natural protection services.
Services related to the atmosphere such as monitoring air quality, ultraviolet
radiation forecasts and greenhouse gases.
Services for emergency response to help reduce the effects of natural and
manmade disasters and contribute to aid efforts.
Services for security to support peace-keeping efforts, maritime surveillance and
border control.







An open and free data policy has been adopted, consistent with the UN Remote Sensing
Principles. The data is available online for free and for everyone. A different policy was
adopted for very large datasets and for some restrained datasets. ESA retains ownership of
all primary data from the missions on behalf of participating states as well as retaining
ownership on products generated under an ESA contract (Soucek, 2013a).
3.3.3

Tiger

ESA launched the TIGER initiative in 2002 within the context of the Committee of the Earth
Observation Satellites to promote the use of Earth observation to improve Integrated
Water Resources Management in Africa. The project aims to assist African countries in
overcoming problems in collecting, analyzing and using water related geo-information by
exploiting Earth observation technology (ESA, N.D.).
In more than ten years of experience, TIGER has developed projects involving some 42
African countries with a total budget of more than €11m and reaching more than 150
African water authorities and research institutes (ESA, N.D.). TIGER contributes to the
strategy of the Group on Earth Observations and takes contributions from the UN
Educational, Scientific and Cultural Organization as well as collaborating with the Canadian
Space Agency under the Committee of Earth Observation Satellites. TIGER Regional
Offices contribute to networking and training and capacity-building activities (ESA, N.D.). A
steering committee was created in 2005 to provide strategic direction and advice on
TIGER’s evolution and implementation. The committee includes representatives from the
African Ministers’ Council on Water, the African Union Commission, the African Water
Facility, the Department of Water Affairs and Forestry of the Republic of South Africa, the
Canadian Space Agency, ESA, the Ramsar Secretariat, UNESCO and the UN Economic
Commission for Africa. TIGER builds upon existing capacities, initiatives and programs to
exploit synergies and maximize results while avoiding duplications.
TIGER strategy seeks three main results (ESA, 2012a):




Support governments and decision-makers by developing and implementing
information services and systems using space-based technologies.
Set-up technical centres, water authorities and universities in Africa able to manage
space-based water information independently.
Foster sustainability in the long term.
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TIGER is focused on the following main actions:





Improving access to Earth observation data.
Capacity building and training.
Developing a knowledge and information network.
Developing Earth Observation Information Services.

The African part of TIGER has more than 150 African experts that participate in projects.
TIGER supports African scientists, research centers and laboratories to advance towards the
effective use of Earth observation technology in water research. This is done by using
African led research projects, building capacity, providing free access to data, developing
dedicated software, and coordinating scientific networks (Soucek, 2013b). More than 20
training sessions in Africa and Europe have been supported by the Community of Earth
Observing Satellites, UNESCO, and the African Development Bank, together with dedicated
Training Tool Kits, including courses, data and free Software tools.

Figure 3-2: TIGER development model (ESA, N.D.)
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Figure 3-3: TIGER initiative achievements (ESA, 2012a).

Studies have shown (Soucek, 2013b) that lack of in-situ observation networks hinders
calibration of Earth observation data. This hinders the full applicability and usefulness of
this technology in Africa. To address this problem over 17 Data Dissemination Systems
(DDS) stations have been installed to rapidly disseminate data to users (ESA, 2012a).
An enhanced system based on integrating Earth observation technology and automatic
stations is under development in Kenya. Local ground stations will send water-quality
measurements to a processing center in Egypt where data will be integrated with Earth
observation data.
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Figure 3-4: TIGER contributors and partners (ESA, 2012).
3.3.4

Conventions and agreements

Kenya is a member of the United Nations Committee on the Peaceful Uses of Outer Space
of the International Telecommunication Union and Intelsat, two intergovernmental
organizations responsible for the regulation of communication services. Enhanced Imaging
System Africa is a pan-African non-profit network for cooperative management of
environmental and geospatial information in Africa that is governed by an elected board of
directors. The day-to-day operations of Enhanced Imaging System Africa are carried out by
a secretariat based in Tshwane, South Africa. Enhanced Imaging System Africa is a key
regional collaborating center supporting the African Environmental Information Network
and the African Environmental Outlook programs. The African Environmental Information
Network, which is coordinated by the United Nations Division of Early Warning and
Assessment, enhances accessibility to more reliable environmental data and information at
national level for the environmental assessment and reporting in the region (Dowman and
Kufoniyi, 2010).
Kenya has signed many international conventions, protocols and agreements on
environmental protection because of the increasing complexity of global environmental
issues and world cooperation. The table below lists the international agreements that
Kenya is party to.
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Figure 3-5: Multilateral environmental agreements signed by Kenya (NEMA, 2009)

3.4

Existing technological resources to monitor water pollution

Many resources are available from a technological standpoint. Team Koastal investigated
the technologies involved in each area of concern. The sensors and satellites were
investigated based on the problems discussed in chapter 2.5: fish, mangrove deforestation,
natural disasters like tsunamis and floods, oil spills, and water pollution directly. With this
information team Koastal was able to develop its integrated solutions discussed in chapter
5.
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Fish

Finding information about fish requires indirect methods of data sensing. The type of
space-based data that can be used to indirectly detect fish comes from ocean color, water
temperature, and ocean wind. A valuable sensor for oceanography is the Sea-viewing Wide
Field-of-view Sensor called SeaWiFS. This sensor has a resolution of 1.1 km local area
coverage and 4.5 km global area coverage. The sensor uses the following bands:
Band 1
Band 2
Band 3
Band 4

402-422 nm
433-453 nm
480-500 nm
500-520 nm

Band 5
Band 6
Band 7
Band 8

545-565 nm
660-680 nm
745-785 nm
845-885 nm

Unfortunately SeaWiFS stopped operating in December 2010. Alternative sea color sensors
include NASA’s MODIS-Aqua, the VIIRS, and the Indian OCM-2. The frequency bands
mentioned above can detect chlorophyll-a concentration, and suspended sediments. The
combination of these different observations can be used to evaluate water quality (Clark et
al., 1997).
Sea Surface Temperature reveals the location of phytoplankton, which is an indicative of a
potential fishing zone. Sea Surface Temperature can be observed from radiometer and
spectror-adiometer observations like MODIS. The National Oceanic and Atmospheric
Administration’s satellites include these sensors. They provide resolutions of 1.1 km2 with
accuracies of around 0.5°C (Choudhury et al., 2007). Combining the information from the
sea color and sea surface temperature into the Earth Resources Data Analysis System
allows extracting information for potential fishing zones (Choudhury et al., 2007).
Since Kenya has no satellites, the satellites that can provide the information required for
fishing come from the US, European Union, and Japan. Although the US-based National
Oceanic and Atmospheric Administration is the largest provider of fishing information.
Indirect methods of spotting potential fishing zones are used by the Defence Metrological
Satellite program that detects where fishing boats are based on their lights. Knowing where
the boats are allows some extrapolation of fish location (NOAA, 2008).
3.4.1.1

Marine measurements

Aside from satellite information, in-situ measurements of fish population can be used
(McClanahan, 1994). The in-situ measurements can be conducted using moored buoys.
Moored buoys give radiometric, bio-optical and interdisciplinary time-series
measurements. There are also supporting programs from survey cruises and drifting buoys
also provide additional information for specific regional sites (Mueller et al., 2003). The
Marine Optical Buoy system also gives sea-color information. The sensors on the Marine
Optical Buoy provide information on wind speed, wind direction, air temperature, relative
humidity, and barometric pressure.
There are multiple methods that are available for determining potential fishing zones and
Kenya could use any of these programs.
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Mangrove deforestation

Changes in mangrove forest cover can be detected by satellite. Radarsat, Landsat TM, and
Landsat MSS satellites have been used to detect mangrove deforestation from space
(Ramachandran, 2003). Another method of mapping mangrove deforestation uses aerial
synthetic aperture radar technology (Krishnamoorthy et al., 1993). Integrating all the
source of data for detecting mangrove change is summarized by Hussin et al. (1999) in the
following figure:

Figure 3-6: Ecosystem changes using satellite data (Hussin et al., 1999)

Sensors capable of very high resolution, Polarimetric Synthetic Aperture Radar,
Hyperspectral, and lidar have been used since the flowchart was made. Mangrove
deforestation and change can now be detected easily with this modern hardware. In
addition new techniques of image analysis like Object Based Image Analysis, spatial image
analysis, synthetic aperture radar interferometry and machine-learning algorithms have
improved detection even more (Heumann, 2011). In Kenya images from NASA’s Landsat
satellites have been used before to survey the mangrove population (Dahdouh-Guebas
2001).
3.4.3

Natural disasters

A Tsunami Warning System detects tsunamis in advance and tries to mitigate human loss
and infrastructure damages. The first international tsunami warning system, the Pacific
Tsunami Warning Center, was developed in 1949 after the Aleutian Island Earthquake and
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tsunami disaster of 1946. It is operated by the National Oceanic and Atmospheric
Administration in the United States and issues tsunami warnings for the whole of the Pacific
Ocean. The Indian Ocean has its own Indian Ocean Tsunami Warning System. It was
founded in 2005 following the 2004 Indian Ocean tsunami that killed almost 230,000
people (UNESCO, 2008). Tsunami warnings to countries on the Indian Ocean started in
2011.
The German research centre GeoForschungsZentrum Potsdam is developing a part of the
Indian Ocean Tsunami Warning System that is called the German Indonesian Tsunami Early
Warning System (Lauterjung et al., 2010). This system integrates seismological and
terrestrial networks and geodetic stations as a bundle of oceanographic instruments (Figure
3-7). The German Indonesian Tsunami Early Warning System aims to deliver an early
warning in less than then minutes.

Figure 3-7: Sensor network of the Indian Ocean warning system (Lauterjung et al., 2010).

A network of seismic ground stations provide important information on tsunamis.
Seismological measurements come from a network of GPS-buoys while tsunamis are
detected by tide gauges at the coastline. The GPS technology of the buoy delivers
information on sea level change with a precision of 5-10 cm within minutes. GPS-buoys are
connected to ocean-bottom pressure units. The data from the pressure sensors are sent to
the buoys, and all data is then forwarded to warning centers via satellites. The warning
centers receive data via Very Small Aperture Terminals in real time. Comparison of GPS
data and pressure data gives valuable information and verifies the presence of a tsunami.
Tide gauges placed along the coastline are able to monitor sea-level changes in near realtime. They deliver earthquake detection within two minutes (Lauterjung et al., 2010).
Time plays an important role in tsunami warnings. To aid response time computer
simulations are calculated beforehand, stored, and selected automatically based on sensor
data. Responses of each sensor are calculated for every simulation. The data from a
tsunami simulation can be compared to real data and used to narrow down scenarios. Only
seconds after a first warning is sent the best fitting scenario can be chosen to provide a first
situation prediction including wave heights, arrival times and predicted areas of inundation
(Figure 3-8) (Lauterjung et al., 2010).
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Figure 3-8: Tsunami simulation off Bengkulu, Sumatra (Lauterjung et al., 2010).

Decision Support Systems (DSS) combine information in a comprehensive manner and draw
fast and detailed pictures of the situation. The information including observation data from
sensors and simulation results are combined to additional information to create hazard
maps. The Decision Support System gives response staff a clear overview of the situation
and helps in decision making (Lauterjung et al., 2010).
The Indian Ocean Tsunami Warning System covers the Kenyan coastal region. The Kenya
Meteorological Department identifies and characterizes tsunamis and sends tsunami
information to the National Disaster Operations Centre which issues warnings to the public
using television, radio, and sirens (Macharia et al., 2012).

(a) Seismic sensors (b) Tide gauges

Figure 3-9: Planned seismic sensors and tide gauges in Kenya in 2007 (Macharia, 2011).

Kenya is developing a seismic and tsunami observation sensors network with support from
the international community. Figure 3-9 shows current and planned seismic sensor network
and tide gages. New sensors will be installed near Mombasa, Nakuru, Kitale, and Garrissa in
and new tide gages are also planned. No GPS buoys are installed around the Kenyan coast
(NOAA, 2013) but the Kenya Meteorological Department plans to install more radio and
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internet stations to send alarms to the coastal communities effectively.
3.4.4

Coral bleaching

The National Oceanic and Atmospheric Administration developed a program called the
Coral Reef Watch Satellite Bleaching Alert System that monitors the level of coral bleaching
in coastal regions (NOAA, 2011). Measurements are taken twice-weekly and given to data
centers. This system has 227 virtual stations worldwide that monitor and update
communities about coral bleaching. They analyze temperature changes and sea surface
temperature at night to indicate when coral bleaching will occur.
Some of the satellites used come from the Landsat constellation, the SPOT series, and
Formosat-2. These satellites provide information from the visible, infrared, mid-infrared,
and thermal spectrum. Airborne sensors used to detect coral bleaching are laser
fluorescence spectroscopy, and hyperspectral sensors.
3.4.5

Oil spills

Many marine observation and forecasting systems exist to track oil spills. Ocean color
applications, used with other types of sensors and models can be very helpful in monitoring
oil spills by measuring the viscosity and spread of an oil spill over time.
There is a range of remote sensing satellites that can give daily overviews of the
progression of the spill as well as its impact on the local environment. A range of spectrum
frequencies are used including ultraviolet, visible light and near infra-red, thermal infra-red,
radar, and lidar. These frequencies can produce images to measure data for wind, waves,
and currents including altimetry, scatterometry, sea-surface temperature and ocean color.
Tracking changes in the movement of oil spills allows experts to predict speed, coverage,
destination, and impact of oil spills that help direct clean-up operations.
Modeling can predict how an oil spill will behave and provide information on how to
properly manage the disaster. Important information can be provided to local governments
or agencies based on the parameters of type, quantity and rate of release of an oil spill.
Synthetic Aperture Radio uses active microwave sensors that can provide high resolution
images from between 25 m to 75 m and provide images even through clouds. Synthetic
Aperture Radio is used for a number of coastal applications but it is particularly helpful for
oil spills that spread rapidly.
Under the Millennium Assessment Framework, oil spills are addressed under “water
pollution”, which in turn is considered a Regulatory Service. The UN platform for spacebased technologies, Spider, and other systems can help in pollution emergencies like oil
spills.
The World Bank partnered with the European Space Agency to support the Global
Environment Facility that improves marine environmental protection in the Western Indian
Ocean region. The partnership assists regional cooperation in the region by strengthening
technical capacity to respond to disasters, enhance maritime surveillance, navigation
services, and port control, and has made efforts to start a regional oil-spill response plan.
International Space University SSP 2013

32

Koastal

Institutional framework and technology

Satellite-based monitoring in the region represents ten years of investments in pioneering
the use of space technologies for maritime monitoring and surveillance.
The beneficiary countries of the partnership include Kenya and covers 13,300 km of
coastline. The regional oil spill response center is planned to be hosted by the South African
Maritime Safety Agency.
3.4.6

Water Pollution

Water pollution can include turbidity, pathogens, eutrophication, and heavy metal
concentrations. The main methods to detect water pollution by satellite technology are by
space-based Synthetic Aperture Radio imagery or spectroradiometer imagery. The
spectroradiometer imagery detects the electromagnetic radiation emitted by analyzing
different spectrums. There are also ground-based and air-based detection methods. Airbased detection methods used to identify chlorophyll levels related to eutrophication
include:
 Side-look airborne Synthetic Aperture Radio
 Infrared line scanner
 Ultraviolet line scanner
 Laser fluoric sensor
 Microwave radiometer
A number of satellites have can provide information on water pollution. Examples are the
satellites that make up the Global Monitoring for Environment and Security mission
introduced in section 3.3. The satellites specific to Global Monitoring for Environment and
Security that can help detect water pollution are Sentinel-1, Sentinel-2, and Sentinel-3.
These satellites provide information from the C-Band Synthetic Aperture Radio and high
resolution optical imagery. The satellites have Sea and Land surface Temperature
Radiometers that analyze 15 bands with spectral ranges between 390 m, and 1040 nm.
Some other satellites with similar capabilities are the French SPOT series and NASA’s
Landsat, Terra, and Aqua satellites.
Kenya has no satellites and receives all space-based data from other organizations. The
Kenyan Marine and Fisheries Research Institute uses remote-sensing data from the African
Monitoring of the Environment for Sustainable Development to about water pollution and
water properties.
Ground-based sensors capable of analyzing heavy metals include colorimetric sensors, ionselective electrode devices, multi physical chemical profilers, and wet-chemical analyzers.
To detect eutrophication ultraviolet spectrophotometers are used. Raman spectroscopy
sensors are used to detect pathogens.

3.5

Telecommunications

Team Koastal has three major areas of recommendation for information collection,
information processing and information distribution. This section of the document
describes Kenyan’s communication network for use in our recommendations.
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Ground telecommunications

Despite low national Gross Domestic Product compared to other countries, Kenya has a
well-developed terrestrial wireless network for day-to-day communications with mobile
phones. Kenya has more mobile phone users than land-lines or fixed connections. There are
more than 30 million mobile phone connections in Kenya, which corresponds to
approximately 75% of the population. Around 84% of the Kenyan population is covered by
the mobile network. The SIDA review 2010 recognizes this potential in East Africa that gives
them the ability of peer-to-peer communication through text messaging, paging and voice
calls. The mobile phone network has significant potential for data exchange for reaching
individuals as well as for building a virtual network to transmit data from machine to
machine. The potential could be used communicate cheaply between machine and data
reception centers in an Integrated Coastal Zone Management system for example.

Figure 3-10: Terrestrial wireless network coverage by SafariCom (Kiragu, 2012)

Africa is the second fastest emerging market for mobile phone applications The cost of
using terrestrial wireless networks is low compared to other parts of the world. Kenyan
provider SafariCom offers mobile services at the following tariff rates.
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Product
Quantity
Cost in KES
Prepay call
1 min
2 to 4
Text message
1
1
Bulk text messages
500
20
Internet
40Mb
50
Internet
25Gb
11499
Note:
1. KES is Kenyan currency ‘Kenyan Shilling’
2. $ is in US Dollars
3. Tariff and conversion rates are as on 14th August 2013
4. Tariff reference: http://www.safaricom.co.ke

Approx cost in $
0.02 to 0.04
0.01
0.2
0.5
115

Table 3-1: Cost of terrestrial wireless network usage in Kenya

The number of internet users in Kenya recently crossed 17 million (Awad, 2013). Internet is
mainly used on handheld devices like mobile phones (CCK, 2013). This shows potential of
using web-based and mobile-based applications for meeting the targets Koastal costeffective mission statement.
Text messaging is a popular means of communication all over the world over. As stated by
StrikeIron (2013) "It takes 90 minutes for the average person to respond to an email. It
takes 90 seconds for the average person to respond to a text message. Increasingly, people
prefer texting over other methods of communication".

3.6

Summary

This section presented the laws and policies which are currently in effect in the region as
well as the institutions responsible for current initiatives. A summary of existing resources
and technology that was given will provide the basis for the gap analysis discussed in the
next section.
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4 GAP ANALYSIS
This chapter investigates the gaps that inhibit a truly integrated coastal zone management
framework looking in particular at marine and terrestrial water pollution.
Our gap analysis focuses on policy, governance and regulation, data requirements, space
and ground-based technology, and education.

4.1

Data requirements

Environmental issues along the coastline of Kenya were identified in chapter 2.5, and
available technological infrastructure was identified in chapter 3.4. Combining the
technological infrastructure with environmental issues, one can identify the gaps in which
data is currently missing to properly monitor the environment. BRAGMA (2012) has
identified a number of data gaps that are necessary for monitoring the environment. These
gaps are listed below:














A system for managing fisheries including monitoring, control and surveillance of
illegal fishing.
A tracking system for fishing vessels.
Medium to very high resolution optical and radar data (5-20m) exists but is not
available
Better temporal and spatial resolutions.
Data on the population growth along the coast.
Data on ways to sustainably develop energy sources along the coast.
Data on oil and gas exploration along the coast. This would constitute radar data.
Data on coastal erosion.
Data on climate change and the associated impacts.
Data on the salinity of the water in the coastal region, the wind speed and the
direction.
General mapping of the areas especially with respect to mangroves.
Data in order to assess the amount of damage in the coastal region.
Historical data

Some technologies to solve water pollution have been developed over long periods of time
and most of them are in-situ in nature. Space-based sensors are limited in detecting or
quantifying chemical constituents in water. The most viable option is hyper-spectral remote
sensing but there are no operational, truly hyper spectral remote sensing sensors at
present in orbit. Monitoring using airborne hyper spectral remote sensing is not a feasible
option for regular monitoring of water pollution. This prompted Team Koastal to look for a
feasible, widely deployable detection and monitoring system for water pollution.

4.2

Solutions requirements

The most important gaps in space-based coastal systems come from non-optimal use of
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existing remote-sensing satellites deployed in East Africa and a lack of reliable data from
coastal weather and remote-sensing satellites coupled with gaps in the quantity and focus
of space and land-based monitoring.
This means that prediction models that are crucial to delivering early warning systems for
disasters, severe weather predictions and other coastal emergencies such as oil spills are
not available to the stakeholders that need them (The World Bank, 2013). Stakeholders
need the data to better predict, plan and manage threats to their coastal resources.
Of particular value for East-African coastal monitoring is developing operational regional
modelling sets that focus on the regional variables that impact coastal management in
Kenya. The modelling integrates satellite data across platforms with ground-based data.
Such regional data sets are more valuable than those extrapolated from continent level
datasets.
Although Eumetsat and other agencies have delivered a range of ocean missions that
included Africa in the past, currently there are no specialist missions planned for
monitoring coastal resources. The closest applicable mission is the CNES-NASA satellite
JASON-2 that uses Ocean Surface Topography Mission Earth Observation capabilities to
measure ocean temperature, direction and force of sea currents that impact Eastern Africa
(NASA, 2008).
The UK MetOffice (2011) advocates for an inter-agency effort to develop higher resolution
models over Africa for both atmospheric and water based modelling, and believes that a
focussed partnership could deliver improved resolutions over targeted areas.
The SERVIR AFRICA program provides Earth observation data, services and products
covering Kenyan coastal zone and are disseminated over the web. It also has data
processing centre at Nairobi. The SEVIR (section 3.3.1), GEMS (3.3.2) and BRAGMA (section
3.2) programs bridge the EO data availability and processing gaps for Kenya.
The Indian Ocean Tsunami Warning System covers the Kenyan coast assists the Kenya
Meteorological Department in dealing with tsunamis but the GPS buoys’ placement is not
optimal for the Kenyan coast (NOAA, 2013). This is a partial technological gap with respect
to tsunami early warnings. The Kenya Meteorological Department can issue tsunami early
warnings based on meteorological satellite data but better ground-based sensors would
improve their service.

4.3

Policy, Governance & Regulation

Integrated Coastal Zone Management requires a management framework for governments
and authorities at all levels to oversee the process effectively and act upon relevant issues.
These means primarily consist in policy-making, the enactment of legal instruments and
regulations.
4.3.1

Gaps and challenges at the national level

National Environment Management Authority formulated the Integrated Coastal Zone
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Management Action Plan for 2011-2015, (see chapter 3.1) in which it identifies key problem
areas that the Action Plan intends to address. These challenges and gaps are summarized as
follows (NEMA, 2009):











4.3.2

Coastal development is poorly planned and uncoordinated due to a divided
approach to planning and management.
The institutional and legal frameworks have little power and do not address the
complex problems facing Kenya’s coastal zones.
Effective strategies do not exist to promote community empowerment and
sustainable livelihoods.
Waste management practices are poor, especially in urban centers.
Water quality is declining and sources of drinking water are inadequate.
Beach erosion threatens coastal developments.
Over-exploitation, poor land-use practices, and unplanned or unregulated human
settlement are destroying coastal and marine habitats.
Awareness of coastal-zone management issues is inadequate through lack of
communication and education.
Research and monitoring programs are uncoordinated and do not sufficiently
inform managers of coastal-zone resources.
Climate change, droughts, floods, Tsunamis and storm surges are cause for
concern.
Gaps and challenges at the pan-African level

As part of the BRAGMA initiative African national representatives, together with their
European Union counterparts and coastal management experts, produced a comprehensive
report on current challenges to coastal management, ranging from policy and data
requirements to implementation and public-outreach programs (BRAGMA, 2012).
Challenges:
 Monitoring and controlling illegal fishing.
 Population growth.
 Ensuring sustainability of the oil and gas industry.
 Environmental management and coastal erosion affecting urban development
 Climate change and sea-level rise
 Securing fishing fleets at sea
 Disaster management
Management Issues:
 Fish stocks need to be managed at a regional level
 Waste dumped in coastal waters impacts coastal habitats and ecosystems.
 Small islands have particular issues that need to be addressed.
 Disaster management could use Earth observation data very effectively
 Data cannot always be accessed as needed
 Earth observation data can be useful but it is important to recognize differences at
local, national and regional levels.
As a complement to both domestic and pan-African ongoing efforts to mitigate these gaps,
Koastal suggests an integrated strategy using an array of space and ground-based
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technologies, along with policy considerations, under chapter 5.

4.4

Ground telecommunication

As described in section 3.5.1 Kenya has good coverage of wireless terrestrial networks. This
is one of the cheapest methods of communication and has the potential to be integrated
for distributing products and solutions related to space technology applications. Here the
gap is not the underlying infrastructure but the lack of customized applications to distribute
potential fishing zones or oil spill disaster information.

4.5

Education and outreach

Lack of transport infrastructure equals long travel times and inaccessibility of schools, not
to mention a limiting factor on the economy. Despite this, spending on education is quite
high in Kenya, over 6% of its Gross Domestic Product ranks it above USA and 25th in the
world. Assessing awareness of marine education is hard without local study but the Marine
and Coastal report concludes: “People recognize change in the flows of ecosystem services
and in the health of coastal and marine ecosystems, but are often not able to affect the
changes, because the important drivers of change are beyond their control” (Brown et al.,
2008).
Some marine education initiatives have been set up such as the “Schools to the Sea”
program that promotes greater marine ecology awareness by teaching trainers.
In regards to maritime education, as of 2004 no cohesive maritime educational policy
exists. Maritime education is centered on commercial fishing and trade, in particular the
Kenya Ports Authority needs. The organizing Secretary of the Seafarers union of Kenya
states: “Areas such as maritime security, maritime environment protection, conservation,
efficiency in use of seas and inland waters, marine engineering, nautical studies etc are not
covered either at the academic or the professional levels”.
Since then some initiatives have been set-up for maritime education and certification. Most
notable is the Western Indian Ocean Marine Science Association that awards international
certification for professionals.
State policy complemented by organizational help is on the right track. Solutions to
improve the situation further are based on improving infrastructure and cultural practices
which is beyond the scope of this project. Kenyan education policy is not lacking, but
physical access to education is. As such there is scope to increase awareness about marine
and terrestrial water pollution and related environmental and health issues using existing
communication and technological infrastructure. Team Koastal’s educational initiative as
described in chapter 5.7 focuses on outreach via wireless networks to overcome the lack of
physical infrastructure.

4.6

Summary

A reliable coastal monitoring system that allows African countries with extensive coastlines
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like Kenya or Tanzania to use timely and accurate data to anticipate and mitigate damage
to the coastline is lacking.
With gaps in the current system, there is a wide range of opportunities that governments,
local communities, non-governmental organizations and international partners can take to
fill in some of the gaps by providing technical data. We summarize our gap analysis in
Figure 4-1.

Figure 4-1: Koastal’s Gap analysis of Kenyan coastal zone management
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5 KOASTAL’S
SOLUTIONS
MANAGEMENT

FOR

COASTAL

Team Koastal examined causes and effects of water pollution along the Kenyan coast. In
this chapter we present our space and ground integrated solution and its cost implications
along with strategies for education and outreach. Our solution is based on the coastal
ecosystem health indicators and their monitoring strategies as described in section 5.1. We
suggest a three-step strategy based on detection, response and regulation components in
section 5.2 and 5.3. Policy guidance for effective use of Earth observation data is given in
section 5.6. Team Koastal’s approach for education and outreach focuses on creating
awareness about water pollution, its adverse effects, and measures to manage pollution
are laid out in section 5.7.
Our solution uses Wireless Sensors Network architecture. This will allow for pollution data
collection (section 5.3.1.1Error! Reference source not found.) on land, in sea (Argo buoys)
and on ships. Team Koastal suggests installing sensors to record water pollution, water level
and position information (Table 5-2) on the different platforms. We also describe using
terrestrial wireless networks for data, information flow, and customized mobile
applications for information distribution. The cost assessment of the proposed architecture
is given in section 5.8. Team Koastal’s problem matrix is presented in section 5.9. The legal
framework for our marine and terrestrial water pollution management scheme is detailed
section 5.10 and the feasibility of our solutions are discussed in section 5.11.

5.1

Coastal health indicators and monitoring strategies

Designing, building, and operating a monitoring system for coastal ecosystem health
require a set of strategies that are outlined in this chapter. A set of indicators has been
established to assess the health of a coastal ecosystem. These indicator values are the basis
for the Integrated Coastal Zone Management strategy.
5.1.1

Ecosystem health indicators

Measurements of ecosystem variables can be indicators of ecosystem health. More than
one type of measurement may be needed to get a good indication of the health of the
ecosystem as a whole.
A good indicator should have clear meaning to decision-makers, and should be easy to
measure frequently. It needs to have a high level of accuracy and be independent of
seasonal changes. Ideally, it should give sufficient warning time for decision-makers to
prevent unwanted changes to ecosystems. In designing an indicator system, two types of
errors should be considered. False negatives are failures to indicate ecosystem changes that
have happened whereas false positives are indications of ecosystem changes that do not
happen. To counteract these failures, it is necessary to design the indicator system so that
that indicators work together and control each other (Rice, 2003).
The following indicators for coastal environmental health were used by the United States
Environmental Protection Agency in 2012:
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Water quality index (nitrogen and phosphorus, chlorophyll a, water clarity, and
dissolved oxygen)
Sediment quality index (sediment toxicity, sediment contaminants and sediment
Total Organic Carbon)
Benthic index
Coastal habitat index
Fish tissue contaminants index






Other possible indicators are: photopigments (algal growth), salinity, water temperature,
coral-reef color, coral-reef size, mangrove population, fish population, seagrass amounts,
water color, and water movement (Boesch and Paul, 2001).
The Biomass Size Spectrum, an ecosystem indicator proposed by Atlantic Coast
Environmental Indicators Consortium, provides information about the presence of
organisms in ecosystems. In aquatic ecosystems, the biomass of organisms at each level in
the food chain should be near equal (USEPA, 2005).
5.1.2

Integrated monitoring strategy

The Kenyan coast is complex and includes diverse terrestrial, maritime, and atmospheric
conditions. Some key considerations that must be taken into account when attempting to
define the system include the diversity of fauna and flora that function in complicated
ecological chains. Monitoring coastal ecosystem health comprehensively requires an
integrated monitoring strategy drawn from systems science and systems engineering. An
integrated system must have integrated data collection, monitoring and provisions on use.
The integrated data collection portion comprises of space and ground-based detection and
monitoring methods. Collected data needs to be processed and information derived before
given to stakeholders.
Team Koastal’s prime objective of water pollution management addresses detection of
many of the parameters needed for understand ecosystem health like chemical
constituents, water temperature, algal growth, currents, mangrove and coral degradation.
Our data is processed and information is distributed to our target audiences based on the
content and context.

5.2

Team Koastal’s methodology

As our addresses both the causes and effects of water pollution our suggested solution
model for Kenya spans both sides of the story. Our solution model addresses multiple
pollution causes including effects on fish-stock decline and harmful algal blooms. In
addition, we investigate the effects on land, mangrove, and coral degradation. Our situation
is represented graphically in Figure 5-1.
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Figure 5-1: Koastal’s suggested methodology for coastal water pollution in Kenya

Pollutants in the water adversely affect both the coastal community and bio-diversity.
Other effects of pollutants include environmental degradation like coral bleaching,
mangrove forest damage, harmful algal blooms, and decline in land productivity. We
categorized water pollution into those from industrialization, urbanization, disasters, and
oil spills. In this study we emphasize the water pollution from disasters despite their bigger
threat on property, infrastructure, and life.

5.3

Technological Architecture

Team Koastal’s solution for water pollution management is a three-layer strategy. Each
layer is described in detail with its own schematic of information flow. This also clarifies
how space based technology is integrated with other terrestrial technologies in order to
collect, process, and distribute useful data.
5.3.1

Data collection

Team Koastal’s solution uses existing data infrastructure and organizations in Kenya. The
suggested data collection architecture is shown in Table 5-2. The data collection proposal of
team Koastal overlaps well with the future expansion plans of SERVIR. As discussed in
section 3.3.1, SERVIR provides web-based satellite imagery and other types of data to
protect and improve the lives of people in developing nations. Team Koastal suggests to
combine all raw satellite data like radar data, hyper spectral images, and optical images
that are available. The SERVIR project the Global Monitoring for Environment and Security
project, detailed in section 3.3.2. are useful to supply these images. Unfortunately not all
data sources have a clear policy on their data distribution, nor do all data sources provide
data for free.
Team Koastal’s recommendation is not limited to the use of satellite data. Ground-based
sensors are recommended as part of an integrated approach to collect data on water
pollution constituents (see Table 5-2) and water levels. Details of specific ground-based
sensors are given below.
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Figure 5-2: Koastal’s architecture for data collection
5.3.1.1

Wireless Sensors Network with water pollution detection sensors

Wireless sensor networks will provide measurements to a ground station in real time. The
network consists of an array of interconnected sensors. Each node is equipped with a
Printed Circuit Board to measure, compute, and analyze data. Next the data is sent through
the wireless network from each individual node to the master node. The master node will
transfer the gathered information over GSM to a terrestrial ground station. Location
information will transfer through the use of GPS receivers. Each master node will be
equipped with a GPS system so that its location can be transmitted simultaneously with the
data.
5.3.1.2

Configuration of a data monitoring node

The sensor node measures a desired parameter and a signal conditioning module that
converts the sensed parameter into digital signals. The node also contains a processing
module to process and store the data. A wireless communication module transmits the
signal and a power supply unit with a battery and a solar panel supplies power to the
electronics. The sensor node is immersed in the water and the other systems are fixed on
buoys above the water. The Zigbee network protocol is a method for wirelessly transmitting
data and will mainly be used for the sensor networking. This network protocol operates at
2.4 GHz with a data rate of 250 Kbps. It has a low power consumption and has low
operating costs. The network can be operated in a star, tree or mesh configuration (Wang,
2012).
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Figure 5-3: Koastal’s Wireless Sensors Network, modified from (Jiang et al., 2009)
5.3.1.3

Plan of measurement

Kenya’s coastline extends over approximately 500 km. Team Koastal identified thirteen
locations greatly affected by the impacts of water pollution, depicted in Figure 5-5. These
thirteen locations are near industrial zones and densely populated coastal areas. Team
Koastal suggests a 65 cluster Wireless Sensors Network to get a complete picture of marine
and terrestrial water pollution placed in locations shown in Table 5-1Error! Reference
source not found.. Maritime measurements on buoys are placed within one kilometer of
the coastline. Land-based sensor clusters are installed in riverbeds to monitor pollution and
water levels. Team Koastal suggests monitoring pollution though sensors measurements of
water constituents as detailed in Table 5-2. Clusters communicate through the terrestrial
network and the Argo buoys satellite service communicates with Koastal’s data processing
center.

Figure 5-4: Wireless Sensors Network with three sensor clusters as suggested by Koastal.
5.3.1.4

Sensors and system integration

Many different sensors are available for measuring parameters related to water quality and
pollution. Some sensors are capable of measuring multiple parameters usually making them
more cost effective. It is out of the scope of this document to suggest specific sensors as
they are available in many varieties and can be integrated with the proposed system in a
standard fashion.
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Sl No

City

Number
of clusters

1
2
3
4
5
6
7
8
9
10
11
12
13
Total

Venga-Shimoni
Daini Beach
Mambasa
Mtwapa
Kiliki-Takaungu
Watambu
Uyombo
Malindi
Sabaki
Gongoni
Kipini
Lamu
Kiunga

6
3
8
7
4
4
2
5
4
4
4
10
4
65

Location
Land
Offshore
(< 1 km)
3
3
3
3
2
1
2
2
5
2
26

3
3
5
4
2
4
1
5
2
4
2
5
2
42

Number of sensor nodes
per location (each
measures all
constituents)
3
3
3
3
3
3
3
3
3
3
3
3
3

Table 5-1 Suggested location of sensor placements.

Figure 5-5: Distribution of Wireless Sensors Network along the Kenyan coast.
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Figure 5-6: Distribution of Wireless Sensors Network around Mumbasa

Figure 5-7: SMART buoys (NOAA, 2008)
5.3.1.5

Ship-mounted sensors

Team Koastal suggests equipping ships like oil tankers, coast guards, and local fishing boats
with a cluster of sensors. We suggest installing ultraviolet-based sensors to detect and
monitor oil spills. These boat-mounted sensors will be off-the-shelf and recommending
brands is considered out of scope of this document.
As the ships move a GPS unit will be used to track their position to get an accurate location
of each measurement. By equipping local fishing boats with these sensors we aim to involve
the local community, directly increasing awareness of the coastal environmental.
Alternatively, coast guard boats can also be used for the same purpose.
5.3.1.6

Pollution monitoring in deep sea

Although the Wireless Sensors Network system works fine near the coast where mobile
phone coverage exists, further out to sea a different system is needed. Autonomous
profiling buoys called Argo buoys with satellite communication are often used in case. our
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Our solution uses Argo buoys to monitor marine water pollution at distances that are
beyond the communication range of terrestrial ground stations. A moored version is
suggested to prevent sensor drift and to allow long term measurements at each of 20
locations we propose as shown in Figure 5-8. An Argo buoy descends to a depth of up to 2
km. For days the buoy collects data on water parameters underwater. The Argo buoy rises
to the surface every so often to communicate its recorded data and remain at the surface
for a few hours (TWR, 2009). The advantages of Argo buoys option are their small
dimensions (1-1.5 m), relative simplicity and low cost, high reliability, and they are available
commercialy.

Figure 5-8: Placement of offshore Argo buoys along the Kenyan coast

The same type of sensor clusters used in the Wireless Sensors Netwrok will be mounted on
Argo buoys to identify water pollution in the deep sea. Argo buoys communicate the sensor
data with a geotag reference by satellite to the data processing center. This solution uses
the communication satellite services of the Indian Ocean Tsunami Warning System for data
transfer between the Argo deep sea buoys and the data processing centre. This means that
the water level information collected by the Argo buoys can also have applications for
tsunami early warnings.
The Autonomous Profiling Explorer, designed by the Webb Research Corporation, is a good
candidate buoy product for our project. Two other buoy model options are the PROVOR
designed by MARTEC, and the SOLO designed by Scripps Institution of Oceanography, USA.
The expected lifetime of a single autonomous buoy is three to four years including over 150
descents and rises to the sea surface.
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Figure 5-9: Typical Argo Buoy structure (Compute Scotland, 2009)
5.3.2

Data processing

The Regional Center for Mapping and Resources for Development in Nairobi, Kenya is
instrumental in processing remote sensing and Geographic Information System based
information. It is backed by SERVIR and team Koastal suggests using SERVIR’s capability at
its existing capacity. While team Koastal is unable to exactly identify the gaps between
existing capabilities available at the Regional Center for Mapping and Resources for
Development and the needs in this coastal area, the list of required satellite data
processing capability is given here:








Oil-spill detection and modeling for spread, using wind vector and ocean currents.
Change detection in mangrove coverage using lidar and optical imaging.
Mapping potential fishing zones from chlorophyll and sea surface temperature
data.
Flood inundation modeling from flood extent map and terrain maps.
Coral monitoring and change detection.
Algal bloom detection and monitoring from ocean color monitors.
Solid-waste dumping and land degradation detection and monitoring from high
resolution visible band imagery.

As team Koastal targets an integrated approach towards solutions, there is a stream of data
that comes from non-satellite sources, specifically buoys floating in marine and river waters
and collecting parameters like water quality and water level. We need an extended
capability that can process this data and give it a form for the end user. A list of processing
capabilities required for our ground data is as follows:




Integration of ocean-bottom pressure and wave height for tsunami warnings.
Water pollution data processing and threshold crossing warnings.
Buoy water elevation data for flood warnings.

We also suggest to have a dedicated ground station in the Regional Center for Mapping and
Resources for Development to receive SERVIR data directly, which will reduce the time of
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data reception and will reduce some data reception complexity. The data collection
architecture is shown below:

Figure 5-10: Architecture for data processing
5.3.3

Data distribution

Cost-effectiveness is part of team Koastal mission statement. As expressed in
chapterGround telecommunications 3.5, mobile communication is a cost-effective solution
for data dissemination. Our solution uses this channel of communication for all modes of
data transfer to the end user. The internet is also part of the data dissemination solution
but is a subset of mobile communication since most internet connectivity in Kenya is
transferred through the terrestrial wireless network.
5.3.3.1

Terrestrial Wireless Network messaging architecture

Team Koastal strongly suggests the using text messages to distribute data due to its
efficiency and cost effectiveness. Figure 5-11 illustrates a typical architecture used for bulk
data dissemination.
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Figure 5-11: Architecture for mobile alert service (National Academy of Sciences, 2013)

The workflow is described in the following steps (National Academy of Sciences, 2013):
1. The data processing center creates the alert message in specific protocol format
supported by the Commercial Mobile Service Providers.
2. The text profile based alert message is sent to the Commercial Mobile Service
Provider.
3. The Commercial Mobile Service Provider validates the received alert message.
 If the alert message fails validation, an error response is returned to the data
processing center and the alert message is not broadcast by the Commercial
Mobile Service Provider.
 If the alert message passes validation, the Commercial Mobile Service Provider
sends an acknowledgement to the data processing center that a valid alert
message has been received.
4. The Commercial Mobile Service Provider performs geo-targeting to translate the
indicated alert area into the associated set of cell sites for the broadcast of the alert
message.
 If the Commercial Mobile Service Provider does not support mobile alert
service in the indicated alert area, the alert message is not broadcast.
 If the Commercial Mobile Service Providers does not have any cell site within
the indicated alert area, the alert message is not broadcast.
 If the entire nation is indicated as the alert area then all cell sites of the
Commercial Mobile Service Providers that support the mobile alert service are
used to broadcast the alert.
5. The Commercial Mobile Service Provider broadcasts the alert message to the set of
cell sites identified by the geo-targeting processing in the previous step.
6. The alert message is received and presented to the end user.
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Figure 5-12: Architecture for Data Dissemination

5.4

Mobile applications

A mobile network is the method best suited for data dissemination due to its low cost and
comparatively small time from transmission to end user reception. Very little human
intervention is needed to send data by mobile. Smart phones have computing power and
can install applications. These applications can have audiovisual interfaces and automation,
adding a great value to the solutions, especially in data dissemination. Team Koastal
suggests four applications based on mobile or hand held devices like tablets with moderate
processing capabilities that would use data from our solution.
5.4.1

M-Fishing

This application is targeted at helping fishermen quickly locate potential fishing zones.
While sending the information by text messages is possible, this application will add
significant value by providing the following capabilities:








Mapped display of potential fishing zone.
Navigation to the identified site.
Weather and tide information.
Weather alerts.
Advanced information, scientific data.
Market rates, business data.
Interface to statistics like catch, ship identification, fishing licensing, travel length
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and time, communication to fishing authority etc.
5.4.2

M-Spill

This application will quickly send information to the coast guard that will enable them to
take rapid corrective actions. Response time is crucial after an oil spill. If information is sent
to first responders quickly spill severity can be reduced significantly. The following features
can be embedded to this mobile application in order to provide more information than can
be relayed through plain text messages.





5.4.3

Mapped display of spill location.
Navigation to the identified site.
Spread forecast and its geographical distribution.
Communication with disaster management unit or the oil spill management unit.
Ability to transmit images and video with geo tagging.
M-Eye

This application brings in real-time images and videos using crowd sourcing to help
authorities take appropriate actions and decisions when a disaster occurs. This application
will allow the user as well as rescue teams to take pictures and videos, apply a geo-tag and
send it directly to a disaster management unit for real-time ground input.
There can be many spin-offs of this application, such as its use by law enforcement
agencies, other emergency services and utility services if the data reception center can
handle all relevant data in the necessary fashion.
5.4.4

M-Collect

This application provides an interface to pollution monitoring equipment on boats. It will
have capability to perform following tasks.





5.5

Establish communication links with environmental parameters monitoring
equipment.
Extract data and store it on the mobile instrument.
Push the data to data reception center using mobile network in real time or later
when connectivity is available.
Display crucial parameters’ values on screen as requested.

Integrated water pollution management and livelihood support
system

Our suggested solution contains detection, response, and regulation components. At the
outset it also includes an education and outreach program.
At the detection level, both space and ground-based sensors are used to detect chemical
and thermal water pollution caused by industrialization and urbanization, solid waste, and
oil spills. Early-warnings of natural disasters, in particular tsunamis, floods, and cyclones,
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are included in this study due to their role in causing water pollution. We will address the
lack of awareness about water pollution causes and effects through educational and
outreach programs.
Team Koastal suggests a Data Processing (DP) and Decision Support System (DSS) that
triggers an appropriate action from a response unit. This trigger will be based on
observations from ground and space-based sensors. Once triggered, the response team will
manage the situation and contact the responsible state authorities. When needed, the
response team will issue alerts to the public through radio, mobile, and other mass
communication channels.
The last part of our solution is the regulation aspect. In the absence of adequate law
enforcement and related legal measures, water pollution from industries and urban areas
cannot be controlled. We find that appropriate policies and laws need to be formulated and
executed with the help of the responsible leaders of the state.

5.5.1

Detection sub-system

The detection subsystem finds traces of marine and terrestrial water pollution, oil spills,
land degradation, mangrove deforestation, algal blooms, coral bleaching, solid waste
dumping, and measures water levels of terrestrial water bodies for flood warnings. The
detection subsystem uses both ground and space-based sensors, shown schematically in
Figure 5-13.

Figure 5-13: Koastal’s detection subsystem
5.5.1.1

Terrestrial and maritime sensors

From our preliminary study, we found that pollution sources are concentrated near
populated regions and industrial areas. We suggest a ground detection system that consists
of a wireless sensor network. The sensor network will be placed near urban and industrial
areas. Its objective is to collect chemical and physical properties of the water draining into
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the ocean and the coastal area. The wireless sensor network is a network of sensor clusters,
communicating with each other and the data processing center. This can be either through
a wireless terrestrial or satellite communication link. Flooding inputs are collected from
sensors in a river network.
The maritime component consists of buoys, ocean-bottom pressure sensors, and pollution
monitoring ships. These are near shore and in the deep ocean, and send their data through
geostationary satellite or GPRS (from near coastal areas) to the Data Processing units.
Offshore Argo buoys will measure wave height, pollution, and pressure information using
ocean bottom pressure sensors. An overview of the different water constituents that can
be measured by the ground segment’s sensors is summarized in Table 5-2.
•
•
•
•
•
•
•
•
•
•
•
•

pH
Dissolved Oxygen
Temperature
Conductivity
Nitrates
Phosphates
Magnesium
Sulfur
Potassium
Pesticides
Copper
Radioactivity

•
•
•
•
•
•
•
•
•
•
•

Lead
Zinc
Mercury
Chromium
Cadmium
Chlorine
Iron
Total Dissolved Solids
Organic matter
Water level height
GNSS Positioning

Table 5-2: Koastal’s suggested sensor capabilities

5.5.1.2

Space-based sensors:

For the space-based segment we will use existing Earth observation satellites as well as
Position Navigation and Timing systems like:





Thermal Remote Sensing to measure sea surface temperature.
Optical Remote Sensing for observing solid-waste dumping, land degradation,
mangrove degradation, algal blooms, chlorophyll, and floods.
Microwave remote sensing for the detection of oil spills, floods, wind vectors, and
ocean currents.
Weather satellites for cyclone monitoring.

Observations will be made from Earth observation missions at a three-month interval. Oil
spill and floods will be monitored as individual events taking input from ground sensors.
Cyclone detection requires daily weather satellite data.
5.5.2

Data Processing and Decision Support System

The Data Processing (DP) and Decision Support System (DSS) are intermediate units
between the detection and response subsystems. An overview of their interaction is shown
in schematically figure 5.3.
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Figure 5-14: Flowchart of Koastal’s Data Processing and Decision Support System

The Data Processing subsystem performs regular automated processing of Earth
observation data and generates data products with useful parameters. This includes data
products of sea surface temperature, solid-waste dumping, ocean winds and currents, algal
blooms, mangrove depletion, coral bleaching, and degraded land. Based on this data we
can supply secondary products from modeling and analyses that include potential fishing
zone identification, oil-spill spread and forecasting modeling, and flood inundation models.
The Data Processing subsystem also integrates our maritime sensors with altimeter,
scatterometer and Global Navigation Satellite Systems data for early tsunami warnings.
The Decision Support System takes input from the Data Processing subsystem and decides
on an action for the response system. The Decision Support System takes care of
monitoring the input from the ground sensors to see when the acceptable level for any
pollutant is exceeded. It also monitors the water level in coastal drainage systems and wave
height which could indicate a flood or tsunami. When needed the Decision Support System
decides which stakeholder the response system should target when giving out warnings or
recommendations.
5.5.3

Response subsystem

The response subsystem, depicted in Figure 5-15, generates an appropriate response based
on Data Processing and Decision Support System feedback. Alerts are given out using mass
media such as text messaging or radio when it detects disasters like tsunamis, floods or
cyclones.
The response system sends manage requests to state authorities in case of oil spills, a
pollutants in the water, solid-waste dumping, algal blooms, or degraded land.
The response system sends text messages to the fishing community indicating the location
of potential fishing areas. The response system also communicates flood inundation models
and oil spill models to stakeholders.
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Figure 5-15: Koastal’s response subsystem
5.5.4

Regulation subsystem

The system’s final part regulates coastal water pollution through policy and law. This aspect
is further elaborated in section 5.6, with an overview of Team Koastal’s policy
recommendations.
5.5.5

Education and Outreach

Outreach for reducing water pollution is achieved in the manage module of the respond
subsystem by broadcasting educational content over the radio, text messages, and other
mass media. The scope of this component is in the long term exists to mitigate marine and
terrestrial water pollution. Section 5.7 gives an overview on Team Koastal’s suggested
educational program, which is summarized in Figure 5-16.

5.6

Policy guidance

Following the United Nations Outer Space Treaty Principle on Remote Sensing (UN, 2008),
Kenya is entitled to the observations made over Kenya. Principle XII of the UN principle
declaration states that data must be made available to all states: “as soon as the primary
data and the processed data concerning the territory under its jurisdiction are produced,
the sensed State shall have access to them on a non-discriminatory basis and on reasonable
cost terms. The sensed State shall also have access to the available analyzed information
concerning the territory under its jurisdiction in the possession of any State participating in
remote sensing activities on the same basis and terms, particular regard being given to the
needs and interests of the developing countries” (UN, 2008).
Team Koastal highlights that the current scope of the United Nations Charter for Space and
Major Disasters is limited to post-disaster access to remote-sensing data. A modification of
the Charter is suggested by creating a new mechanism to include pre-disaster activities, in
particular mitigation and preparedness. Political willingness to modify data-sharing
agreements are desirable to provide local decision-makers the capability to task, downlink
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and process foreign-owned satellite data domestically. If Kenya could download and
process this data it would improve disaster response time. This should be done in
accordance with regulatory aspects concerning spectrum management as is expected by
the International Telecommunication Union (ITU, 2013). Infrastructure, personnel and
overall cost of building, training, operating, and maintaining of ground station need to be
taken into account of course.
Given the lack of coordination between domestic and international strategies, a
streamlined network of all stakeholders involved in coastal management, disaster
management, and remote sensing applications for environmental monitoring is desirable.
This would unify current efforts and minimize mismanagement of resources.
We evaluated launching a dedicated spacecraft. To build or buy this technology, political
and economic agreements are needed and a new system is a great challenge in terms of
technology, infrastructure and personnel not to mention in cost. Team Koastal did not
investigate designing a new satellite for this reason and does not recommend this strategy.
Table 5-3 summarizes our recommendations:
Recommendation
Emphasize the UN Charter on
Remote Sensing
Broaden the UN Charter for
Space and Major Disasters
In-situ downloading and
processing of foreign satellite
data
Actively involve local Kenyan
authorities
Coordinate domestic and
international strategies

Implications
Identify the rights of States
observed from space
Exploitation of new
strategies agreements
Data agreements, spectrum
management, and costs

Desired Impact
Data availability and
accessibility
More continuous Earth
Observation data
Reduce data latency and
improve resource use

Negotiation of data
agreements
Exploit new strategies

Reduce data latency and
improve use of resources
Unify efforts and minimize
mismanagement of
resources

Table 5-3: Koastal’s main policy recommendations

5.7

Education and outreach

Education is an important aspect of our multi-disciplinary and integrated approach. In this
section we will detail our plans to use the information gathered through the wireless
sensors networks to inform and educate over mobile networks and other mass media.
We believe that water-pollution education can be addressed by expanding the current
education infrastructure and increasing the number of teachers. The cheapest and most
realistic way to increase education in regards to this project is to use wireless networks for
outreach. We address the education from the perspective of Team Koastal’s central theme
marine and terrestrial water pollution. Health hazards are indirectly attributed to the lack
of awareness about personal hygiene, safe drinking water, and water quality aspects in
general. Communicating simple precautionary measures to the population about
disinfection of drinking water such as boiling, chlorination, and filtration is essential to
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prevent the health hazards to the people.
Team Koastal’s approach for education and outreach in addressing water pollution focuses
on:
 To educate rural people on the need of drinking clean water and sanitation hygiene
to avoid water-borne diseases spreading.
 To educate people about the role of various natural disasters in causing water
pollution and also making them aware of mitigation strategies.
 To educate people about pollution and its effect on the coastal ecosystem.
Team Koastal suggests communicating stories describing the water pollution sources and
problem messages. Health hazard guidelines and manual information bulletins related to
pollution can also be distributed with global information on the coastal environment
ecosystems. We suggest using existing non-governmental organizations like the Ecological
Society for Eastern Africa in partnership with the Melinda Gray Ardia Environmental
Foundation and the Wildlife Club of Kenya contributing to the conservation of the Kenyan
environment by coordinating and distributing ecological information from our Wireless
Sensors Network and increasing awareness and education in high schools, colleges, and
universities.
We suggest the following architecture for education and outreach.
1. Direct telecast to homes via television or radio
2. To community centers and schools using existing internet facility
3. Mobile phones via text messages or images
This distribution architecture uses the Data Processing Centre’s capabilities in combination
with information from the wireless sensors network to create educational information to
send to people via television, radio, and mobile applications. The educational information
can be directly sent to schools through the internet. Short movies will impress people and
increase education awareness amongst the public. An overview of the education and
outreach system is schematically provided in Figure 5-16.

Figure 5-16: Architecture of education and outreach by Team Koastal.
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Cost

In this section we provide an analysis of the overall cost estimate for the solutions. We do
this by assessing the start-up and running costs for the detection, response, and regulation
components. We estimated the total costs plus operating costs, based on the suggested
infrastructure as summarized in Table 5-1. A breakdown of the cost estimates is provided
below, together with an overview in Table 5-4 and Table 5-5 for respectively the start-up
and running costs.
5.8.1

Start-up costs

We estimated the total start-cost of our suggested system to be $7.15m. This includes the
detection component of the ground and space segment. The ground segment consists of a
wireless sensor network, buoys, pressure sensors near the ocean bed, sensors mounted on
ships, and a data processing center. We aim to measure all 23 pollutant constituents,
provided in Table 5-2, within each individual sensor cluster. As one sensor can roughly
measure three to five constituents simultaneously (S::CAN, 2008), five sensors are needed
for each cluster. In total the network presented in section 5.5.2 has been sized to have 195
clusters. We estimate the cost buying the sensors and installing them to be $2,925,000. This
includes a customization for the submerging boys. We assumed a $3,000 cost for each
sensor (HACH, 2013), leading to a cluster cost of $15,000 (Gruber, 2007). This has been
based on analogy with the cost of the HACH HQ40d portable sensor for Rugged Dissolved
Oxygen. Based on the suggested 65-buoy network, we estimate the cost to be $975,000. In
addition, we estimated the cost of installing a sensor cluster with a ultraviolet sensor on
200 oil tankers to be $600,000. We assumed a sensor and installation cost of $3,000 cost
per ship.
In our start-up cost, we do not include the cost for a ground station, as we will be using
infrastructure that already exists in Kenya. Other start-up costs follow from the software
and the Decision Support System development for the Data Processing center. We
estimated that the development time for this software amounts to 640 working hours. This
is in analogy for the software development time at Qinetiq space (personal communication
Julien Tallineau of Qinetiq space, 2013). Assuming a work rate of $30 dollars/hour (Country
Wages, 2013) the software development costs is estimated to be $19,200.
For the response to potential disasters, we suggested an alert system to send emergency
text messages, which needs to be developed. We estimated this start-up cost to be $64,000
based on the development cost of the Decision Support System. Also, we include a system
that sends alerts via radio. The development cost of this is limited as it can be integrated
into the Kenya Meteorological Department’s project to transmit information using radio
and internet called RANET-Kenya.
Start-up costs in the education and outreach module include the production of a textbook,
an educational video, a radio drama, and visits to community centers. We estimated these
costs to be around $23,000 and $4,500. As no relevant figures could be obtained for Kenya
this was based on the production costs of a science textbook, and an educational video
(MEXT, 2011) in Japan. In order to estimate the costs of production in Kenya a conversion
factor was applied based on the gross national income based on purchasing power parity
for each country. Between 2008 and 2012 Japan’s was $36,290 and Kenya’s was $1,760
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(The World Bank, 2013). Thus a factor of 20 was applied to the production costs. Based on
the “Tembea Na Majira” Kenyan Soap Opera production cost of $75,000 (Myers, 2008) the
production of one radio drama is estimated to cost approximately $15,000. It is expected
that much of this cost could be deferred through the use of direct sponsorship. As part of
the school teaching component, we suggested visiting four rural villages each month for a
duration of three months. Based on a team of ten teachers, we estimated the cost to be
around $300,000. This is based on a 25 hour workweek at a rate of $20 an hour (Kenya
Country Wages, 2013). As part of our outreach program we include the development cost
of a mobile phone application. We have estimated this to be $30,000, based analogy with
the development cost of a database app for Iphones (Carter, 2013). The mobile applications
are a potential source of revenue, in particular the M-Fish application could have a small
fee involved in its use. The fishermen would pay to use the application in return for
knowing where the best potential fishing zones are.
We include no start-up cost in the regulation subsystem of our solution.
Solution module
Monitoring
Ground
segment

Respond

Alarm
Manage

Regulate

Education and Outreach

Costing elements
Pollution sensors
Near coast buoys
Argo buoys
Deployment and
assembly costs
DSS software
development
SMS, radio alert
system software
Conducted by
other
organizations

Unit cost $
3,000
1,000
15,000

Quantity
1175
43
20

Total cost $
3,525,000
43,000
300,000
2,500,000

30 per hour

640 hours

19,200

30 per hour

640 hours

19,200

0

0

0

Policy & Law

0

0

0

Educational
materials

27,500

Lecturers

30,000

10

300,000

Apps

10,000

4

400,000

27,500

Table 5-4: Breakdown of the start-up costs of the suggested solution
5.8.2

Running costs

We estimated the total running cost to be between $3.7m and $6.0m every year. Given the
severe resource constraints, a target operating cost of $4.5m has been defined.
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For the ground segment, the ground sensors, sensors on ships, pressure sensors under near
the seabed, and buoys need to be taken into account. This includes the hardware
maintenance and man-hours. We estimated the operation, inspection and replacement
cost of the complete sensor network to be up to $4.7m per year (S::CAN, 2008).
The maintenance cost for the buoys alone are estimated at $2,925,000 per year. We
assume that the buoys will need to be replaced every 5 years (Gruber, 2007). The running
cost of the communication ground station is not included as there is an existing ground
station.
For the space segment, any images will be given free of charge by SERVIR, greatly reducing
the cost (personal communication with K. Ross, 2013). The maintenance of the radio
stations network is accounted for by existing infrastructures. We estimate the cost of
sending text alert messages to be about $290,000. This has been calculated based on the
number of mobile phones users in Kenya, approximately 29 million, and the cost of sending
one mass SMS message. The network service of Safaricom, is approximately $0.01 per text
message although we could probably expect a discount when sending bulk messages like
this (Safaricom, 2013).
For the outreach component we consider the employment of teachers, experts, and
management, as well as the operation of the tele-education facilities. We suggest a reprint
of textbooks, which is estimated to be $4 per copy in Kenya based on the Nairobi printing
service. Assuming an average of 120 students in each school, and 300 schools for the
outreach program, $81,000 is needed every year.
We see the cost of policy enforcement as an extension to the agencies current tasks. For
this reason we include no additional cost for enforcement.
Solution module
Monitoring
Ground
segment

Respond

Space
segment
Alarm

Regulate
Education and outreach
Education and outreach

Costing elements

Unit cost $

Quantity

Pollution sensors

2,000 to
4,000

1175

Near coast buoys
Argo buoys
DSS software
development

200
4,000
30 per
hour

0
Text alert
message
Manage
Policy and law
Educational
materials
Lecturers

43
20

Total cost $
2,350,000
to
4,700,000
8,600
80,000

640 hours

19,200

0

0

0

0.01

29,000,000

290,000

0
0

0
0

0
0

4

36,000

625,000

30,000

10

300,000

Table 5-5: Breakdown of running costs of the suggested solution
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Matrix: Recommended Solution vs. Problems

In this section the results of our three-step strategy, described in detail in section 5.2, are
shown in a problem-solution matrix. This matrix allows us to find an effective intervention
by identifying the overlap between the different suggested solutions. Table 5-6 shows the
causes of water pollution and which part of our solutions covers the sources.

Problems

Solutions
Detection Sub-System
Ground-based sensors
SpaceWireless
based
Argos
Sensor
sensors
Buoys
Web

Chemical industrial
√
√
×
effluents
Thermal industrial
√
√
√
effluents
Domestic sewage
√
√
√
Solid waste
√
√
√
Agricultural
√
√
×
pollution
Radioactive
√
√
×
pollution
Pollution from
√
√
√
natural disasters
Oil spills
√
√
√
Lack of awareness ×
×
×
“√” represents effective, “×”represents invalid or poor results

Prevention
Regulatio
n/Law

Education
program

√

×

√

×

√
√

√
√

√

√

√

√

×

×

√
×

×
√

Table 5-6: Problem versus suggested solution matrix

The detection system consists of a ground and a space based component. Depending on
the type of pollution source, one of the two systems or even both can be used.
Industrial pollution can be detected with space-borne and ground-based sensors from
thermal sensing. Chemical, radioactive pollution, and pollution introduced by agricultural
activities, pesticide and fertilizer can only be detected with ground-based sensors.
Prevention is particularly important and can be improved by working on lack of awareness.
Our education program addresses this as part of our solution. A law and regulations
framework is included to improve awareness and responsibility of private and public to the
identified coastal problems. The law and regulations aspect will be discussed in the
following chapter.

5.10 Legal Framework
Team Koastal’s approach to water pollution management stresses regulating intentional or
opportunistic non-adherence of anti-pollution measures by individuals, industries or other
entities of the society through stricter and far-reaching legal measures. Team Koastal
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suggests a wider participatory approach and distributed implementation of the legal
framework, shown in Figure 5-17.
5.10.1 Kenya’s legal tools

Legal tools to control pollution in Kenya follow a three-tier system (Bondi et al., 1999).
Statutory provisions deal with water, air, waste, and toxic or hazardous substances.
Common law tackles pollution from negligence and nuisance. Lastly local council by-laws
deal with pollution at a local level (Chege Kamau, 2011).
These tools have developed slowly and haphazardly to respond to individual and pollution
cases. As a result Kenya’s legal regime is fragmented.
5.10.2 Statutory law

Statutory law is the most significant legal framework to control pollution and manage the
environment in Kenya. The main legal instruments to control water pollution are the Water
Act, the Public Health Act, and the Merchant Shipping Act. There is no statutory instrument
on waste management.
These policies define what actions and activities are considered polluting and specify
pollutants to control. Common policies tackle pollution from negligence and offer useful
ways of safeguarding the environment from damages by injunction.
5.10.3 Local council by-laws

Local councils are empowered by the Local Government Act to provide regulatory services.
These regulatory services include services that are necessary or desirable for the
maintenance of the health, safety, and well-being of the inhabitants. It is also responsible
for the prevention and suppression of nuisances. The local councils act within their
respective municipalities, as long as they are consistent with the provisions of any other
written law.
The Local Government Act does not directly mention the environment but some local
councils have demonstrated a great willingness to deal with environmental issues at a
higher level. Other laws apply in some localities like in Thika where the council handles two
major by-laws on pollution control: an effluent control law which aims at protecting the
environment from waste-water pollution from factories and a law dealing with toxic and
hazardous waste materials.
The Environmental Management and Coordination Act is aimed at establishing a legal and
institutional framework to manage the environment. It asserts the right of every individual
to a clean and healthy environment and it establishes a specific link with environmental
protection (Chege Kamau, 2011).
5.10.4 Self-regulation

The existing legal regime has not been able to sufficiently address water, air, and waste
management pollution problems. Many industries and individuals are taking advantage of
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the legal vacuum. This situation leaves room for industries to independently determine
their behavior with regard to pollution control.
The public is a very useful resource to monitor, expose, and report pollution. Public
initiative in Kenya has halted many environmental degrading activities by the government,
industries, and individuals (Chege Kamau, 2011). The initial trend of pollution inspection by
the public, environmental non-governmental organizations, Community-Based
Organizations, human rights groups, and industry regulation is clearly noticeable (Chege
Kamau, 2011).
Reliance on the industries to regulate themselves and the public to act as a watchdog of
illegal acts is a very fragile approach. A well-functioning environmental legal regime is
needed. In the recent years, public awareness has grown tremendously, with a public that
is better informed, involved and determined than ever before.
Team Koastal’s M-Collect application combined with the sensor network could be the
missing piece in providing data on marine and terrestrial water pollution. The geo-tagged
images created by the application could supply photographic evidence of the perpetrators
combined with general pollution information provided by the wireless sensors network.

Figure 5-17: Koastal’s water pollution, legal, and institutional framework

5.10.5 International legal framework

Due to the economic limitations of Kenya, it is difficult for Kenya to launch remote sensing
satellites for monitoring water pollution. Team Koastal suggests an extension of
international legal framework to address free provision for Earth observation data to
developing countries, and coastal zones of such countries in particular. Supplying this data
would increase the certainty of disaster warning systems and benefit Integrated Coastal
Zone Management in general.
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5.11 Feasibility
Team Koastal’s solution is a space and ground integrated approach to tackle water pollution
causes and effects along the Kenyan coast. We have tried to optimize existing infrastructure
available in Kenya to avoid duplication of facilities and associated cost implications.
5.11.1 Technical feasibility
5.11.1.1 Water pollution detection

A Wireless Sensors Network is an advanced and complex technology that is used in many
applications like environmental quality monitoring and natural disaster warnings. Deploying
clusters of wireless sensor networks with embedded hardware and processing units to
detect chemical constituents is not simple but much more feasible than launching a
satellite. The challenge involves embedding sensors that capture the wide range of
chemical and biological constituents. The communication part of the Wireless Sensors
Network is addressed by utilizing the robust and readily available GPRS network to transfer
data to the Data Processing center.
A problem with using buoys far out to sea is damage or theft by pirates. Team Koastal has
addressed this by utilizing Argo buoys that spend most of their life underwater hidden from
pirates at sea. Expensive satellite communication of Argo buoys is circumvented by
communicating over a shared channel with the Indian Ocean Tsunami Warning System.
Some cases of water pollution like oil spills, thermal pollution and algal blooms can be
detected using existing remote-sensing methods and are used in our solution. We believe
that team Koastal has addressed the water pollution problem in a cost-effective and
technologically advanced and feasible method.
5.11.1.2 Data transfer and Data Processing

Often the data transfer from remote facilities to the data processing and also from the
decision support system to the beneficiaries is one of the challenges in real-time
implementation of water quality monitoring systems. The team Koastal model has taken
advantage of the wide coverage of mobile network in the coastal Kenya and has optimized
costs. In addition, existing data processing facilities are used by the present solution to cut
down on costs.
5.11.2 Economic feasibility

Team Koastal’s solution is based on the strategy of optimally using existing infrastructure
and making the state part of the solution when distributing alarms and response teams. It is
assumed that the set of suggested solutions described in this section will be implemented
by the regional governments concerned. The outcomes are considered common goods and
will primarily benefit the general populace. In addition there are several other stakeholders
identified in this report who will benefit from the successful implementation of the
suggested solutions. As such it is anticipated that the full costs need not be drawn solely
from existing public funds.
Whether through direct contributions, transfer payments or taxes the several industries
International Space University SSP 2013

66

Koastal

Recommended solutions for coastal management

operating in the region should contribute to the implementation. A tax could be levied
upon the tourism industry. Local industry could be taxed as well as fined for violations in
policy. Oil companies could be taxed or subsidies withdrawn. Fishing associations or other
groups exploiting the benefits of mobile applications could contribute on a fee for service
basis or through regularly scheduled payments.

5.12 Conclusion
We addressed coastal water pollution based on health indicators and their monitoring
strategies. We developed a three-step approach for our solution: detection, response and
regulation. Team Koastal developed a Wireless Sensors Network data-collection strategy for
ground-based collection of data on water pollutants, water level and location information
in the coastal zone. Further away from the shore, our solution uses Argo buoys and
pollution monitoring ships to collect data for monitoring pollution.
Our data collection system consists of 65 Wireless Sensors Network clusters around 13
highly populated or industrial areas in the coastal Kenya, each cluster with three sensor
location nodes and each node capable of detecting 21 pollutants, water level and geolocation information. The Argo buoys contain the same detection sensors, but each has
only a single detection node. Team Koastal suggests using existing infrastructure of regional
or international institutions for the space-borne Earth Observation data and its processing
and the operational terrestrial wireless network and state’s broadcast facilities for data and
information flow. Our Data Processing center integrates and processes all the ground and
space-based data and derives information on water quality, disaster, potential fishing
zones, algal blooms, land degradation, solid-waste dumping, and mangrove or coral
degradation. The Decision Support System of Team Koastal’s solution generates alerts to
stakeholders like the general public and authorities.
Innovative mobile-based applications like M-Fishing, M-Spill are proposed to distribute the
information acquired. Team Koastal has proposed widening the scope of existing Earth
observation data distribution to enhance even more our system and recommend stringent
implementation of legal measures for effective coastal water pollution management.
Team Koastal also suggests an education and outreach strategy using mobile phones,
internet, radio and television, in association with non-governmental organizations and
authorities for generating awareness about water quality and its importance.
Team Koastal’s solution cost only $7.15m as starting costs and annual running cost of only
$4.5m for its implementation for three highly populated cities. The start-up cost for
education and outreach is $67,500 and the annual running cost is about $0.31m for 100
schools. Our solution is technically feasible and economically viable.

International Space University SSP 2013

67

Koastal

Impact

6 IMPACT
Impact assessment of the solutions allows us to evaluate the response to our proposals. In
this chapter we assess Team Koastal’s solutions in view of their environmental, societal and
economic impacts. Environmental impacts like improvement in water quality, waste
management, ecosystem maintenance and so on are discussed in section 6.1. The impact of
Team Koastal’s solutions on the society in terms of health benefits, food security,
awareness and good governance are elaborated in section 6.2. Section 6.3 describes
economic impact and gives a broad cost-benefit analysis.

6.1

Environmental Impact

The Kenyan coast has some of the world’s most valuable coastal and marine ecosystems
that contribute to the livelihood of the people. It supports economic activities such as
tourism, maritime industry, agriculture, fishing and forestry that form the economic
backbone of the coast region and contribute to the national economy.
The purpose of Integrated Coastal Zone coastal management is to conserve the coastal and
marine environment and to ensure that resources are used in a sustainable manner. The
environmental impacts of our suggested coastal management system include:
6.1.1.1

Improving water quality

Our suggested solutions include monitoring water resources through the space and ground
sensors. In the short term, the sources of marine and terrestrial water pollution can be
monitored to detect such influences as oil spills and industrial wastewater discharge, so
appropriate control measures can be taken to prevent and mitigate the effects.
The speedy alerts issued by our M-Spills application will help coastguards arrive at the
origin of an oil spill or an industrial pollution site faster than before, allowing state
authorities more chance to catch the culprits as well as containing the damage. As pollution
is generally very persistent the effects of containment and prevention can be far-reaching
preserving clean water sources kilometers away.
In the longer term, data analysis can help regional water-resource protection by monitoring
trends in water quality along the coast. Our integrated water pollution management and
livelihood support system will also focus on public education and promote public
awareness on the importance of protecting and enhancing natural water systems. Over the
long term this will improve water quality even more as people adapt their practices on
throwing waste away untreated.
6.1.1.2

Improving wastewater and solid waste management

Rapid urbanization in the coastal area has resulted in the increased generation of large
volumes of wastewater and solid waste. The infrastructure to manage this waste has
generally been inadequate. This poor capacity that is pervasive in the coastal region is a
leading cause of pollution of land and water systems throughout the Kenyan coastal region.
The effects include the spread of disease, impact on productivity of the land and people,
and ecosystem.
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The suggested integrated water pollution management and livelihood support system will
promote public awareness on good waste management practices to ensure a clean and
healthy environment, and improve the capacity of wastewater and solid-waste
management.
The data collected from our sensor network and integrated applications on M-Eye will
influence the situation two-fold. Marine and terrestrial water pollution data will show the
extent of pollution and might empower people to take action. If a map shows that waste
from a nearby neighbor or factory is polluting a farmer’s field and influencing crop yields,
the farmer will be more likely to support legal reform or other action against the pollution.
With the M-Eye application the same farmer could take pictures as evidence and transmit it
to state authorities to strengthen a legal case.
6.1.1.3

Maintaining ecosystems

Coastal ecosystems the Kenyan include mangroves, seagrass, bush land, coastal grasslands,
marine beaches, and estuaries. There is also a complex system of bays and coral islands.
Excessive and uncontrolled logging of mangroves for timber, wood-fuel and charcoal
production, illegal land cultivation and encroachment, coupled with expansion for
settlements and agricultural production have dramatically impacted the coastal ecosystem.
The suggested integrated water pollution management and livelihood support system can
monitor the ecosystem via satellite to detect mangroves deforestation and changes in
seagrass and coral reefs indirectly. The M-Fish application that directs fishermen to
Potential Fishing Zones offers a subtle but effective form of influencing where they fish. By
advising the fishing fleet to go to certain areas state authorities can relieve pressure on
other areas, for example over a coral reef. By careful planning based on data received from
the Wireless Sensors Network state authorities can preserve key areas of Kenya’s
ecosystems.
The educational program designed in this report can also increase public understanding of
the ecological environment and improve public environmental awareness through
education.

6.2

Societal Impact

Coastal water quality is critical to protect public health and coastal resources but are
affected by inland and human activities. Coastal pollution can be controlled, mitigated and
even solved by implementing suggested solutions. They will benefit not only the people of
the coastal zone but the entire Kenyan population, with potential to extend the benefits to
neighboring countries and their coastal regions. Pollution management, environmental
protection and education aimed at sustainable coastal development will certainly have a
positive effect on human behavior (East Africa Study Abroad Programs, 2013). Our solutions
for human life and activities can be evaluated from the aspect of public health and
wellbeing, food security, public awareness and responsibility, way of life and governance.
6.2.1.1

Public health

Human health and ecosystems are deeply connected to water quality. Water pollution
management is an effective way of improving water quality. This is fundamental to
reducing the public health risks associated with waterborne diseases such as cholera,
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malaria and heavy metal poisoning. Coastal water-quality improvement will increase public
trust by sustaining and improving the long-term viability of fishing and tourism, with
corresponding direct economic benefit for the local population and quality of life.
6.2.1.2

Food security

Food security is fundamental to social stability and economic development (WHO, 2013).
Once our pollution management program has been implemented, water quality will
improve, in turn reducing seafood poisoning from contaminants. Fish, shellfish, avian and
life forms in the coastal ecosystem will increase as their habitat, the seagrass, coral reef and
mangrove becomes more sustaining.
6.2.1.3

Public awareness and responsibility

Education and awareness-building efforts can modify behavior and build capacity to lead to
changes at the community, municipal, regional, and national levels. They can be
implemented at the community level and beyond to act as stimuli directed at building
policy capacity. Large-scale education and advocacy efforts can help inform and change
national policy (Palaniappan et al., 2010).
6.2.1.4

Governance

With a long-term vision and a transparency in coastal-zone governance, the coastal zone
will be developed healthily and sustainably. It is important to find solutions for coastal
pollution management from a policy point of view as well as a socioeconomic perspective.
Ground and space-based technology applications provide the technical means to collect
information, but they only serve a purpose if thoughtful decisions are taken by government
authorities based on the information that the technology delivers. Decision-makers benefit
from good quality information that is updated often. The data from our network of sensors
coupled with satellite data will supply this for better management and decision making.

6.3

Economic Impact

This section outlines the economic considerations and associated impacts of the suggested
solutions discussed previously. Methods for economic appraisal and assessment are
examined taking into account the scope of the report. Guidelines for a cost benefit analysis
are provided and a cost effectiveness analysis is described.
The implementation of our integrated water pollution management and livelihood support
system will inevitably impact the Kenyan economy. The tourism industry is Kenya’s largest
contribution to its Gross Domestic Product and it will benefit directly from a reduction of
polluted waters and preserved ecosystems that attract tourists. The M-Fish application can
guide recreational fishing to Potential Fishing Zones and stakeholders can decide to protect
more popular beaches from oil spills. As tourism develops further, this sector will provide
increased employment opportunities, providing an alternative to traditional work in the
agriculture and fishing sectors. It also provides an opportunity for increased international
visibility for Kenya.
The Potential Fishing Zone delineation will provide a large economic benefit to the coastal
population in increased fish catch and reduced search time for fishing areas. The oil spill
dispersion model that we suggest will also provide significant economic benefit by reducing
the cost and time of remedial measures thus safeguarding the very important tourism
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industry in Kenya.
6.3.1.1

Assumptions

In contrast to most private goods and services, public goods and services are those for
which externalities are too great for the free market to produce. Pure public goods are nonrivalrous meaning that regardless whether an individual reaps the benefits of that good,
others are not prevented from benefiting from it. Excluding individuals from the benefits of
a pure public good is not possible (Sloman, 2007). Given the nature of the solutions
suggested in previous sections they will be considered public goods.
As coastal management programs in the region are still developing and expanding, the cost
of implementing our recommended solutions are assumed to be to the far left of the
marginal cost curve because every investment will improve or even create a whole new
system. The figure below illustrates benefits associated with fixed costs with diminished
mediation by the law of diminishing marginal returns.

Figure 6-1: Cost benefit analysis

As with other public goods there are significant externalities associated with the suggested
solutions. It is assumed that the positive externalities will outweigh the negative
externalities over the medium to long term.
6.3.1.2

Benefits

The benefits of the suggested solutions can be classified into three categories: direct,
indirect and intangible. The following graphic summarizes the main benefits of team
Koastal’s solutions.
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Figure 6-2: Benefits of the suggested solutions
6.3.1.3

Costs

As described in section 5.8 the main costs of the integrated water pollution management
and livelihood support system are the purchase of hardware such as sensors and buoys and
the development of software. The overall cost is estimated at $7.15m plus operating costs.
6.3.1.4

Cost benefit analysis guidelines

To conduct a cost benefit analysis, the benefits must be quantified and monetized. The
benefits of team Koastal’s solutions are varied and numerous. A complete quantification
and analysis would be very resource intensive and lies outside the scope of this report. A
framework for a complete cost benefit analysis can be derived from the comprehensive
summary of benefits and the estimated costs outlined previously.
For example, the benefits of reduced impacts of natural disasters and associated cleanup
costs can be compared with the costs associated with a natural disaster without
implementation of team Koastal’s integrated water pollution management and livelihood
support system. On 7 April 2005 an oil spill occurred in Mombasa. It has been estimated
that the total cleanup costs will surpass $8.5m (Kairo et al., 2005). If our solutions were
present in 2005 the impact and cost would have been greatly reduced.
6.3.1.5

Cost-effectiveness analysis

Unlike a cost benefit analysis cost effectiveness analysis does not assign a monetary value
to measured effects. A cost-effectiveness analysis can be used to compare multiple courses
of action in terms of their costs and efficacy. A qualitative assessment of the effectiveness
of all possible solutions to the Kenyan coastal management challenges is not within the
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scope of this report. It is assumed that the solutions recommended are optimal given the
resources and other constraints in effect.

6.4

Summary

If implemented, the suggested solutions described in chapter 5 must be assessed to
determine their efficacy. The descriptions of impacts provided in this chapter will provide
metrics for benchmarking and future assessment of suggested solutions. Environmental,
social and economic considerations were outlined.
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7 CONCLUSION AND RECOMMENDATIONS
Team Koastal has focused its efforts around the following mission statement:
To suggest cost-effective solutions for managing resources and activities
conducted in Kenya’s coastal zones. This will be achieved by exploring
space-integrated technologies, policy recommendations, and activities
related to environmental monitoring and sustainable resource
management.
Given the steep losses associated with coastal zone degradation, it is clear that action must
be taken immediately to divert Kenya from its current trajectory. The Kenyan urban
community is concentrated on the coast, comprising one tenth of the country’s overall
population. Population pressure and growing economic activity have increased exploitation
of coastal resources and environmental degradation of many coastal habitats. This trend is
made worse by poverty and unemployment.
Koastal seeks to raise awareness on marine and terrestrial water pollution risks and coastal
management between national and international agencies and coastal resource users.
Assessment of monitoring strategies has led us to suggest a number of initiatives to
enhance water quality monitoring, to further the detection of environmental changes, and
to reduce or eliminate hazards.

7.1

Findings

Our findings demonstrate that assisting Kenya to achieve Integrated Coastal Zone
Management of its coastal resources will create benefits to environmental and
socioeconomic factors by limiting terrestrial and marine pollution.
Water pollution is a major concern in the coastal region of Kenya, and it is expected to
increase as a result of the high population growth rate unless better management
strategies are put in place. Continuous monitoring of water quality and an alert system for
high levels of pollution are missing in highly populated cities, river deltas, and vulnerable
natural parks and touristic resorts along the coast of Kenya.
Team Koastal has also found that in the absence of adequate law enforcement and related
legal measures by the Kenyan government, water pollution from industries and urban areas
cannot be regulated. We found that appropriate policies and laws need to be formulated
and executed in cooperation with the existing legal regime and with the support of the
responsible state authorities. The readiness level of the local population to react to natural
disasters is low, and as a result, many persons are displaced from their home every year by
such events. Early warning systems and evacuation plans must be put in place to reduce
risk and prevent loss of life. Evaluation of the effect of water quality, along with other
factors on the coastal ecosystem, and subsequent prevention of long-term degradation can
be achieved through our integrated water pollution management and livelihood support
system.
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Team Koastal’s proposal

We propose an integrated water pollution management and livelihood support system for
the coastal zone of Kenya. Four aspects of coastal management are addressed: detection,
response, regulation, and educational and public outreach.
The first aspect of the Koastal project is to create a new ground and maritime based
wireless network of sensors to integrate ground and space observations of the coast of
Kenya. The wireless network is a cost-effective solution for monitoring the elements of
marine and terrestrial water pollution and water levels, providing continuous monitoring of
parameters that cannot be measured efficiently from space.
We suggest a Decision Support System to improve response to water pollution, floods, and
tsunamis. In case pollutants or water levels exceed a given threshold value, the system is
activated. The system will also issue warnings in advance of tsunamis and other natural
disasters.
Finally, the aim of our educational and public outreach efforts is to raise awareness for
environmental protection and to increase the level of readiness of coastal populations to
natural disasters. To accomplish this, we suggest the creation of a digital open source
education program made available for school students as well as to the general public and
distributed by mobile networks.
7.2.1

Conclusions

The use of mobile phones and text messaging as part of the decision support system is an
important part of the Koastal project solution. When water pollution levels exceed a
threshold value, or when a flood or tsunami is imminent, a response subsystem will
generate alerts using text messages as well as radio broadcast.
Finally, we address regulatory issues. Water pollution from industries and domestic waste
must be controlled by enforcement of the appropriate new and existing policies and laws.
Protection of the coastal environment can be achieved by implementing all aspects of
integrated coastal zone management. Management of the coastal areas brings into balance
the competing demands of different users for the same resources on the Kenyan coast.
7.2.2

Futures

In this section we look to the futures and consider the long-term sustainability of our
integrated water pollution management and livelihood support system. Risks to its
implementation and running are also considered.
7.2.2.1

Sustainability of solutions

Further investigation must be undertaken in the medium and long-term sustainability of
our integrated water pollution management and livelihood support system. While
significant efforts have been made to formulate a robust solution, this report has been
focused on the implementation of short-term relief efforts due to the urgency of the
problems at hand. Prolonged use of team Koastal’s system relies on continued operation
and maintenance of all hardware and software. Additionally, team Koastal’s technology
must be periodically assessed and updated to remain relevant to an ever-evolving coastal
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situation.
7.2.2.2

Risks due to market fluctuations

The possibility of a regional or international financial crisis poses a threat to our solution, as
devastation to the Kenyan economy could obscure funds required for our system’s
operation. Further research is therefore desired regarding a financial plan that will render
our solutions as indifferent as possible to periods of economic hardship, both in Kenya and
throughout the globe. Our integrated water pollution management and livelihood support
system will of course abate market fears by increasing economic benefits from tourism and
the fishing industry while limiting financial risks from natural disasters.
7.2.2.3

Sensitivity to unforeseen changes

The solutions in this report have been designed according to the current Kenyan coastal
situation, based on available literature. We are unable to predict the system’s efficacy in
case of a drastic change in coastal environmental circumstances. Team Koastal encourages
further research into the adaptability of integrated monitoring systems to different natural
phenomena and disasters. Ideally, we would like our technology to be usable for the
detection of coastal issues far beyond those explicitly defined in this report.
7.2.2.4

Funding

Future research should focus on ways to control long-term costs to ensure the system’s
longevity. In addition, a protocol should be developed to secure funding for system
maintenance in case costs rise beyond the means of invested parties. It should be noted
that while certain industries and citizens are direct beneficiaries of our technology, a fullyworking monitoring system will improve the overall quality of life for communities reaching
beyond the coastal region. Thus, it is in many parties’ interests to invest in our integrated
water pollution management and livelihood support system, and this fact should be
promoted to all stakeholders.
7.2.2.5

Global elements

While the Kenyan coastal region has been the case study of this report, the proposed
integrated water pollution management and livelihood support system is adaptable to
many of the world’s coastal environments. With minor changes to the monitoring software,
we expect the technology to be applicable to disaster relief and pollution regulation beyond
that region focus in this report. It is our hope that the Koastal project will serve as a model
solution for future challenges in water pollution and shoreline regulation.
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