Kenyan coast Observations through
Affordable Space Technology AppLications

Preface
More than half of the world’s population lives along the coast and this number
is predicted to grow to two-thirds by 2020.
NASA sponsors this team project Koastal in the hopes its result could
complement the efforts of its SERVIR program in East Africa. Team Koastal
decided to focus on marine and terrestrial water pollution of the Kenyan
coastal zone.
The Kenyan coastline is composed of diverse areas including beaches, coral
reefs, creeks, islands, forests, dunes, and agricultural zones. The country’s major
rivers flow from the central highlands through the coastal zones into the Indian
Ocean.
Kenya’s coastal ecosystems provide important resources for the local
populations, like food and firewood. Marine and terrestrial water pollution
threatens the entire coastal ecosystem, inluding the inhabitants. Tourism
accounts for almost half of Kenya’s gross domestic product and sustaining
coastal areas is important to ensure the tourist industry keeps the economy
running.
Team Koastal aims to help its inhabitants of Kenya’s coast to secure and
support their livelihood, in everyday life and in case of disasters. This report is
aimed at integrated coastal zone management stakeholders.
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Definitions
Coastal zone

The team

Coastal areas are where land and sea meet,
extending up to 100 km inland and within 200m
depth isopleth.
Pernetta and Milliman, 1995

Koastal team consists of 30
professionals from 12 countries who
share an interest in sustainability. This
project is completed as part of the
2 0 1 3 S p a c e S t u d i e s P ro g r a m a t
the International Space University in
Strasbourg．

Credits : Wetlands international

Integrated coastal management

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.

Integrated coastal management coordinates
policies in coastal zones. It contributes to sustainable
development by respecting natural resources and
ecosystems, and covers information collection,
planning, decision-making, management, and
monitoring.
From the European Commission

Credits : Topdefinitions

Water pollution
Water pollution is any chemical change in the quality
of water that has a harmful effect on organisms that
use water. Polluted water often has serious effects on
human health and can make water unsuitable for
use.
From water treatment solutions

Scope
Credits : Shutterstock

Space integrated applications
Space integrated applications are services that combine spacebased telecommunications, Earth observation, and navigation
systems into a complete solution for the end user.
From the European Space Agency

Te a m K o a s t a l c h o s e m a r i n e a n d
terrestrial water pollution as its focus
and limited our scope to Kenya.
We assessed problems in Kenyan
coastal zones. We analyzed existing
institutional infrastructure and available
technologies to develop an integrated
water pollution management
and livelihood support system. We
looked into policy, legal, cost, and
educational aspects of our solution.

Gap analysis
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A gap analysis summarizes a situation, lists factors needed to
achieve objectives, and then highlights gaps that need to be filled.
From businessdictionary.com

Methodology
First we define and understand the
natural and human-induced problems
and challenges in the coastal region.
Then we look at existing resources
to detect and monitor marine and
terrestrial water pollution. Secondly,
team Koastal investigates the gaps
from a policy, socioeconomic,
environmental, and technological
perspective. Lastly, we present
our affordable space and ground
integrated solutions for water pollution
monitoring and management.
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Credits : Stefano Prigione

Introducing Kenya

Kenya's coastal ecosystem
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Gap analysis

People on the coast of Kenya depend on marine and land resources for protection, food,
tourism, and building materials. Kenya’s coastal ecosystem consists of the following main
elements:

Seagrass
Seagrass is a food for many fish
and a habitat to smaller marine life.
Additionally, seagrass is beneficial
to coral reefs by reducing sediment
load.
Credits : Florida, department ofenvironmental protection
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Coral reefs

Kenya
Credits : Sassy wire

Kenya is a country in Africa. Its 500 km coastline borders the Indian Ocean to the East.
Despite abundant natural resources, almost 50% of the population lives on less than
$1 a day and is highly dependent on local ecosystems. Ecosystem services provide its
population with basic needs such as food and heating. Kenya has one of the lowest gross
domestic products per person in the world, $1,800 per year. Kenya’s natural resorts are
known for their beauty and attract many tourists, forming 44% of Kenya’s economy as a
whole.
Around 44 million people live in Kenya with around
10% along the coast. Many rely on public radio
and mobile phones to communicate. Despite a
low disposable income over 30 million Kenyans
have a mobile phone with 84% network
coverage. Mobile communications are a
common and cheap way to communicate.
Kenya is the second fastest emerging market
for mobile phone applications in Africa.
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C ora l reefs a re living
organisms that offer
shelter and food for
other marine life. Their
beauty attracts tourists
but the organisms are
very fragile.

Credits : UNESCO

Mangroves
Mangroves grow in salty
w a t e r. T h e y p r o v i d e a
shelter for fish, shellfish,
birds and other animals.
They protect against
waves and filter the
nutrients and create a
clean water environment.
Credits : SaleTur

Dunes
Dunes protect habitats
from sea and wind but
are vulnerable to erosion.
They also purify water.

Credits : Fredhoogervorst

Coastal forests

Credits : USAfrica gateway

Coastal forests provide
firewood and building
material as well as
offering habitat for
animals.

Credits : Ben Thé Man
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Marine and
terrestrial water pollution

Challenges

Many problems exist along Kenya’s coast but team project Koastal focuses on marine
and terrestrial water pollution. Water is an integral part to any coastal region and it is a
building block of life. Polluted water will immediately affect all inhabitants in the coastal
region. Water pollution degrades coastal forests and mangroves, causes coral bleaching,
reduces fish stocks, reduces land productivity, causes health hazards, deteriorates
the overall quality of life, ruins tourist attractions, and can badly affect the country’s
economy.

Credits : FT Photo Diary

Credits : UNEP

Natural disasters

Industrial pollution

Credits : Safety4Sea

Oil spill and waste

Credits : celsias

Coastal erosion

The Kenyan coast faces many challenges. Water pollution is
a particular concern, coming from many sources like waste
dumping from industry, overusing fertilizer in agriculture,
and oil spills from shipping.

Credits : Science buzz

Coral bleaching

Koastal selected terrestrial and marine water pollution as a focus due to the high degree
of interdependency between coastal ecosystems and human activities, its applicability
to space-based remote sensing applications, and its importance for integrated coastal
zone management. As water pollution affects so many areas it is an ideal subject for
an interdisciplinary study. This report considers many aspects of water pollution, from oil
spills and agricultural fertilizers to water pollution from natural disasters as well as waste
management.

Another challenge is environmental degradation from coral
bleaching, coastal erosion, and mangrove deforestation
which influence the environment and number of fish in
the sea. Coastal regions are prone to many disasters
that impact society and the environment. Many Kenyans
lack access to basic sanitation and safe water supply,
spreading disease, and lowering quality of life.

Credits : EJF

Rising sea level and
climate change
Credits : Malthe Winje

Water supply

Credits : Blue Carbon Portal

Mangrove deforestation

Credits : Brotherhood

Health hazards
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Credits : FMAP

Fish availability

Credits : Zimbio

Agricultural water pollution
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Existing institutional resources

Mobile phone network

Team Koastal identifies existing resources to reduce the cost of our solutions. Three
international services provide data used for national processing and decision-making.

Kenya has wide mobile communications coverage. 84% of the region is covered by
mobile networks and for example, 75% of people in Kenya use mobile phones daily. Team
Koastal’s target area, Kenya’s 500 km coastal region, is fully covered by mobile networks.
M-Pesa is a widely used application for everyday money transactions. 73% of mobile users
use this application at shops and 23% use the mobile service at least once a day. Team
Koastal proposes to exploit the mobile infrastructure to collect and broadcast information
due to its low cost, ease of use, availability, and popularity.

SERVIR Program
SERVIR Provides satellite images
and other data to help developing
nations. It is a joint initiative of
USAID and NASA.
GEONETCast is a source of
meteorological satellite data
used for cyclone detection
and tracking.

Kenya National Disaster
Operations Center coordinates
emergency response for
disasters in Kenya. All alerts are
channeled to this agency for
coordinated actions.
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Kenya Marine and Fisheries
Research Institute conducts
research related to fishing
and is administered by the
department of fisheries in
Kenya.

Indian Ocean Tsunami
Warning System is the source
of tsunami-related raw data
and alerts that are used by
the Kenyan Meteorological
Department to detect
tsunamis.

Regional Center for Mapping
of Resources for Development
promotes sustainable
development through
generation, application, and
dissemination of geographical
information. The Center is also
a hub for SERVIR and the major
source of remote sensing data
and processing for this project.

Kenya Meteorological
Department receives weather
data from GEONETCast and
also detects tsunamis and
tracks cyclones.

The Swedish International Development Cooperation Agency stated in 2012 that "the
‘killer application’ in East Africa is peer-to-peer communication, voice, SMS and beeping."
Using mobile networks drastically brings down the cost of implementing data distribution
compared to satellite communications.

$
$

$

$

Credits : itweb

Credits : computercliparts.net
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Gap analysis
Earth Observation data from space
Gap: No
Used in Koastal's solution
Water pollution data from ground observations
Gap: Yes
Acquired by Koastal's solution
Earth Observation data processing
Gap: No
Used in Koastal's solution
Products such as environmental degradation
Gap: Partial
Enhanced by Koastal's solution

Koastal solution
Team Koastal proposes a three-step solution for detection, response, and regulation of
water pollution. It also includes an education and outreach program.
At detection level, both space and ground based sensors are used to detect marine and
terrestrial water pollution. Predicting natural disasters like tsunamis, floods, and cyclones is
included here because of their role in causing water pollution.
At response level, team Koastal suggests data processing and a decision support system
(DSS) that triggers alarms for the response subsystem which will manage the situation and
contact state authorities. It also issues alerts to public through mobile phones and other
mass communication channels.
The third level, regulation, introduces policies and laws that need to be formulated and
executed with the help of Kenya’s government.
The end users of the three-step solution are individuals living on the coast and authorities
involved in the integrated coastal zone management.

Disaster information processing
Gap: Partial
Enhanced by Koastal's solution
Water pollution data processing
Gap: Yes
Processed by Koastal's decision support system

Water pollution
Detection

Ground

Space

National broadcasting
Gap: No
Used in Koastal's solution
Terrestrial mobile communications
Gap: Yes
Customized by Koastal's solution
Satellite communications
Gap: No
Used in Koastal's solution

Data processing-DSS
Response
Manage

Pollution control and environment management
Gap: Partial
Enhanced by Koastal's solution
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Authorities

Alert

Regulation
Policy

Awareness about water pollution
Gap: Partial
Enhanced by Koastal's solution

Individuals

Law

Executive
judiciary

11

Solution: architecture
Team Koastal proposes integrated solutions for data collection, processing, and
broadcasting. Data processing is done under one roof but collection and broadcasting is
a complex system:
A wireless sensor network near the coast and deep-sea Argo buoys with water quality
measuring systems is complemented by measuring instruments on boats. All these
instruments use different communication channels to send information to the data
processing center. Terrestrial wireless networks used for data collection and broadcasting
keep the system cost effective. The data processing center in Kenya will receive Earth
observation data from NASA’s SERVIR program. Team Koastal's solution uses crowd
sourcing to collect ground data such as pictures from mobile phone applications.

Solution: hardware
Our solution uses a network of ground sensors to monitor marine and terrestrial
water pollution.
The wireless sensor network uses the Zigbee network protocol to send data for
processing through the GPRS network. The wireless sensors can be placed inland
and up to one kilometer offshore. Team Koastal identifies 13 prime locations
affected by water pollution to place the sensors. Three nodes per cluster are
equipped with water pollution sensors to monitor 21 pollutants, 65 sensor clusters
form the complete network.
Twenty geo-tagged Argo buoys will be placed up to 55 km from the shore, in order
to record data further out to sea. These buoys will record the same 21 pollutants as
the wireless sensor network. Argo buoys descend to a depth of up to 2 km, collect
water data over multiple days, and rise to the surface to communicate their
information by satellite. They can repeat the process for up to five
years autonomously.

Example of possible Argo Buoys position along Kenyan coast

Short messages are sent using the terrestrial wireless network. Mobile phone applications
send additional valuable data to end users. Oil spill alerts are sent to the coast guard by
text messaging or by other means. The same wireless network channels are used for less
urgent data broadcasting (to authorities and scientists).
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Argo Buoy
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Credits : NASA
Credits : Easy voyage

Mobile phone applications

Policy, cost, education,
and conclusions

M-Fishing

Policy recommendations

This application is targeted at fishermen to easily locate
potential fishing zones. While the potential fishing zones
can be sent by text message, this application adds
a map of potential fishing zones with navigation and
weather data, trip statistics, and market trends.

To complement initiatives at national and pan-African levels, TP Koastal recommends
greater observance of international treaties and UN resolutions, including the 1967 Outer
Space Treaty and the 1986 UN Remote Sensing Principles Declarations. The UN Charter
for Space and Major Disasters should be modified to include access to Earth Observation
data to prepare for natural disasters. A legal framework should exist for local decisionmakers to acquire and process foreign-owned satellite data domestically.

Cost

M-Spill
This application sends information to coast guards
to react rapidly to oil spills. The application provides
a map of the spill location with navigation, forecast
spread, and geo-tagged image transfer.

Oil spill

M-Eye
This application collects real-time geo-tagged images
and videos using crowd sourcing to help authorities
take appropriate actions after a natural disaster.

Our solution is cost effective and can be implemented in phases to cover the
entire Kenyan coast. Team Koastal’s solution is to collect and distribute water
quality measurements with a cost of approximately $16,000 USD per sensor node. If
implementation started in highly-populated cities the start-up cost would only be only
$1.1M USD and the running cost would be $0.89M USD per year.

Education and outreach
Team Koastal’s proposes an education and outreach program to educate people about
water pollution and its influence on the coast, on clean drinking water, hygiene to avoid
spreading water-borne diseases, etc. TP Koastal suggests disaster preparedness training
for the population of the coastal regions. We propose use of television, radio, community
centers, and schools with existing internet facilities as well as mobile phones to spread the
word.

Conclusions
M-Collect
This application interfaces with pollution monitoring
equipment on boats, extracts data and pushes it to a
center over mobile networks.
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Our strategy for water pollution management is based on space and ground integrated
applications, is affordable, multi-disciplinary, and consistent with Kenya’s national goals.
Team Koastal utilizes existing international and regional infrastructure for Earth Observation
data processing and involves state authorities. Team Koastal’s water pollution and
water level data collection uses advanced technological solutions with wireless sensor
networks and Argo buoys. We propose innovative, mobile phone based applications for
information collection and distribution of disaster warnings and information. Team Koastal
suggests strengthening policy and regulations related to marine and terrestrial water
pollution.
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