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The National Field Research Centre for Environmental Conservation

The National Field Research Centre for Environmental Conservation was established by Royal De-
cree in 2009. It aims to contribute to the conservation of Oman’s precious natural heritage by further
strengthening the vital role of field studies. Field work programmes are ongoing around the Sultan-
ate, including research on the woodlands of Al Jabal Al Akhdar.

In the report of the first scientific study of Al Jabal Al Akhdar in 1975, H.M. Sultan Qaboos bin Said
wrote:

“If we are to develop [our natural heritage] and conserve it we must understand it. If we
are to understand it we must study it. Our plans for development must be based on facts;
facts about our resources, our environment, our ecosystems and facts about how we, as
human beings, exist in interrelationship with the wild plants and creatures who share God’s
earth with us”

As Oman’s population has grown and the pace of change has quickened, the need both for under-
standing the environment, and building that understanding into development and management plans,
has become more important than ever.

This book on the woodlands of Al Jabal Al Akhdar is an important outcome of the collaboration
between the National Field Research Centre for Environmental Conservation and the Earthwatch
Institute in Oxford. My thanks go to all those involved in the research and writing of this book. we
hope it will highlight the urgency of the need to take steps to ensure the sustainability of the natural
woodland of Al Jabal Al Akhdar.

Dr Saif bin Rashid al Shagsi
Chief Executive Officer
National Field Research Centre
for Environmental Conservation



Foreword by HE Sayyid Khalid bin Hilal al Busaidi
Chairman of the Board




The Hajar Mountains harbour a unique ecosystem, naturally rich and biodi-
verse making them a valuable national and international natural heritage site.
These mountains have become home to many fauna and flora species, in ad-
dition to a highly adaptive and diverse cultural heritage which is considered
an indivisible part of the overall ecosystem. However, this pristine ecosystem
is fast deteriorating due to multiple natural and man-made factors. Sadly, the
deterioration of the ecosystem is not only a huge loss to the local population
but also to the national and international community because these mountains
offer a unique natural heritage of global significance.

The ideal climatic conditions of Al Jabal Al Akhdar have supported the growth
of plants and shrubs. However, the ecosystem of these mountains is a national
heritage that urgently needs efficient conservation and protection measures
to prevent potential perils. Juniper trees stand at the top of this amazing bio-
diversity; they are extremely difficult to age and may live several thousand
years as a testimony of life in different times. wild olive trees share similar
significance; both species thrive in the wilderness without human intervention.
Beside their ecological importance, these trees have a social and economic
value to the local communities. Yet, the social and economic value now poses
a threat, and as a result, the trees are seeing a measurable decline.

Khalid bin Hilal al Busaidi
Minister of the Diwan of Royal Court
Chairman of the Board of Directors of
the National Field Research Centre for
Environmental Conservation
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Note on place names, and plant and animal names

Place names are constantly evolving. The name Al Jabal Al Akhdar is currently used by different
people to refer to different areas of the western Al Hajar mountains. This book uses the name for the
whole of the central massif of the Al Hajar range, from Wadi Al Hajar in the west, to Wadi Halfayn in
the east. The highest peak, which lies towards the western end of Al Jabal Al Akhdar, is now common-
ly known as Jabal Shams, the name used in this book. In the recent past it was known by local people
as Al Qannah (‘The Summit’). The relatively level area at the southeastern end of Al Jabal Al Akhdar
is referred to in this book as the Sayq plateau. Place names in this book use spellings approved by
Oman’s National Survey Authority.

The book is aimed at a general audience; scientific terms and technical terms have therefore been
avoided wherever possible. However as readers may be unfamiliar with many of the common names
of plants, their scientific names have also been included. The Arabic common names of plants used
are those published in the Field Guide to the wWild Plants of Oman. Scientific names have only been
used for animals where common names are unknown.

Photo credits:

All photographs by Chloe MacLaren, except for the following: Hanne & Jens Eriksen (pages 30 and 31); Dr
Drew Gardner (pages 28 and 29 (bottom right)); Dr Alan Roe (34 (bottom), 41, 53 and 56); Dr Steve Ross
(pages 32 (top) and 33 (centre and bottom)); Rebecca Ridley (cover and pages 10, 11, 12, 15 (right) 16,
17, 24 (left), 25 (bottom right), 26, 27 (top), 34, 35, 36, 37, 38, 39 (top), 43 and 51); Nigel Winser (page 56).
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Introduction
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Inland from Oman’s northern coastline runs the great curve of the Al Hajar mountain range
forming an impressive physical barrier between the Sea of Oman and the central plains of
the Sultanate. The mountain slopes are largely bare rock; little plant life is able to survive.
The result is a dramatic but barren landscape.

However in the centre of the Al Hajar range, where the peaks rise to 3,000 metres above
sea level, the landscape changes if you climb high enough. Above 1,000 metres olive trees
begin to appear. Travelling higher still, above 2,000 metres, juniper trees also dot the moun-
tainside. Besides the trees, a wide variety of other plants live here. This is the juniper-olive
woodland which gives the heart of the Al Hajar mountain range its name: Al Jabal Al Akhdar,
The Green Mountain.

Woodlands - the trees and all the other plant and animal life that live in them - are important
in many different ways, not all of which are immediately obvious. This is because everything
in the environment is connected: climate, rocks, soil, water, plants, animals and people. The
most obvious economic benefit of the Al Jabal Al Akhdar woodland to people is providing
grazing for livestock. Local communities have a rich knowledge of the woodland plant life
and continue to use many wild plants in traditional ways. Trees provide shade, shelter, and
food for wild animals, birds, livestock, and smaller plants.



The woodland has long been appreciated for making the mountain green. Today the scenery cre-
ated by the woodland, particularly the juniper trees, is more important than ever as tourism plays a
growing role in the economy of Al Jabal Al Akhdar. Less obvious, but no less important, is the role of
the woodland in affecting water supply. More rain falls on Al Jabal Al Akhdar than on the Batinah and
interior plains. In the harsh desert environment of the Arabian Peninsula where rainfall is generally
scarce and unpredictable, Al Jabal Al Akhdar’s rainfall ensures a relatively reliable supply of life-giving
water to thousands of wells and aflaj on the surrounding plains. When rain falls, plants and the soll
help water to seep into the rocks to be stored as groundwater. The roots of woodland plants hold
soil in place. Dead plant material and animal droppings are broken down by insects to enrich the soil
enabling it to store water.

Al Jabal Al Akhdar and ifs
woodland play a vital role in
Oman’s water supply, and
have supported communities
of herders and their livestock
for generations. In recent
years the woodland has also
become important for
tourism.

11



In dry areas of the world, such as Oman, the balance between
different parts of the environment is particularly delicate, mak-
ing it very fragile and easily damaged. Even small changes in
one part of the environment can have unexpected effects in
a very different area. Small changes in rainfall or temperature
can have far-reaching effects, such as the loss of rare plants
or animals. Similarly, if there is not enough dead plant material
to enrich the soil because plants are overgrazed, or if large
amounts of dead wood are removed for fuel, soil can easily be
lost. Rather than seeping into the rocks, more rainwater flows
away over the surface increasing the chances of damage by
flooding.

It is clear to all who spend time
on Al Jabal Al Akhdar - residents
and tourists alike — that all is not
wellin the woodland. The juniper
trees which make the woodland
so unusual are obviously suffer-
ing. Many are in poor condition.
Many are already dead.

The first section of this book
is an introduction to the wood-
lands: the plant life, wildlife, and
the communities they support,

The woodland is a fragile environment. Many of the juniper frees which make
the Al Jabal Al Akhdar woodland so special are dead or in poor condition, pre-
senting a conservation challenge.

and how the relationship be-
tween people and the woodland
has changed in recent years.

The second section looks at
how the condition of the wood-
land trees, particularly the juni-
per, has worsened in the past
20 years. It examines the rea-
sons for this, including climate
change and the impact of devel-
opment, overgrazing and tour-
ism. It finally considers what is
being done and what could be
done to try to ensure the sur-
vival and the good health of
Oman’s Green Mountain for
generations to come.



The environment of
the woodland
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Seashell fossils near the summit of Jabal Shams, 3,000 metres

ROCkS, Iandsca pe, d nd SOl IS above sea level: evidence for the great uplift of limestone
which created Al Jabal Al Akhdar.

Limestones from the sea floor

Al Jabal Al Akhdar lies at the heart of the Al Hajar range. Here the mountains are at their highest, rising
to 3,009 metres above sea level at the summit of Jabal Shams, Oman’s highest peak. Al Jabal Al Akh-
dar was formed between 30-40 million years ago by movements of the giant plates which make up
the earth’s surface. The Arabian plate, on which Oman sits, moved northwards towards the Eurasian
plate. As it did so layers of rock were pushed up into a giant fold, or anticline. The rock had been laid
down in thick layers over the previous 200 million years as warm tropical seas repeatedly flooded
the land which now makes up the Sultanate. As the animals and organisms which lived in this sea died,
their remains settled on the sea bed as sediment. Over the millions of years the layers of sediment
became immensely thick and deeply buried, eventually forming dense, hard limestone. As the lime-
stone was folded up to create the mountains, the huge pressure caused fine cracks to appear in the
dense rock, which in time allowed water to move through it.



Carved by water at a wetter time

The hardness of the Al Jabal Al Akhdar limestone is the reason they form the highest peaks of the Al
Hajar range today. Since the Al Hajar mountains were created they have been constantly worn away
by water, sun and wind. These forces cut back into the great fold of Al Jabal Al Akhdar, especially
on its northern side where the huge bowls of Wadi Sahtan and Wadi Mistal were created. Elsewhere
water widened cracks in the limestone to cut spectacular gorges, such as those of Wadi Bani Auf and
Wwadi Nakhr.

Some rainfall moved down through the cracks in the dense rock. The water slowly dissolved the
limestone, widening the cracks, in places forming caves, such as the Al Hooti cave. The Sultanate has
some of the largest limestone cave systems in the world.

From the huge amount of erosion that has taken place both on the surface of, and within, Al Jabal Al
Akhdar, it is clear that in the past there have been periods of much greater rainfall than at present.
This is one of many pieces of evidence that in the past Oman’s climate was different to that of today.

The result of the uplift and erosion is a mountain range which rises relatively gently along much of
its southern side to the summit ridge, and then falls away in dramatic north-facing cliffs. In the south-
eastern corner of the range a remnant of the flat top of the great fold has formed a more level land-
scape, or plateau, around and above Sayq at between 1800-2400 metres above sea level.

Scarce fragile soils

Soil, essential for the growth of the woodland plants, is scarce on Al Jabal Al Akhdar. Much of the
surface of steeper slopes is largely bare rock with only small pockets of soil held in cracks. Where
there is soll, it is usually very shallow and coarse and can easily be washed or blown away. Protecting
this fragile soil is therefore an important part of protecting the woodland.

Water, wind and sun have worn away large parts of the great fold of
limestone. Here the north face of Al Jabal Al Akhdar’s highest peak,
The fragile woodland soil is scarce and easily washed or blown away. Jabal Shams, rises steeply from Wadi Sahtan.

15
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The upper slopes of Al Jabal Al Akhdar are much cooler and wetfter than the
surrounding plains. In winter the temperature can drop below freezing. At this

o time of year clouds sometimes sit against the upper slopes of the mountain,
Cllmate a nd wa ter forming fog, and providing exfra moisture for the woodland plants.

Cooler

The great height of Al Jabal Al Akhdar results in the mountain range having a very different climate to
the rest of Oman. Average temperatures above 2,000 metres are more than 10°C below those along
the Batinah coast and central plains. On the highest peaks, 2,000-3,000 metres above sea level, the
difference is even more marked. In the winter months temperatures can drop below freezing and
snow occasionally falls, although it quickly melts in the sunshine.

Wetter

The great mass of the Al Hajar mountains also affects how much rain there is, and the regularity with
which it falls. Compared to the rest of Oman, there is not only more rainfall on Al Jabal Al Akhdar, but
it is more reliable. Average rainfall for the whole of the Sultanate is just over 100 mm a year and in the
central desert it is less than 50 mm. In general rainfall in Oman is also very irregular and unpredict-
able, varying widely from year to year. By contrast on Al Jabal Al Akhdar over 300 mm of rain falls
on average per year, and the only other place in Oman where rainfall is predictable is the mountains
of Dhofar.

Most of the rain on Al Jabal Al Akhdar falls during the cooler winter months between November and
April when cold fronts move from the Mediterranean Sea bringing rain to the Al Hajar mountains.
During the summer there can be more localised rainstorms and occasionally hailstorms caused by
the upward movement of hot air. In winter moist air from the Sea of Oman is blown inland by norther-
ly winds. The air cools as it is forced up over the mountains, forming clouds. The clouds sit on the up-
per slopes of the mountain forming fog which provides tiny droplets of water to surrounding plants.



Northern Oman’s water tower

Mountains have been described as ‘wa-
ter towers’ for the world and Al Jabal
Al Akhdar is no exception. Much of the
groundwater which is used by farms
on the Batinah coast and on the in-
land plains fell as rain on the mountain.
Some of the rain which falls on the up-
per slopes of Al Jabal Al Akhdar runs
quickly off the bare rock, often form-
ing dramatic and potentially dangerous
flash floods in the mountain wadis. As
the wadis reach flatter land much of
the water seeps into the ground. The
towns and villages on the surrounding
plains rely on the mountain rainfall to
replenish the water in their wells and
aflaj.

Much of the rain which falls on the
mountains finds its way into the cracks
and cave systems in the dense rock
and moves through the limestone. In
this way the limestone of Al Jabal Al
Akhdar acts as an important store of
fresh water. Beneath the thick layers
of limestone lie impermeable rocks,
through which the water cannot travel.
Because of this, water often comes to
the surface where these two layers of
rock meet, forming springs from which
water flows all year round.

Much of the
waterin wells
and aflaj on the
Batinah and
inland plains
originally fell as
rain on Al Jabal
Al Akhdar. Rain
water flows down
wadis like Wadi
Tanuf and seeps
into the rocks

to be stored as
groundwater.

Much of the rain
that falls on the
mountain seeps
info cracks in the
limestone to be
stored as ground-
water. In places
the ground-
water flows to the
surface in springs
which feed aflaj.

Woodlands of Al Jabal Al Akhdar
A Conservation Challenge
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Polygala abyssinica
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Dionysia mira

Plant life of the woodland
300 kinds of plants

The combination of lower temperatures
and higher rainfall make Al Jabal Al Akhdar
a particularly important and interesting area
for wild plants. Around 300 different kinds
of wild plant grow above 1,500 metres. This
is over a fifth of all the kinds of wild plants
found in Oman, in just a small area of the
country. As a result, the plant life of Al Ja-
bal Al Akhdar is very varied, much more so
than on Oman’s central plains. Above 1,500
metres trees form an open evergreen wood-
land. The trees, together with a wide variety
of other plant life create the delicately bal-
anced environment which gives Al Jabal Al
Akhdar its name.

Daphne mucronata

Salvia aegyptica

Water availability and temperature

Within the Al Jabal Al Akhdar woodland there
is considerable variation in how much plant
life there is, and the mixture of plants that
grow in each location. This is largely a result
of local differences in temperature and the
amount of water available. The difference is
most obvious with the trees: between 1,500-
2,000 metres above sea level the most com-
mon trees are wild olive and Sideroxylon
mascatense, known in Arabic as ‘boot’; high-
er up the mountain, above 2,000 metres, ju-
nipers become the most common tree.



Astragalus fasciculifolius

Links with southwest Asia

Similar juniper-olive woodlands are found

today in Pakistan and Iran. Between 17,000-

13,000 years ago sea levels were much

lower than they are today and the Arabian

Sea was virtually dry. It is thought that many

of the plants found in the woodlands of Al Sagerefia thea
Jabal Al Akhdar today may have migrated

to Oman during this time. Besides the olive

and juniper, these include biqan (Helianthe-

mum lippiiy; anora (Astragalus fasciculifo-

lius); nimt (Sageretia thea), ansab (Ephedra

pachyclada) and the grass gus gus (Cym- Plants found nowhere else

bopogon schoenantfius). Another factor making the plant

life of the mountains special is
the number of plants that are not
Juniper-olive woodlands like those growing here on Al Jabal Al Akhdar are also found anyWhere else. HaVing mi-
found in Pakistan and Iran. grated to Oman from southwest
Asia, the plants of the mountain
became cut off from their origins
as the present hot dry climate of
the region developed. This isola-
tion resulted in the appearance
of a number of entirely new kinds
of plant as the plant life of Al Ja-
bal Al Akdhar evolved in response
to changes in the environment.
Thirteen different kinds of plants
found in the western Al Hajar
range are only found in Oman. A
further nine found in these moun-
tains are only found in Arabia.

19



The grass Cymbopogon commutatus Dodonaea viscosa

Common and widespread plants

Only a few plants are common throughout the Al Jabal Al Akhdar woodland. The three common trees
are juniper, olive, and boot (Sideroxylon mascatense). Growing between the trees can be found the
grass Cymbopogon commutatus, small shrubs hanqalan or hayqalan (Euryops arabicus (Astera-
ceae)), ja’adah ( Teucrium mascatense), the rock rose biqan (Helianthemum lippii), shahs (Dodonaea
viscosa), Aristida adscensionis and different kinds of Eragrostis and Helichrysum. Many more of the
plants found on the mountain are much rarer and found in a relatively small number of locations.

Euryops arabicus Teucrium mascatense

20



Plant communities of the
east and west

There are also differences in the
combinations of plants which are
most commonly found at either
end of Al Jabal Al Akhdar. On the
plateau above Sayq, about 2,000
metres above sea level, the most
common plant community is the
grass Cymbopogon commutatus
with small shrubs: ja’adah ( 7eucrium

At the eastern end of Al Jabal Al Akhdar, above Sayq, the most common plant mascatense), the rock rose, biqan
community is the grass Cymbopogon commutatus with small shrubs: Helianthemum liooi. and hangalan
ja'adah (Teucrium mascatense), the rock rose, bigan (Helianthemum lippii), and ( PP /)’ . q

hangalan or hayqgalan (Euryops arabicus (Asteraceae)). or hayqalan (Euryops arabicus (As-

teraceae)). At the western end of Al
Jabal Al Akhdar, around Jabal Shams,
this combination of plants is much
less common and is only found high-
er up the mountain around 2,500
metres above sea level, suggesting
that there is less water available to
plants here. The most common plant
community growing at the western
end also has the grass Cymbopogon
commutatus, but it is found with the
small shrubs shahs (Dodonaea vis-
cosa) and hangalan or hayqalan (£u-
ryops arabicus (Asteraceace)).

At the western end of the mountain around Jabal Shams, Cymbopogon com-
mutatus is more commonly found growing with the smaill shrubs shahs (Dodo-
naea viscosa) and hangalan or hayqalan (Euryops arabicus (Asteraceae)).

Woodlands of Al Jabal Al Akhdar 97
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Cooler, wetter conditions on the highest slopes of Al Jabal Al Akhdar,
above 2,800 metres, allow a unique combination of plants to grow:
the summit plant community.

22

The unique plant life of the summit Kanum (Lonicera aucheri) Khaymaran (Clematis orientalis)

On the very highest part of Al Jabal Al Akhdar, at the summit of Jabal Shams, an unusual combination
of plants exists that is not found anywhere else.

This unique summit plant community is able to grow here because of the cooler temperatures and
greater availability of water at this height, over 2,800 metres above sea level. As well as juniper trees,
Cotoneaster nummularia, khaymaran (Clematis orientalis), Isodon rugosa, kanum (Lonicera aucheri)
and ansab (Ephedra pachyclada) all grow on the summit.



North-facing slopes and sheltered wadis

Elsewhere on Al Jabal Al Akhdar other, less common, combinations of plants are found depending on
how exposed and shaded an area is, as this affects the amount of moisture available. Northern slopes
are more shaded and receive the benefit of additional moisture from fog as clouds build up against
the northern, seaward facing side of the mountain. Boot and olive trees are often found growing with
small shrubs shahs (Dodonaea viscosa), hanqalan (Europs arabicus (Asteraceae)) and Aristida ascen-
sions here. This same combination of plants is also found in wadis on other parts of the mountain.
Trees tend to be concentrated in wadis and other sheltered areas, as water drains into wadis follow-
ing rainfall and less is likely to be lost from sheltered areas by evaporation from either the soil or
plants. Grasses and small shrubs grow in greater numbers on flatter areas and in gentle bowls where
soil is able to collect on the surface.

In wadis and on
north-facing slopes
where there is
more shade and
moisture, boot and
olive frees are offen
found growing
together with small
shrubs shahs (Do-
donaea viscosay,
hangalan (Europs
arabicus (Asterace-
ae)), and Aristida
ascensions.

23
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The boot tree (Sideroxylon mascatense) has edible black berries which are gathered Wild olive (Olea europaeaq)
by local people. known in Arabic as ‘itm’.

Trees of the woodland
The three most common trees of the high Al Jabal Al Akhdar woodland are the boot, olive and juniper.

Boot

The boot tree (Sideroxylon mascatense) is found between 1,000-2,500 metres above sea level in
wadis and other sheltered areas. It grows up to 2 metres high and has edible black berries which are
gathered by local people.

Wild Olive

The olive trees of Al Jabal Al Akhdar woodland are wild olives: Ofea europaea. They are known in
Arabic as itm. Wild olives are found throughout the Middle East, round the Mediterranean, in eastern
Africa from Egypt in the north to South Africa, in southwest Asia, and the Himalayas. On Al Jabal Al
Akhdar they are found between 600-2,600 metres above sea level. The wild olive is evergreen and
may grow as a shrub, or a tree up to 7 metres high. The tree produces small fruit with a single seed
which are black when ripe. The tree is related to the olive which is widely grown in some parts of the
Middle East and in southern Europe for its edible fruit from which olive oil is made.



Juniper
Trees of the highest
mountains

The juniper (or al alan as it
is known in Arabic) is only
found on Oman’s highest
mountains: on the upper
slopes of Al Jabal Al Akhdar
and the nearby peaks of Ja-
bal Al Kawr and Jabal Qubal.
Above 2,400 metres, juni-
pers dominate the woodland
and are the tree for which Al
Jabal Al Akhdar is famous.
A study of Oman’s junipers
in the mid-1990s found that

Above 2,400 metres, evergreen junipers (Juniperus seravschanica), known in Arabic as
‘al alan’, dominate the woodland. The largest can grow up to 15 metres.

the trees usually grow above 2,000 metres, although a few junipers were found on north-facing
shady slopes as low as 1,500 metres above sea level.

Junipers are evergreen, coniferous trees, which can also grow as large shrubs. On Al Jabal Al Akhdar
the largest trees are 15 metres tall. The leaves are scale-like, except on seedlings when they are like
needles. Like date palms, juniper trees are either male or female: female junipers produce ‘berries’
which are in fact tiny female seed cones made of fused, fleshy scales. Male juniper trees have small
cones, 3-4 mm long, which shed pollen. Surprisingly, there are also a few trees that produce both
male pollen cones and female ‘berries’.

Brown male juniper
cones (left) and the
larger female ‘berries’
(right) which are in fact
also cones.

25
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Junipers grow slowly, less than Tmm in diameter a year, and can live for hundreds of years.

The oldest living things in Oman?

Junipers grow slowly, less than 1Tmm in diameter a year, and can live for a very long time. A study of
the growth rings of a small number of juniper trees growing on Al Jabal Al Akhdar found the oldest
trees were at least 600 years old, and probably much older. A particularly large tree at Khab Hayl
Mahlab on the plateau above Sayq is thought by scientists to be over 1,000 years old. The oldest ju-
niper trees in Oman are therefore likely to be the oldest living things in the Sultanate, and possibly in
the whole of the Arabian Peninsula.



Which juniper?

Over 50 different types of juniper are found throughout the northern hemisphere, from the Arctic
to as far south as tropical Africa and the mountains of central America. Since studies of the plant life
of Al Jabal al Akhdar first began in the 1970s, scientists have had different opinions about which kind
of juniper was found in the Sultanate. Recent developments in genetics have allowed increasingly
accurate identification of plants and animals. Oman’s junipers have now been identified as Junjpe-
rus seravschanica. The Sultanate is the most southerly home of this kind of juniper. To the north it is
found in three areas of Iran and over a much larger area to the north east, stretching from Pakistan
to Kazakhstan.

How did the juniper get to Al Jabal Al Akhdar?

There are different theories about how juniper trees became established in Oman. One view is that
during the last ice age, which ended about 11,000 years ago, the cooler climate allowed separate
juniper woodlands in Pakistan and Iran to expand into lower lying areas to form a nearly continuous
belt. Seeds from these trees might have been carried south over long distances to Oman’s Al Hajar
mountains by birds, animals, or people. Another theory is that Oman’s juniper woodland is the re-
mains of a much larger woodland which existed in ancient times under cooler climatic conditions.
Further genetic studies may one day discover which of these theories is correct.

Oman’s junipers have recently been identified as Juniperus seravschanica. This kind of juniper also grows in Iran, Pakistan and Ka-

zakhstan. The juniper may have become established in Oman during the last ice age about 11,000 years ago when the climate was
cooler and wetter.
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Wildlife of the woodland The smallest creatures of the

, , - woodland

The plentiful, varied plant life of Al Jabal Al

Akhdar woodlands provides food and shelter The smallest creatures of Al Jabal Al Akh-
for many animals and birds, large and small. dar, such as the insects, spiders, and scor-
As with the plants, the cooler, wetter condi- pions might not appear important but there
tions of Al Jabal Al Akhdar allow a greater are more of them than all the larger animals
variety of wildlife to live here than in the hot, put together. They are vital to the health of
dry conditions of the desert plains. In the the woodland and the communities that live
same way, it is home to some rare creatures in them. Although insects are often seen as
that are found nowhere else, and wildlife that pests they are essential for pollinating many
arrived in Oman at a time when the climate plants, not only the wild plants of the wood-
was wetter and cooler, and can now only land, but also the fruit trees and other crops
survive high up the mountain. It also provides grown by local people. Together with other
a refuge for a number of animals that were, small creatures, insects also feed on dead
until recently, much more common in Oman. plant and animal matter, breaking it down so
All the wildlife from the smallest insect to that it becomes part of the soil again. The
the largest predator live in a delicate balance insects, spiders, scorpions and other small
with one another and with the plants of the creatures provide food for many of the larg-
woodland. er creatures, especially birds and reptiles.

This large whip spider (Phrynichus jayakari) is only found in the Al Hajar

A surprisingly large number of the different kinds of scorpion that live in the mountains where it lives in caves and on cliffs. It usually feeds at night
Hajar mountains are only found here. Two which live in the Al Jabal Al Akhdar time. Whip spiders — also known as tail-less whip scorpions — walk sideways
woodland are Hottentotta jayakari (pictured below), and Hottentotta saxi- on six legs, unlike true spiders which have eight legs. The whip spider’s
natans which has only been recently identified, and is likely to have evolved remaining two limbs have developed into very long feelers, one of which
from scorpions which lived in Oman under cooler conditions. it always extends in the direction it is walking.
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Jayakar’'s Oman lizard is found only in the Hajar mountains. Unusually for a lizard, as well as insects it eats leaves, fruit and seeds.

Reptiles

Lizards and snakes feed on the smallest creatures and the plant life of the woodland, and in turn pro-
vide food for the larger animals, including some mammals and birds. Twenty different kinds of reptile
have been identified by scientists in the Al Hajar mountains. Half of these are not found elsewhere
making the mountain range an important area for reptiles.

At the heart of the Al Hajar range, on Al Jabal Al Akhdar, one group of lizards, the geckos, are of par-
ticular interest. At least four kinds of gecko found here are found nowhere else in the world.

Rock semaphore geckos are common throughout Al Jabal The mountain leaf-foed gecko lives on Al Jabal Al Akhdar
Al Akhdar. Those found near the summit are generally between 1800-2300 metres above sea level, and is found
darker, blending in with the dark rock. nowhere else. It was only discovered in 1993.




Birds

The woodlands of Al Jabal Al Akhdar support
a wide variety of birdlife; 125 different kinds
of birds have been recorded on the mountain.
Oman lies at the junction of three of the world’s
great biological regions. It is also on the routes
used by many birds as they fly long distances
between their summer and winter homes in
Asia and Africa.
The Egyptian vulture which is endangered world wide is com-

mon on Al Jabal Al Akhdar, making the mountains an impor-
tant home for this impressive bird.

Permanent home

The most common bird is probably the white-
spectacled bulbul. Other birds that are regu-
larly seen throughout the year include the des-
ert lark, laughing dove, brown-necked raven,
and the tiny distinctive black and white Hume’s
wheatear. The similarly coloured, but much larg-
er, Egyptian vulture is also commonly seen all
year round. The number of Egyptian vultures
has fallen rapidly in many countries in recent
years with the result that the bird is now con-
sidered endangered. Fortunately on Al Jabal Al
Akhdar the number seems to be stable, making
this an important home for Egyptian vultures.
Other birds such as the Arabian partridge are
fairly common but shy so are less likely to be
seen.

Arabian partridge are fairly common
and live all year round on Al Jabal Al
Akhdar. However they are not often

seen as they are shy.

30 Woodlands of Al Jabal Al Akhdar
A Conservation Challenge



Visitors

Some birds live in the woodland for a few
months of the year. A number, like the attrac-
tive black redstart, are winter visitors. Others
like the long-billed pipet and the European bee
eater arrive for the summer months, returning
to lower levels in the winter. There are also birds
which may only be seen on Al Jabal Al Akhdar
for a week or two as they fly over Oman dur-
ing their migration. During September flocks
of up to 20 nightingales can be seen, and their
beautiful song is often heard. Desert wheatears
are another common autumn migrant. Other
migrating birds are more commonly seen in
spring, such as the pallid swift.

A place to raise young

More than 30 kinds of birds make their nests
and raise their young in the Al Jabal Al Akhdar
woodlands and the surrounding mountainside.
Large numbers of bulbuls, laughing doves,
house sparrows, long-billed pipets, pallid swifts
and desert larks nest here. The woodlands are
the only place in the whole of the Arabian Pen-
insula where wood pigeon and Isabelline shrike
are known to breed. Al Jabal Al Akhdar is also
an important breeding site for the impressive
lappet-faced vulture which has a huge wing
span of nearly 3 metres.

The attractive black redstart visits the woodland in the
winter months.

White-spectacled bulbuls are one of a number of birds that
nest on Al Jabal Al Akhdar in large numbers.
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A small number of rare Arabian tahr are known to live
on Al Jabal Al Akhdar. The tahris only found in the Al
Hajar mountains and nowhere else in the world.

Mammals

The larger mammals of the woodland are much less common than they were in the past as they have
been hunted, and development and increasing competition from livestock have reduced the areas
and food available to them. Many of these animals are threatened with extinction and the Al Hajar
mountains provide an important refuge for them. Two such creatures which feed on the plant life
of the woodland are Arabian tahr, which are found nowhere else in the world, and mountain gazelle

which were, until recently, much more
widespread in Oman. Not surprisingly
most sightings of these shy animals
reported by local people are in areas
well away from settlements, especially
on the northern slopes of the mountain
where fewer goats compete for graz-

ing.

Al Jabal Al Akhdar also provides an
important refuge for the Arabian
gazelle.



Predators

Even rarer are the large predators, some
of which have been considered an enemy
of man. Across Al Jabal Al Akhdar the re-
mains of stone wolf traps can be seen, built
by local communities to catch the Arabian
wolf. Modern weapons made the killing of
predators easier: very few wolves remain
in the Al Hajar mountains and the magnifi-
cent Arabian leopard which used to live
throughout the range is now extinct here.

A few sighting have been reported of car-
Wolf traps, built

acal, and the smaller wild cat is likely to by local com-
also be here in small numbers. One animal munifies can be
found throughout
that has taken advantage of the spread of the woodland.
human activity is the red fox which is seen very few Arabian
wolves now live in

throughout the woodland, including close the Hajar moun-
to settlements where it eats food waste. foms
Unfortunately the spread of this adapt-

able animal has been at the expense of the

smaller Blanford’s fox with its big bushy

tail.

The insects and plants of the woodland
provide food for a number of smaller
mammals. These include Arabian spiny
mice and Brandt’s hedgehogs. Botta’s se-
rotine bat appears after dark flying high
over the rocky mountain slopes of the
woodland, making a loud squeaking noise.

Blanford'’s foxes with their bushy tails (below) are declining in
number as the larger red foxes (above) are becoming more
common. The pictures were taken using a camera triggered by
the animals’ movement.
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People of the woodlands

High on Al Jabal Al Akhdar more than
50 small communities have lived on the
mountain for generations. For hundreds
of years they depended on the resourc-
es of the woodland to survive and lived
in a delicate balance with it. Over the past
forty years the people of the woodland,
like all Omanis, have experienced huge
changes which have improved their lives
enormously. However in recent years the
environmental balance has been upset,
damaging some aspects of the fragile
woodland, a fact that is recognised by lo-
cal people.

Herders of Al Jabal Al Akhdar

On the highest slopes of the mountain
there are few springs or reliable supplies
of water to support the growing of crops.
Here small communities rely largely on
their livestock: mainly herds of Al Jabal Al
Akhdar goats which are able to graze on
the steep mountain slopes, and a small-
er number of sheep. The communities
stored rainwater by building small dams
across wadis. The herders moved up the
mountain in the winter months, and down
into the wadis during the summer.

Small communities of herders live on the highest slopes of the moun-
tain. In the past the plants of the woodland provided almost all of
the food for their goats. They were therefore careful to make sure the
animals grazed different areas in turn to allow plants time to regrow.



Farmers of Al Jabal Al Akhdar

A little lower on the mountain there are springs. However small,
and however inaccessible these were, communities built aflaj
to use the precious water. The steep slopes meant they also
had to build terraces to grow their crops. On the southern side
of Al Jabal Al Akhdar, nearly all the villages with aflaj are on the
Sayq plateau, 2,000 metres above sea level. These aflaj, feeding
villages such as Al Ayn and Wadi Bani Habib, are the highest aflaj
in the Sultanate. High on the steep north-facing slopes villages
such as Wakan, Bilad Sayt, and Al Hawb also rely on aflaj. In the
past the farmers lived in stone and mud-brick houses grouped
close to the falaj and all the communities owned donkeys which
were used for carrying heavy loads up and down the mountain,
and between communities.

The cool climate allows a wide variety of crops to be
grown including grapes, apricots, roses, almonds, and
pomegranates.

Al Jabal Al Akhdar’s cooler climate allows its farmers to grow
many crops that cannot be grown elsewhere in Oman. Near-
ly 100 different kinds of plants are grown, mostly fruits and
vegetables, but cereals and medicinal plants are produced as
well. In the highest villages crops usually associated with cooler
countries can be found. These include pomegranates, peaches,
apricots, apples, grapes, walnuts and almonds. The area is also
famous for producing rosewater made from locally grown
roses. As well as growing crops these communities also keep
smaller herds of goats and sheep. Manure is collected from the
animals’ nighttime enclosures and used to enrich the soil of the
terraces. These animals graze on the mountain plant life, but
are also given fodder crops grown on the terraces.

At lower levels there are springs. However small these
were, the farmers of Al Jabal Al Akhdar built aflaj to
use the precious water.
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The trees of the woodland traditionally provided building materials and fuel. Trees are still important
for shade, shelter, and food for livestock.

Traditional use of the woodland

In the past the communities of the woodland, particularly the herders, were dependent on local plant
life for survival. As a result they became expert in the many ways wild plants could meet their needs.
Before modern medicine became available, communities depended on herbal remedies made from
the woodland plant life to treat a wide variety of illnesses, including stomach problems and muscular
pain. Plants were used as dyes, and to make perfume, toiletries and cosmetics. Trees provided fire-
wood, building materials, and a welcome source of shade and shelter for people and animals. Olive
trees are an important source of food for goats; herders cut olive branches to feed their animals.

The herders of Al Jabal Al Akhdar were almost completely dependent on the plant life of the wood-
land to provide grazing for their livestock. Apart from small quantities of dried dates, this was the ani-
mals’ only source of food. Herders were therefore careful to make sure that their livestock grazed
different parts of the mountain in turn, allowing time for plants to regrow before returning to an area.

Traditional protected areas

Conservation of plant life is not a new idea in Oman. As well as ensuring that livestock were rotated
round grazing, many communities had protected areas known as ‘himas’. The cutting of trees or the
grazing of animals would not be allowed within these areas, either at all, or for a particular season.
These rules ensured that the plants within the himas did not suffer from overgrazing or overcutting.
The hima system has been practiced on the Arabian Peninsula for over 1,400 years. It was adapted
by Islamic law to ensure that the protected area benefitted the whole community, economically and
environmentally.



Traditional use of the woodland

Huge changes have taken place all over the Sultanate since 1970. Quality of life and opportunities
for Omanis have improved dramatically. This is as true on Al Jabal Al Akhdar as it is elsewhere in the
country; change came somewhat later to this area because of the difficulty of accessing many of
the mountain communities.

Until the 1970s the only access to Al Jabal Al Akhdar was on foot. In the 1970s military and police
helicopters began to make regular flights to the mountain range’s many communities bringing sup-
plies such as medicines, and delivering children to and from boarding school. In the 1970s the first
graded roads were built up the mountain: at the eastern end of the mountain up to Sayq and the
neighbouring villages, and to a few communities high on the slopes of Jabal Shams in the west. From
the 1980s onwards the graded road network was gradually extended, so that today it reaches most
of the mountain communities.

A graded road was built up to the Sayq plateau in the 1970s. However it was the completion of a tarmac road in the 2000s that
brought rapid change to this part of Al Jabal Al Akhdar.
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Water resources under pressure

Water, the resource which has always limited the location and size of communities, has become
more accessible. Wells have been drilled on the Sayq plateau and tankers distribute water to villages
and hotels. At the western end of Al Jabal Al Akhdar, water is brought all the way up the mountain by
tanker. The amount of water used has increased hugely as people have moved into modern homes
with running water and no longer have to carry water from the falaj or reservoir. Whilst this has un-
doubtedly made life easier for the communities of the mountain, it is creating major new challenges.
Over just eight years during the 2000s the amount of water pumped from the well at Saih Qatenah
on the Sayq plateau more than doubled, and has since continued to increase. Water is being pumped
from wells faster than it is being replaced by rainfall, a situation made worse by the fact that rainfall
has decreased in recent years. This is the same water on which the aflaj depend. Of 70 aflaj regis-
tered in the late 1990s, nearly half were ‘dead’ by 2012. Four out of every ten of the fruit trees for
which Al Jabal Al Akhdar is famous have been lost, and a quarter of the land that was farmed in the
past has fallen out of use.

Hotels and tourist resorts which are being built across the mountain use particularly large quantities
of water, although water-saving features and recycling systems installed in one resort show how con-
sumption can be greatly reduced. A pipeline is currently being built to bring water from the desalina-
tion plant at Barka over 2,000 metres up the mountain to the Sayq plateau, but unless development
and the number of visitors is limited, demand for this water will quickly be greater than the supply.

On the plateau around Sayq 30 larger dams were built by the government across wadis to store

rainwater for individual communities. Unfortunately the reservoirs are polluted by goat and don-

key droppings making the water unsafe for people to use. As a result the large amount of water in
these reservoirs is not nearly as well used as it could
be, despite the fact that treatment of the water has
been shown to be cheap and easy. A more serious
example of pollution happened in the 1980s when the
falaj which supplies the village of Sayq was polluted
by diesel. The effects of this are still noticeable thirty
years later, showing how important it is to prevent
pollution occurring.

Although the government built about 30 dams across wadis on Al Jabal Al
Akhdar to store rainwater for local communities, the water is little used as it is
polluted by goat and donkey droppings. Cheap and easy freatment of this
water would help reduce the large amount groundwater which is now being
pumped on the Sayq plateau.



Rapid development

As the road network grew it became pos-
sible to bring modern building materials up
the mountain. Large modern houses, shops,
hotels, and government facilities including
schools and a hospital have all been built.
Electricity and mobile phone service is now
available in most communities. Development
has been rapid since roads have been sur-
faced, especially in the area round Saih Qa-
tenah, on the Sayq plateau. Whilst the new
homes and facilities have undoubtedly made
life more comfortable for local people, the
construction and the ever-widening road
network is having a big impact on the natu-
ral environment, particularly as the new de-
velopment covers a much larger area than
the traditional villages. Construction directly
reduces the natural environment; other im-
pacts may not be immediately obvious. Frag-
ile, previously remote areas can be easily
accessed and those which are home to rare
plants and animals may become fragmented,
reducing the chances of survival. Street light-
ing on some roads has resulted in large num-
bers of insects being killed by vehicles. Many
of these insects play an important part in the
health of the woodland and local farms so
the death of large numbers may have unex-
pected consequences for the environment.

Modern development has hugely improved the lives of the peo-
ple of Al Jabal Al Akhdar. However it has also put pressure on the
natural environment, especially as it covers a much larger area
than traditional villages. This is particularly obvious here on the

Sayq plateau at the eastern end of the mountain.

Modern houses have been built by the government for the mountain
communities. Water is delivered weekly by tanker. This has improved
the quality of life for local people but has also greatly increased the

demand for groundwater, which is in short supply.

Soil removal

The effects of development are felt even
more widely where soil is removed for con-
struction or farming elsewhere. Solil is a very
scarce and precious resource in the wood-
land, without which plants are unable to
grow. Where it is removed, not only are the
plants growing in it destroyed, but thousands
of seeds held in the soil are also removed.
This means that few plants regrow in the
area, and ugly scars are left in the landscape.
Damage of this kind is a particularly com-
mon sight around Khab Hayl Mahlab.



As access to both markets and
exfra feed has become easier, the
number of goats being kept on Al
Jabal Al Akhdar has significantly
increased. In some areas, espe-
cially on the Sayq plateau, the
plant life of the woodland is being
overgrazed.

Donkeys which were previously
kept by communities for transport
have been set free adding to the
problem of overgrazing of the
woodland plant life.
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Overgrazing

As people living in the woodland communities got jobs and bought vehicles
they began to be less dependent on the woodland. Although local plant life
remains the main source of food for livestock, families now buy extra feed for
their animals, such as hay, wheat or rice bran, from towns at the foot of the
mountain.

Livestock can now be easily transported for sale in souqgs where the large Al
Jabal Al Akhdar goats fetch a good price for their high quality meat. This has
encouraged communities to keep larger herds of animals, putting additional
pressure on grazing areas. In 2006 there were about 14,000 goats on the Sayq
plateau. As herders are no longer totally reliant on the natural plant life to sup-
port their animals, less care is taken to ensure that the grazing has a chance to
recover, and the traditional hima system of protected areas has largely been
abandoned. In areas close to larger settlements, especially on the Sayq plateau,
the plant life of the woodland is being overgrazed.

Donkeys

The problem of overgrazing is not only caused by sheep and goats. As the road
network on the mountain has been extended, most of the working donkeys
that were once so essential as a means of transport, have been set free. They
have survived well in the wild and are now a common sight in the mountains,
singly and in herds. Unfortunately they eat large quantities of the same plants
that are eaten by goats and sheep.

Studies of the plant life of Al Jabal Al Akhdar have recommended that the num-
ber of donkeys should be greatly reduced, but action has yet to be taken.

The plants which the goats and donkeys prefer to eat are mostly grasses. But
up to 40 different kinds of plants are eaten, including shrubs and wild olive. A
study of the plants of the Sayq plateau and the surrounding area found that over
a quarter of the different kinds of wild plants that grow here were badly dam-
aged by grazing. In areas where too many animals have been allowed to graze,
plants that the goats and donkeys do not like eating, such as shahs (Dodonaea
viscosa) and hanqalan (EFuryops arabicus) are becoming more common.



Loss of traditional knowledge

The mountain communities still use more than
40 wild plants in different ways. An oil made
from the seeds of the wild drumstick tree is
produced for use in herbal medicine and sold in
Nizwa souq. Fruit from boot and Christ’s thorn
trees are collected and sold locally. However
the wealth of knowledge about the traditional
use of woodland plants is in danger of being
lost as people turn to ready-made products.
Whilst younger members of the community
have the benefit of schooling, they also spend
less time in the woodlands. As a result they
generally have less knowledge of their environ-
ment compared to their elders, for whom sur-
vival depended on deep understanding.

Benefits and challenges of tourism

Since the mid-1990s the government’s aim
has been to develop tourism as an alternative
source of income to oil and gas. Al Jabal Al
Akhdar has been recognised as having great
tourism potential. The juniper-olive woodland,
cool climate, dramatic mountain scenery and
terraced oases, make the area attractive and
unique. The first hotel was built on the Sayq pla-
teau by the government in the early 2000s. The
paving of the road up to Sayq opened the area
up to further tourism developments: more ho-
tels opened and others are under construction.
To the west near Jabal Shams there are now
several privately-owned tourist camps high on
the mountain. The construction of roads and of

these developments has hugely increased the
number of tourists visiting the woodland. As the
woodland, and the juniper trees in particular,
are a major part of what attracts visitors, there
are now new economic reasons for preserving
the woodland.

However, unless very carefully managed, tour-
ism developments and the visitors themselves
can damage the environment. Many visitors
picnic and camp amongst the trees where the
movement of vehicles and people damages the
fragile soil and smaller plants. Visitors also use
large amounts of dead wood for campfires not
realising its importance as a food for insects,
which in turn are vital to the health of the wood-
land. Because of its smell, juniper wood is par-
ticularly popular for barbecuing meat, and even
live juniper wood is sometimes cut for burning.
Sadly many visitors leave rubbish behind, spoil-
ing the very beauty they have come to enjoy
and creating a danger for wild animals and live-
stock.

New market for traditional products

A few traditional products based on wild plants
are being made for sale to tourists. Whilst this
helps keep traditions alive and provides local
people with an important source of income, it
is vital that the plants being used are not those
which are rare and endangered, such as the
Juniper. The use of local plant life in this way
needs to be carefully managed so that it can
continue to provide an income into the future.
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Climate change and
the Al Jabal Al Akhdar
woodland




Long-term climate change

The earth’s climate is constantly, very slowly
changing. This is a natural process over thou-
sands or even millions of years and has resulted
in periods in the past when much more of the
earth’s surface was covered by ice than exists
today round the north and south poles. Over
the past 10,000 years the climate of Oman has
sometimes been wetter, and at other times
dryer than at present. These changes have had
a considerable impact on the people and envi-
ronment of the region. Between 8,500-5,500
years ago there was enough rainfall for per-
manent lakes to exist in the Shargiyah Sands.
At this time the monsoon brought regular sum-
mer rains to the whole of Oman. Around 6,000
years ago the monsoon disappeared from
northern Oman, and winter rainfall from the
Mediterranean became the main source of wa-
ter as it is today. However just over 4,000 years
ago, and again around 3,500 years ago, Oman’s
climate became much drier. Many animals and
plants, such as the juniper, that today are only
found in Oman on Al Jabal Al Akhdar were once
much more widespread. However as the cli-
mate changed, Oman’s highest mountain was
the only place where they could survive.

Man-made climate change

Over the past 30 years scientists from all over the
world have gathered evidence that the earth’s
climate has begun to change much more quick-
ly as a result of human activity. Some gases in
the air, such as carbon dioxide and water va-
pour are known as greenhouse gases, as they
are able to trap heat and keep the earth warm.
They are therefore very important for control-
ling the earth’s climate.

The earth’s climate is constantly changing. Permanent lakes ex-
isted in the Shargiyah Sands between 8,500~ 5,500 years ago.

One of the most common greenhouse gases is
carbon dioxide. It occurs naturally in the air and
is important for plant growth. It is also released
into the air when people burn fuels such as oil,
gas, and coal for energy. The amount of carbon
dioxide in the air has varied over time. Howev-
er since these fuels began to be used in large
quantities over the past 150 years the amount
of carbon dioxide in the air has risen consider-
ably. There is now 40% more carbon dioxide in
the air than there was in 1880; more than at any
time in the last 800,000 years.

Global warming

The fact that the world’s climate is warming,
and that the warming is because of the in-
creased amounts of carbon dioxide and other
greenhouse gases, is now widely accepted. The
average temperature of the earth is now 0.6°C
higher than it was in the 1950s. The speed at
which the warming is happening has increased
in recent years. During the 1990s and 2000s the
average temperature over land areas world-
wide warmed by an average of over 0.25°C ev-
ery ten years. There are variations in tempera-
ture from year to year and from place to place, but
evidence for long-term warming is clear.
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Faster warming in the Arabian Peninsula

Across the Arabian Peninsula temperatures have been increasing at a faster rate. Records of tem-
perature collected between 1980 and 2008 show that this region warmed at the rate of 0.4°C per
decade. If areas affected by the monsoon, such as Salalah, are treated separately, the rate of warm-
ing across the rest of the Peninsula is even higher: 0.46°C per decade. In some areas the average tem-
perature is rising considerably faster than the world average; between 1.5-3.5 times the global rate.

Rising minimum temperatures

Minimum temperatures across the Arabian Peninsula have been rising faster than maximum tempera-
tures. The increase in minimum temperature varies from month to month, but is greatest in October.
Across the Peninsula minimum temperatures in October rose between 3-6°C between 1980 and
2008. As minimum temperatures have risen, the daily temperature range - the difference between
the highest and lowest temperatures recorded each day - fell by just over 0.25°C per decade.

Rapid warming of Al Jabal Al Akhdar

Temperature records collected over almost 30 years in eight different locations in the Sultanate
show that, like the rest of the Arabian Peninsula, Oman’s climate is getting warmer. The pattern of
warming is very similar to the worldwide increase in temperatures. However on Al Jabal Al Akhdar the
climate appears to be changing particularly rapidly, a pattern that is seen in other mountain ranges
such as the Himalayas. Records of temperature and rainfall have been kept since the 1970s at Sayq,
around 1,800 metres above sea level. These show that between 1980 and 2008 average winter mini-
mum temperatures rose by 1.2°C per decade. Average winter temperatures also increased at Sayq
at a particularly fast rate of 0.85°C every ten years. This was the fastest rate of wintertime warming
recorded by 21 weather stations across the Arabian Peninsula, the records from which were anal-
ysed in a 2011 climate change study. The total amount of rainfall recorded each year at Sayq also
decreased very significantly, by an average of 68mm per decade.

Greenhouse gas production in the Gulf

Gulf countries are amongst the highest producers of carbon dioxide per person in the world. In
2010 the six Gulf countries produced between 17-40 tonnes of carbon dioxide per person per year,
putting them all in the top 11 carbon-producing countries per head of population. The United States
was the tenth highest producer per person, producing just over 17.5 tonnes per person. Saudi Ara-
bia produced 17 tonnes per person, almost as much the United States, whilst Qatar, Kuwait, Oman,
United Arab Emirates and Bahrain all produced more carbon dioxide per head than the United States.



Oman was the seventh highest producer of carbon dioxide per head in the world, producing over 20
tonnes per person. Although China produced a quarter of the world’s carbon dioxide in 2010, its very
large population meant that it only produced 6 tonnes per person. Other Arab countries produce
much less carbon per head. Egypt produced less than 3 tonnes per person in 2010 and even other oill
producers such as Libya produced less than 10 tonnes per head, less than half the amount produced

per head by Oman.

Cheap energy encouraging
waste

Because all the Gulf countries are
oil and gas producers, it has been
possible for governments to supply
cheap electricity, gas, and petrol to
householders and industries. These
countries also increasingly rely on de-
salinated water which uses very large
amounts of energy to produce, but is
also supplied cheaply. Cheap energy
means most users are not as careful in
their use of energy as they should be.
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Juniper: Oman’s indicator of climate change
Small change, big impact

Although the changes in climate which are taking place might seem small, even a small change can
have a big impact in a fragile environment. Oman is a signatory to the main international climate
change treaty: the United Nations Framework Convention on Climate Change. The Ministry of Envi-
ronment and Climate Affairs published its initial report in 2013 in which it identified Al Jabal Al Akhdar
as an important, fragile environment at risk from climate change. Local differences in the amount
of water available, and the temperature, affect which kinds of plants grow in different parts of the
woodland, and the number of plants in each location. Small changes in temperature and rainfall can
therefore have a big impact on the woodland plant life. This is especially so for plants which once
grew over a wider area when the climate of Oman was cooler and wetter, and which can now only
grow on the higher mountains where the right conditions still exist. The most notable example is the
Junipers of Al Jabal Al Akhdar which, for Oman, are an indicator of climate change.

Dead juniper trees can be found across Al Jabal Al Akhdar, and many more TreeS n trOUble

juniper are in very poor conditfion as the warming climate puts the frees s e
Under stress. Anyone visiting Al Jabal Al Akhdar

can see many dead junipers, and
many more that appear to be dy-
ing. It is not only Oman’s junipers
that are in trouble. Juniper wood-
lands in Ethiopia, Morocco, Greece
and Spain also appear to be under
stress or dying. Various reasons
have been suggested for the poor
state of these woodlands including
the cutting of trees for timber and
firewood, and overgrazing. Else-
where trees of many kinds appear
to be dying due to drought and
heat stress caused by the world’s
changing climate.



In 2014 a survey of
Oman'’s junipers was
carried out by the
Oman Earthwatch
Programme, and the
results compared to a
similar study done in
the mid-1990s.

The impact of climate change

A survey of Al Jabal Al Akhdar’s junipers done in 1994 found that trees above 2,400 metres were
healthy, both in sheltered wadis and in more exposed sites. At this height young plants were also
growing to replace the older trees. Many of the young junipers were found growing in the shade of
olive trees. However, below 2,400 metres many trees were in poor condition and there were very
few seedlings and young trees. At these lower levels trees in better condition tended to be on shaded
slopes or in wadis. Exposed, lower sites appeared to no longer be suitable for the juniper, possibly
because of changing climatic conditions.

The 2014 survey by the Oman Earthwatch Programme

In 2014 another survey of Oman’s juniper trees was carried out and the results compared with the
1990s’ study. The new survey also looked at the condition of the other common tree of the Al Jabal
Al Akhdar woodland, the olive. The area which was studied was that in which most juniper were found
by the 1990s’ study: above 2,100 metres on south-facing slopes and down to 1,600 metres above
sea level on north-facing slopes. Nearly 90 sites across Al Jabal Al Akhdar were scientifically sampled.
The condition of trees along all roads and nearly 100 km of walking routes in the study area was also
recorded.
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The 2014 survey found that particularly large, mostly healthy junipers were found growing above 2,700 metres, 300 metres higher
than 20 years previously, suggesting that conditions for the juniper are worsening.

A worsening situation

The results of the 2014 survey suggest that recent rapid climate change on Al Jabal Al Akhdar is
making conditions even less favourable for juniper, and in some areas, for the other trees of the
woodland also. Particularly large, mostly healthy, juniper were found growing above 2,700 metres,
300 metres higher than 20 years previously. At this height junipers also tended to be growing closer
together than elsewhere. The Al Jabal Al Akhdar range only rises above this height around the peak
of Jabal Shams, and at its western end, above Hayl Al Jawari. Below this height on Jabal Shams many
Juniper are in very poor condition and in some areas other trees - olive and boot - are also suffering.

Below 2,700 metres many juniper are in very poor condition and many
are already dead as on this slope on Jabal Shams.



Field researchers inspect one of the few young juniper found during the 2014 study.

Few young and seedling juniper

The 2014 survey also found that young juniper were rare, and were growing in just a few small areas
- the same situation found by the 1990s’ study. Only four seedlings were found during eight months
of study on the mountain, all near the summit of Jabal Shams. The only other place where seedlings
are known to be growing is in Hayl Al Jawari. In healthy juniper woodlands in other parts of the world

Juniper seedlings and young trees can account for half the total number of juniper in the woodland.

On Al Jabal Al Akhdar in 2014 they accounted for less than 10% of the trees surveyed, suggesting
that even if climatic conditions for the juniper do not worsen further, the woodland will be unable to
renew itself as older trees die.

The lack of seedlings and young trees is likely to be due to a lack of sufficient moisture, and possi-
bly also increasing temperatures, caused by climate change. Juniper remains have sometimes been
found in goat droppings suggesting that grazing by goats might also be a problem for juniper seed-
lings and young trees within reach of goats. Donkeys also eat juniper and may contribute further to
the problem.
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The importance of shallow
bowls (hayl) and north-east
facing slopes

However it is not only the height
at which juniper grow that affects
their condition, or the number of
young trees. The 2014 survey found
that juniper were in the best condi-
tion, and young trees were more

likely to be found, in bowl-like areas
Below 2,700 metres juniper are found in good condition in only a few places. The trees

formed by Wlde, shallow wadis. Soll seem to do particularly well in bowl-like areas (hayl) where soil and water collect,

and water collect in such locations providing a reliable supply of moisture. Hayl Al Jawari (above) at the western end of
i Al Jabal Al Akhdar, and Khab Hayl Mahlab on the plateau above Sayq are the two

and there is less exposure to sun largest examples. Protection of these areas is very important for the long-term survival

and wind than on exposed hillsides, of fhe juniper in Oman.

factors which all affect the amount of moisture available to the trees. This may explain why juniper
are in better condition at lower levels at the eastern end of Al Jabal Al Akhdar, on the plateau above
Sayq where such bowl-like features are common.

In the area around Khab Hayl Mahlab, between 2,300-2,400 metres, there are plenty of healthy juni-
per, although many trees here are also in poor condition. Particularly large trees, many of which are
in good condition, are also found in the wide bowl of Hayl Al Jawari at the western end of Al Jabal
Al Akhdar; seedlings are also found here. At even lower levels trees in particularly good condition
were found on the north-eastern slopes of the mountain, above Wadi Mistal. However, junipers on
north-facing slopes elsewhere on the mountain were not in such good condition, suggesting that
there may be something particular about the conditions in Wadi Mistal which is enabling the trees to
remain healthy.

Juniper are also found in good condition at lower
levels on north-facing slopes, especially in Wadi
Mistal, where they are in shade for much of the time
and receive additional moisture from the cloud
which sometimes covers the north face of the
mountain.



Added pressure from people and livestock

Although the plateau above Sayq is an area where environmental conditions still appear favourable for
the juniper, this, unfortunately, is also where the trees are under the heaviest pressure from people.
Some juniper in the Khab Hayl Mahlab area, which is close to many villages and popular with tourists,
showed signs of branches having been recently cut, possibly for the production of juniper water. This
practice needs to be very closely monitored as the trees grow extremely slowly and are already under
stress from the changing climate. In a few cases junipers have had their main trunk cut. Large amounts
of soil have also been removed from this area along with all plant life, although a few juniper have been
left on small islands of solil in which they are unlikely to thrive. The popularity of large juniper trees as
sites for picnics is likely to disturb the ground and damage seedlings. Around Khab Hayl Mahlab a few

Juniper have recently been burnt, possibly ac-
Khab Hayl Mahlab is an important area for the juniper as it is one of the few

Cldenta”y or dellberately set allght by tourists areas with many frees still in good condition. Unfortunately tourists some-
having barbecues and camp fires. Juniper that fimes cut wood to burn and some frees have been accidentally set alight

as this blackened trunk and branch of this ancient free show.
appear to have been burnt many years ago are
found elsewhere on the mountain, especially
on Jabal Shams, but it is likely that these fires
were the result of lightning strikes.

Climate change and the fruit trees

The impact of climate change is not limited to
the juniper. Other plants are being affected,
including crops grown on the mountain’s ter-
races, some of which are especially sensitive to
temperature. Certain fruit trees, such as pome-
granate, apricot, almond and walnut, need the
temperature to fall below a particular level for
a certain number of hours each winter before
they are able to produce fruit. Between 1983
and 2007 the number of hours during which
the temperature was cool enough fell nearly 10
hours per year on average in the highest oases.
If this rapid change continues as it is expected
to, it is very likely that it will soon become im-
possible for the farmers of Al Jabal Al Akhdar to
produce many of the fruits and nuts for which

the mountain is famous.
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Action to prevent further global warming

At the current rate of warming on Al Jabal Al Akhdar there is a real danger that the present generation
of children growing up on the mountain will be the last to live surrounded by ancient juniper trees,
some of which have stood on the mountain for over a thousand years.

Every government and every individual needs to play their part in preventing further global warming.
Governments have a major role to play; the cost of preventing further warming is much less than
the amount that will have to be spent to address the impact of further warming. For countries which
produce and consume oil and gas, reducing the amount used domestically not only reduces carbon
emissions, but also saves these resources for future export to support the economy.

The potential for renewable energy, both wind and solar, is huge in the Sultanate, but this has only just
begun to be developed. Future regulations will ensure that new buildings are insulated and designed
to reduce the need for energy-hungry air conditioning, in the same way that the thick mud walls of
Oman’s traditional homes kept their occupants cool. The development of public transport should be
a priority to reduce dependence on private vehicles.

Just as important as the actions of governments are the daily decisions and choices made by the
billions of individuals on the planet which can collectively make a huge difference to the amount of
greenhouse gas that is produced, thereby curbing the increase in temperature.

People should be informed about climate change and inspired to reduce the amount of energy
they use. Just a few of the many ways in which this can be achieved include choosing low-energy
household appliances and vehicles and using them efficiently; using public transport; reducing use of
desalinated water; and building houses with energy conservation in mind. Most of these actions not
only benefit the environment, but they also directly benefit the individual by reducing their bills for
electricity and water.
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The present generation could be the
last to enjoy the juniper woodlands
of Al Jabal Al Akhdar unless action is
taken to actively protect those areas
where the frees are still healthy.

Minimising additional stress on the woodland

Whilst climate change is a major threat to the juniper and the wider woodland, it is not the only factor causing
stress to the plant and animal life. To give the fragile environment the best chance of coping with the challenge
of global warming, efforts must be made to minimise the other sources of stress which the woodland is cur-
rently under. Management of visitors has begun. Picnic sites have been built with shaded seating, cafes and
toilets. These are proving popular with day trippers and help to reduce damage to more sensitive areas. Signs
have been put up to explain the importance of the juniper trees. Government agencies and tourism companies
have begun working with local schools to organise clean up campaigns of areas of affected by rubbish and to
plant new olive trees.

Al Jabal Al Akhdar Scenic Reserve

In 2011 the Al Jabal Al Akhdar Scenic Reserve was created by royal decree. It had long been recognised that
Al Jabal Al Akhdar is a special and fragile environment which is not only home to a wide variety of plant and
animal life, but is a vital source of water to surrounding plains, including the Batinah, the Sultanate’s main food
producing area. Recommendations that Al Jabal Al Akhdar should be a protected area go back to the 1970s.
As access to the mountain improved in the 2000s and the pace of development quickened, studies highlighted
environmental decline, showing that protection was badly needed.



Creation of the reserve is an important first step in the conservation of part of the woodland. The reserve
covers the north-eastern side of mountain, from Qiyut in the west, to Wakan and Al Manakhir in the east. This
includes the north-eastern facing slopes of Wadi Mistal which are home to a great deal of plant and animal life,
including juniper in good condition at low altitude.

However the majority of sites where juniper are still healthy and young trees are growing lie outside the re-
serve. If the juniper is to have a chance of survival, many of these areas need to be protected. These include
Khab Hayl Mahlab on the plateau above Sayq, and the summit of Jabal Shams. Fortunately one of the most
important areas for the juniper, Hayl Al Jawari, is already protected, but this protection may need to be further
extended. Protection of these areas will also ensure that Al Jabal Al Akhdar’s value as an attractive ecotourism

destination is maintained.
The Woodlands Study Area by the Oman Earthwatch Programme.
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Community support for conservation

Measures to conserve the woodland and manage its use sustainably will only be successful with the
full involvement of local communities. This is especially important if overgrazing of the woodland

is to be tackled effectively. Many communities, notably the herders of Hayl Al Jawari, are proud of
the junipers and are keen to protect them.

A survey carried out by the Oman Earthwatch Programme found that local people, especially older
members of the mountain communities, recognise that the natural environment of Al Jabal Al Akh-
dar is not as healthy as it was 20 years ago. The survey also discovered that the majority of those
living in these communities support environmental conservation. This is an important starting point
for preservation efforts.

As those with the greatest knowledge of the woodland, these communities are best placed to
protect it. More rangers should be employed from local communities, and the communities them-
selves should be empowered to guard the woodland. The communities should also be encouraged

to reestablish sustainable grazing practic-
es, including the traditional hima system.
In the long term local communities have
much to gain from the woodland remain-
ing healthy as so much of their livelihood
relies on it.

The small herding community who
live in Hayl Al Jawari are proud of
the junipers and are keen to help
conserve them. Here a member of
the community shows researchers a
rare juniper seedling.



Giving Oman’s junipers and the Al Jabal Al Akhdar woodland the very
best chance of survival and ensuring opportunities for ecotourism

Besides the urgent need for both government and individuals to take action to prevent further global warming,
measures should be taken to reduce additional stress on the junipers and the woodland. The following would
maximise the junipers’ chance of survival and preserve Al Jabal Al Akhdar’s significant ecotourism potential:

* Protect areas where young juniper are growing

such as Khab Hayl Mahlab and the Jabal Shams summit, and provide fur-
ther protection for Hayl Al Jawari, to allow regeneration of the juniper
and enhance Al Jabal Al Akhdar’s ecotourism potential

* Prevent cutting of live trees and their branches
for barbecues and camp fires, the production of perfume, and souvenirs
* Stop further soil removal

especially from shallow bowl areas important for the juniper like Khab
Hayl Mahlab

* Restore sites damaged by soil removal

such as Khab Hayl Mahlab by planting new junipers and other woodland
plants

*  Limit further road building and urban development

to avoid further loss of natural environment and maintain ecotourism
potential

* Inform and inspire visitors to respect the woodland
by providing information through signage and a visitor centre
* Strengthen regulations and powers of rangers
to enable rangers to effectively protect the junipers and the woodlands
*  Empower local communities to guard the woodland
and appoint more rangers from local communities
* Assist local communities to reestablish himas
and sustainable grazing practices
* Implement the recommendations of Sultan Qaboos University’s Al Jabal Al

Akhdar Initiative including reducing the number of wild donkeys

Further research is being carried out on Al Jabal Al
Akhdar by the National Field Research Centre for
Environmental Conservation to study the impact of
grazing on woodland plant life.
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