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Foreword

The planet’s natural and nature-based assets, from freshwater and forests to
soils, coral reefs, the air and the atmosphere, are coming under increasing
pressure from over-exploitation; over-harvesting; pollution and unsustainable
patterns of consumption.

Human well being and quality of life are being affected including human
health and international action to overcome poverty and meet the Millennium
Development Goals.

The Millennium Ecosystem Assessment, MA, initiative is a landmark in
endeavour to understand and to formulate a decisive response among decision-
makers; business and the general public in order to more intelligently manage
ecosystems and the multi-trillion dollar services they deliver.

The Subglobal Assessments are fundamental elements that underpin the global
findings of MA. The El Maghara, Subglobal assessment, conducted in Sinai,
Egypt forms part of the Arab MA.

It provides and confirms the growing body of evidence that links poverty and
human well being to the health of ecosystems and their continued ability to provide goods and services.

The El Maghara assessment is a powerful example of the drylands - one of the most vulnerable and fragile ecosystems
on Earth - are often over-exploited to the point of acute decline and degradation.

Bedouin, the main stakeholders of the El Maghara assessment are a vivid example of the close connection between
culture, the physical environment, and human well being.

One central lynchpin in this relationship is the role of local knowledge in the sustainable management of drylands
which has assisted the Bedouin to survive and to thrive over millennia.

The El Maghara assessment has also catalyzed action to conserve the area’s natural environment. For example local authorities
have now taken a decision to make the Sheikh Hemid Wood a protected area as a result of its unique importance.

Studies of the El Maghara area has also assisted in updating the flora of the area, which in turn is an important part of
Egypt’s overall flora. Last but not least, the El Maghara assessment has contributed towards catalyzing a response to
water scarcity: a water desalination unit has been installed to serve the main Bedouin community concerned.

In addition, the El Maghara assessment report can serve as a blue-print for similar reports in areas of the world that
share similar social, economic and environmental conditions.

I would also like to thank the Government of Egypt for supporting this assessment and the Ford Foundation for
providing financial support.

In addition congratulations to the Suez Canal University and especially El Maghara assessment team for their
professionalism, determination and painstaking work in realizing this important report.

Achim Steiner

United Nations Under-Secretary General and Executive
Director, United Nations Environment Programme



Preface

There is no doubt that The Millennium Ecosystem Assessment, MA, initiative
has provided some substantial evidence of the state and conditions of the global
environment, and the impacts of this state on ecosystem services and their
contribution for human welfare. The MA has also provided some ample venues
on how to improve the quality of life and restore ailing environmental assets,
trying to cope with the growing demand of future generations.

The Sub Global Assessments SGA are integral component in the MA
initiative, with significant bearing on the locations where they were conducted,
the inhabitants of these locations, and the globe at large. The contribution of
the SGA in disclosing the state of environment degradation, environment —
based poverty and the factors contributing to that state is a central issue in the
growing interest to alleviate poverty, improve environmental conditions, and
to empower environmental sustainability.

It was an honour that the Suez Canal University was one of the global
contributors to the findings of the global MA and also one of the main institutes

with direct involvement in Sinai subglobal assessment. This role would go
very well with the special mandate of Suez Canal University, as a leading institute in the Suez Canal and Sinai area,
with special interest on community service and environmental issues.

It is indeed my pleasure to introduce the present work that illustrates among other things the endeavours of colleagues
at our university to highlight and to depict facts in such a way that would enable future improvements, progress and
sound management.

It is also my pleasure to thank our research team, for their dedication, patience, and also for their sincere efforts to help
the inhabitants of El Maghara, where the assessment was performed.

Meanwhile, I would certainly hope, that the findings produced in this report would be of good use to decision makers
and other stakeholders whom El Maghara area would present a real value.

I'would like to thank the United Nations Environmental Programme UNEP for their continuous support and supervision
that made it possible to produce this final report. Their sincere guidance, has led the way for this assessment to reach
a creditable standard, that we all are very proud of.

I would also like to thank H.E. Mr Maged George, Egypt state minister of environmental affairs for the valuable and
continuous support throughout.

Finally, I would also like to extend my thanks to the government of Saudi Arabia and for Ford Foundation, World
Fish Centre, Penang, Malaysia, for the their financial support, and for the United Nations University, Tokyo for their
technical support.

H.91. 29hb

Professor Mohamed El Sayed El Zoghby
President, Suez Canal University - Ismailia, Egypt

xi
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The Millennium Ecosystem Assessment
(MA) is an international initiative
launched in 2001 to “assess the
consequences of ecosystem change
for human well-being.” It also
establishes, the scientific basis for
actions to enhance the conservation
and sustainable use of ecosystems
and their contributions to human well-
being.

The MA responds to government
requests for information received
through a number of international
conventions and the business
community, the health sector, non-
governmental organisations, and
indigenous peoples.

Egypt's sub-global assessment is part of the Arab

millennium assessment which also includes
Morocco and Saudi Arabia. Time has proven

that Rachel Carson’s memorable book Silent

Introduction

Spring (Carson 1962) fell significantly short of
predicting the grim path the Earth is currently
experiencing. The environmental worries and
facts we are preoccupied with these appalling days
reflect her view that our desire for total control
of nature was mere arrogance. At the beginning
of the twenty-first century, the Earth’s troubles
have been exacerbated and have probably become
irreparable. Over the past 50 years, humans
have been living beyond the planet’s ecological
limits and changing ecosystems more rapidly
and extensively than in any comparable period
of time in human history, largely to meet rapidly
growing demands for food, freshwater, timber,
fibre and fuel. This has resulted in a substantial
and largely irreversible loss in the diversity of life
on Earth. Global warming and climate change are
becoming potential threats to millions of people
in different countries, including some of the
poorest places, with expected losses in land and
resources and the possible forcible migration of
millions from their homelands. Land degradation
has affected some 1,900 million hectares of land

Global
Regional

Local

Human well-being & poverty
reduction

e Material minimum for a good life
e Health and bodily well - being

¢ Good social relations

e Security

¢ Freedom and choice

® Presence of mind and spiritual
experience

Ecosystem services

¢ Provisioning (food, water)

e Regulating (disease control)
e Cultural (spiritual, aesthetic)
e Supporting (pollination soil
formation)

Life on earth:
Biodiversity

I = Strategies and interventions

Long term

Short term

Indirect drivers of change

e Demographic factors

e Economic factors (globalization, trade,
market & policy frame work)

¢ Social and political factors
(Governance, institutional & legal
framework)

e Science and technology factors

¢ Values, culture and religion

Direct drivers of change

e Changes in local land use and land
cover

e Species introductions or removals

e Technology adaptation and use

e External inputs (e.g. Fertilizer use, pest
control, irrigation)

e Harvest

Figure 1. Conceptual framework of the millennium ecosystem assessment
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Figure 2. Consequences of ecosystem change on human well-being

on the planet. In Africa, for example, an estimated
500 million hectares of land have been affected
by soil degradation, including 65% of the region’s
agricultural land. The loss of potential productivity
due to soil erosion is estimated to be equivalent to
some 20 million tons of grain per year. And this
is happening worldwide not just in Africa or Asia
(UNEP 1999).

The Millennium Ecosystem
Assessment

The Millennium Ecosystem Assessment (MA) is
an international initiative carried out between 2001
and 2005 to “assess the consequences of ecosystem
change for human well-being and to establish
the scientific basis for actions to enhance the
conservation and sustainable use of ecosystems and
their contributions to human well-being”. The MA
responds to government requests for information
received through four international conventions,
the Convention on Biological Diversity, the United
Nations Convention to Combat Desertification,
the Ramsar Convention on Wetlands, and the
Convention on Migratory Species, and is designed
to meet the needs of other stakeholders, including
the business community, the health sector, non-

governmental organisations and indigenous peoples
(MA 2003). The sub-global assessments, of which
this volume is one, aim to meet the needs of users
in the communities, countries, or regions in which
they were undertaken.

The MA Conceptual Framework
and Ecosystem Services

An ecosystem is “a dynamic complex of plant,
animal, micro-organism communities and the non-
living environment interacting as a functional unit”
(MA 2003). Ecosystems form a landscape and are
connected often by streams, rivers, and wildlife.
Ecosystem services represent the benefits human
populations derive, directly or indirectly, from
ecosystem functions (MA 2003; Daly et al., 1997).

The MA conceptual framework (Figure 1) classifies
ecosystem services as: provisioning services such
as food, water, timber, and fibre; regulating services
that affect climate, floods, diseases, wastes, and water
quality; cultural services that provide recreational,
aesthetic, and spiritual benefits; and supporting
services such as soil formation, photosynthesis,
and nutrient cycling. Figure 2 shows the linkages
between human well-being and ecosystem services.



Ecosystems and Poverty

The relationships between poverty and
environment, and between poor people and
natural resources, are complex and have been
the subject of extensive debate. Poor people are
often impoverished by an austere resource base,
and thus forced by their circumstances to degrade
the environment even further (World Commission
on Environment and Development 1987; Durning
1989; Cleaver and Schreiber 1994; Ekbom and
Bojo 1999). Poverty reduction is becoming a
global issue. The Millennium Development Goal
(MDG) objective of halving the number of poor
people by 2015 is one of the major driving forces

in this field.

In many under-privileged communities, mostly
in rural areas where the majority of people
are poor, ecosystem services become life-
supporting elements, and their role becomes
more conspicuous. A World Bank (2007) report
indicated that in low-income countries natural
resources account for an estimated 28% of the
capital stock; for high-income countries, this

figure is only 2% (Figure 3).

Definition of Ecosystem
Assessment

Anassessmentisacritical evaluation ofinformation
and knowledge of guiding decisions on a complex
public issue. It should also refer to a situation at
a specific time in a particular geographical and
societal domain. Stakeholders, including decision-
makers, play a major role in an assessment module,
orientation, and outcome. Ecosystem assessment is
usually conducted by a large group of people with
different backgrounds and interests.

It aims to address a vast portion of the population,
with special reference to decision-makers and the
like. It should also present scientific endeavours in
an explicit manner. Another definition considers,
assessment as “a social process that uses published
peer-reviewed material, and other forms of
knowledge/ publications to bring the findings of
science to bear on the needs of decision-makers”
(UNEP and IISD 1999).

Introduction
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Figure 3. Proportion of capital stocks in-country in
different income groups (World Bank 2007).

Global and Sub-global
Assessments

The MA is a multi-scale assessment consisting of
interlinked assessments undertaken at local, national,
regional and global scales. The global and sub-global
assessments analysed ecosystem services and the
consequences for human well-being from different
perspectives and with different stakeholders involved.
Meanwhile, sub-global assessments are conceived as
integrated assessments to analyse the relationship
between direct and indirect drivers of ecosystem
change, their impact on ecosystem services, and the
consequences for human well-being.

Assessments at sub-global scales are needed because
ecosystems are highly differentiated in space and
time on the one hand and because sound management
requires careful local planning and action on the other
hand. However, local assessment alone is insufficient
since some processes are of wider scale and because
local goods, services, matter, and energy are often
transferred across regions. The MA process included
34 sub-global assessments from around the world at
various scales (Figure 4). They were undertaken to
directly meet the needs of decision-makers at that
particular level while also strengthening the global
findings through reality checks on the ground and
by reinforcing the local and regional findings with
global perspectives, data, and models.
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Arab Millennium Ecosystem

Assessment

The Arab region sub-global assessment started

in the latter stage of the MA as an associate

assessment; as such, it was intended to go beyond
the global MA. Three sites: Sinai peninsula,

Egypt; Tafilalt oasis in Morocco; and Assir

National Park in Saudi Arabia were selected to be

the focal sites for the Arab Millennium Ecosystem

Assessment (Figure 5). The objectives of the Arab

MA include:

e to meet the needs of and communicate the
assessment information to decision-makers
concerned with the pilot sites at national and
local scales, and integrate the findings into
regional and global perspectives;

e to build capacity to undertake integrated
assessments of ecosystems of key partners;

e to help develop and test methodologies for
integrated multi-scale ecosystem assessments
and methodologies for integrating local and
“scientific” knowledge;

e to promote widespread adoption of integrated
assessment approaches in the region;

e to build a framework for the collection,
analysis, and synthesis of ecosystem-wide data
for decision-making at multi-level, including
the local community;

e to link and incorporate the outcomes into global
assessments; and

o to identify networks of actors and organisations
playing critical roles in the sustainable

management of ecosystems of those sites and

to bridge gaps between science, technology, and
sustainable development and define the existing

resource base devoted to bridging these gaps.
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Figure 4. Map of sub-global assessments worldwide (MA, 2005).

The Arab MA also intended to generate problem-
solving knowledge that facilitates action on
critical issues of sustainable development and
protection of the environment through the design
of institutional arrangements that foster the
generation, collection, analysis, diffusion, and
use of scientific knowledge for the sustainable
use of ecosystems.

The Egypt Sub-global
Assessment at Sinai Peninsula,
El Maghara

Egypt’s sub-global assessment is a community-
based assessment, conducted in the El Maghara
area, North Sinai. Community-based assessments
of multi-scale

are  necessary COIIlpOIleIItS

assessments such as the MA. They capture real
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Figure 5. Location map of arab MA

life experience of changes in ecosystems and
human well-being.

Sinai, located between the Nile Valley in Africa and
West Asia, is an important heritage site embracing a
unique collection of sacred shrines and ecologically
valued landmarks, including a number of rare
animal and plant species. St. Katherine monastery,
located in Southern Sinai, is one of the oldest
Christian establishments. The original chapel is
believed to have been established in 330 AD at the

place of the Biblical Burning Bush. Other sacred
sites include Gebel Mousa (Mount Sinai), where
Moses received the Ten Commandments.

Because Sinai is a land bridge between Asia and
Africa, it combines a distinguished faunal and
floral wealth. Sinai also has a diverse landscape
encompassing wetlands, desert terrain, sand
dunes, and mountainous highlands. The unique
culture and traditions of the Bedouin, the main

inhabitants of Sinai, is another salient factor in the

Figure 6. Location map of El Maghara area with reference to Middle East region
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mosaic diversity of Sinai. Their local knowledge, feature of Sinai that has allowed them to survive
wisdom, and experience is an important historical the harsh spells Sinai has frequently faced.

References

Carson , R 1962, Silent spring, Houghton Mifflin, Boston.
Cabinet Information and Decision Support Center 1997, Description of Sinai, IDSC, Cairo.
Central Agency for Public Mobilization and Statistics 2008, Final results of general census, CAPMAS, Cairo.

Cleaver, KM & Schreiber, GA 1994, Reversing the spiral: the population, agriculture, and environment nexus in Sub-
Saharan Africa, World Bank, Washington DC.

Daily, GC, Matson, PA & Vitousek, PM 1997, ‘Ecosystem services supplied by soils’, in GC Daily (ed.), Nature’s services:
societal dependence on natural ecosystems, Island Press, Washington DC.

Dames & Moore International 1985, Sinai development study phase I final report, Ministry of New Communities,
Reconstruction and Development, Cairo.

Duffyn, P 1966, Maghara coal project: report on reserves and relevant geology, General Organisation for Industrialisation,
Cairo.

Durning, AB 1989, Poverty and the environment: reversing the downward spiral, Worldwatch paper no. 92, Worldwatch
Institute, Washington DC.

Ekborn A & Bojo, J 1999, Poverty and environment: evidence of links and integration in the country assistance strategy
process, Africa region discussion paper no. 4, World Bank, Washington DC.

Farnsworth, NR & Soejarto, DD, 1991, ‘Global importance of medicinal plants’, in O Akerele, VH Heywood & H Synge
(eds.), The conservation of medicinal plants, Cambridge University Press, New York.

Khaled, AA 2000, ‘Geophysical study to determine the impact of structural elements on the groundwater occurrence in
El-Maghara area, North Sinai, Egypt’, PhD thesis, Faculty of Science, Al Azhar University, Cairo.

Bennett, E & Hassan, RM 2003, Ecosystems and human well being: a framework for assessment, Island Press,
Washington DC.

Capistrano, D (ed.) 2005, Ecosystems and human well being volume 4: multiscale assessments, Island Press,
Washington DC.

Migahid, AM, EI-Shafei, AM & Abdel-Rahman, AA 1959, ‘Ecological observation in the western and southern Sinai’, Bull.
Soc. Geogr. Egypt, vol. 32, pp.105-165

Egypt well evaluation conference Egypt 1995, Schlumberger.
Shata, A 1956, ‘The Jurassic of Egypt’, Bull. de Inst. Desert, vol. 1, no. 2, pp.68-73
Geological Survey of Egypt 1963, Report on Maghara coal deposits, GSE, Cairo.

Pinter, L, Zehdi, K & Cressman, D 1999, Capacity building for integrated environmental assessment and reporting:
training manual, UNEP & IISD, New York

United Nations Environment Program 1999, Global environment outlook, Earthscan Publications, London.

World Bank 2007, 3™ international expert meeting on the 10 year framework of programmes on SCP (Marrakech
process) background paper 2, Stockholm

World Commission on Environment and Development 1987, Our common future, Oxford University Press, Oxford.



Lead Author

Contributing
Authors

- — s -
— — ™
S ——— ; T - =
=y T L
_,.E-;-E—:w- Far e T
= — < - - e T
- - - — ; e
o B P

Assessment Methods

Mohamed Tawfic Ahmed

Ahmed Abdelrehim
Ali Amasha
Mohamed O. Arnous
Khairy El Ashry
Hamdy El Sharabasy
Mohamed EI Tabie
Mayar Sabet






Main Messages

The sub-global assessments, of which this volume is one, a basic component of
the MA initiative. They vary in their scale between community - based, national
and regional. However, their aim is to meet the needs of users in the communities,
countries or regions in which they were undertaken. Egypt’s sub-global assessment,
a part of the Arab Millennium Ecosystem Assessment, is a community-based
assessment, conducted in the El Maghara area, North Sinai. A main objective of the
assessment is to capture real life experience of changes in ecosystems and human
well-being. The inhabitants of EIl Maghara area are among the poorest and least
served in Sinai, and probably in Egypt. El Maghara also remains as one area in the
whole of Sinai where pristine Bedouin culture and practices prevail.

The area where the assessment was conducted has been exposed to severe
environmental degradation and loss of natural resources. The area also lacks basic
social, health, and other services.

A key factor in the selection of El Maghara as the study area was to shed some
light on the significant problems of the area and to highlight the magnitude of
environmental damage and people’s needs. The assessment was meant to
show decision-makers the extent of degradation and the magnitude of poverty
prevailing in the area. The goal was to assess the ecosystem in El Maghara and to
examine management options for promoting sustainable development, maintaining
environmental integrity, and improving Bedouin quality of life. Toward that end, the
assessment:

e established baseline information against which future changes to the ecosystem
could be measured, and

e assessed current policies and management practices for sustainable management
of the ecosystem in El Maghara.

A variety of field and laboratory techniques were used in the assessment, with
special emphases on Geographic Information System (GIS) and Remote Sensing
(RS). Meanwhile a number of indicators were used to monitor changes in the
ecosystem
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1.1 The Selection of the Study
Area

The selection of El Maghara as the assessment
site was based on a number of factors. The area
embraces a number of biodiversity-rich and
special ecosystems that undergo changes and
transitions that affect the environmental integrity
and the well-being of the inhabitants.

El Maghara is considered one of the most
important floral centres for medicinal plants in
the Middle East. Sixty-one percent of its flora is
considered medicinal (Abd El-Wahab et al. 2004;
Farnsworth and Soejarto 1991). In addition, it
represents an important area of anthropological
value due to the presence of a number of
Bedouin tribes that each has unique traditional
knowledge. An appreciation of biodiversity and
the importance of each and every living organism
is deeply rooted in Bedouin culture.

The inhabitants of El Maghara area are among
the poorest in Sinai. This hardship has limited
the migration of non-Bedouin to the area and has
also limited the sweeping urbanisation that has
sprawled over other parts of Sinai. El- Maghara
remains as one area in the whole of Sinai where
pristine Bedouin culture and practices prevail.

In El Maghara, extractive industries, especially
coal, gravel, and marble, have inflicted a harsh
impact on the environment, manifested in
heavy pollution, resource depletion, habitat

fragmentation, and biodiversity losses.

Sheikh Hemid Wood, a unique environmental
asset in the area, is grossly mismanaged, with
trees and terrain being excessively degraded
because of irrational stone and gravel extraction.
The El Maghara coal mine has also had a heavy
impact on the area, causing serious land and
water contamination and solid waste problems.
The area’s high environmental degradation is a
key factor underlying the high poverty level of
local Bedouin.

The remoteness and isolation of the area has also
made it very difficult for key decision-makers to
understand the magnitude of damage in the area.
It also makes it even harder for the people of El
Maghara to convey their message to decision-
makers. One of the main objectives of the El
Maghara assessment was to draw decision-
makers’ attention to the magnitude of damage
in the area, and to provide them with some new
leads for better, more rational management of
the area’s natural stocks.

Crossing the Suez Canal is the first step to reach El Maghara
Source: Mohamed Tawfic
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Landscape of El Maghara, a general view, with Gebel El Maghara in the background
Source: Mohamed Tawfic

1.1.1 The Geo-morphology of

El Maghara

The northern sub-region of Sinai (8,000 km?,
about 13 per cent of the total area of Sinai),
(Figure 1.1), where El Maghara is located, consists
of a wide plain sloping gradually northwards. It
narrows in the east because of the presence of
Gebel Maghara. There are sand dunes extending
for several kilometres landward in this wide
plain, forming a continuous series parallel to the
Mediterranean Sea. The sand dune near Maghara
mountain extends from southwest to northeast,
perhaps because of the influence of the mountains
(Abu Al-Izz 1971). (Figurel.2)

El Maghara lies between longitudes 33° 10'
and 33° 40' E and latitudes 30° 35' and 30°
50" N. It lies about 182 km to the northeast of
El-Ismailia and 120 km to the southwest of El
Arish. The area has an elevation rate, ranging
from 200 - 650 meter, a.s.l (Figure 1.3). El
Maghara region is of interest to many authors
who have conducted studies dealing with the
area’s geology, hydrogeology, and geophysical
features (Khaled 2000). Shata (1956) measured
the Jurassic section of El Maghara as about 2,000
metres thick. Schlumberger (1984) subdivided

the Jurassic rocks around El Maghara into six
formations. The micro-faunal assemblages of
the Jurassic rocks were investigated by Bircher
(1940), who noticed that the Jurassic fauna of
El Maghara corresponds to those of the Middle
European province.

Since the first discovery of coal in El Maghara
in April 1959, various attempts have been made
to investigate this important energy source. The
Geological Survey of Egypt (1963) drilled 91
boreholes in an area of about 30 km? around El
Maghara. Laboratory examinations of the coal of
El Maghara were made by Duffryn (1966).

Al-Far (1966) measured the section below the
cretaceous around Shushet El Maghara and
subdivided it, on a lithological basis, into six
alternating continental and marine formations. He
indicated also that the Safa formation is the main
coal-bearing horizon of economic potentialities.
Abdel-Khalek (1973) studied the petrographic
characteristics of El Maghara coal to evaluate its
economic potential. Abd El-Hak (1987) studied
the petrography and lithostratigraphy of the Safa
formation in Wadi El Rakeb in the El Maghara
area. He subdivided the Safa formation, on a

13
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Figure 1.1. A regional map showing where the assessment was conducted
Source: Nasa-Modis, February, 29, 2000

lithological and geochemical basis, into a lower
Rakeb coal member and an upper calcarcous
elastic member. Dominant land cover in El
Maghara area is sand dunes, north of the main
road, while the southern area is predominantly
with

drainage and mountainous landscape,

scattered settlements ( Figure 1.4).

1.1.2 Climate of El Maghara

El Maghara area is characterised by an arid
climate; hot and dry in summer, cold with rare
rainfall in winter. The mean annual temperature
is 20°C and the relative humidity is 47 per cent.
The mean annual rainfall is about 50 mm. This
amount of rainfall lies in the middle of the
rainfall resources of North and Central Sinai,
which ranges from 15 mm at Nekhel to 150 mm
at Rafah. (Migahid et al., 1959).

El Maghara anticlines are characterised by a high
evaporation rate (9 mm/day), which plays an
important role in soil and rock enrichment with
an important source of water, the dew in the first
hours of the morning. Large areas of limestone
slopes characterised by rocky outcrops are covered

mainly by different types of lichens that depend
mainly on dew as a major source of water.

1.2 Assessment Users

The anticipated users of the assessment were
identifiedinaworkshopattended by representatives
of user groups. The identification and engagement
of various users were further investigated through
field visits and meetings with stakeholders. The
process identified the following users.

1.2.1 The Bedouin Community
Bedouin are the main inhabitants of Sinai and the
focal group of the present assessment. Bedouin
need the assessment findings for many reasons,
but particularly because of their need for sound
ecosystem services to help address their needs for
food, water, shelter, and security.

Addressing these needs in turn requires a sound and
caring governing body that provides understanding,
logistical support and commitment to alleviate
their immense suffering and social injustice. This
assessment is a sort of fact sheet that documents the
state of the Bedouin.



1.2.2 North Sinai Governorate

North Sinai governorate is a focal stakeholder,
with direct involvement in this assessment. It
represents the official and logistic reference in
all activities, services and civic affairs of El
Maghara. Enforcement of the law and observing
is embedded
in governance dedication and efforts to stop

sound environmental conduct

industry violations of sustainability codes,
protecting the environment and providing
due care to the Bedouin. The assessment
represented a close reflection of what El
Maghara conditions are like, so remedial action
could be contemplated.

1.2.3 Department of the Envi-

ronment and Environmentalists
El Maghara embraces some of the most
distinguished environmental assets in Sinai
and Egypt at large. The momentous collection
of floral diversity, terrain landscapes, and
historical sites are among the most renowned.
The Department of the Environment, along with
environmentalists, are potential stakeholders.
Their role in including the El Maghara area in
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their future conservation and maintenance plans
is crucial. The Department of the Environment,
along with the Governorate of North Sinai,
should bear the responsibility for rescuing El
Maghara from the unprecedented damage that
industry, inferior service and remoteness have
inflicted on the area.

1.2.4 Department of Tourism

The involvement of the Department of Tourism
in the present assessment stems from its direct
responsibility for rescuing the unique tourist
assets tarnished by waves of negligence.
Tourism is a potential source of revenue to
boost the economics of the area and improve
the quality of life of the Bedouin in El Maghara.
The numerous wadis and exotic terrains are most
appealing assets that can support a flourishing
safari business and tourism industry if given a
proper outlet. Additionally, the Bedouin’s special
culture, handicrafts and pattern of life are major
attractions for both national and international
tourists, environmentalists and other visitors
whose frequent visits and activities can help the

area thrive economically and socially.
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The Department of Tourism is one of the
guardians of the heritage of the Bedouin
communities, their local knowledge, and its
application in various fields.

1.2.5 Department of Agriculture
Agriculture is the main activity of most of the
Bedouin in the study area. Thus the involvement
of the Department of Agriculture is an important
way of improving agricultural conditions, with the
main tasks including promotion of agro-diversity,
improvement of medicinal plant production and
embedding good water management programmes.

1.2.6 Department of Water

Resources and Irrigation, DWRI
A central mandate of the Department of Water
Resources and Irrigation is to supply the area
with water for people’s domestic use and also
for agriculture. Most of the deep wells in the area
belong to the DWRI, especially their operation,

monitoring and maintenance. To make optimumuse
of flashfloods, the DWRI is also constructing small
dams, located to harvest the floods for eventual use
and also to protect cities and populations from the
risks of flashfloods. The study area embraces El
Karma dam, built by the Department of Water
Resources and Irrigation to supply the Bedouin
with water and also for seasonal irrigation and to
recharge ground water.

1.2.7 Suez Canal University

Suez Canal University is the scientific organisation
running the assessment project. Fostering
development and prosperity in Sinai is a major
objective of Suez Canal University, which is also
oriented more than most to community service and
environmental studies. The university’s facilities in
Sinai include: a) an environmental research station
in South Sinai (St. Katherine); b) an environmental
agriculture faculty in North Sinai (El Arish); and c) a

marine science research station at Sharm EI Sheikh.



Against a background of increasing human and
natural pressures, the Sinai Peninsula in general,
and the selected sites in particular, need sound
management in order to conserve and protect
the ecosystem and improve the quality of life of
the local inhabitants. There is an imminent need
to address both the decision-makers and the
inhabitants of Sinai in order to establish the essence
of sustainability at all levels to reverse the current
trend of environmental degradation. Equally
important is the need to establish the dynamic
linkage between the ability of an ecosystem
to provide services and the sustainability of
agricultural production and people’s livelihoods.

However, within the tangled web of interests in
any society, including El Maghara, needs vary
depending on the angle through which the issue
is examined. Nevertheless, the Bedouin, the main
group of stakeholders, may be looked at as the
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main users of the assessment, and their needs are
probably the most legitimate to address.

These needs would entail the ability of the ecosystem
to provide the services used to support Bedouin life,
and to help them cope with the remoteness and
isolation that taint their life. With plant biodiversity
as the main asset of the area and the main repository
of food supplements and other services, their needs
include identifying disappearing species of fauna and
flora in the study site, exploring the reasons behind
their disappearance and learning how to maintain
the biodiversity of the areas being studied.

The need for raising awareness among the
Bedouin seems evident in order to help restore
threatened species and overcome water scarcity
and other impacts caused by the major drivers.
At the same time, decision-makers should be
informed about the consequences of development
and its impact on environmental quality and
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Bedouin of El Maghara during a Meeting
Source: Mohamed Tawfic

human well-being. Local knowledge seems to be on
the retreat as the young generation expresses little
interest in learning from the elder clan members.
The loss of local knowledge could have significant
repercussions on the Bedouin community and there
is an urgent need to keep the flow of this knowledge
within the community.

1.2 Assessment Objectives

A major aim of the study was to assess

the ecosystem in El Maghara and examine

management options for empowering sustainable
development, maintaining environmental integrity
and improving the Bedouin’s quality of life.

Towards that end, the assessment:

o cstablished baseline information against
which future changes to the ecosystem could
be measured.

e assessed current policies and management
practices for sustainable management of the
ecosystem in El Maghara

e promoted partnership and participation

among the local communities, the scientific

community, non-governmental organisations
and development agencies in the management,
protection and conservation of the ecosystem;
promoted the concepts of sustainability,

agro-diversity and the role of stakeholders in

managing environmental issues; helped in
alleviating poverty by providing some technical
help and infrastructure

o identified major drivers of ecosystem change,
areas of environmental deterioration, and how
to implement restoration methods

e introduced alternative policies and strategies
at the local level that would ensure sound
management  to  achieve  sustainable

development; adopted and refined a model

methodology for ecosystem assessment that

could be transferred and applied in different

parts of Egypt and the Arab region.

1.3 Assessment Methodology

As a community-based assessment, a central
feature of the El Maghara assessment is to give
a genuine depiction of real life as well as to give
information about existing management systems
for obtaining ecosystem services and the role
played by the community. The Sinai sub-global
assessment was performed by a team of 50
scientists, with a wide and diverse set of interests
and specialisations coming from various institutes
and scientific bodies.

The assessment was led by Suez Canal University,
with contributions from a number of institutes
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A Bedouin community in the vicinity of the study area
Source: Mohamed Tawfic

that included, but were not limited to: Cairo
University, El Menoufia University, El Mansoura
University, the Centre for Environment and
Development for the Arab Region and Europe
(CEDARE), the Center for Future Research, the
Cabinet Information and Decision Support Center
(IDSC), the Ministry of Energy, the Ministry of
Water Resources and Irrigation and the Desert
Research Centre.

The Sinai sub-global assessment followed the
MA conceptual framework, focusing on major
ecosystem services.

Current conditions and historical trends of
natural ecosystems in the assessment area
are further highlighted with their capacity to
provide services. Special emphases were laid
on major services in the assessment area,
namely floral diversity and the provision of
water and minerals.

The primary (underlying) drivers and the
proximate (pressure) drivers of ecosystem
change in the assessment area were identified
with their assessed impact. A detailed study of
scenarios and how plausible futures may unfold
were examined in the course of the study. Four
scenarios were produced using different methods
and simulation programs.

1.3.1 Use of Indicators

A number of indicators were used to illustrate
the conditions of some of these services and
to depict changes and variations caused by
drivers. Floral diversity and contamination with
heavy metals were used as indicators of land
degradation and land contamination. Heavy
metal concentrations and microbial count
were also used as indicators of the impact of
environmental and man-made factors on the

quality of drinking water.

1.3.2 Techniques for Assessing
Ecosystems

A number of techniques were used throughout the
study including laboratory techniques and field
observation techniques. The use of Geographic
Information Systems (GIS) and remote sensing
tools were particularly useful in detecting changes
in land use (man made), and land cover (natural).
Remote sensing and GIS technologies are tools
that facilitate the investigation and monitoring
of ecosystem changes leading to a better
understanding of the natural and human impacts
on El Maghara ecosystems.

these

techniques to monitoring

Applying
characteristic features of the El Maghara landscape

19



20 Ecosystems and human well-being, El Maghara, Northern Sinai, Egypt

on different dates and in different years provided
ample land cover information. By comparing
enhanced satellite images of the study area in years
1986 and 2000, the land cover showed change
caused by either human activities or changes
made naturally. Several steps and procedures were
implemented to set up the geographical database.
Some of them are:

o image processing of the satellite data and
geometrical corrections
o geographic positioning validation of reference

points using GPS

Bedouin of El Maghara

o field verification of enhanced satellite images

» map digitization converting raster and analogue
data into a digital format (layers)

o design of a coordinate grid pattern for sample
representation

o manipulation and integration of data

coverage layers.

1.3.3 Grid Representation

In the present study, an elemental step was to
design an approximate square grid network for
the E1 Maghara area. Every point is defined by
its X, y, and z geographic coordinate values. This
grid cell network gives a precise representation
of its ground surface information. The chosen
square grid pattern of the El Maghara area is
used with 0.5 longitudinal and 0.5 latitudinal
minute intervals. Various layers of thematic

Source: Mohamed Tawfic

data coverage are prepared for the area under
investigation in a digital format to be easily
manipulated by GIS programs.

1.3.4 Techniques for
Socioeconomic Studies

The socioeconomic profile of the Bedouin in the
assessment areca was studied through extensive
meetings and interviews with many of the local
community. Regular visits were made, during
which the assessment team mingled with the
locals in order to build a basis of trust and
confidence and to allow the smooth flow of
information. The socioeconomic survey was
preceded by medical screening and counseling
of a large number of the community.

For some time, development of the desert areas of Egypt was almost ignored or at least had low
priority in national planning. A good appreciation and understanding of natural resources and the
socioeconomic fabrics that prevail in these areas was missing. Several reasons account for the
low priority profile of the desert ecosystem. A deeply held belief associating the desert with risk,
uncertainty and hardship, has halted the process of building a scientific base for that arid ecosystem.
Inhabitants of desert areas in Egypt have always maintained a different lifestyle that distinguishes
them from the rest of Egypt.

Being of different ethnic and cultural background, the Bedouin have always felt a different identity.
On the other hand, the political turmoil that engulfed Sinai for many years had its negative impact
on development work and the stewardship of resources. The concept of sustainability is fairly new
in Egypt, especially at district and governorate levels where a full comprehension of the trajectory
that sustainability leads to is in its infancy. As a result, a gap still remains in addressing ecological
and socioeconomic problems at district level. In Egypt, there is a growing need for an integrated
cross-sectoral approach to reconciling apparent conflicts that alienate those living in the desert. The
emerging issues of sustainable development and poverty alleviation may provide this reconciliation.



El Maghara coal mine, a landmark of the assessment area
Source: Mohamed Tawfic

Being cut off and isolated from the rest of the
country, the Bedouin have developed cautious
feelings about strangers who come to their areas
and would always suspect their intentions. For
this reason, efforts were made to bridge the
gap between the assessment team and the local
inhabitants of the area. Medicine, biscuits and
other items were often offered during the visit.

1.3.5 Introducing the
Questionnaires to Local Bedouin
in El Zawadin Community

Three
used throughout the study to map out the

questionnaires were produced and
socioeconomic profile of the population in the
assessment site. A group of assessment team
experts with diverse backgrounds that included
medical care, psychology, sociology, economics,
and environmental science were involved in

producing the questionnaires and analysing them.

The first questionnaire was designed to examine
the ability of the Bedouin sample to respond and
communicate with the team. It was also meant
to pave the way to discover other issues to be
discussed in subsequent questionnaires. Because
the vast majority of the Bedouin were illiterate,
the study team completing the questionnaire had
to interview each person individually, explaining
the question if necessary before writing down
the information. Female team members were
involved in conferring with Bedouin females,
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who constituted about one third of the sample.
The first questionnaire dealt with basic life
activities and the generic social issues of the
community, as it was meant to establish a
mutual relationship between the study team and
the Bedouin. The questionnaires that followed
were more structured and targeted to ascertain
more subtle and indirect information such as the
quality of life, environmental awareness, local
knowledge, and the role of medicinal plants in
Bedouin life. A large part of the interview process
was incorporated into a medical examination so
that Bedouin would be encouraged to talk and
express their views.

1.3.6 Sample Size

Questionnaires were completed with about 100 people
(69 men and 29 women) from the various small
villages and sub-villages in the assessment area.

1.3.7 Elders as a Source of
Information

Elders in the El Maghara community represented a
reliable source of information on a variety of topics,
especially those related to local knowledge and the
use of medicinal plants and floral and faunal species.
Women are good sources of information about the
floral species since they obtain this experience
when grazing the animals, a job done by girls in the
Bedouin community. Elder women are also more
familiar with the use of medicinal plants in the
management of childhood diseases (although the
medical doctor on the assessment team noted that
some of these practices are not necessarily useful
and may even aggravate the situation). The elderly
are also the main source of local knowledge and its
application to the various walks of life, including
water management and crisis management during
the hardships of wars and political conflicts.

1.4 The Socioeconomic Profile
of El Maghara Bedouin

inhabited by Bedouin
communities whose ethnic composition is one

Sinai is principally
of the striking features of the Sinai area. The
Bedouin in Sinai constitute 75 per cent of the
total Bedouin in Egypt. The ethnicity of the Sinai
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population differs conspicuously from the south to
the north, with some fundamentally distinguishing
features. The Bedouin of Sinai belong to seven
tribes and each tribe controls a different part of
the Peninsula. Tribes are made up of a number
of clans, which include a family up to the fifth
generation. The tribal sheikhs or heads make all
the important decisions regarding tribal affairs.

The tribe is considered a social structural unit
of rural nomadic society (Bedouin community)
that has the same social, cultural, economic, and
psychological characteristics. While the majority
of Sinai’s inhabitants are of Bedouin descent,
their status has changed to urban dwellers with
increasing urbanisation and settlement. Sub-
regional differences in the Bedouin population
reflect both the proximity to the rest of Egypt and
the urban build up of the sub-region.

The Upland sub-region, where the assessment
was performed, is the most remote area of Sinai.
It remains remote, with sand dunes and rock
formations covering nearly 42 per cent of Sinai.
It is the least populated area, containing only
11 per cent of the population of Sinai. The sub-
region is characterised by high out-migration
by young males seeking employment. Average
family size is the lowest in Sinai reflecting out-
migration by young males and delayed marriage.
Because of the prevailing poverty and harsh
conditions, the Bedouin in the Upland have the
highest illiteracy rate in Sinai. Their clothing and
practices are typical of traditional Bedouin.

The dispersion of the Bedouin population is
dictated by their primary occupation, which is
livestock grazing and agriculture. Bedouin live in
tents or temporary shelters made from palm tree
leaves or other plant fibres; however, some have
been settling in permanent houses of concrete
block structures.

Customary law is the Bedouin’s unwritten law that
has been developed over many years by the tribes.
It is highly developed and has a complex structure
mostly based around the Muslim Shari’a.

Figure 1.5 Populated areas around El Maghara (coloured
in pink)

1.4.1 Poverty in El Maghara Area
Poverty in El
environmentally caused phenomenon. Throughout

Maghara is partially an
history, nature has provided the primary sources
for Bedouin nourishment and well-being
through the wealth of floral and faunal diversity.
Ecosystem services in El Maghara are a core
component of human well-being and survival.
Diversity in ecosystems is an important factor
in reducing communities’ vulnerability, as it
buffers people against shocks and surprises
such as climatic and economic fluctuations. It
may be contended that land degradation, lack of
precipitation, and other man-made environmental
impacts have had profound effects on natural
resources.

It is argued that poverty in El Maghara is
not restricted to the economic dimension but
goes far beyond, to include lack of access to
schools, clean water and social services. Lack
of good governance, at a local level, and the
massive change in land-use patterns have caused
irreparable damage to a number of environmental
attributes, with a strong bearing on the quality of
Bedouin life: water resources have been polluted,
land has been degraded, floral and faunal species
have been disappearing and some alien species
have emerged causing considerable damage.
Some of the unique biodiversity features were
mismanaged or destroyed through irrational
human activities such as quarrying, etc.



Sheikh Elyan, a major source of information
Source: Mohamed Tawfic

A key factor in the selection of El Maghara as the
study area was to shed some light on the significant
problems of the area and to highlight the magnitude
of environmental damage and people’s needs. The
assessment was meant to help decision-makers
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understand the extent of degradation and the
magnitude of poverty prevailing in the area.

1.4.2 The District of El Maghara
El Maghara region, one of the administrative
districts of El Hassana Centre, is located 160
km from El-Arish city and has a total area of 24
km?. It comprises several villages, including El-
Mangam, El Maghara and Al-Masaged village
(Figure 1.5). EI-Mangam village consists of two
communities: El-Zawadin with a total population
of 1,000 and Sheikh Hemid with a population of
500. El Maghara village consists of Minaisie and
Al-Hireg communities with a total population
of 1,000. El Maghara area has the highest
percentage of Bedouin in all areas of Sinai, with
almost no inward migration by outsiders. It also
has the highest rate of aged, dependent Bedouin.
Bedouin in the area have the highest illiteracy
rate in Sinai (Dames and Moore 1985).

1.4.3 Basic Demographic
Features

The Bedouin population in the two centres of
Central Sinai, namely El Hassana and Nekhl, is
in the range of 25,000, including 13,800 in El
Hassana, 11,000 in Nekhl (Central Agency for
Public Mobilization and Statistics, 2008). El

Grazing, a main activity for women
Source: Mohamed Tawfic
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El Maghara school children
Source: Mohamed Tawfic

Hassana Centre has 20 villages and a number of
small sub-villages. The average annual population
growth is in the range of 1.3 per cent. The ratio of
males to females in Central Sinai is 52.6 per cent
to 47.4 per cent, respectively. The average family
size in El Hassana is about five members, with the
highestratio of persons per one room in North Sinai
governorate. (Cabinet Information and Decision
Support Centre, North Sinai Governorate 1997).

1.4.4 Income
InElMaghara,accordingtothesurvey findings,
34 per cent of families have a monthly income

Income per family LE/month

40

35
30

25

% 20 |
15 |
10

200 270 340 410 More

Income

Figure 1.6. Proportion of the El Maghara population at
various income levels (LE per month)

Throughout human history, crises have been the hard way
for mankind to gain experience, knowledge, endurance and
wisdom. Sinai’s history is tainted with crises since its very
early days. Sinai has witnessed an array of natural as well
as man-made crises. Drought is one of the most serious
natural crises Sinai has frequently confronted. The toll of
drought is profoundly felt in a variety of ways, including
social, environmental, economicand household impact. Local
knowledge has played a pivotal role in mitigating drought.
One of the main mitigation measures is the diversified
cropping system that Bedouin adopt to minimise the risk
of crop failure. The Bedouin have also developed their own
methods of water harvesting that include dikes, small dams,
digging contours, and allowing water to collect in holes. A
careful study of the flash floods has enabled the Bedouin to
predict their routes, taming and diverting the flood path to
cover wider, pre-sown areas to provide them with water.

Political conflicts and wars are the most serious man-made crises
in Sinai. The bitterness of wars has left the Bedouin with deep
scars, but also with a rich experience of self reliance. Being cut
off in the middle of endless conflicts, the Bedouin had to build a
self-reliance system that would ensure the flows necessary to
meet their basic needs. Medicinal plants were their ever-secure
drug store, while herbs, shrubs, and trees were their sources
of fodder, fuel, raw materials for constructing their homes,
and many other things. Camels and goats were their main
sources of milk, meat and fibres used not only for clothing but
for building shelters and the production of a variety of farming
tools. There is no doubt that crises have built the integral part
of Bedouin independence and self reliance. But on top of that,
crises have ironed out the gaps that tribal structure tended
to provoke, and cemented the solidarity of Bedouin society.



Typical Bedouin homes around El Maghara

Source: Mohamed Tawfic

ranging from 200 Egyptian pounds (LE) to less
than LE 270, with 21 per cent having an average
monthly income ranging between LE 430 and LE
480 (Figure 1.6). The questionnaire showed that
the highest proportion of the Bedouin’s income (17
per cent) is spent on tea, coffee and sugar. Tea is
the Bedouin’s favourite beverage and the drink of
choice during family gatherings and social events.

1.4.5 Education

In Egypt, primary education is compulsory by
law. Parents who fail to send their children to
primary school for their basic education are
violating the law and are liable to face fines.
Though basic education is free, parents have to
pay extra for copybooks and other items that a
pupil needs. The only preparatory school in the
area was built only a few months ago. However,
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.

for years, there was no preparatory school in El
Maghara and pupils had to travel a long way
to the nearest one, which is 20 km away, for
their classes. Many parents cannot afford the
cost of travel and consider it unsafe for young
children to travel on their own. The government
has provided boarding opportunities for these
pupils to spare them the difficulty of commuting
to school every day, but most parents are not
inclined to let their children leave home and stay
in these dormitories. Very recently, a preparatory
school was builtin the area. However the Bedouin
complain that teachers are hardly present, except
for a few hours a day, and for the rest of the day
pupils have no classes.

There is a large gap between school attendance
by boys and girls, as well as a gap between the

School enrollment

4 per cent of More than
girls join primary 190 per cent
schools illiterate girls

23 per cent
of boys join
primary school

3 per cent of
boys continue
high school

Figure 1.7. School enrollment, El Maghara area
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proportion of those who attend primary school
and secondary school. 23 per cent of boys attend
primary school and only 3 per cent attend high
school. 4 per cent of girls attend primary school,
but almost all leave school at a very early age for
family reasons and because of cultural constraints
(Figures 1.7, 1.8). El Hassana district, where
El Maghara is located, has the second highest
illiteracy rate in Sinai and the second highest
rate of school leavers (Central Agency for Public
Mobilization and Statistics, 2008).

In the sample studied, 56 per cent of men were
illiterate, while 24 per cent could manage to read
and write but had no certificate of completion for
any stage of education. Only 20 per cent of men had
a primary school certificate (Figure 1.8). Among
women, 90 per cent were illiterate.

1.4.6 Employment

Unemployment is one of the most chronic issues in
Central Sinai, particularly in the El Maghara area.
Agriculture and grazing are well established types
of employment. With the long-lasting shortage of
water, neither of these activities can sustain the
same numbers of people it once did.

Grazing, an old and traditional activity, is mostly
done by girls and young boys. Older men pass
on information about the best places to graze,
types of plant, the properties of plants and other
relevant information to young girls. The Bedouin

=

Bedouin children
Source: Mohamed Tawfic

had to make new routes to collect flashfloods so
it can spread and nourish the vegetation cover,
securing grazing potential.

El Maghara coal mine used to employ a number
of Bedouin in non-technical jobs. With the closure
of the mine, most Bedouin were laid off. Other
extractive industries, such as sand and gravel
extraction, provide a few jobs for the Bedouin.
The scarcity of employment opportunities has
compelled many young Bedouin and some
Bedouin families to migrate to other parts of
Egypt, either on a seasonal or permanent basis.

1.4.7 Health Profile

Frequent visits by the medical members of the
assessment team showed that the inferior quality of
drinking water is the most influential factor on health.
Water quality studies based on samples collected from
a number of the wells and dikes used for drinking
showed the deteriorating quality of drinking water.

Mining and gravel extraction industries have
affected the quality of water in the nearby wells
to a serious extent. Levels of heavy metals and
pathogenic microorganisms were detected in
samples taken at random from some of the widely
used wells in the area. Moreover, the quality of
flash floods, one of the main sources of drinking
water, has been seriously contaminated by heaps
of solid waste disposed of in their path.

60
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Illiterate Certificate Read&Write
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Figure 1.8. Men education status, El Maghara area
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Desalinated water, source of drinking in some big villages
Source: Mohamed Tawfic

The medical team visits also revealed the following

(Table 1.1):

o for children, the common complaints are
mostly protozoa intestinal diseases. The cause
of this infection lies in the polluted water and
consumption of unwashed fresh vegetables.
Sporadic cases of chickenpox were also
reported. Lack of simple hygienic care was a
common and strongly observed feature that all
children had in common.

o women’s complaints were mainly due to
the excessive consumption of foods with
high salt content. Other complaints included
epigastria pain due to excessive tea drinking
and the high use of fats in food. Some dermal

Age Group Common diseases

Infants below one

The most common disease in this age is

diseases, such as allergies, were due to over-
exposure to the sun.

e men’s complaints were mainly common colds
and hyper-acidity. Older men also suffered from
arthritis, a normal complaint for their age.

People around El Maghara generally appear
anaemic due to the absence of some basic
elements, such as vitamin-rich food. Sporadic
cases of pulmonary tuberculosis, bronchitis,
gastritis, and urinary tract problems were also
reported. However, anaemia was the most
common illness reported through the frequent
visits. Nonetheless, one of the remarkable features
recorded in El Maghara is the very low incidence

Causes

Bad hygiene and wrong mothers traditions

year old eye infections Lack of medical care
Common cold diseases Exposure to weather changes
Bad housing
Children above 2 years Most of the cases suffe from amoebiasis and other ~ Bad hygiene

and up to school age

Adult group Renal colic

intestinal parasites which need a stool analysis

Excessive use of fat in cooking
Excessive consumption of tea
Heavy smoking in case of men
Consumption of saline water
Hyper acidity
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of high blood pressure among the inhabitants,
including old people, who in other societies are
likely to have high blood pressure levels.

One of the main reasons behind the deteriorating
health conditions in El Maghara is the lack of
sanitation and a potable water service. El Hassana
Centre in general has one of the lowest ratios of
population supplied with sanitary service and
clean potable water (Central Agency for Public
Mobilization and Statistics, 2008).

1.4.8 Transhumance

Central Sinai has been subject to severe drought for
the last few years, affecting the grazing capabilities
of the area and limiting agricultural activities. As a
result, the Bedouin have tended to move, searching
for residence where water and rangeland are
available. They construct special dikes (harraba)
in areas where rain is available. Water is stored
in these harraba and the land adjacent to them
becomes suitable for growing crops. The Bedouin
travel to these areas and settle there temporarily.
After harvesting the crop, a Bedouin may travel
again, looking for another area or may return to
his home area where his family lives. Most of
the traveling Bedouin leave their families behind
in their main permanent residence. However,
traveling Bedouin tend to visit their families on a
regular basis at their permanent residence.

1.4.9 Bedouin Alienation

and Desperation

A number of factors have contributed to
spreading a feeling of alienation and desperation
in the community of El Maghara. The inferior
difficult
communications have impeded the industrial

infrastructure, terrain, and poor
development of the area and provided low
employment potential for the local people. The
only industrial development in the area is the
exploitation of natural resources, rendering the
environmental setting largely disrupted. Public
services and utilities such as schools and health
care units are poorly and inefficiently run,
because of the severe shortage of qualified staff.
The Bedouin in the assessment area feel the

Source of drinking water with used containers for storage and transport

Source: Mohamed Tawfic

Desalination facilities supplied by the project
Source: Mohamed Tawfic

disparity in the pace of development and services,
compared with other parts of Egypt or Sinai. They
are also unhappy about the discrimination they
feel they receive from El Maghara coal mine, in
comparison to non-Bedouin workers, who come
from other parts of the country.

The Bedouin tell, with deep resentment, how
the mine provides those workers with health
insurance, but not the Bedouin. The mining
industry is known to cause some serious diseases
and non-Bedouin workers are normally covered



Water supplied by the well donated by the assessment project to
local Bedouin
Source: H. El Sharabsi

by a health insurance policy that protects them
from occupational diseases.

1.4.10 People’s Needs and
Aspirations

One of the questionnaires explored the Bedouin’s
demands and wishes and their priorities. They
were asked to list their demands according to their
importance and priority. Clean drinking water and
the availability of schools were the highest ranked,
with 93 per cent of the Bedouin citing these two
issues as a top priority. The other most urgent
priorities were the availability of irrigation water for
agriculture, cited by 83 per cent, and the availability
of electricity, cited by 62 per cent (Figure 1.9).

Relative importance of people needs
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Figure 1.9. People’s aspirations and needs in El Maghara
area, as indicated by questionnaire
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1.4.11 Power Supply

Nowadays electricity is a basic amenity for the quality
of human life as well as for economic development.
El Hassana Centre has the lowest number of families
and people in North Sinai supplied with electricity
from the national grid (Central Agency for Public
Mobilization and Statistics, 2008).

In El Maghara a generator is installed which
operates for several hours, after which no
electricity is available. This limited electricity
supply to the area casts a negative shadow over the
people, their social life, health and welfare. There
is no regular power supply in the assessment area
and people depend on power generators that only
work during certain hours every day providing a
limited source of energy.

The government is planning to provide the area
with a centralised power supply in the near future
and the infrastructure for the grid is being installed.
Village power production and distribution
systems run by the people need to be developed
and regularly upgraded.

This in turn would have a number of fringe benefits,
including a reduction in the consumption of wood
for fuel. The replacement of traditional wood fuel
used by electrical heating systems would also
reduce pressure on non-renewable energy sources
like kerosene. Fuel wood is the major source of
energy in the study area. Firewood demand is met
by slashing small bushes and shrubs growing in
the area or in areas further from the community
that are accessible to women gathering wood.
Fuel wood is used mainly for cooking, making tea,
and as the only source of heating during winter.
Until recently, there was no market for fuel wood
for household uses and it was considered a free
commodity. In recent years, Bedouin women have
begun selling fuel wood on main roads.

1.4.12 Community Service
Project in El Maghara

A community service project to provide the
people of El Maghara with freshwater was an
integral part of the current project. One of the
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abandoned wells in the vicinity was refurbished El Maghara area. A desalination unit was also
and provided with the infrastructure to pump provided to turn the brackish water of the well

out enough water for the domestic needs of El into potable water suitable for drinking, cooking
Zawadin, the main populated satellite in the and other domestic use.
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Main Messages

Focal ecosystem services in El Maghara included in this assessment are the
provision of:

plant products (plant biodiversity)
water resources

agriculture and grazing

mineral resources

El Maghara’s ecosystem has undergone some profound changes in land cover and
land use patterns that significantly influenced the ability of the system to provide
its usual services.

Spatial and temporal change patterns of land use were quantified by interpreting
remote sensing (RS) data and using Geographic Information Systems (GIS).
Changes in land use between 1986 and 2000 were compared; these changes are
illustrated by multi temporal satellite images taken in 1986 and again in 2000.

The satellite images show the magnitude of land use change in El Maghara area;
they were also used to classify and study service conditions and trends. Among the
findings:

a massive increase in the area of sand dunes and sand sheets

e introduction of massive quarrying activities, never known before 1986

e generation of a large volume of solid and liquid waste covering a large surface
area

e development of a large area of rangelands, mostly with shrubs, for grazing
animals

e a substantial decrease in the area covered with naturally grown medicinal

plants

In El Maghara, extractive industries, especially coal, gravel and marble, have had a
harsh impact on the environment, which is manifested in heavy pollution, resource
depletion, habitat fragmentation, and biodiversity losses. Sheikh Hemid Wood, a
unique environmental asset of the area, is grossly mismanaged, with trees and
terrain being excessively degraded because of irrational stone and gravel extraction.
El Maghara coal mine has also impacted heavily on the area, causing serious land
and water contamination and solid waste problems. The area’s high environmental
degradation is a key factor underlying the high poverty level of local Bedouin.
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2.1 El Maghara Ecosystem
Services, Landscape Pattern,
and Land Use Change: A Trend
Analysis

In the last few decades, El Maghara’s ecosystems
have undergone profound changes in land cover
and land use patterns that have significantly
influenced the ability of the system to provide its
usual services. Farmar-Bowers (2003) suggested
that most of the land use change in the last two
centuries has been done to create “wealth”. For
centuries wealth creation has aimed at generating
products that can be sold, and this puts land into
the category of a “producer good” used to produce
products that eventually reach the consumer.

In El Maghara, stone- and sand-extraction
contractors unlawfully carve new alleys to
reach distant stocks without regard for the land
use pattern of the area. Very often the newly
established alleys intercept the flow of flashfloods
and prevent water reaching storage basins made
by the Bedouin (Figure 2.1).

Around El Maghara, the spatial and temporal
change patterns of land use were quantified by

interpreting remote sensing (RS) data and using
geographic information systems (GIS). Changes
in land use between 1986 and 2000 can be seen by
comparing (Figures 2.2 and 2.3). These changes
are illustrated by using multi temporal landsat
satellite images taken in 1986 (Figure 2.4) and
again in 2000 (Figure 2.5). Images were used in
this study to classify and study service conditions
and trends around El Maghara.

The enhanced landsat satellite images highlight
the following changes (Table 2.1).

e a massive increase in the area of sand dunes
and sand sheets

o introduction of massive quarrying activities,
unknown before 1986

o generation of a large volume of solid and liquid
waste covering a large surface area

e development of a large area of rangelands,
mostly with shrubs, for grazing animals

o a substantial decrease in the area covered with
naturally grown medicinal plants.

In El Maghara area, a variety of anthropogenic
(man-made) and natural factors have caused the
environmental damage recorded in this study.

New roads unlawfully built by gravel contractors in the EI Maghara area prevent water from reaching the collection basin
Source: Mohamed Tawfic
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Figure 2.1. Land use / land cover map, El Maghara area, 2007

2.1.1 Root Causes of
Environmental Degradation:
Anthropogenic Factors

The major anthropogenic causes of environmental
degradation are the mining and quarrying industries
and land use change due to agriculture, overgrazing,
clearing shrubs for fuel wood, and building new
roads and alleys for quarrying.

El Maghara coal mine is one of the main
landmarks of the area. The mine has been
operational for about 25 years, during which
several million tons of rocks have been extracted.
Huge volumes of extracted coal have been left
behind, in the vicinity of Bedouin communities,
as surface tailings. Waste water effluent, with its
content of heavy metal residues, coal particulates,
and hydrocarbon constituents, is released and
spread over a vast open surface area after the coal
dewatering process. In many locations around El
Maghara, soil was covered with a black layer of

coal and other hydrocarbon residues, turning the
soil infertile and leaching into the groundwater,
causing substantial pollution.

Acid mine drainage is mainly produced during
Rainfall
the tailing wastes of the mine, along with the

mining operations. sweeping over
dewatering effluent, are other sources of acid mine
drainage. The acid formed lowers the pH of the
soil. Bodies of water become contaminated with the
mine drainage and leachates from the coal dumps,
tailings and detritus mounds found scattered all
along the landscape of the mining area.

The mine drainage and leachates also contain
high concentrations of metals such as iron,
copper, cadmium and zinc. Trace elements,
namely titanium, rubidium, strontium, zirconium,
barium, lead and others, are reported by-products
of coal mining activities. The acid and metal ions
adversely affect the fertility of soils and, if they
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Table 2.1. Changes in land use and land use pattern in the study area, 1986-2000

48,794,020 47,631,352

86,815,008 88,013,304

Soil cover of different classes 83,047

Sand dunes and sand sheets 85,592

Not detected 347,386 Not detected*

1,716,837 2,650,565

Rangeland, mostly grazing shrubs

Crop land

Liquid waste

* Not detected for poor resolution

reach groundwater, can cause serious pollution.
Acid mine drainage also impacts on floodwater
and wadi ecosystems through acidity, ferric ion
precipitation, oxygen depletion, and by increasing
the mobility of the heavy metals associated with
coal mining. The formation of acid mine drainage
can occur long after mines have been abandoned.

2.1.1.3 Quarrying Industries

The Central part of North Sinai is heavily exploited
for sand, gravel, and marble extraction. Supplies
from the area are considered some of the highest
quality in the construction industries in Egypt. Heavy
machinery is used to cut stone and marble rocks,
followed by further work on grading and polishing

122,816

stones, with massive amounts of solid waste left
behind. Quarrying requires a license issued by the
governorate of North Sinai, located at El Arish, the
capital of the governorate.Licenses allow a contractor
to quarry at particular sites, outside of which
quarrying is not allowed. Information collected from
the local Bedouin revealed that contractors seldom
restrict themselves to the authorised site but tend
to cut rocks anywhere, especially in the absence of
official supervision and follow up.

2.1.1.4 Agriculture, Overgrazing and
Fuel Wood Collection

Agriculture is the main activity of most Bedouin
living in El Maghara. The satellite images indicate

Residues of coal and other hydrocarbons covering the land
at El Maghara, with the wastewater in the background
Source: Mohamed Tawfic

Residues of coal in soil around El Maghara coal mine
Source: Mohamed Tawfic
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Figure 2.4. Enhanced classified landsat satellite image of El Maghara area, 1986
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Figure 2.5. Enhanced classified landsat satellite image of El Maghara area, 2000
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Stone and marble mining around El Maghara
Source: Yasser Hanafy

that a vast area of El Maghara has been converted
to crop land, where the Bedouin grow field crops,
orchards and vegetables crops. They have also
cleared considerable areas of shrubs for use as
domestic fuel as well as for selling. Grazing
activities have also increased despite the fragility
of the ecosystem caused by severe drought.

2.1.2 Root Causes of
Environmental Degradation:
Natural Factors

The natural factors contributing to environmental
degradation are mainly water scarcity, sand
mobility, and wind erosion.

2.1.2.1 Water Scarcity

Water scarcity is, beyond doubt, the most important
driver in the study area. It has a number of impacts on
awide variety of issues, including agriculture, health,
economics, education and migration. Agriculture is
mostly sporadic because of water shortages and very
often crops fail to grow.

The lack of clean water causes a number of
diseases that affect the community at all ages and
life stages. The water shortage is also the main
reason for the migration of many young men and
families, who seek a better income and better
quality of life in other parts of the country.
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Figure 2.6. Soil erosion map, El Maghara area. The map shows higher erosion rates in the vicinity of gravel and sand

extraction activities.
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It has also affected the age structure of the people,
leading to a high ratio of elder Bedouin, in
comparison to other age stages. The water shortage
has also had economic repercussions. Cash flow is
very limited, as grazing and agriculture, the most
important activities in the area, are badly hit by
the long-lasting droughts.

Changes in soil quality and the loss of vegetative
cover are the main causes of sand encroachment
recorded in El Maghara. Enhanced images
showed extensive and large sand accumulations
and encroachment covering large areas. Roads,
especially during winter, are often covered with
massive volumes of moving sand, hampering the
use of roads and posing serious risks to travelers.
Moving sand has a serious impact on the
infrastructure and interrupts the mobility of the
already meagre public bus services in the area.
It also stops the small trucks the Bedouin use to
move around, exacerbating their sense of isolation
and remoteness.

Strong winds dismantle scarps, deepen hollows
and erode exposed rock. These eroded particulates
are emitted in the atmosphere as dust, accumulated
in the form of sand sheets and dunes, or left
behind as coarse lag deposits. Figure 2.6 indicates
the erosion rate around El Maghara, showing
a relatively high rate of erosion around the area
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Impact of sand encroachment on infrastructure
around El Maghara
Source: Mohamed El Shafie

The main road of El Maghara area covered with sand
Source: Mohamed Tawfic

where most of the gravel and sand extraction
processes take place.

2.2 Plant Biodiversity in

El Maghara: A Trend Analysis
Biodiversity is the foundation for sustainable
for the
environmental health of our planet, and is the source

development, constituting the basis
of economic and ecological security for future
generations (Kumar 1999). Biological biodiversity
is “the variety of life” and refers collectively to the
variation at all levels of biological organisation. In
developing countries, such as Egypt, biodiversity
provides the assurance of food; many raw materials
such as medicine, fuel and fodder, etc.; shelter; and a
source of work energy in the form of animal traction.
Biodiversity also maintains the ecological balance
necessary for planetary and human survival.

2.2.1 Plant Diversity of Sinai:
Background Studies

The vegetation and flora of the Sinai Peninsula
have attracted the attention of many explorers and
botanists since the eighteenth century and even
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earlier. These include Forsskal (1775); Delile (1809,
1812); Fresenius (1834); Decaisene (1834); Redhead
(1866), Muschler (1912), Range (1921), Tackholm
(1932, 1956, 1974); Zohary (1935, 1944); Shabetai
(1940); Boulos (1960, 1995, 1999, 2000, 2002,
2005); Zahran (1967); Danin (1969, 1972, 1973,
1983); El-Hadidi (1969); Batanouny (1985); Gebali
(1988, 2000); Zahran and Willis (1992); El Gazzar
et al. (1995); Ali (2004); and others.

The Sinai Peninsula is in the middle of three
well-defined phytogeographical regions of the
world: Saharo-Scindian, Irano-Turanian, and the
Mediterranean. Accordingly, the flora of Sinai
comprises taxa of these three regions (El-Hadidi
1969). Boulos (1995) stated that the flora of Egypt
in its four geographical regions (Western Desert,
Eastern Desert, Sinai Peninsula and River Nile)
comprises 2,121 species.

Sixty one of these species are endemics, unknown
anywhere else in the world. The plant diversity
(flora) of the Sinai Peninsula, with its three
geographical sub-regions (southern, central, and
northern), comprises 1,285 species, of which 33
are endemic to Sinai only and another 4 species,
which are endemic to Sinai but also known to
other regions on the mainland of Egypt. This
means that the flora of Sinai comprises 60.7 per
cent of the total number of the endemic species
in Egypt, of which 54.1 per cent are restricted to
Sinai. The southern, mountainous, sub-region of

the Sinai Peninsula contains the highest number
of endemics (20 species), followed by the central
sub-region (10 species) and then the northern sub-
region (7 species).

2.2.2 Plant Diversity and
Bedouin Daily Life

Plant coverage in the El Maghara area and in Sinai
at large is a prominent component of Bedouin life
and well-being. Plant coverage constitutes a major
source of food, beverage, animal feed, raw material
for building houses, as well as trade in medicinal
plants. Plants are also used to produce household
and agricultural tools such as ropes and plates.

2.2.3 Use of Medicinal Plants
The Bedouin are well-versed in the value of
many of the medicinal plants available in the
vicinity. One element of the questionnaire was to
ascertain the relationship between the Bedouin
and the medicinal plants in the assessment site.
Information showed clearly that those aged 30
years and older are intimately familiar with
the use of medicinal plants. This age group’s
interest in using medicinal plants is 73 per cent
higher than for those below this age. Those in
the younger generation might have the same
strong belief in medicinal plants, but they also
believe that these plants on their own may not
be good enough to treat many diseases and that
there is a real need to supplement their use with
commercial pharmaceutical products.

Fagonia Mollis, a rare species
Source: Yasser Hanafy

Asparagus Stipularis, a rare species
Source: Yasser Hanafy

41



42

Ecosystems and human well-being, El Maghara, Northern Sinai, Egypt

There is no state control over medicinal plants in
Sinai, thus the intensity of exploitation depends
on the natural availability of the medicinal plants
and the Bedouin’s capacity to extract them.

It is impossible to work out precisely the market
value of medicinal plants since it is difficult to
obtain the right information from those involved
in this business. However, it is apparent that most
of the benefits go to the shop owners who buy
medicinal plants from the Bedouin, then sell them
to consumers, either locally or by marketing them
to outlets in other parts of the country.

2.2.4 Plant Diversity of

El Maghara: Trends and
Conditions

The harsh environmental conditions caused by
severe aridity, coupled with other human-made
impacts, have caused damage to the floral and

faunal diversity of the area.

A Bedouin home made of local plants
Source: Mohamed Tawfic

Household tools made from local plants
Source: Mohamed Tawfic

Frequent meetings with the Bedouin indicated that
a number of the plants they use in their daily life
have disappeared, or are becoming very rare. At
the same time, some other species that they don’t
know have started to appear and sometimes cause
problems for their crops. This view was not only
expressed by the people of El Maghara but also by
the Bedouin in other parts of Sinai.

The impact on the vegetation cover and floral

diversity around El Maghara was one of the focal

investigations in the assessment work. The study
included the following parts:

o asurvey to map out the status of the flora. The
study also attempted to compare present records
of plants around El Maghara, with records from
previous surveys of floral diversity in the area

e a survey to ascertain the percentage coverage
of plants in the study area, with reference to
dominant species and their distribution.

2.2.5 Impact on Biodiversity

The assessment team carried out several field
studies on the flora in eight wadis around Gebel
El Maghara: Wadi El Maghara, Wadi El Hemma,
Wadi Mezare, Wadi Masajid, Wadi Aroussia,
Wadi El Safa, Wadi Um Sayala, and Wadi
Sheikh Hemid (Abdel Wahab 2005). In these
wadis 25 sites were selected, representing the
habitat diversity of the wadis: the main channels,
the deltas, sandy dunes, sandy plains, gravelly
plains, alluvial plains, alluvial fans, slopes of the
mountains and gorges (Figure 2.7).

A comparative study of the floral diversity was done
to compare the present findings with those reported
by Boulos (1960). The study revealed the following:

1 Total number of families = 54. Out of these,
38 families were recorded both in 1960 and
2005, 11 families were recorded in 1960 only
and 5 families were recorded in 2005 only.

2 Total number of genera = 179. Out of these, 67
genera were recorded in 1960 and 42 genera
were recorded in 2005 and 70 genera in both
1960 and 2005.

3 Total number of species = 247; 87 annuals
and 160 perennials. Out of these, 68 species
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Vegetation on the high plateau of Aroussia valley
Source: Yasser Hanafy

were recorded both in 1960 and 2005, 123
species were recorded in 1960 only, and 56
species were recorded in 2005 only.

Total number of the medicinal plant species =
103. Out of these, 44 species were recorded in
both 1960 and 2005, 33 species were recorded
in 1960 only and 26 species were recorded in
2005 only.

Total number of other-uses plant species =
144. Out of these, 27 species were recorded in
both 1960 and 2005, 86 species were recorded
in 1960 only and 31 species were recorded in
2005 only.

Family compositae comprises the highest
number of species (37 species), followed
by gramineae (25 species), leguminosae
(18 species), cruciferac (17 species),
caryophyllaceae (13 species), chenopodiaceae
(12 species), labiatae and zygophyllaceae
(9 species each), boraginaceae (8 species),
covolvulaceae,

resedaceae (7  species),

euphorbiaceae, geraniaceae, hycinthaceae,

and scrophulariaceae (5 species each),

plumbaginaceae, solanaceae, and tamaricaceae
(3 species each), and aizoaceae, cucurbitaceae,
dipsacaceae, and orobanchaceae (2 species
each). Each of the other 25 families is
represented by only one species.

Family compositae comprises the relatively
highest number of medicinal plants (21
species), followed by cruciferae (12 species),
chenopodiaceae (9 species), and labiatae
(9 species). All species belonging to the 20
families in the study area are considered
medicinal plants, e.g., families aizoaceae,
alliaceae,

asclepiadaceae, asphodelaceae,

cleomaceae, cucurbitaceae, cupressaceae,
iridaceae, labiatae, rutaceae, solanaceae etc.

Family zygophyllaceae comprises the highest
number of the dominant species (4 dominants)
followed by leguminosae (3 dominants). Each
of chenopodiaceae, compositae, gramineae,
solanaceae, and tamaricaceae is represented by
2 dominant species whereas each of cruciferae,
cupressaceae, thymelaeaceae and umbelliferae

is represented by only one dominant species.
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Figure 2.7. Distribution of plant species around El Maghara, 2006
The study indicated a continuous decline in the to families: compositae, convolvulaceae,

number of taxa (families, genera, and species)
making up the plant diversity (the flora) around
the Gebel El Maghara of the Sinai Peninsula.

Many of the palatable species recorded in 1960 are
absent from the 2005 list, e.g., species belonging

cruciferae, geraniaceae, gramineae, hycinthaceae,

leguminosae, orobanchaceae, papaveraceae,

plantaginaceae, resedaceae, rutaceae and
scrophulariaceae (Boulos 1960). The only endemic
species (Rorippa integrifolia, cruciferae) and the

only liane (Cocculus pendulus, menispermaceae)
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Acacia wood at Sheikh Hemid, one of the main ecological features around El Maghara

Source: Mohamed Tawfic

recorded in 1960 were absent from the 2005 list.
In addition, many of the still-growing species
that are considered medicinal (e.g. Juniperus
phoenicea) are threatened or endangered. Apart
from that, all woody trees and shrubs are subject
to uncontrolled cutting as they are widely used
as fuel.

2.2.6 Impact on Acacia Wood
The impact of quarrying activities was particularly
strong on Sheikh Hemid acacia wood. The acacia

wood is one of the main landmarks in Sinai, with its
historic, biological, and folklore value. Quarrying
work was ruthlessly performed around the trees,
resulting in irreparable damage to many of them.

Acacia is one of the most popular trees in Sinai.
It provides a stable browse for camels and goats.
Its forage is available throughout most of the dry
season when other sources are scarce. The dense
acacia wood makes very good fuel wood that burns
slowly and produces little smoke when dry.

Damage caused by sand mining on Acacia
trees
Source: Mohamed Tawfic

Mesembrayanthemum Crystallinum: An invasive species
in Sinai
Source: Mohamed Tawfic
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Box 2.1 Drivers and indirect drivers: A case study illustrating a Domino Reaction

One feature identified in the present study is the
introduction of some alien species in Sinai, including
Mesembrayanthemum crystallinum, a weed that
infests orchards and crops in Sinai, causing serious
economic damage. Bedouin report that this potential
weed started to show up a few years ago. They
also add that the weed showed up in areas fed with
groundwater, where salinity is high, then started to
infest other parts of Sinai.

Drivers Tend To Produce More Drivers
“Domino Reaction”

No rain

Groundwater abstraction '
Water salinity '

Invasive weeds '

One explanation for the massive spread of
crystallinum is the significant drop in rainfall within
the last few years that forced Bedouin to depend on
groundwater in their agriculture, despite their high
salinity. Because Mesembrayanthemum crystallinum has high tolerance for high salinity, it was able to
survive and even flourish under these conditions, and become a potential weed.

2.2.7 Percentage of

Vegetative Cover

In a separate study, the percentage of the study
area covered with vegetation was monitored and
the dominant species in each area identified. The
study found that the area adjacent to the coal
mine is the least vegetative-covered area, with the
percentage covered ranging from 1-2 per cent to
1-5 per cent, with some parts totally void of any
vegetation cover (Figure 2.8).

2.2.8 Impacts on Land Cover
Land cover refers to the natural vegetative cover
types that characterise a particular area. These
are generally a reflection of the local climate
and landforms, though they too can be altered
by human actions. Heavy mining and quarrying
activities performed in El Magahara have caused
some detectable changes in the physical and
chemical properties of the land cover.

On El-Khariq plain, along Wadi Massajid and
Wadi Sheikh Hemid, image enhancement, change
detection, and post-classification comparison
techniques of soil images in 1986 (Figure 2.9)
and 2000 (Figure 2.10) show detectable alteration
represented by changes of colours, tone and
texture. Field verification of the enhanced satellite
images shows that mining and quarrying dumps
have strongly reshaped the geo-morphology
of the area, with some serious bearing on the

environmental setting of the area. Solid and
liquid wastes emanating from the mine, including
hydrocarbon waste, heavy metals, and others have
caused significant changes in terrain quality and
properties. Further information is provided in

later section on agriculture services.
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Figure 2.9. Classified enhanced landsat (TM, 1986) image,
El Maghara area
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Figure 2.10. Classified enhanced landsat (ETM, 2000) image,
El Maghara area
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2.2.9 Overgrazing

Overgrazing is one of the most destructive
activities. It results in reduction of total plant cover,
disappearance of pastoral plants, and an increased
number of unpalatable plant species such as Anabasis
articulata, Fagonia mollis, and Zygophyllum
dumosum. Overgrazing is partially responsible for
the change of land cover currently impacting Sinai. In
overgrazed areas, medicinal plant species disappear
as trampling animals tend to change the soil surface
and soil content that allow them to grow.

2.2.10 Fuel Wood
Overexploitation

Fuel wood is the main source of energy for the
Bedouin in the study area. They use it for cooking,
making tea and as a source of heat during the
cold winter days. Women, especially young
ones, collect fuel wood on their daily grazing
routine and bring it back to the family. Regular
visits to the area revealed that a vast terrain has
been cleared; shrubs and small trees have been
removed and taken as fuel wood. In many places
the Bedouin, in the current hard economic times,
have even cleared shrubs and small trees to put
on sale for travelers passing by. Such overuse of
fuel wood has had very negative impacts on floral
diversity and density, with a number of main
shrubs significantly affected.

2.2.11 Responses

The assessment team participated in a series of
talks and presentations, in which some of their
findings were shown, especially the parts about

Goats grazing on juniperus shrubs, a rare species in Egypt
Source: Yasser Awad
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Fuel wood for sale around El Maghara
Source: Mohamed Tawfic

environmental damage. Repeated calls were made
to save the environment of El Maghara, and the
assets it embraces. In one of these appeals, Al
Ahram, the most influential newspaper in Egypt,
focused on the damage inflicted on the area and
its environmental attributes. A detailed report was
published in the Environment Section of Al Ahram
to shed some light on the magnitude of damage
to Sheikh Hemid Wood. The report exposed the
public to the massive environmental destruction
at El Maghara and the appalling environmental
conditions for the first time.

different
stakeholders, including senior officials, NGO

As part of the project activities,

representatives and decision-makers, made visits
to the assessment site, and to Wadi Sheikh Hemid
in particular, to see the damage caused to the area.
However, none of these efforts has yielded any
positive change that may help improve the quality
of the environment in El Maghara. The long
descriptive report published in Al Ahram, a paper
widely distributed in Egypt, made it very clear
that truly valuable environmental assets are being
systematically destroyed. Nevertheless, no official
response was made and the report went unheeded.

2.3 Water Resources
Water is the elixir of life; all other ecosystem
services are directly related to the quantity
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Box 2.2 Juniperus phoenicea, values and uses

Juniperus phoenicea is a small shrub (or tree), a cypress-like tree with erect branches commonly known in Arabic as
Ar‘ar. It has a characteristic aromatic bitter taste and aromatic odour and is one of the endangered plant species. Due
to the medicinal value of the tree, it is subjected to overcutting for medicinal use. The leaves and fruits are sold in the
market at herbalists shops for LE 20 to 24 per kilogram. Many uses of this tree are recorded in folk medicine.

The dried leaves are used to cure mild skin inflammations in babies and as a dilator for urinary tract infections. It
is also used as a laxative, intestinal disinfectant and to help childbirth by increasing the contractions of the uterus.
A mixture of the leaves and cones is used as an oral hypoglycaemic and the leaves are used against pulmonary
diseases and as a diuretic. The oils extracted from the plant have antimicrobial activities against food spoilage,

pathogenic micro-organisms and fungi.

and quality of water. Arid regions suffer
from the scarcity of fresh surface water and,
consequently, groundwater represents a main
Nevertheless,

have specific hydrologic and hydrochemical

source. groundwater resources

problems that govern their use. These are
scarcity, irregularity, and the severe drawdown
and salinisation of shallow aquifers. Sinai has an
arid climate and depends mainly on groundwater,
a resource that should be managed and protected
properly. Other water resources include rainfall
and flashflood water.

2.3.1 Rainfall and Flashflooding
Rainfall (Figure 2.11) and flashflood (Figure
2.12),
for both domestic and irrigation purposes.

represent an important water supply

Nevertheless, rainfall over the study area varies
spatially and temporally (Table 2.2). The map of
average annual rainfall on Sinai exhibits large
spatial changes over relatively small distances
across the region. The average annual rainfall
reaches about 200 mm/y at Rafah in the north
and decreases to about 10 mm along the Gulf of
Suez (Figure 2.11). Rainfall around El Maghara
was recorded as 43.7 mm/y in 1966.

There is no continuous record of rainfall data for
the El Maghara area, thus rainfall data from the
nearest meteorological station at Bir El-Hassana
are used throughout. The data are available for nine
years of record (1939—47). Rainfall occurs mainly
during the autumn, winter and spring months. The
average annual rainfall is 27.7 mm and the average
number of rainy days of more than one millimeter
rainfall is 3.4 mm (Table 2.2).
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There are also great temporal variations in rainfall
intensity from one year to the next. Consecutive
years of relatively high or low annual rainfall
have an enormous effect on the water resources
of the region. High rainfall storms usually occur
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Figure 2.11. Average annual rainfall on Sinai peninsula
(After Abou Rayan, M. et al., 2001)

in the study area; about 31 mm precipitated in one
day in November 1942.

The
depends on the catchment area’s average annual

average quantity of water available
precipitation and evaporation for each basin. The

convective storms that occur during autumn and

spring have intense rainfall and brief duration.
They cause most of the flashfloods in the study
area. The average annual storm of more than
10 mm is about 17.9 mm. There are no reliable
data about the relationship between rainfall and
runoff; however, it was possible to estimate the
expected maximum and average flood volume in
the main sub-basins of El Maghara area (Table
2.3), while the precipitation rate in some selected
parts of Sinai is shown in (Table 2.4).The surface
water flow system is mainly from the highlands
toward the main wadi systems (Figure 2.13).
The Bedouin in the study area manage the water
flow through wadis and drains by building loose
earthen dams to slow down flood flow. They
capture and store the water in a system of cisterns
built for that purpose.

2.3.2 Wadis of the Study Area
The study area has three main drainage basins:
Wadi El-Khariq, Wadi El-Massajid, and Wadi

Table 2,2. Monthly rainfall at Bir EI-Hassana station, 1939-47. R = rainfall in mm; D = number of rainy days

pean Parameter  J F M A M

R 00 00 00 00 00
1939

D

R 2 00 00 29 00
1940

D 1 3

R 00 00 28 00 00
1941

D 4

R 00 00 12 00 00
1942

D 2

R 00 21 8 00 00
1943

D 2 2

R 7 00 10 00 00
1944

D 2 1

R 35 00 4 00 15
1945

D 2 1 3

R 00 00 00 00 00
1946

D

R 6 00 10 00 00
1947

D 2 1

R 5.6 2.3 8 3.2 1.7
Average

D 1.8 2 1.8 3 3

J J A S (0} N D Total
00 00 00 00 00 00 00 00
00
00 00 00 00 14 00 00 45
1 5
00 00 00 00 00 00 1 29
1 5
00 00 00 00 00 31 00 43
1 3
00 00 00 00 00 00 00 29
4
00 00 00 00 17
3
00 00 00 00 00 00 10 64
1 7
00 00 00 00 00 6 00 6
1 1
00 00 00 00 00 00 00 16
3
00 00 00 00 1.8 4.6 1.4 27.7
00 00 00 00 1 1 1 34
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Figure 2.12. Flashfloods in main basins and sub-basins of El Maghara area

Mezaira. Wadi El-Khariq is a closed basin and
drains inland within the sand dunes toward the
north. Wadi El-Massajid and Wadi Mezaira
drain into Wadi El-Fateh, where the Quaternary
aquifer is located.

Floodwater quality depends on the type of rocks
covering the catchment areas. Salinity, a factor
limiting the use of water, is around 262 mg/l for
cistern water. Regardless of salinity, cistern water
is very prone to bacteriological contamination.
It is presumed that such bacterial contamination
is one of the main reasons behind the spread of
diseases, as the medical survey performed within
the study indicated.

2.3.3 Groundwater

Groundwater exists in the pores and fractures of the
water-bearing rock units (aquifers) and is commonly
exploited from wells and springs. The volume of the
openings and the other water-bearing characteristics
of the aquifers depend on the mineral composition,
texture, and structure of the rocks. Groundwater
generally moves very slowly and follows the path of
least resistance (most permeable) from the point of
recharge (where water enters the aquifer) to the point
of discharge (where water leaves the aquifer).

The flow of groundwater may be inhibited by non-
water bearing rock units (Aquitards) that consist of
clay, silt or shale.

These rocks do not transmit water readily, although

B Ay

-

E

One of the storage structures of a main well at El Maghara
Source: Mohamed Tawfic

Drilled deep well producing water from Massajid aquifer
Source: Kamal Ouda Ghodief



Chapter 2 | El Maghara ecosystem trends, conditions and impacts

Area Max. Max. Flood Average Annual Average Annual

Basin (m?) Storm (mm) Volume (m?) Storm (mm) Flood Volume (m?)
El-Khariq 60,657,140 31 1,046,335 17.9 450,682
El-Massajid 75,153,700 31 1,296,401 19 558,391
Mezaira 73,153,040 31 1,261,889 18 543,527
- Mean Annual Average No. of Days per Year /Rainfall  jaximum Daily *Average Daily

Rainfall (mm) >0,1 mm >1 mm >10 mm Rainfall (mm) Evaporation* (mm)
El Arish 99.7 22 17.8 3.7 59 4.6
El Quseima 63.6 20.2 10.2 2.9 242 9
El Tor 10.4 2.9 1.7 0.4 37.4 9.5

*Measured with Piche evaparom

they may hold much water in pore spaces. The
importance of an aquifer as a source of water
may change from one area to another because
of changes in demands for freshwater, variations
in groundwater quality, and differences in the
hydrogeologic characteristics.

Groundwater is the main source of water in the
study area; it provides about 90 per cent of the
total water consumed. Shallow dug and deep
water wells are used for water exploitation from
the different aquifers in the study area. The
available water points (wells) in the study area
are inventoried and documented in a water point
distribution map (Figure 2.14). The complete set
of data about these water points is processed and
used to compose the groundwater database.

The study area has four productive aquifers.
These are Quaternary formation, Massajid, Safa,
and Bir El Maghara aquifers. The distribution
of these aquifers is shown in Figure 2.15. The
Quaternary aquifer is composed mainly of sand
and gravel in the wadi beds and is exploited
mainly in Wadi El-Fateh. The Massajid aquifer
is composed mainly of fractured limestone,
and is exploited in Wadi El-Massajid and Wadi
El-Khariq. The Safa aquifer is composed of
sandstone and is exploited mainly in Wadi El-

Safa. Bir El Maghara aquifer is composed of
loamy fractured limestone. It is distributed
mainly in Wadi El Maghara, Safat Mouwereb,
and Gebel El-Raghaway.

The productivity of these aquifers is generally
low, and the quality of the water varies. Geologic
structure and lithological properties control
groundwater occurrence and flow patterns in
aquifers, either by providing barriers restricting
flow or by providing pathways for flow.
Geologic structure also determines whether the
groundwater will be discharged as springs or

remain underground until tapped by wells.

The folding
groundwater occurrence and its flow system. Bir

system has great impact on
El Maghara aquifer exists in the dome and thus
groundwater depth is shallow, about 5 metres
below ground level. On the other hand, the depth
to groundwater level in Wadi El-Khariq is about

150 metres below ground level.

Groundwater generally flows down from the
highlands, where recharge occurs, toward the
lowlands. The data about static water level are not
complete and their distribution is not uniform. The
available data about static water level distribution
in El-Massajid aquifer show that the groundwater
flows from southeast to northwest (Figure 2.16).
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The average well yield from the Quaternary
aquifer is about 8 m?® cubic metres per hour;
it operates for about five hours per day (Table
2.5). The depth of groundwater in this aquifer
is about 40 metres below ground level, making
exploitation economical. With the prevailing
conditions, it is recommended to restrict water
use from this aquifer to drinking water.

El-Massajid fractured limestone aquifer has a
relatively good yield, the average well yield
is about 30 m%hr, and it works for about five
hours per day. Generally, in mountain areas,
groundwater is available at shallow levels (Bir El
Maghara, Bir El-Raghaway, and Bir El-Mura).
In wadis and basins, groundwater is much deeper

Bedouin women filling up water buckets from one of the wells around
El Mahgara

Source: Mohamed Tawfic

(Wadi El-Massajid and Wadi El-Khariq). Under
natural conditions, aquifers discharge water in
an amount proportional to total annual recharge.

Precipitation is the main source of water recharge.
Water is stored in the system of joints and smaller
fractures in the catchment area and then transmits
to the dissecting wadis that act as drain and/or
local discharge. These wadis convey both surface
(after floods) and ground water to the aquifers.
The approach used in the assessment is to estimate
recharge based on basic field observations and
the assumption that the anomalous storms that
occasionally occur in such a climate are enough
to induce recharge and are in fact the main source
of recharge. When rainfall storms happen with a
certain intensity, part of the water infiltrates directly
through the fracture network and permeable wadi
bed deposits, and the other part is collected in
the wadis producing runoff or flashflooding. The
wadis’ catchments areas and their slopes control
the expected amount of recharge.

There is a high variability in water salinity
among the aquifers in the study area (Figure
2.17). The Quaternary aquifer has the best water
quality with salinity of about 1,100 mg/1 (Table
2.6). The total hardness ranges from 360 to 400
mg/l of CaCO,. This aquifer has alarmingly high
levels of nitrate (4.6 - 5.2 mg/l). The salinity of
water produced from El-Massajid aquifer is even
higher, ranging from 1,580 to 3,042 mg/l. This
aquifer is well protected from surface activities,
where nitrate ranges from 1 to 3 mg/I as nitrogen.
El Safa sandstone aquifer has relatively saline
water, with an average salinity of about 6,370
mg/l. The Bir El Maghara aquifer has moderate
salinity, ranging from 2,210 to 2,601.

The sodium absorption ratio (SAR) is calculated for
all aquifers to evaluate the suitability of groundwater
for irrigation. Water from the Quaternary aquifer
is suitable for irrigation while other aquifers have
high SAR values, which limits their usefulness for
agriculture (Figure 2.18).
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Well Local Name / Aquifer type

Bir5/M

Bir 12/ M

El-Fateh 1/Q
El-Fateh 2/ Q

El Massora/ Q

Bir Raghwi / BM

Coal mine (w. Massjid) / M
Coal mine (w. Safa) / S
Bir Umwerib / BM

Bir El Maghara / BM
El-Hedoud / BM
Cistern (Haraba) / SW
Bir E1 Malhi / S

Bir El-Masoutia / BM
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Well Yield (m¥/h)

30

32

20

8

8
No information

27
No information
No information
No information
No information
No information
No information

30

Operating Hours (h) Exploitation (m*/day) Use
5 150 Irrigation
6 192 Irrigation and domestic
6 120 Irrigation and domestic
5 40 Drinking and domestic
4.5 36 Drinking and domestic
No information 1 Livestock
6 162 Mine workers & water treatment plant
No information 300 Dewatering
No information 1 Livestock
No information 3 Livestock
No information 3 Domestic and Livestock
No information No information Drinking and irrigation
No information 2 Livestock
4 120 Irrigation and domestic

2.3.4 Changes in Water
Resources Demand and Supply
Most of the water supply is pumped from
groundwater. Mining activities and agriculture
are the largest water-use sectors. As shown on
Table 2.5, total withdrawals from the aquifers
are about 1,130 m*/day according to our survey.
They are distributed as follows: 76 m*/day from
the Quaternary aquifer, 744 m’/day from Massajid
aquifer, 300 m*/day from Safa aquifer, and 10 m*/
day from Bir El Maghara aquifer. Dewatering, a
regular process in the coal mining industry, is done

Bedouin lady bringing a bucket of water back to her home
Source: Mohamed Tawfic

until a decision is taken to continue coal production
or evacuate the underground cutting machines. In
spite of this, water use will continue to increase with
population, agriculture, and economic growth.

The supply of water is limited to that naturally
renewed by the hydrologic cycle. Periodically,
the amount of natural replenishment can exceed
water demand during unusually wet periods or fall
far below demand during drought periods. The
ever-growing demand for water is one of the main
factors driving water conservation efforts.

2.3.5 Population Needs and
Water Availability: Current
Conditions and Future Analysis
El Maghara area contains two main villages and a
few Bedouin communities. The main population
clusters are found in both El Maghara and in El-
Mangem villages. The other Bedouin communities
are scattered in different watersheds. Table 2.7
shows the population distribution in El Maghara
area. Available renewable water resources (m?/
year) for each watershed are estimated according
to runoff and recharge amounts.
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The available surface water was estimated
according to the volume of rainfall and flashfloods
(see Table 2.3).
estimated about 10 mm/year for the Quaternary

Groundwater recharge is

aquifer, where it locates on the low land area
and receives recharge from flash floods. The
calculated recharge for the Quaternary aquifer is

about 754,820 m®/year. The average net recharge
is estimated about 7mm/year for Massajid
limestone aquifer where outcrops occupy the high
sloping land and has high slope. The calculated
recharge for Massajid aquifer is 639,480 m’/
year. This amount is distributed between the two
watersheds (W. El-Khariq and W. El-Massajid)

Table 2.6. Results of Physical and Chemical Analyses of the Water Samples. TH = total hardness in mg/|

of CaCO,; SAR = sodium absorption ratio; TDS = total dissolved solids; EC = electric conductivity

NO. Local Name Temp C° pH. TH as mg/l of CaCO, EC.Mmhos/cm TDSppm SAR
1 Bir 5 27.50 7.3 1,130 3,990 2,594 9
2 Bir 12 32 7.5 810 3,370 2,191 10
3 El Fateh 1 27.40 7.5 610 2,430 1,580 8
4 El Fateh 2 25.80 7.6 360 1,669 1,085 8
5 El Massora 25.10 7.7 400 1,734 1,127 8
6 Bir Raghwi 23.70 7.9 930 3,460 2,249 10
7 coal mine (w. Massajid) 26.40 - 890 3,530 2,295 10
8 Coal mine (w. El Safa) - 7.5 4,040 9,800 6,370 11
9 Bir Umwerib 24.30 7.9 1,160 4,001 2,601 9
10 Bir El Maghara 23.80 7.7 900 3,400 2,210 9
11 El Hedoud 26.20 - 1,000 4,190 2,724 11
12 Cistren (Haraba) - - 180 403 262 1
13 Bir El Malhi 22.10 - 2,150 8,300 5,395 16
14 Bir El Masoutia 28.10 7.4 1,500 4,680 3,042 9
Cations (mg/l) Anions (mg/1)
Ca*™ Mg™ Na* K* Co,~ Hco, So~ ClI'  NO, asnitrogen N NO, as NO;
292 96 734 11 Nil 232 510 600 3 13.2
196 77 629 10 12 226 480 475 3 13.2
136 65 470 9 Nil 232 390 300 1 44
84 36 365 6 18 250 75 200 5.2 22.9
92 41 376 7 12 238 150 210 4.6 20.2
132 144 669 16 21 232 200 460 2 8.8
204 91 690 10 9 189 400 535 3 132
952 398 1,558 28 Nil 354 1,030 2,094 0.1 0.4
240 134 734 19 9 268 250 650 2.1 9.2
188 103 640 12 6 268 200 480 2 8.8
180 132 799 15 15 299 150 665 0.2 0.9
60 7 30 9 214 16 20 3 13.2
440 252 1,681 19 15 329 880 1,525 ND ND
340 156 799 19 9 214 375 845 ND ND
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Figure 2.18. Sodium absorption ratio (SAR) map of all aquifers in the study area

according to their corresponding catchment areas.
The average net recharge is estimated to be about
5 mm/year for Bir El Maghara aquifer where it
locates on the high lands and their fractures are
filled with loam. The calculated recharge for
Bir El Maghara aquifer is about 81,395 m?/year
(Table 2.7). Around El Maghara, all watersheds

have significantly low water supplies except Wadi
Mezaira, which is sparsely populated.

In El Maghara area, the local authority
(municipality) only supplies inhabitants with
brackish water, via water trucks, for their non -
drinking use. Bedouin get their drinking water

supply either through the collection of rain in earth
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Bedouin with a tank on their way to collect drinking water from Bir El Abd
Source: Mohamed Tawfic

collection halls, or buying water in big tanks from
Bir El Abd, the closest village centre where clean
freshwateris available.Gleick (1993) proposed that
international organisations and water providers
adopt “an overall basic water requirement of 50
litres per person per day” as a minimum standard
to meet four basic needs—drinking, sanitation,
bathing, and cooking. Falkenmark and Widstrand
use the figure of 100 litres of freshwater per capita
per day for personal use as a rough estimate of
the amount needed for a minimally acceptable
standard of living in developing countries for

basic household needs such as drinking, bathing,
and cooking, not including use for agriculture and
industry (Falkenmark and Widstrand 1992).

Figure 2.19 shows the great variations in current
per capita water availability for each watershed in
El Maghara area. Wadi Mezaira has over 4,000
cubic metres per person per year (m’/person/
year). The average for both Wadi El-Khariq and
Wadi El-Fateh watersheds is under 1,000 m?/
person/year, while that for Wadi El-Massajid is
about 1,756 m3/person/year.

Available Renewable g Per CapitaWater Actual Water Allocation
Watershed Water Resources (m*/year) é Availability (for Drinking and Domestic Purposes)
2 3% i
Surface Water Ground Water Total n? e Total Population (m*/year) Per Person (liters/day)
W. El-Khariq (El-Mangem
. . i 450,682 358,108 808,790 1,500 539 5,000 9
village & Bedouin communities)
W. El-Massajid
. . 558,391 281,371 839,762 500 1,679 1,500 8.2
(Bedouin communities)
W. Mezaira
. 543,527 81,395 624,922 150 4,166 500 9
(Bir El-Maghara)
W. El-Fateh El Maghara village
. 550,959 754,820 1,305,779 1,500 871 5,000 9
(El-Massora & El-Masoutia)
Total 2,013,559 1,475,694 3,579,254 3,650 7,255 12,000 352
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Per capita water availability by watershed
(1:El-Khariq; 2:El-Massajid; 3:Mezaira; 4:El-Fateh; 5:Total)
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Figure 2.19. Variations in current per capita water
availability for each watershed in El Maghara area
2.3.6 Water Scarcity

Water resources in the study area are very scarce.
The area has experienced a significant drop in the
precipitation rate over the last ten years. With the
impact of climate change, the possibility of even
less rainfall in drylands seems high.

Flashfloods constitute a prominent component of
the freshwater that the Bedouin use for their daily
life and also for growing their crops.

The Bedouin know, through intuition and long
experience, the route that flashfloods will take
to reach them from the highlands down to the
wadis where they live and grow their crops. As
the season of flashfloods approaches, they start
checking these paths, removing all obstacles that
may obstruct the floods to ensure a high harvest.
With the large increase in the number of stone and
marble quarries in the area, many in the highlands,
gravel contractors have constructed new alleys
and roads to reach them. The Bedouin claim that
most of these newly built roads are intercepting
flashflood supply, dispersing water and causing
the loss of a large potential source of water.

Prior to the discovery of coal in the study area,
the water resources available were enough to
sustain the sparse population of nomads and their
domestic animals. Once the coal mines came into

operation more information about groundwater
resources became available. But water resources
have been increasingly stressed, as total water
demand increased to supply both the domestic
and drinking needs of mine workers and to sustain
mine operations. In addition, the dewatering
processes for coal seams have increased the total
discharge from the groundwater reserves.

Coal mining processes emittheresidues ofanumber
of heavy metals. Wastewater and dewatering
processes also involve the emission of heavy
metals and other organic pollutants. In El Maghara
coal mine both wastewater and dewatering flows
are disposed of around the mine.

With the sandy nature of the El Maghara desert,
high residues of heavy metals and other pollutants
leach through the sand particles, reaching the
groundwater, the main source of potable water
in the area. In addition, the heaps of coal lined
up for transport are often exposed to flashfloods
that wash away many of the heavy metal and
other contaminants, dispersing them in the soil,
leaching parts to the groundwater.

A government built dam to collect flashflood water
around the assessment area
Source: Mohamed Tawfic
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Water samples collected from various wells in
the assessment area were analysed to monitor
concentrations of heavy metals. The results
(shown in Table 2.8) indicate the presence of
a wide spectrum of contaminants in almost all
water samples.

Another and equally serious source of pollution
is microbial contamination of groundwater in El
Maghara area (Table 2.9). Samples from main
wells in the assessment area were analysed for
their microbial load. Results indicate hazardous
levels of microbial contamination in almost all
water samples tested. The Bedouin store their
water supply in open tanks, exposed to dust and
air, with almost no sanitary precautions.

2.4 Agriculture and Grazing
Agriculture is the oldest activity of the Bedouin living
around El Maghara. Despite water limitation and soil
degradation, agriculture is one of the most important
services in the assessment area. Only a limited part
of the area is supplied with groundwater. Other parts
of the region have no regular supply of water; hence
agriculture is sporadic, depending mainly on the limited
amount of rain. The main crops grown in the area are
olive trees, peaches, cantaloupe, barley and almonds.

There are no reliable figures on agricultural

productivity but considering the prevailing
conditions one would expect a very low production
rate. Yet the potential for agriculture is reasonable
if a source of water is ensured. Research conducted

by the Desert Research Centre indicated the ability

Table 2.8. Residues of Some Heavy Metals in Water Samples Collected from El Maghara (Manganese,

Iron, Nickel, Copper, Cobalt, Lead) (n.d, Not Detected)

Local Name Manganese ppm  Iron ppm  Nickel ppm  Copper ppm  Cobalt ppm  Lead ppm
Bir 5 0.06 n.d 0.4 0.06 1.43 0.26
Bir 12 0.06 0.22 0.4 n.d 0.71 0.26
El-Fateh 1 0.06 0.15 n.d n.d n.d n.d
El-Fateh 2 n.d n.d n.d n.d n.d n.d
El-Massora n.d n.d n.d n.d n.d n.d
Bir Raghwi 0.09 0.22 n.d n.d n.d n.d
Coal Mine (W. Massajid) 0.09 0.19 n.d n.d n.d nd
Coal Mine (W. El Safa) 0.09 0.76 0.4 n.d 1.79 0.4
Bir Umwerib 0.06 n.d n.d n.d n.d n.d
Bir El-Maghara 0.12 n.d 0.8 n.d n.d n.d
Bir El-Hedoud 0.06 n.d 0.8 n.d n.d n.d
Cistren (Haraba) 0.32 0.72 n.d n.d n.d n.d
Bir El-Malhi 0.09 n.d n.d n.d n.d n.d
Bir El-Masoutia 0.09 0.31 n.d n.d n.d n.d
Sample Name TVB cfu/ ml FC cfu/ml FS cfu /100 ml
Mezaira Haraba 1,600 Nil Nil

El Menissi Haraba 1,900 1 Nil
Karma Dam 2,500 160 Nil
Egyptian Standards 100 Nil Nil
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Figure 2.20. Soil sampling sites

to grow a number of economic crops such as nuts,
spices, and fruits. Olives are a staple food in the area
and olive oil is widely used.

The intercropping system practiced by the Bedouin
is a part of agro-diversity. They use barley with
olive trees and cantaloupe for intercropping.
Barley can tolerate water salinity and can be used
as fodder for camels. The intercropping system
enables the Bedouin to protect their lands from
degradation and erosion; in addition, it improves
water use efficiency and increases productivity.

Dewatering of coal seam around El Maghara area, a
main cause of groundwater pollution
Source: Mohamed Tawfic

2.4.1 Soil Profile and

Soil Quality

Part of the present study was to ascertain the
capability of soil to sustain agriculture and the
potential for agricultural expansion. Soil samples
were collected from different locations to cover El
Maghara area (Figure 2.20). Chemical analysis of
soil profile samples was performed; meanwhile,
Landsat images were studied to ascertain soil
suitability and agriculture capacity.

El Maghara landscape is flat or almost flat. Soil
parent materials are calcareous deposits and
sometimes sand deposits. The natural vegetation
varies between scarce to commonly dense
vegetation, with some special small farms scattered
in the area. The area is well drained. Gravel, sand,
loamy sand, sandy loam, and loam are the main
abundant textural classes in the study area. Soil is
mostly dry all through the year. Soils, in general,
are characterised by a coarse to medium sand
texture, with high content of CaCo,. Based on the
biological, chemical and organic content of El
Maghara soil samples, soil fertility, silt content,
and organic matter maps could be inferred (See
Figures 2.21, 2.22, and 2.23,respectively).
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Figure 2.21. Soil fertility map, El Maghara area

The potential for agriculture around El Maghara
varies between marginal and high. Areas of good
potential for agricultural development tend to have
some problems, such as salinity, erosion and the
typical issues surrounding sandy terrain, such as
poor retention of water and nutrients. Other parts
suffer from sand dune encroachment.

Soil samples taken from different locations around
El Maghara were evaluated from the agricultural
point of view according to the Sys System (1991).
The data sets were collected from thirteen soil
profiles to build a database representing the
study area. Using ARC/INFO GIS software the
physical and chemical parametres used in the Sys

equation were contoured to construct line digital
maps (layers). These layers were converted into
polygon layers. An average weight of physical and
chemical soil properties was used to evaluate soil
capability, fertility and suitability for agriculture.

All layers have been integrated into one layer.
The integrated layer is used to classify or rate the
soil in the study area into five categories (Figure
2.24) according to the classification criteria given
by Sys System (1991). Meanwhile, the integrated
map of El Maghara shows five classes, ranging
from very low to highly fertile (Figure 2.25). The
final capability index ranged between 16.4 per
cent and 66.8 per cent; hence, the area is classified
as classes C2, C3, C4, C5, and C6 with 66.8, 48.5,
29.8, 16.4, and 10.03 per cent respectively from
the total study area (Table 2.10).

Capability Class Average % Land Suitability Class Suitability for Agriculture
C2 66.8 Highly Suitable Good
C3 48.5 Moderately Suitable Fair
C4 29.8 Marginally Suitable Poor
Cs5 16.4 Currently not Suitable Very poor
C6 10.03 Permanently not Suitable Nonagricultural



Chapter 2 | El Maghara

ecosystem trends, conditions and impacts

33°18"12"E
L

33°21'26"E

33°24'40"E

33°27'54'E @
f

33°21'26"E
I

w w
o o
~ | IS
o =
N =
z z
w w
o o
IS IS
@ = B3
S S
z z
w w
] 2
w w
Q Q
N N
o 9
z z
33°18'12"E 33°21'26"E 33°24'40'E ) 33°27'54"E
Legend
1 6-10 % 20-28 % Drainage lines.~" Roads
10-20 % 28-38 % . Coal mine
Figure 2.22. Silt content map, El Maghara area
33°18'12"E 33°24'40"E

Nu¥1.9%.0€

N.O.EV.0€

33°27'54"E @
L

Nu¥1.9%¥.0€

N.0.EY.0€

N.9¥.6€.0€

[ 0.12 - 0.14 % “* Coal mine

w

o

o3

Q

S T T T Km T

= 33°18'12"E 33°21'26"E 33°24'40"E __—-_o . 33°27'54"E

Legend .
0.02 - 0.10 % 0.16 - 0.80 % -~ Drainage lines

Roads

o

Figure 2.23. Organic matter map, El Maghara area

63



64

Ecosystems and human well-being, El Maghara, Northern Sinai, Egypt

N.E.¥¥.0€

33°2100"E 33°2645'E @
[l |
e |
p-f‘#‘?f--"
“ﬂ' J"‘"
Y ey

- =%

- L]
P ¥ w
‘& 2
r - .hA
§
b4

Nu¥S.b7.0€

EHMaghara coal mine

Legend
[ Grade (I1) Good soils [ ciass (V1) Non agriculture soils
' Grade (III) Fair soils _,=* Roads

- Grade (V) Very poor soils
0

NutGiL7.0€

-

Grade (IV) Poor soils ‘><‘ Coal mine

2
Kilometres

T
33°21'00"E

T
33°26'45"E

Figure 2.24. Integrated land capability classes map, El Maghara area

33°21'00"'E

33°26'45"E @
1

o%ur -
e
.".-"f. 2
w . - : o
< Mi'd, L i ' 8
& wadi T . ; L =
@ e H § N
S . & 4
z __,-*“" z
P
80 Legend ‘6:
by I Ciass (1) Very low fertility Class (5) Very high fertility L. &
@ o
R Class (2) low fertility I Rocky lands s
= Roads
.
700 Class (3) Moderate fertility .=*
Class (4) High fertility " Coal mine
ElMaghara coal mine 0 _
Kilometres
33°21'00"E 33°26'45"E

Figure 2.25. Integrated fertility classes map, El Maghara area

2.4.2 Impacts on Agricultural
Services

Agriculture has been hard hit by the coal mine
located in the area. During the rainy season,
wastes produced by the mine are carried by runoff,
moving to the surrounding areas, causing soil
contamination, killing vegetation, and possibly

causing other damage. The mine wastes are
drained to a large basin built from cement and
located far away from the mine area, but very close
to the rain fed area used for agriculture. Because
the basin is not well constructed, the drain water
seeps from the basin and spreads over the land
causing the previously mentioned impacts.
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The impact of coal mining and related activities
on some soil fauna and flora was assessed. Soil
samples were collected from different sites, at
different distances from the mine. The samples
were assessed both for their content of total
petroleum hydrocarbons (TPH) and for their
faunal and floral diversity. The amount of TPH
found in a sample is useful as a general indicator
of petroleum contamination at that site. TPH
released to the soil may move through the soil to
the groundwater.

One TPH
shown to cause cancer (leukaemia) in people.

compound (benzene) has been
The International Agency for Research on
Cancer (IARC) has determined that benzene is
carcinogenic to humans (Group 1 classification).
Some other TPH compounds or petroleum
products, such as benzo (a) pyrene and gasoline,
are considered likely to be carcinogenic to humans
(IARC Groups 2A and 2B, respectively) based on
cancer studies in people and animals.

Most of the other TPH compounds and products
are considered not classifiable (Group 3) by
the Agency of Toxic Substances and Diseases
Registry, ATSDR (http://www.atsdr.cdc.gov/
toxprofiles/phs123.html).

Similarly, the concentration of iron in soil samples
indicates a close relationship with proximity to
the coal mine site, with the highest concentration
recorded in the sample closest to the mine. The results
of the sample study showed a significant relationship
between proximity to the coal mine and concentrations
of total petroleum hydrocarbons and iron (Table 2.11)
as well as floral and faunal diversity.
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Coping with water scarcity in El Maghara
Source: Mohamed Tawfic

Soil fauna make a significant contribution to soil
fertility and productivity. They can also be used as a
good indicator of soil quality and its pollution content.
The soil samples collected at various distances from
the mine showed that the total number of isolated
fungi, bacteria, nematode, yeasts, mycorrhizal
fungi, and protozoa differed significantly according
to distance. The samples closest to the mine had the

Table 2.11. Residues of Total Petroleum Hydrocarbons and Some Heavy Metals in Soil Samples

Collected from around El Maghara Coal Mine

S1 S2
around the mine 500 meter distant 1000 meter distant 1500 m distant 1800 m distant 2000 m distant

Moisture% 0.8 0.4

TPH (ppm) 5,000 300

Fe (ppm) 16,500 10,800

10,400

S4 S5 S6

0.8 0.7 0.3
300 300 260
10,700 5,400 5,000
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least faunal and floral count, while distant samples
showed noticeable increases in population and Achaetomium sp

. . . Acremonium terricola
dlver51ty (Flgure 226) Alternaria alternata

Alternaria Phragmospora
Aspergillus Flavus
Aspergillus niger

and nematodes were observed in soil sample Aspergillus terreus
Chaetomium globosum
Cladosporium cladosporioides
was detected in the soil sample S1. Microscopic Emericella nidulans
Fusarium oxysporum
Mucor circinelloides
from the soil samples collected in closest Penicillium chrysogenum
Rhizopus stolonifer
Scopulariopsis brevicaulis
distortions in their structures, accompanied with a Ulocladium atrum

The highest number of isolated micro-organisms
numbers S5 and S6; by contrast the lowest number
examination showed that fungi samples isolated

proximity to the mine (S1, S2, and S3) had obvious

Ulocladium chartarum
Unknown ascomycete
Unknown white mycelium
Yeast

noticeable rate of malformation (Figure 2.27).

Soil quality studies conducted during the present
. L . Figure 2.26. Biodiversity and population density of some soil inhabiting

WOI‘k haVe I'evealed the hlgh Sahnlty Of 5011 m El organisms around El Maghara coal mine

Maghara. (Figure 2.28) Salinity is a major factor

contributing to soil degradation. In the absence of  2.4.3 Grazing

rain, the extensive use of highly saline groundwater Grazing is the single largest land use pattern in Sinai.
in agriculture is likely to be one of the reasons for the Grazing is primarily an activity of Bedouin women,
high salinity recorded in soil samples. with almost no involvement from men. Women

4 %
|
{
Figure 2.27.
A B C D

The morphological distortion in an isolate of Aspergillus Niger from the study area compared with the normal isolate of the same
fungus. A = Normal morphological characters of the fungus; B = abnormal morphological characters in fungus phialides (Arrow);
C = Normal conidiophore of the fungus; and D = Abnormal morphological characters in fungus Conidiophore (Arrows)
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Figure 2.28. Soil salinity map, El Maghara area. (TDS = Total Dissolved Solids)

have developed a good sense for recognizing the
various types of herbs that animals feed on, with a
remarkable ability to distinguish toxic and harmful
weeds. Grazing provides a long list of supporting
services that contribute to the well-being of the
Bedouin and supports their presence in the Sinai’s
harsh arid ecosystem:

o meat and milk, the primary production of
grazing, supply the Bedouins’ need for proteins

o camels provide the primary source of transport
e organic manure is an important livestock product

o the Bedouin construct their shelters from
animal skins

Impact of drought on grazing at EI Maghara

Source: Mohamed Tawfic

o animal wool is used as the primary material to
produce a variety of household and farming
tools

o wool is also the backbone of some handicraft
industries such as rug making, and it can also
be used in bedding and clothing

e in orchards, sheep are often used to control
weeds and thus constitute a profit-producing
biological control

o animal grazing removes older, less productive
plant species and stimulates re-growth of
useful plants, and this is in turn reduces soil
erosion

Water scarcity is the major driver affecting grazing
in the study area. Women are most affected by
water scarcity since it forces them to travel longer
distances to find the right vegetative cover for
their herds.

2.5 Mineral Resources

El Maghara area is rich with mineral deposits. Rock
diversity and coal seams allowed many industrial
and mining activities in the area. The dominant rocks
around El Maghara and their uses are summarised in
Figures 2.29 and 2.30. They are:
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Quarrying limestone at Aroussia
Source: Mohamed El Shafie

. . horizons, where the coal seams are restricted
e Safa coal-bearing formation )
to the lower part of El Safa formation. The

. logical m f El Maghara region prepar

e some types of shale used fo