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SUMMARY

S.1 Background
This report covers investigations on the Yemen Tihama of aeolian sand formations and reviews

current programmes for sand dune stabilisation being undertaken by the Tihama Development
Authority (TDA) on the International Fund For Agricultural Development (IFAD) funded Tihama
Environmental Protection Project (TEPP). The TDA requested Hunting Technical Services Limited
(HTS) to carry out field studies, using recently acquired SPOT satellite imagery, and report on the
dynamics of the sand dunes, their interaction with land use and assess the sand dune stabilisation
programmes. The geomorphological studies would be supported by laboratory analysis of dune

sediments.

S.2 Work Programme.

Five SPOT PAN scenes, imaged in November and December 1997 and February 1998, were
procured for the project and processed into 1:50,000 image maps at HTS. The HTS consultant
arrived in Yemen on 7 June and returned to the UK on 30 July. The field study comprised
reconnaissance tours throughout most of the Tihama with detailed examinations at selected sites and
along transects; and visits to all locations of the sand stabilisation programme of TEPP.

Measurements were made of dune sizes, present and indicative seasonal wind directions.

S.3 Laboratory Analysis.

Sand samples were dry sieved in Hodeidah. The main laboratory work was undertaken at the
Postgraduate Research Institute for Sedimentology at the University of Reading, during August 1998,
and included: particle size analysis of sediments by Laser Granulometry; X-Ray Diffraction to assess
bulk mineralogy of sand sources; examination of sand grains using a Scanning Electron Microscope
to assess grain surface textures, and qualitative elemental composition of grains and surface coatings
using energy dispersive X-ray analysis; geochemical analyses to assess carbonate loss in sands, and
total chemistry to assess levels of elements in the sands; and thin section preparation and
microscope examination of concretion, topsoil, and cemented coastal aeolian sands, to assess the

type and degree of cementation.

S4 Map Production.
At the end of the field season field interpretations for each of the 1:50,000 image sheets were digitised
to provide area measurements and incorporated into final image map sheet overlain by the thematic

information of aeolian landforms / underlying landforms / land use / assessment of drifting sand

hazard / and wind directions.
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) Previous Studies.

In the past there have been only limited studies concerning the aeolian geomorphology of the Tiha~z

Geomorphological and soil studies on the multidisciplinary studies in each wadi basin. and =

o

nationwide soil survey conducted by FAO / USAID, have provided useful background materiz <
Concerning sand stabilisation however, extensive proposals to assess and implement an action ¢ z-
for mitigating drifting sands. were made for Wadi Rima' during the 1970s’ by the Land Resour-=s
Division (LRD) team. Unfortunately, little of this was implemented except for shelter belts in ~=
irrigated lands. More recently, plans for sand dune stabilisation in the Wadi Mawr, Wadi Siham ar -
Wadi Zabid were drawn up in the preparation phase for the present project by the FAOQ's Investma--
Centre (1980 and 1981). The IFAD Appraisal Report (1992) amended the design features for tn=
dune stabilisation programme and form the basis of the present sand stabilisation programme. [t wz<

concluded that stabilisation of the sands in coastal areas was unnecessary.

S.6 Analysis of Wind Directions.

Incomplete collections of data on wind speed and wind directions have been given in many earlisr
studies. The principal study on winds was an agro-climatic study conducted by the Land Resources
Division (LRD) as part of the Wadi Rima’' Project, reported in considerable detail by the LRD team
(1979). That study remains the most comprehensive investigation of winds in the Tihama that has
been published. The TDA currently carries out meteorological readings at a number of stations
throughout the Tihama but has had software problems in processing data from several stations where

there are automatic recordings of a range of parameters including wind speed and direction.

All wind speed and wind direction data given in reports however, has been collated for the present
study. Data from Kamaran Island shows that wind directions were from the south and south west for
55% of the year (October to May), and from the north ard north west for 19% of the year (June
through September). Inland at Ad Dahi prevailing wind directions are from the north west and south
west with daily mean wind speeds of 1.5 to 1.9 m/s, considerably less than at Kamaran. Data from
Hodeidah again shows that wind speeds are higher along the coast: monthly mean is 4 m/s, with
range from 2 to 6 m/s. The significance of these higher speeds near the coast is that coarser grains
will be moved by the higher threshold velocities. Inland only smaller sized particles can be moved by
normal winds. In the Wadi Rima there are strong diurnal changes in wind directions that persist for
much of the year with westerly sea breezes forming every day as the land heats up, being replaced by
easterly land breezes during the night as cool air descends off the mountains. The data for Al
Madaniyah shows that the strongest winds are from southerly to south-westerly directions which

occur during the winter, whilst in summer north-westerly and west-north-westerly winds are dominant.
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S7 Classification of Active Aeolian Landforms.

The classification of aeolian sands used in this report follows that given in ‘Aeolian Sand and Sand
Dunes’ (K. Pye and H. Tsoar, 1990). The study has used their four groups of dune landforms :

a). Sand Accumulation related To Topographic Obstacles. Includes echo dunes, climbing dunes.
cliff-top dunes, lee dunes and falling dunes. These are minor features on the Tihama, generally

related to buildings at the present time.

b). Accumulations of Fine Sand Related to Bed Roughness Change/ Aerodynamic Fluctuations:.
Includes barchans, transverse ridges, unvegetated linear dunes (seifs), dome dunes and star dunes.

All but the last two are present and common in the Tihama.

c). Accumulations of Poorly Sorted & Bimodal Sand Related to Bed Roughness Change or
Aerodynamic Fluctuations. Includes sand sheets and undulating zibar sand plains. Sand sheets are

ubiquitous, and zibar occur in the central area of sand seas that lie between the main wadis.

d). Sand Accumulation Related to Vegetation. This type includes parabolic dunes, hummock
dunes (nebkha) vegetated linear dunes. Parabolics occur only in the coastal areas, whereas
hummock dunes are present throughout the Tihamz. Vegetiated linear dunes may be forming over a

series of ancient sand ridges.

S.8 Formation of Modern and Ancient Sand Dunes

Recycling of sediments, eroded from the mountains of Yemen into the Red Sea, and then blown back
to the mountains and interior by winds is a controlling process in the region, which whilst complex
spatially and temporally, contains several characteristic components. The detailed field and laboratory
analytical studies carried out during the present study have concluded that the coastal and inland

dunes are intimately connected, and that coastal dunes supply the interior sand seas.

In the wadi beds the winds separate out the coarser fractions of flood bed loads, and limited supply of
sand, and gquantities of silt sized dust, are blown out onto adjacent lands from the wadis. The majority
of the flood's transported load, comprising silty and clayey alluvium, is deposited on fields and canal
banks within the spate irrigation systems. At intervals, floods with sandy and silty sediments reach
the coast to deposit their bedload in coastal waters. These sediments are transported by currents
either into deeper waters, onto offshore sand spits and bars, or onshore onto the beaches where the
coarser fractions, generally composed of shell fragments, are progressively reduced in size. Wind
then separates out the finer fractions, transporting them inland, first as fairly coarser textured aeolian
sands of coastal hummocks, coastal foredunes, parabolic dunes and barchans, and then into the

interior plains, where sands become finer and the amount of shell material is reduced.
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Modern sand movement in the interior is north-easterly, the resultant of the dominant wind

Q
o

0

from the north to north-west (summer) and the south-south-west (winter) The interior
landforms include hummocks, sand sheets, barchans, transverse dunes, complex netwz--z

transverse dunes, and seif dunes. These form extensive sand seas in the inter-wadi areas 7z ==
transgressing over other landforms. The aeolian sands also become progressively finer towzras =

mountains.

The north-easterly movement of sand sheets and sand dunes is modified by the variability of sezs--=
and diurnal winds. Although the annual movement of the slip face of a sand dune in the arsz = =-
least 10 m / year, individual sand grains are likely to move far greater distances, and r :-=

unvegetated sand seas of the Tihama, with closely spaced transverse dunes, saltating sand a-

[4%)
/

may well move hundreds of meters during single periods of strong winds, being transported fror --=
dune ridge onto the next by saltation, or by short-term suspension of the finer particles when therz =-=
strong gusts. By contrast, the slip face of the dune is advancing at a more steady rate, up to few ===

of centimeters a day and often much less than this. Thus, sands originating on the coast can be oz -

intimately connected with the inland dunes. Research is needed in the Tihama to measurz =--

quantify the local situation.

In general, the development of sand sheets and sand dunes reflects local supply of sands from ==
sea and coastal areas. On high energy coasts the sand supply coming onshore is substantizl =--
forms coastal dunes that feed the interior sand seas. The role of natural vegetation in coastal c.-=
formation is critical, and acts as natural stabiliser, reducing rapid movement inland. Where cozs =
barriers exist, such as mangrove and coral reefs, the sand supply is reduced but thin sand she=:=
often still form, and over time can accumulate inland into significant mobile dunes. On the czoz=-
modern dune formations are often saline and are progressively cemented by calcium carbonzaie ~::
aeolianites. These present harsh environments for plants to colonize, and wind erosion of aecliz~ ==

probably supplies a considerable volume of sand from coastal areas to feed the interior dunes

ridges. The ancient sand dunes form a series of regularly spaced and approximately east 1o #=2z-
aligned linear dunes. These dunes have been stabilised in the past by soil formation processes z-:
can be 20m or more high, 250 to 500m broad, and many kilometers long. Sandy inter-dune corrz-=
are 1 to 2 km wide. These palaso-dunes formerly reached the escarpment. Fluvial erosion of the =2 =
that have developed on the ancient sand formations is now the dominant process and Ioz=

contributes to sand dune formation. The ancient dune formations also include aeoclianites along ==

coasts that are often being eroded by sand laden winds.
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farmland from encroaching sand dunes is particularly serious and unrelenting.

Tne present study has concluded that site conditions play a central role in the origins, presence and
stability of aeolian features. There are no simple rules for sand control that can be applied right
across the Tihama. A complete investigation of the local conditions (winds, aspect, sediment sources,
nature of the coast, topography, land cover and land use etc) should be undertaken at each site prior

to establishing stabilisation measures.

The study assessed the TEPP Sand Dune Stabilisation Programme under implementation by the
TDA. Components of the programme include: the Hodeidah Green Belt, a protective shelterbelt being
afforested on the north east side of Hodeidah; sand dune stabilisation along the Sana'a road and in
adjacent villages; and farm shelterbelts and dune stabilisation efforts in the Wadi Siham and Wadi
Zabid. The TEPP has drilled numerous water wells in these areas which will be used for irrigating
shelterbelt species. The present study has concluded that a number of improvements can be made to

the present methods being adopted, summarized as follows:

i). Use of Checkerboards Design for Fencing.

The checkerboard system of fencing, using dried plant residues, is recommended for reducing wind
speeds on mobile sands prior to planting, and ideally should be extended onto all drifting sand
landforms in the affected areas and not just on the dune forms. Shallow sand sheets can rapidly
develop into dunes and bury young plants. Fences should be regarded as standard procedure in all
areas of the TEPP. Though locally they may have a significance, parallel fences, or fences with L-
shaped design, are unlikely to work as efficiently in most areas of the Tihama where multi-directional
winds blow throughout the year. In addition, winds from unusual directions do occur and can cause
considerable damage on unprotected planting zones. Fences will also need replacing at intervals as

they deteriorate, for without fences dune formation will be initiated again.

ii). Flattening of Dunes.

Attempts to stabilize routes through large areas of mobile dunes, by flattening and then carrying out
afforestation should be avoided, as changing wind directions, dry conditions of sands and general
access, will compromise efforts to stabilize a narrow pathway. Where possible the margins of
dunefields should be tackled first, and this now appears to be the method to be adopted in the

Hodeidah “Green Belt”.
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iii). Establishment of Automatic Stations for Determining Wind Velocity.

There is a need to install automatic stations with anemometers to record wind speed and w -
directions on a continuous basis using data loggers. Data can then be analyzed to show w -
directions and resultant sand drift wind velocities throughout the year. Existing TDA stations reau -=

maintenance and / or upgrading to fulfil this requirement, and to carry out analysis of exisi~:

databases at TDA and the Civil Aviation and Meteorology Authority .

iv). Use of Mesquite for Sand Stabilisation.
The use of Mesquite (Prosopis julifiora) in areas remote from farms should be considered for sanz

dune stabilisation work. It has a proven usefulness in semi-arid and arid zones as a Very ra

stabilizer of mobile sands, and locally has stabilised dune fronts to the east of Hodeidah, and dun=s
within the city. It is a vigorous colonizer of soils however, and will become a very serious weed cr
agricultural fand if allowed to become established. It is thus not recommended for use on dunes
adjacent to farmlands, nor on coastal foredunes where sands. and thus seeds, can move rapial,

inland.

V). Proposed Construction of Foredunes in the Interior Dune Lands.

The building of foredunes in the interior areas requires testing before this high cost operation =
initiated. A pilot area should be initiated, prior to large scale construction work. Sand accumulation w
occur where obstacles are placed and assist in the growth of foredunes. Dunes flattened by bulldoz=-
will have a natural tendency to rapidly re-assert themselves back into dune shapes, if checkerboza-c
fences are not constructed. Foredunes can be considered however, for rapid construction in cerizr
areas where there is a critical and timely need to stop sand. Elsewhere natural dune accumulation

following fence and checkerboard establishment, is desirable.

vi). Coastal Foredunes.

Any establishment of foredunes in coastal areas is considered best left to natural processes of sarc
accumulation, aided by checkerboard palisades / fences and plant establishment. The natura
vegetation however must be allowed to survive, on the beaches and coastal dunes. as it plays a viiz

role in stabilizing sands.

vii). Soil Improvement.
The use of mulches and green manuring is to be encouraged as these will lead to formation of sta- =
soil aggregates and release of plant nutrients from the various minerals that comprise sand grains
Composting of surplus green vegetable matter (e.g. from Mesquite) and its incorporation into sarc.,
soils will enormously aid in stabilisation of aeolian sands. Mixing of silty and sandy soils should to o=

investigated as an additional method of helping to form a wind-stable soil. Stabilisation and soll
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ncien: aeolian sands however, was probably accomplish

considerably different than the present.

viii).  Farm Shelterbelts.

Farmers should be strongly encouraged to establish shelterbelts over farmlands, and in the pastora
lands that exist upwind of dune belts. Tree-free zones designed to stop birds roosting adjacent ©
crops, and advocated by some landowners, are leading to an increase in sand movement of a
number of the dunefields that lie adjacent to villages. The villages by contrast are often well vegetated
with similar shade trees. It is considered that the benefits from reduced sand and dust movement on
the health of people and crops, will well outweigh any effect of increased bird populations on crop

loss.

ix). Protection of the Natural Vegetation Cover to Assist in Stabilizing Drifting Sands.

Human disruption of the vegetation cover of sand hummocks along the margins of the cultivated lands
and in the coastal areas, appears to lead to extensive development of more mobile sand sheets,
which in turn, form sand dunes. A major effort is required to educate land users on the effects of
vegetation loss on sand dune mobility, and to show that stabilisation of dunes is a function of the land

cover.

X). Rejuvenation of Shelterbelts.

Established shelterbelts, left to develop without further management (e.g. Zabid to Tuhaytah), will
often require rejuvenation as plants die from effects of drought and sands re-mabilize. lrrigation,
repeated every year or two would be costly to implement, but would have long-term benefits in saving
a shelterbelt and reducing the impact of drifting sands. Checkerboard fences also need to be replaced

in these areas if dunes are to be controlled with the long-term view in mind.

xi). Periodic Use of Spate Irrigation to Rejuvenate Alluvial Lands on Margins of Sand Seas.
Some alluvial lands on the margins of the sand seas, that were formerly spate irrigated in most years
but which now lie completely outside the zone of the managed irrigation systems, have suffered
increased encroachment by dunes. Periodic inundation of these lands in the past appears to have
confined sands to valley margins, but now dunes and sand sheets threaten agricultural lands
increasingly further away from the original dune front on the valley side. Over-pumping of aquifers is
desertifying some agricultural areas where pump irrigation had been developed. Where groundwater
is limited consideration should be given by TDA to carrying out periodic controlled floods of such
areas so as to recharge groundwaters, allow establishment of shelter belt trees, and rejuvenate

agriculture.
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xii). Protection of TDA Tubewells.
The TDA should check all recent drilled wells to ensure that the well head caps are tightly sea =2

they are not there is a high risk that sand will fill in wells when drifting sand dunes bury well structiurss

S.10 Proposed Interventions For Future Programmes.
The study has also made a number of conclusions concerning additional interventions that will 2ss =

in the stabilisation of sands throughout the Tihama, in a future programme adjustment. These incluzs

a). Reducing Sand Movement In Coastal Areas.

Coastal areas have been denied an input into the present programme because they have been sz = -
play an insignificant role in the problems of movement sand dune onto agricultural land, and that in=
links with the inland dunes were distant enough to be unimportant. The present consultancy ~z:
concluded that this view is largely unfounded. Coastal areas should be included in the overall scne—=
as some have severe problems with drifting sands. Although dunes move slowly, sand supply Tz~
coastal to inland areas can be very rapid. The report discusses the ecological requirements necessz",
for successful sand stabilisation along the coast using indigenous and exotic plant species E.
allowing nature to build up dunes and abandoning the concept of constructing a coastal foredur=
costs would be considerably reduced. The TDA is thus urged to reinvestigate the proposals for wz

in coastal areas, and specifically in those farmlands where dunes are burying date plantations.

b). Establishment of Additional Protection Areas.

A number of proposed protection areas, coastal and inland, are shown on the 1:50,000 image mzcs
that accompany this report. These are areas which have very considerable problems with szrc
movement at the present time, but are not included in the IFAD funded programme. From field studiss
conducted throughout the Tihama during this consultancy it was concluded that these areas will nesc
protection in the future if they are to survive. In some areas the situation is deteriorating and fields anc

rural communities could be overwhelmed by sand dunes sand lost. These include:

Qutay to Munayli Area: Margins of ancient sand sheets, and stabilisation of gullies cut intc
sand ridges.

Kulzum Area, W. Siham: A relatively small area of date palms that are threatened witn
engulfment by dunes.

At Ta'if area: Coastal parabolics and hummocks protected from land us=
pressure.

Sawlah to Al Lawiyah: Stabilisation of dune front that is engulfing villages in Wad
Rumman.

Wadi Kuway Area: Protection of date palm plantations that are threatened by paraboli
dunes.

Madaniyah to Wadi Ajji: Protection of irrigated lands from transverse and parabolic dunes

Mutayna Area: Investigate local success in maintaining vegetation cover in coastz
parabolic dunes.

Wadi Urfan Area: Protection of main road south of Hays from dunes and sand sheets

Republic of Yemen: Aeclian Sand Formations of the Tihama -
Geomorphology and Assessment of Sand Stabilisation Programmes (320 549)
VI

= r— - am— = " - - - [(ye—— = F -



Monitoring wind velocities and the movement of sand.

=3 study has yet been made of the actual threshold velocities to lift sand and cust paricles ~

-zl thresholds where detailed sand stabilisation efforts are being undertaken, by measuring
tne movement of the different types of (Tihama) sands under different wind velocity regimes. Such &
study would require the establishment of several sand movement stations where the process could be
investigated over the course of a year. Use should be made of existing weather stations where sand
velocity is measured, though not yet analyzed, such as automatic station operated by TDA on the
shelter belt between Zabid and Tufaytah. Sand traps would need to be emplaced to measure volumes
of annual sand drift past fixed points. A future programme to assess sand movement and threshold
velocities however, should firstly carry out a full analysis of the existing TDA wind data. This
investigations could form the core of a higher degree study for a Yemen national at an appropriate

university.

d). General Investigations.

The present study has made a number of conclusions on the origins of the sand formations and their

distribution. Many other questions remain unanswered where there are dunes moving inland and into

irrigated lands. Future studies should attempt to determine, for example:

« Are dunes advancing any faster in recent years, and how much of this is due to the cutting of
vegetation growing on dunes?

e Or has there been drought and drying up of the shallow water tables causing the vegetation to
desiccate 7

o If there is a lowering of watertables is it due to overpumping in the valley or is it due to reduced
recharge ?

« Has the development of controlled irrigation systems led to a reduced ‘flushing’ of the dunes by
occasional large floods, or is it due to climate changes?

« How will any changes in sea level in the future affect sand supply along the Tihama coast ?

s« What are the effects of biological stabilisation of sands by faecal pellets, and how can this be

improved and sustained?

S.11 Conclusions from Sedimentological Analysis for Sand Stabilisation.

Particle Size Distributions.

Dry sieving and microscope study of sand samples carried out at TDA has provided important data on
the particle size distributions of the sands. It has also showed that soluble salts derived from coastal
winds, and faecal pellets from soil animals have an important role in forming soil aggregates and form
part of the process of stabilisation in sand hummocks. This is an important lesson for sustaining a

programme of biological based stabilisation of mobile sands in the Tihama.
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The more advanced technique of laser granulometry, carried out at Reading University in the UK -

provided a more quantitative analysis of the sands. This information is vital in studying the movemrz--

of sand particles under different wind velocities. In the Tihama these preliminary studies, carriez - _-

along several transects, suggest that the diameters of sand grains decreases with distance

from the sea. Since wind velocities are shown to be stronger on the coast than inland, the finer sz---

of the interior, with their reduced threshold velocities, will be moved easily by interior winds. Th

scope for more detailed investigations comprising sand traps to measure movement and
stations to measure wind directions and strength as well as ambient conditions. The datz = <-
indicates the precise amounts of silt and clay present in samples, essential knowledge for planning :-

establishment of plants, the moisture and nutrient requirements of vegetation and, in the case

ancient sands, their structural stability and susceptibility to wind erosion under different types of

use.

X-Ray Diffraction and Scanning Electron Microscope Studies.

The x-ray diffraction was conducted on ground up sands from a range of sites throughout the Tirz~=

The results show that there is a similar range of minerals in the sandy sediments. Whereas z=~ =-

sediments, in for example central Saudi Arabia, are composed mainly of quartz grains with prom ~=--

iron oxide coatings, the Tihama sands are different with fragments of minerals and rocks and |~ -=-

iron staining. These will provide colonising plants with an abundant supply of nutrients. Micropc-=:

the rock fragments and mineral grains will trap soil moisture and raise the water holding capzz -, --
the sands.

A range of sand grains were studied under the scanning electron microscope with a view 0z -

characterising surface features and establishing their elemental and mineral composition. Su-~

features on sand grains, particularly quartz, can provide a clear indication of the origin ana

environmental history of the grain. X-ray bombardment of grain surfaces and individual cr, == -

additionally provides an analysis of major elements present. Results from this work have show -~ - =

surface textures of fresh grains from river sediments and beach deposits have similar z--

fractures. Inland these grains become more rounded and show fractures and cavities characteriz- - -

allc

aeolian abrasion. Secondary accumulations of salts (halite and gypsum) in coastal areas. Inizrn= - =
minerals and various oxides occur on grains of older dunes. In contrast the modern active sz~ -= -
the interior plains have almost no secondary coatings of clay minerals and soluble salts. Th
study provides an introduction to this method of investigation. There is very considerable poi=-- = -

enlarge the scope of the studies which will provide benefits to sand stabilisation.
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Thin Section Studies
The thin section invesiigations show that cementation of sand formations is largely by microcrysiz ~=
calcium carbonate though the degree of hardness of cementation varies. These have varzts
conssguences for stabilising sand formations. In the coastal areas where the aeolianites cccur on

older sand dunes and also on apparently recent hummocks there is a strong cement of CaC03, for

exampls at Mujaylis. Loose sand is moving inland over such dunes as a thin veneer and wind

4]

brasion has exposed the aeolianites in many areas. Thus there is no stabilising of the sands such as

occurs in coastal parabolic dunes.

The presence of aeolianites on recent sand hummocks (as evidenced by plastic detritus in the layers)
suggests that there is a widespread process occurring on the coast. This is probably taking place in
the subsoil of the hummocks as carbonate minerals in the sea spray crystallize out. Loss of
vegetation, whether by human interference or natural processes is not clear, leads to exposure of

these hard layers at the surface.

Under such conditions, and with the additional factor of high levels of soluble salts in the coastal zone,
these are now very difficult substrates for colonising plants to take root in. The challenge for a future
sand stabilisation programme in such an environment will be to create a rooting zone for suitable
plants to develop and permit re-development of an overlying foredune and a permanent vegetation

cover.

Geochemical Analyses.

Sand samples were taken from a range of coastal and interior dunes along transects. Acid soluble
analyses provide a total analysis of the elemental composition of sand sediments. These can be
compared with the results of the x-ray diffraction work and show similar differences between the
coastal and interior dunes. The analyses indicate the total levels of elements and nutrient availability
that exist in the samples, and suggest that there are no major deficiencies which may need correcting
to benefit plant growth. High levels of calcium in some of the coastal sands may reduce uptake of
magnesium. The water soluble determinations indicate the nutrients that can be readily available to
plants, including those salts which may be toxic, in these sands. Soluble salts, such as sodium
chloride, have elevated levels in coastal areas but would be reduced if the sand stabilisation
programme includes irrigation. Since there is a continuous supply of salts in spray laden winds being

driven onshore the reclamation process has to be maintained.

The results of the determinations of CaCQ3 equivalents suggest that in the majority of cases looked at
the CaCQ3 equivalent decreases inland with distance from the sea. The particle size analysis shows
significantly higher amounts of non-sandy fine materials, that is silt and clay, existing in the older

sands compared to the active sands. A certain amount of this will be as fine particles ¢f calcium
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carbonate deposited as dust on sandy surfaces and these may explain the high anomalies in
the geochemical analyses. The low CaCO3 values such as on some active dunes near the cc

inland on older dunes suggest that the modern dunes in these location are derived from sand

depleted in calcium carbonate, such as the older dune sediments.

The presence of fine carbonate, whether fairly close to the coast or far inland, will generally -

)
l

beneficial effects on sand stabilisation. The carbonates will provide storage for soil water z~- =

medium for plants to root in, all aiding in soil formation, aggregate stability and reduction

movement. The microcrystalline development of calcium carbonate around grains to form -=--

aeolianites in coastal areas however poses a management problem if these layers become sxooz=-

at the surface since they act as barrier to plant establishment. Inland, there is a developmz-: -

isolated calcium carbonate concretions along former plant rocots in the ancient sand dunes, but t-=2==
are not thought to be forming at present.
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NTRODUCTION

BEACKGROUND TO PRESENT STUDY

croposals for a sand dune stabilisation programme were originally given in the First Phase
"soaration Mission report (FAO-Investment Centre, 1990), and the subsequent Project Preparation
meport (FAO-IC, 1991). An amended programme of investigations was presented by the IFAD
~ppraisal Mission report for the Tihama Environmental Protection Project (IFAD, November 1892)
which recommended that a ten month, three visit, consultancy in Arid Zone Geomorphology be
undertaken of the dune systems during the first phase of the Tihama Environmental Protection Project
(TEPP). The consultancy would be supported by placing a UN Volunteer Physical Geographer in the
TEPP for three years. In July 1993 a proposal for environmental assessment of dune stabilisation and
farmland protection was presented to the Tihama Development Authority (TDA) by Hunting Technical

Services Limited (HTS).

The TDA requested HTS on October 12, 1997, to prepare a new costed technical proposal for the
following: acquisition of new satellite imagery: a seven week field study of the origins and dynamics of
the dunes, their interaction with land use, and an assessment of the ongoing sand dune stabilisation
programme; and within the TEPP, mapping of the sand dunes in the Tihama at 1:50,000 scale.
Subsequently, a contract between the TDA and HTS was signed on 13 March 1998. Following
delivery of new 1997/98 SPOT imagery, and its processing into 1:50,000 scale image maps at the
HTS laboratories, a programme of field work was carried out by an HTS consultant, experienced in

arid zone geomorphology, land use planning and Yemen, during June and July 1998.

1.2 TERMS OF REFERENCE

The Terms of Reference (ToR) are reproduced in full in Appendix A. Summarising, the ToR call for a
study of the dune dynamics to cover the whole of the Tihama area, indicating the nature and origins of
the dunes for both the coastal and inland areas; the relations between the various the dune systems
throughout the Tihama; and the nature of the wind directions in the Tihama. The geomorphological
studies would be supported by laboratory analysis of dune sediments. The study would alsc assess
the effect of dune movement on farming and pastoral communities; evaluate the effect of sand dunes
on land use patterns; evaluate previous sand dune stabilisation activities with suggestions for
improvement measures; and provide recommendations for siting of the sand dune stabilisation and
farm protection measures. Using SPOT imagery a programme of mapping would be undertaken in the
TEPP area to show the extent of sand dunes and associated farm areas in the TEPP sites, the line of

stabilisation works, and other relevant features.
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1.3 ACQUISITION OF SPOT IMAGERY AND IMAGE MAP PREPARATION

Recent acquired remotely-sensed SPOT satellite panchromatic (PAN) imagery was obtained for this
consultancy and processed by the Remote Sensing Department of Hunting Technical Services, from the
original digital data into a series of 1:50,000 scale image maps. The SPOT PAN, with a spatial resolution of
10 m. has scene sizes that are 80 x 680 km, and a single broad spectral band of 0.51 to 0.73 microns which
imitates the conventional black and white tones of aerial photography. Five SPOT PAN scenes were
procured which cover the TEPP area. The location of the images and of the map sheets that have been
produced are given in Figures 1.1 and 1.2. Details of the path, row and acquisition dates of the imagery are

givenin Table 1.1.

The raw data from the five scenes were computer processed to provide enhanced and geometrically correct
imagery suitable for visual analysis and interpretation in the field. The first stage involved geometric
correction of the imagery, the purpose of which was to register the imagery to existing map series so that
images can be referenced according to Longitude and Latitude and also Grid Co-ordinates. For the Tihama
area the 1:50,000 scale map series (Y.AR. 5C, Edition 1- D.O.S. 1980), with a grid based on Universal
Transverse Mercator (UTM) Zone 38P, was used for this purpose. Since Hunting Technical Services had
previously prepared image maps of the region for the TDA, and by using archived coordinate data and
control point information for the region, it was a relatively straightforward matter to prepare a new series of

image maps.

The next stage was to carry out a geometric correction in a block adjustment of the five scenes together. In
the block adjustment, where the boundaries of scenes cover two or more topographic sheets it was
necessary to mosaic together the individual scenes so that any obvious changes in contrast between

juxtaposed scenes became less obvious.

The block-adjusted mosaic was then ready for the next stage of image rectification. In rectification the pixels
of the image were rearranged, by processes known as warping and resampling, so that they fitted into the
correct position on the Yemen cartographic base. In preparing the map sheets a degree of overlap between

sheets was also allowed for, so as to aid in the later transferring of mapping boundaries to adjacent sheets.

A final stage of processing was image enhancement, whereby the contrast and brightness of the image was
optimised according to the particular requirements of the project. In this case the available scenes on path
K144 appear to have been acquired at a period of considerable haze present over the sea, and there may
have been atmospheric dust also. There were very strongly contrasting differences between bright high
reflectance values of sand dunes, very dark areas of moist soils on agricultural lands and low reflectance of
dense vegetation in certain areas (for example the Salvadora persica forest in Wadi Rimah’). This resulted
in a very wide range of reflectance values over the whole region but relatively low contrast within each land

cover type, which could not be completely compensated despite careful image enhancement.
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The processed data was then inserted into twelve 1:50,000 scale sheets and cartographic information
added concerning the scale, co-ordinates and the locations of the SPOT PAN scenes and maps. The

finished map sheets in digital form were then transferred, using a film writer, onto black and white

T

photographic film. Printed copies of the twelve image map sheets were then prepared by enlargement

from a 200 mm by 200 mm negative

TABLE 1.1 SPOT PAN IMAGES.

Path Row Acquisition Date Topographic Sheet Coverage (1:50,000 scale)

K144 J320 09 November 1897 1442-B2, 1443-A1, 1442-B4, 1443-A3

K145 J320 31 December 1997 1443-A2 1443-A4

K144 J321 05 February 1998 1442-B4, 1443-A3, 1442-D2, 1443-C1

K145 J321 31 December 1997 1442-D2, 1443-C1, 1443-D1, 1443-C2, 1443-C4,
1443-D3, 1443-A4

K145 J322 31 December 1987 1443-C3, 1443-C4, 1443-D3, 1343-B1, 1343-A1,

1343-A2

1.4 CONSULTANT’S WORK PROGRAMME IN YEMEN

The HTS consultant (Mr R. Neil Munro) arrived in Yemen on the 7 June and returned to the UK on the
30 July. A daily record of his work programme is given in Appendix B. Whilst in Yemen the consultant
reported to and was supervised by Dr. Babiker Ahmed El-Hassan, the Chief Technical Adviser (CTA)
to the TDA. The CTA was responsible for ensuring that logistical support was well organised and
uninterrupted during a field programme conducted during the middle of the Tihama summer. In this
respect the consultant wishes to gratefully acknowledge the services of TDA staff driver Omar Saed

who was provided for the duration of his stay in Yemen.

During the field work period the consultant was also accompanied by counterpart staff from TDA
Headquarters and each of the regional areas and extensive thanks are to be given to the following for

their co-operation and assistance:

Central Area and TDA HQ (Hodeidahh):
Mr Ibrahim A. Al-Domi (Chairman, TDA)
Dr Babiker Ahmed El-Hassan (CTA)
Mr. Zein M.H. Haig (Director, TEPP)
Mr. Adnan Abdulrahman Mohd. Saleh (Forestry Sp.)
Mr Abdullah Abdul Magid (Extension)
Mr Ahmed Al-Bakiri (Extension)
Mr Mohd Qasim Sultan (Forestry & Engineering)
Mr Abdullah Hassan Abdul Karim (Sand stabilisation)
Mr Mohd Abdul Rahman (Meteorology)
Mr Saleh Hisam (Director, Laboratory)

Mr Amin Mohammed Tohlan (Technician, Laboratory)
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FIGURE 1.1 LOCATION OF SPOT IMAGES.

Path Row Acquisition Date -
K144 1320 09 November 1997 ’
K145 1320 31 December 1997

K144 1321 05 February 1998 -
K145 J321 31 December 1997 |
K145 1322 31 December 1997
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FIGURE 1.2 LOCATION OF 1:50,000 SCALE IMAGE MAPS PRODUCED FROM 1897/28
SPOT PAN
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Southern Area (Zabid):
Mr Abdul-Wali Haider (Director, Zabid Station)
Mr Abdul Aziz Abdul Saleh (Forestry, Sand Dune Stabilisation)
Mr Mohd. Mohd. Al Asar (Forestry)
Mr Abdul Hussein Wassel (Forestry, Sand Dune Stabilisation)
Mr Nawaf Salim Ahmed (Hydrology)

Northern Area (Zuhran):
Mr Mohamed Hadi Haig (Director, Northern Region)
Mr Abdul Hakim Sulwe (Sand stabilisation)
Mr Gasher Mohd. Halib (Extension)
Mr Ahmed Shuay Ali (Extension)

Thanks are also due to Dr Ahmed Kotba and Dr Abdul Karim Al-Subbary of the Department of
Geology, Sana'a University for technical information and assistance with air freight samples to the UK:
and to Dr Ismail Al-Ganad, General Manager of Yemen Mineral Resources and the Geological Survey

for access to the library reference collections,

At the end of the mission to Yemen the consultant participated in a half-day seminar at TDA
headquarters. The seminar was chaired by Mr Ibrahim Domi, Chairman of the TDA. and was attended
by over 25 technical staff of the TDA from all branches and field locations. A short end-of-mission

report was prepared by the consultant prior to departure from Yemen.

1.5 FIELD METHODS

The field study period was in the nature of reconnaissance tours throughout most of the Tihama with
more detailed examinations at sites randomly selected as tours progressed. The fieldwork included
visits to all locations of the sand stabilisation programme within the TEPP, and studies along transects
where features in aeoclian landforms were studied. Measurements of dune sizes, present and
indicative seasonal wind directions, and other features were made throughout the Tihama. A hand-
held Garmin G-75 Global Positioning System (GPS) was used to determine the UTM Easting and
Northing coordinates at each site. Samples for analysis were collected from different types of sand

landforms and some associated soils in the project areas

A short description of the location and characteristics at each sampled site is given in Table C ¢ c*
Appendix C.  The site reference, e.g. M 71, refers to the consultant's numbering system ‘cr
observations in the field. Only sites with analytical data are listed in the table. The locations that oo .-
within the TEPP are also indicated on the 1: 50,000 scale image map sheets accompanying - <

report. Other sampled sites, that is those to the north of latitude 15° 00" north, and south of a1 ==

Republic of Yemen: Aeoclian Sand Formations of the Tihama - Geomorphology and Assessment of Sand Siar =2 -~
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13" 45 N can be located with refersnce to thelr coordinates. Interviews were zlso mads win

number of farmers and pasioraiists througheut the stuay arsa.

1.6 LABORATORY METHODS OF ANALYSIS IN YEMEN AND UK,

In Yemen some B0 sand samples wers dry sieved at the TDA technical laboratories, using British
Standard {est sieves, at a range of mesn sizes from gravel to coarse sill. Some samples, becauss of
salt aggregates proved 10 be napprocriats for this method but valuable data was generated from
most. In the LK this data was then procsssed on 2 computer using a2n Excel statistical package o
provide a graphical output of the particle size gsta  Data for this is shown in Table D1 of Appendix D
The main laboratory work was underaken at the Fostgraduate Research Instiiute for Sedimentology
(PRIS) at the University of Reading, in the UK unzer the supervision of Professor Kenneth Pye, a
research scientist specialising in aeclian processss and ther analysis by laboratory techniques. A
substantial programme of analysis was carmed out 2t PRIS during August 1997 and resulls are
summaris=d in Appendix E. Thanks must be given to the |aboratory technical staff at PRIS for their

considerable support and Instruction.  Tha work at PRIS has ncluded

aj Particle size analysis of 46 samples of sand and soll by Laser Granulometry {Lozeau &t al,

1584, which augmented the work carned out in Yemen

) X-Ray Diffrastion of =ight samples to assess oulk minsralooy of different sand sources;

=]

c) Examination of carbon-coated samples from ten sies using a JEOL JSM5300 Scanning
Electron Microscope (SEM) to assess grain surface fexiures, and gualtative elemental
composition of grains and surface coalings Jsing energy dispersive X-ray analysis provided

by @n Oxford Instruments Link AN10000 Apalyser coupled o tne SEM

d), Geochemical analyses of 17 samples for carbonate loss in sands, and total chemistry for 23

samples to assess levels of acid scluble and waler soluble elements;

&) Thir section preparation and micrescope examination of 6 samples of concretion, topsall, and

cementad coastal azolian sands, 1o assess the type and degree of cementation

The laboratory work in the Yemen and at PRIS in the UK has provided an metial assessment of the
nature of the Tiharma sands. From this examination vanows preliminary conclusions and trends have
heen noted and these are reported in this repardt. The reader i3 advised to refer lo the data
appendices when site samples are given in the text A full assessment of the sands would require &
longer study, a carefully planned sampling programme and a considerably onoer analytical phase
accompanied by a broadened range of analytical technigues. s consigered thal there is scope for
several nigner degrees, o M35c and PhD levels. perhaps within the framework of existing academic

cooperation agresmenis that the University of Sanaa has with unwersiies in the UK and elsewhere.

Reputlic af Temen Asclizn Sand Formations of the Tihama - Geomarphalogy and Sssessment of Sand Stabilisatior
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1.7 FINAL MAP PRODLUCTIOMN.
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then added o the sheet seres and the finished maps then transfemed onto the film wniter for negative prode— -
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1.8 AEOLIAN CLASSIFICATION AND SAND STABILISATION REFERENCES.

£ considerable number of texts are now available for consultation when studying and zone geomorphalzoy =

aec’ian landforms. An important general work is 'Desert Geomorphology by Cooke, Warren and Goudie (1522
which replaces the earier text by Cooke and Wamen {1973), 'Geomarphology in Deserts' This covers =
zspects of geomorphology in arid areas including asclian sediments and landforms ‘Arid Zors
Geomaorphology' (Thomas, 1988 and aiso recenlly updated) is a complementary text. An older genzrz
texis is 'Desert Landforms' by Mabbutt (1877)  Most lexts on aeclian Jandforms rightly oz
considerable oradil to the pionaering wark by R.A. Bagnold, “The Physics of Wind Blown Sands =0

Desert Dunes’ the result of research in the Libyan and Arabian deserts (Bagnold, 1841 1851

tModern texts include "Geomorphology of Desert Dunes' by Lancaster {1895) which is largely bassa oo
experience in Southermn Africa. The most comprehensive recent review of gsolian sedimeris
lzndforms and their management however is ‘Aesolian Sand and Sand Dunes’ by Pye and Teoa

12230% The role of dust in gaeckan fandforms is reviewsd by Pye (1887)

ither waorks consulted include: Binda (1983), Carter et al (1992), Folk and Ward (1857}, Fryoergs =
al (1883 1984), Goudie (1881). Greeley and lverson {1285, Helm (1960), Kocurek (1288 = =
(1893, 1895) Pye and Lancaster (1983), Reineck and Singh (1875), Scharpensel and Ayoub

lzcar and Pye (1987). Tucker (1988), Whitney et al (1982) Khalaf {188%). Mckee (1972 Fo-

(1985)

Reoublic of Yemen, Aeckan Sand Formations of the Tihama - Geamorpholegy and Assessmant of Sand Stan i =50-
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"<z 27 3and dune siabilisation culside of Europe are largely availatie a3 repors oy sgencies of ma
23 fatons and Governments (eg. FAQ, 1985, GTZ 1977 The present study f&s 3150 CaMNed o

= tzrature ssarch of sand dune stabidisation programmes throughout the world OfF parieuls

slzpance to tnis study are invesbgations carried oul in Arabia and the Near East by Kerr and Nigra

1RZt 1852} Stevens (1974}, Watson (1985, 1920}, Jones et al (1986), Alios (1994), Bristow (128
sooks et al (1882), El-Baz and Hassan (1986) FAO, (1897), FAD - Investment Centre (1525
Hariey (1878), Hudson {1887, 1891}, Jensen (1597, Leblond and Guerin (1983), Phillips and Wilies

(1878 Slifho {1992), Trosse! (1981), UNCESD {(1998), Al Jamie et al (1895), FAD, (1974,

Aspects of the natural vegetation occourring on the asclian landforms are contaned n the following
references: El-Demerdash and Zilay {1984), Mulington (1888). HTS (1992, 1993), Stone (1985), Van
der Maarel (1857), Vesey Fitzgerald {1955%), Wood [1983), Zahran and Al Kap (1996}, Al Hulaishi and
Muller Hohenstein (12847, Batanouny (1987, DHY Consultants (1988, 1990}, Scholte et al {1991}

Ceples of a number of these papers have been made for the office of the CTA at TDA in Hodeidah

These, and other references consulted for this study, are listed in the Bibliography.

1.9 SCOPE OF THE REPORT

This introductory Chapter One is followed in Chapter Two by a review of previous invesligations on
sand dunes, stabilisation programmeas, a classification of the dune types used, and related studies in
the Tihama |0 Chapter Three a detailed cutling is given of the major a=solian landiorms in the Tihama
and how they interact with the coasts! area, the wadi systems and Tihama escarpmeant. The ancient
and modern dunes are classified and analylical data generated dunng the present study s
ncorporated inte the descriptions and discussion  Chapter Four pravides regional assessments of
aegolan sand movement and their impacts on land use, and in Chapter Five an analysis is given of
the TEPF Sand Duns Stanilisation Programme. Chapter Six discusses commendations for
improvements in protection areas, and suggests possible future interventions to soll improverment and
dune stabilisation and additional protection areas. Finally, Chapter Seven reports on the mapping
programme carried oul using 1888 SPOT imagery and describes {he mapping units, and their aerial
extent These are followed by a Bibliography of references thal have been consulied, ang suppoarting
Appendices including, Terms of Reference [(A) Work Programme (B), Records of Sampleg Sites (C),

and Anaiytucal Data (D and E)
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2 RESULTS FROM PREVIOUS STUDIES ON AEOLIAN LANDFORMS AND SAND
STABILISATION

2 AEOLIAN GEOMORPHOLOGY

rme ozslthere have been imited studies concerning the aeolian geomorphotogy of the Tihama An
rvestzanon by Guilcher (1952) on the Tihama narth of Midi, where therg are extensive plains with
djunas noted that the finer sands had been deposited in the east fanhest from the coast and up o the
zdge of the mountans Brown £t al (198%) re-examining this area on the Saud| Arabian side, reported
Inat thay are seif dunes aligned perpendicular to the trend of the coastling and farmed due to effects of
MWW and SW winds Quoting Guilcher, they note that sand grams of Interdune para-npples (mega
ripples) are 3-4 mm diamster, much grealer than the sands of the Great Nafud in Saudi Arabia. It
should be noted however that these diameters are lor sand grains in npples rather than the dune
building sediments, and the present survay has noted some mega npples in coastal greas which

included granules (2-4 mm) and very coarse sand {1-2 mim)

Geological maps of the area (Grolier and Overstrest, 1976) which were largely based photo-
interpratation of Landsat imaosry suggested thal lingar ridges on the Tihama were formed on alluvial
gravels and sands, Thess features were also shown on the topographic maps, bul an asciian origin
for the linear ridges {which do in places overie older gravels) was not cansidered by these authors, &
descriptton of the geology of Yemen by Geukens (1566) attrnibutes all the Tinama sedimesnts to alluvial

farmations.

The mare recent gedlogical mapping by Kruck (1583} at 1:250.000 scale did not differentiate the
aeolian landforms on the Tihama The location of active asolan dunes in the Tihama was indicated
on a sketch map in the Preparation Mission Reparl (FAC-IC, 1950} but this does not show dunes
narth of Wadi Mawr and south of Wadi Rasyan, nor does it ilustrate the disposition of the cloér sand

formations.

The Soil Survey of Yemen camed out by Cornel University / USAID (King et al 1983) and
summarised by Forbes (1883), showed that modern and ancient dunes are comman aver large area
of the Tihama. A sketch map from this survey is given in the FAD-IC 1991 report on the TERP. This s
based on interpretation of Landsat imagery without field checking, and shows active barchan and
transverse dunes migrating eastwards where they merge with longitudinal dunes. The latter often
have active crests. Unforiunately the writer was unable to see all relevant paris of this impartlant
report which 15 reportsd o contain additional detaled correlative information on the soils and

geomorphalagy af the Tinama

The preparation report for the TEPP (FAQ-IC, 1921 provided an estimation of desertification by
analysing multiternporal aerial photography. The study comparsd 1976 (1 20000 and 1-80.000

soales) and 1987 (110,000 scale) photography to allow the mzasurement of sand dune movemeants

Reputhe of Yemen: Acoban Sand Formalans af the Tihama - Geomambolagy ard Asseszment of Sand Stabilisalion
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over an 11 year period. In the Wadi Zabid il was shown that dunes had moved over irregular fromis o
cover farmlands, and it was estimated that dune movement in the Suwayg and Masabilah areas
amounted to some 27 mfyear. Along the Red Sea, to the north of Fazzah, coastal dunes {parabolics

ware measurad to have moved at a rate egquivalent ta 41 m { year

A shght element of cavtion needs to be mtroduced here, since sccording 1o Hunting (1952) the older
1:60.000 scale aerial photography was that flown by the Royal Air Force in 1972, rather than 1976 |t
is also known that 1:20,000 photography was flown for the Wadi Rimah project in 1872 (DOS Contrac:
128-1072) a5 noted by Anderson (1879} The consultant did not locate any 1878 photography olher
than that at 1:80,000 (DOS Ceontract 158 — 1876} Thus it is possible these astimates may reguire
revising downwards if a longer {14 year) interval has been the case. This would give reduced rates of
21 and 32 miyear respectively Rates have also been measured by the consultant and are aiven in

Chapter Thres,

Along the ceast of the Tihama some important conclusions on the composition 2nd sadiment size on
the sana dunes were given by Reberson Research (1893a, 1992b) as parl of beach mineral surveys
garried out south of Salil and at various locations between Hodsidah and Mokha The heavy mineral
conlent from black sand locaticns at Salif, Al Urj (Wadi Surdud mouth), At Ti'faf (\Wadi Rimah mouth)
and the mauth of the Wadi Rasyan, showed moderate guantities of magnatite and imenite, with a low
presence of rutile, zircon and leucoxene. The reports nated that aclve north-eastery migrating
barchan and seif dunes overlie vegetaled and now static alder ‘fossil’ dunes, Relevant resulis from

these beach surveys are summarised helow,

) Yachtul dunes up to 25 m high; the dune sands consist of quartz and pyroxenes with slight

mineralisation of heawvy mineral opagues,
bl Wadl Rasyan, 2 km north of wadi mouth: dunes consist of dark grey quartz sands with §-10%
heawy minerals comprising pyroxenss (probably augite), amphiboles, gamel, ilmenite and

hematite

c). Ghuwarrag Seif dunes, 10 =25 m high, with quarz sands and 5-10% heavy minerals

including, pyroxene, amphibole, garnet and epidate.
d) Wadi Zabid Quartz dunes with haavy minerals of pyroxene, amphibole and epdote

Z| Wadi Siham Quariz-rich dunes with 10-158% heavy minerals compnsing pyroxens and other

farrosilicales

Republic of Yermen Aschan Sand Farmations of the Tihama  Geamorphology and Assessmienl of Sand Stanilisabion
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fl At Tifaf, Quartz-rich dunes with up to 45% concentrations of heavy mingrals compnsing

pyroxene, ilmenite, epidate, garnet, hematite and some zircon

At Ta'lf Quarz and carbonate nch dune sands wilh 5% heavy minerals of pyroxens

[ ]

amphibole, epidote and garnet

ny, Al U Salif Bay: One of the few naturally-formed collecting points for detrital sediments
suspended i northerly tidal currents along the Red Sea. Al Al Un' the active sands are
backed by a scarg of brown sand s and silts, thought to be of fluvial origin. The beach sands
contain high proportions (up to 40%) of pyroxens, amphibole, and epidote with lesser amounts

of garnet, iimeanite. oliving and zircon.

0 As Salif Dunes, Older dunes are well vegetated cark grey sands, and younger more maobile
barchans with up to 50% heavy minerals. The youngder dunes are considered ta be derived
from the older. The younger dunes, up to 20 m high and on average 5-6 m, are banded and
comprise quartz —rich bands and darker layers with pyroxene (clinopyroxens), amphibole,

iimenite, oliving and garnet. Funher west are quanz- and carbonate-rich white sands

Farticle size analysis of sands from the Salil area gave the foliowing results:
As Salif dunes 112 to 355 microns size
(Medium to Very Fine Sand, 3.2 to 1.5 phi}
Al U beach sands 200 to 630 microns size

{Coarse to Fire Sand, 2.3 tc 0.7 phi)

They noted that winds have separated out different fractions of minerals within different sieve
fractions In the salif dunes the heavy minerals are concentrated in the finer fractions of 200 - G2
mizrons {3 2 to 4.0 Phil whilst in the Al U heach sands heavy minerals are distribuled erratically
through all fractions. It was concluded that sorting by wind is a function of the relative specific grawvity

of the hignt and heavy minerals.

In the Wadi Mawr area the presence of extensive sit and sand plains was reported during the
sroundwater and engineering surveys conducted by Sir M. MacDonald and Partners (1982, 15983)
Windblown silts and sands were shown to be present as a sheet overlying the aolder fluvial sands and
aravels, Although it was recognised that windblown silts and sands had accumulaled aimost up to the
mauntain front, their present distribution was considered to have been largely rewarked by water and
zancultural development. Sand dunes were shown to be moving from coastal areas in & north-easterly

direction

SLanic of Termen Aechan Sand Formatians of the Tinama - Geamorphalogy-and Assessment of S3nd Stabilization
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2.2 SAND STABILISATION COMPONENTS IN THE TIHAMA REGIONAL STUDIES.

The Tihama has been the sugect of 2 number of mullidiscipiinary studies conducied since the “27 0=
in each of the major drainaas basing for the purpose of agricultural development, espacially rmos: -+
planning and the construction of dams and canals. These have included studies in the Wadi Maw
Wad SBurgud the Waa Siham Wadi Rimah The Wadi Zabwd and the Wadl Rasyan. These noilz=
studies by OHY Consuliants (1879), Sir W Halcrow and Partners (1978}, Sir M MacDeonald & Parirs-:
(1882 *983) Tesco (1971), Tipton and Kalmbach (1874, 19790} TNO-DGY (18988} Worlg 2z--
[1879) A regional water resources study was carried out by DHY (1983, with a follow-up survs, -

10988)  The monitoring, operation and mainlenance of water resources planning continues tc =

respensibility of the TDA

Despite the presence of sandy landforms and drifting sand over much of the Tihama, investigations or
sand stabilisation problems have been rather limited within these major basin studies, In tha Waa
Zabid, for example, despite the presence of sand dunes encroaching onto farmland and lands tha:
were seasanally fload-irngated, no plans for sand slabilisation were drawn up as part of the irmgation
development planning (TESCO, 1971),

A major effort, however, to assess the problems of drifting sands, was made cn the Montane Plains
and Wadi Rimah Project during the 1870's by the Land Resources Division {LRD) tzam (Makin, 1977
Pratt, 1875, 1676, 1977 It was recognised that the dune problem in the Tihama was one of 'major
proporticns' and that a pilot study was needed, The threats to certain areas of the VWadi Rimah by
mobile dunes was detailed, and the more insidiocus threat from sands drifting onto farmiands and
chandging the character of the silty alluvial soils was also described,  The costs to road maintenance
were substantial fram sands drifting over and panily closing main roads. A four vear pilot study, testing
a range of methcds and plant species, would provide a mode| for replication to cover the tens of

theusands of hectares of sand affected lands throughout the Tihama (Pratt, 1977, p. 123.).

Following a field assessment by a consultant (Le Hougrou, 1977), and drawing on the successful sand
stabilisation programmes initiated by FAO in the Abyan and Wadi Tuban deltas of southern Yemen
(Costin et al, 1974) a sand dune stabilisation pilot programme was drawn up for inclusion in the World
Bank funding of the project (World Bank, 1978). This called for stabilisation of 1,500 heclares over an
18 km long area of sand dunes along the southern edge of the Wadi Rimah, from a point some 8 km
gast of the main road westwards to the Qurshiya area near Al Madaniyah. Additional stabilisation

belts were to extend southwards bordering some 10 km of the main raad towards VWadi Zabid.

Tne proposed work also ncluded 7 7% km of sand siatvhisation over 230 nectares on mobile dunes
threatening dates at four localities in the Mujaylis oasis, Wadi Zabid These would be as sinps,

between 0.5 and 1 km wide on the coast, and to the south ! south-east of Mujaylis village
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Proposals wers also made to stabilise sands along the line of a newly constructed [1970s) roac from
the Zapid to Tuhaytah. The stabilisation of the sands was alsc to be accompanied by encoursging the
establishment of shelterbelts throughout the farmlands. An arid zone forester ! sand dune stabilisaticn
specialist was to be appointed 1o initiate the proposed pilot studies.

Based on the work of Costin et al {1974) in southern Yemen, also reported by Girgirah et al (1875)

tne LRD team concluded that the following spscies should be planted on different dune types:

al Dntop of medium dunes Tamerix apila, Acacis fortiis, Calligonum commosum.
b} On slopes of dunes Tamerny aphylla. Prosopiz juliflora, Acacla cyanophylia, A, cyclops,

Farwmnsonia selisala.

c). Depressionsilower slopes:  Parkinsonia acuwleata. Tamsnx aphylla, Azadirachta indica,

Acacia arabica, Salvadora persica.

On the sand dunes & network of palisades were to he established gror to tree and shrub planting
These would be based on a 10 x 30 m pattern an the low dunes and sand sheets bordenng the
nighways, and 5 x 10 m on the higher and more mobile dunes at Mujayls Palisades would be made
of palm fronds but other materials, such as grassss and hers should e set out in trials a3 the supply

of fronds could be limited. Potential species identified includea;

a) Shrubs Halozlon persicum,  Leptadenia pyrotechrica, Salvadora persica,
Callganum commasum.

b} Grasses: Panicum antidofale, Lasiurus seindicus, Cenchrus ciliars

It was also suggesied that bitlurmineous emulsions should be trizd.

Flans for sand dune stabilisation in the Wad Mawr, Wad Siham and Wadi Zabid were drawn up in the
preparation phase for the presenl project (FAD-IC, 1590 and 1991). Annex Five of the 1880
Freparation Report contains a detaled pregramme for stabilisation in the wadis and also on the coast
where tha importance of sand moving onshore and inland was recognised. This reporl provides an
excelient ntroduclion to the problems of growing planis on mobile dunes.  In the programme it was
aropased to implement some 70 km of sand dune stabilisation along the scuthern marain of the wacis
with 2 200 m wide protective strip, comprising a 6 m high artificially constructed foredune with shelter
bielts on either side of the foredune and with switable shrub and tree species planted on the foredune.
In addition shelterpelts acting as windbreaks would be planted along the banks of wadis. streams and

ziong farm and field boundaries.

anubic af Yemen Asphan Sand Forrmations of the Tihama < Gecmarphology and Assessment of Sand Stabilisaton
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On the coast it was proposed to construct some 80 km of artificial foredunes with supporting forestea
shelterbelts along the shores where sands are moving inland. However, plans to stabilise dunes along
the coast were later droppad from the proposad programme in the Appraisal report {(IFAD, 189727 ==

the coastal areas were not consicered to warrant protection

The 1981 FACAC report mocifizd the construction of the foredune to 3 m height, base length (wiats
of 18mand = totzl velume of 27,000 m® / km, with a 20% slope on the windward side, and 70-100% o
the lesward side Permeable palisades made up of vegetation and of checkerboard (10— 15 m and 1
— 20 m}, or of parallal {20 =25 m apart) design would be established an dunes priar to afforestation

Shalter belts would slso be planted on the lesward side of coastal foredunes.

The Apprasal Report {IFAD, 1982) finalised the design features far the dune stabilisation programms
Foredune design was unaffected, and revised costs were presented. These form the basis of ke
present sand stabilisation programme. It was concluded that stabilisation of the sands in cozs:z
areas was unnecessary. This was considered gue to the long distance from the sea to threaterce:
areas, since sand movement from coast to interior was relatively slow, and the volume being
transported was low. The coastal ongin of the sand dunes as opposad 1o an alluvial origin was alz:
considered unproven. However, as is presented shown later in the present report these findings ar=

disputed,

It should be pointed out for correction, thal the IFAD report provides an illustration of some of 0z

types of sand dune found in the study area, bul this figure {laken fraom Cooke and Warren, 18

misleadingly shows the wrong wind directions in relation to slip faces and dune movement.

2.3 COASTAL STUDIES IN MARINE ECOLOGY.

A major investigation of the marine ecolegy of the whele Tihama ceastling in Yemen was underiaker
in tne lzst quarter of 1985 (Barratt et al, 1987) for the International Union for the Censsrvation o
Mature (|UCN), The study mapped the principal habitats and species that occur in the coasts! zone
and discussed currents, wind directions, sediment supply in the seas and onto beaches. and ==
selection of proposed conservation areas. It pravides a useful baseline study of conditions aiong 0=

coast

The Department of Oceancgraphy, at the University of Sana'a, is currently carrying out ecologcz

studies along the Red Sea coast (Dr Mohd. Mahdil The Faculty of Oceanography is due fo opsn -

Hodeidah during the current year and will be involved in similar slugies.

24 LAND USE AND LAND COVER CHANGE.
The vegetation of the Tihama, and adjacent mountainous areas, s covered in the mappna =
1:500,000 scale carried out by DHY Censullants (Scholle et af, 1891). Their accompanying recos

orowides a useful outiing of the fiora that cccurs an the coastal and mland dunes

fRepublic of ¥Yemen Asolian Sang Formations af the Tikama - Geomaorpholagy and Assessmeanl of Sard Siablsah-
Frogrammes (320 545)
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Land use aver the wholz of the Tihama basin was described and mapped for both the Yemsr
Woodland Resources Mapping and subsequently the Land Cover Change Siudy both conducted ty
Hunting Technical Services (HTS, 1592 and 1923). These studies ulllisad up to date Landsat satelliie

imagery and aeral photography with extensive fieldwork 1o produce land cover maps.

The land use cover classification established by HTS for the Tihama Land Cover Change Project has
largely been adopted for the present study. Ther classfication has besn modified o0 allow for a

systematic descnption of the sand dune formations that cover large parts of the Tihama.

2.5 CLIMATE AND WIND DIRECTIONS.

2.5.1 Introduction.

Reviews of the regional hydroicgy of the Tinama have been conducted dunng each of the basin
studies, and an overall assessment was carrnec out by DHY Consultants (1988) An agro-
climatological assessment was carmed out on the FAC/UNDP soil suvey and land classification
project (Rhebergen et al, 1880). Irreguiar collections of datz on wind speed and wind directions hawve
been given in many studies. The principal study on winds was a tnree agro-climatic study conducted
by the Land Resources Division as part of the \Wadi Riman' Project, reported in considerable detail by
Williams (1573), The TOA currently carries out matecroicgical readings at a number of stations
throughout the Tihama but has had software problems in processing data from several stalions where
lhere is automatic recording of a range of parameters including wind speed and direction. Many years
of windspead and directicn data exist from TDA and fram Civil Aviation Authority operated stations in

the Tihama and could be could be similarly treated

The existing sources have been collated to provide the following assessment of regional wind

directions and refated effects. All data has been converted to metres per second

2.5.2 General Circution of Winds and Currents in the Tihama and Red Sea littoral,
Important sources are \Williams (1279), the Red Sea Pilot and the coastal stugdy by Barratt et al

(1287a, 1987L). These provide authorifative accounts of the processes along the Red Sea.

Betwesen latitude 207 Morth and the Bab-al-Mandab the winds are subject to seasonal change The
winds are zlso canalised by the trough-like topography of the Red Sea and adjacen! mouniainous
lands. The prevailing wind directions thal are blowing in the Tihama area are generally considered to
be from two main dirgctions. (n summer the winds are from the ‘north’ as the North YWest winter winds
blow towards and merge with the South West monsoon of the Arabian Sea |n winter the Merth Easl
monsoon fakes over resulling in winds from the south in the Tihama area. Along the cosst there are
also the effects of diurnal change with onshore, westerly, winds during the day, and offshare, easterly

winds during the moght Thigse local effects are driven by differential cooling of the land and the sea,

Programmes (220 545)
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Surface water currents along the Red Sea coast are related to the prevailing wind directions whos -

the Tihamsa reflect the seascenal movement of major air masses in the Afro-Arabian area

In winter (January] Yemen lies on the southern edge of the high level polar westerly winds but a1 0=

surface strong subsidence asscciated with high pressure results in easterly winds blowing towsara

Lt
15y

areas of low pressure over Egypt and Arzbia. The canalising effect of the Red Sea frough csuses

these winds to become south-westarly

In winter the surface waters, entering the Guil of Aden from the east and north-east directon, move
north into the Red Sea increasing in temperature and salinity, These denser waters sink to despes
layers in the Red Sea and produce a slow moving southwards submaring counter current that returns
water back inte the Indian Ocean. The northerly surface flow is responsile for a northerly longsnors
drift of sediments lying on the coastal shelf Winds also are blowing from the south-west to south and
these move sandy and shellyv carbonate sediments anshore. These are generally stated to be the

strongest winds, affecting fishung cperations by high sea cenditions, and farmers by blowing sand.

By spring (April) the subtropical anticyclone of the Inter Tropical Convergence Zaone (ICTZ) is maving
north with high level westerly and north-westerly winds, Al the surface south-sasterly and soutn-

westerly winds blow along the Red Sea trough.

Curing summer (July) northerly lo north-weasterly (shamal) surface winds are blowing towards the low
pressure area of the ICTZ. In July the ICTZ lies some distance north of Yemen, but as it moves south

agsin during August the period of highest rainfall is encounterad

In summer also the currents in the Red Sea are reversed. The north to north-westerly winds induce a
southerly surface fiow that moves cut of the Bab-el-Mandab and then north-eastwards into the Indian

Ocean

By autumn (October & Movember) the ICTZ is maoving south of Yemen, An area of strong high
pressure re-develops over Arabia Al the surface the north-easterly frades are re-astablished over

Yemean, but in the Tihama these veer round to the south west

Animpotant aspect of local modification of the trade winds in the Tihama is the diurnal cycle of winds
caused by the land-sea-breeze syslem (Williams, 1978) Dunng the day the Tihama heats up faster
than the Red Sea resulting in an easterly flow of wind, as the trade winds are inverted This flow
reaches its maximum in the early afterncon, with rising warm humid air forming convecton cells and
storms aver the escerpment, This is alsao the period of maximum sand movement. During the night the
differential cooling 1s reduced and cocl air from the highlands flows down mnto the Tihama and over the

Red Sea Thus, as shown in the data for Al Madaniyiah by Willlams (1579} for much of the year in the

Fepubhs of Yemen Aschan Sand Formations, of the Tinama - Gearorahology and Assessment of Sanc Stabssatar
Programmes (320 5449
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garly hours there = usuadlly en sasterly surface flow. This abruptly changes at sround 08 07 Rours

tecoming by 12 00 hours gither a8 south-westerly flow inwinter and sgring, or a west 1o nonh-westsr,
fow i summar AUTE Q0 hours it lurms around again, through either north or south, to the east agan

nterms of 2and movement it 1s impertant to understand the strength and direction of these awrmal

zfangss throughout the year in order to calculate the sand drfl poltental (section 2. 5.7 below)

2.5.3 Agro-climatology.
The Tinama coastal plains fall inte three zgro-chmatc growing penod zones (Ehebergen et al, 1990)

that e sybparallel o the Red Sea coast The coastal belt is some ten kilometres wide, and has &
rainfall regime that s insulhicient for rainfed agriculture. At Hodeidah and Maokha rainfall is generally
ess lhan 100 mmiyear Evapolranspiration, relative numidity and annual temperatures howsver are
high, and these permit @ growing period of only some ten days This area is also subject to the

accumulation of salts caused by onshore winds |ifting oeach spray infand.

The second agro-clhmantc belt 1s up to thirty kilometres wide and ncludes the population centres of
Zabid, Beit al Fagih, Ad Dahi, and Zuhra, which lie on the easterly adge of this zone There is a
growing pericd that variss from ten to thuty days, increasing mland and with altitude, This belt is

mardinal for rainfed agriculture

The third Tihama zone is some fiteen to twenty five kilometres wide and includes the slopes neargst
to the foothills and valleys that extend deep into the Tihama escarpment. The towns of Bajil and Abs,
and the TDA meteorological stations al Zabid and Al Barb, lie in this zone The potential growing
period ranges fram thity to fifty days and annual temperatures and relative humidily are less harsh

than along the coast

Selected meteorological data from statiens in the Tihama are grven in Tables 2.1 and 2.2

TABLE 2.1 CLIMATIC DATA FOR SELECTED STATIONS IN THE TIHAMA.

Staticn Clo Rainfal | Max, Mt Moan, Mearn % [ Max % [ Min % | Averags
| | mmy mm/ Tamp Temp lemo RHelative Feiatvea | Healative Sunshine
: YESI yaar Hurmidity Humidity Humidity Hours
&0 [¥ahi 2228 | 142 35 25 30 83 73 | 54 70
: Zuhra | 2253 158 28 22 K3 &6 73 61 T4
| Zabid- 2447 | 34 36 23 | 29 (¥ 71 |58 | 7.3
[ dutbabh | | |
| Zabig- town | 2447 | 166 35 21 28 - | =
| Hedeidah | 2274 &3 34 25 |23 a0 58 G5 | Ba
Mokha | 2a22 | a8 32 | 25 249 e i 55 Tea ]

Source: Rhebergen et al. 1990, Eto = patential evapotranspiration.

Programmes (220 5a5)
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TABLE 2.2 RAINFALL DATA FOR SELECTED STATIONS.
[ hionth 1 Jan Feb | Mar | Apr May Jun | Jduly
- |
Al Zuhrah 4.2 24 | 4.z 1= 4 | B E & i e
15742 N 508
ﬁ I
43 [ &7 g o 17 T1E 1 -
l g £ 8 Sy

71 masl ) _ { l
Hadaidah 728 [ 74 45 | 405
42" 50 F ‘

14745 M l
| | 11 masl o __l

Al Khalita 52 215 |72 [400 |53s8 |3v0 (481 [ 107, | 107 | 615 | 848 \ 3.5 aass
43 19 € ' 5 5 ) (15573

147 53' N '

139 masl ) | ]

Zabid 40 |87 |57 |10 | 143 |54 |256 | 300 | 535 | 220 |38 |07 | 1848 |
4319 E (196340
T4 11 W '

105 m as! L

Zabid 59 [117 [98 [m93 [478 [&a | 284 ‘ 7B |29 [ 484 [ 40 | 16 \ 368 4 B
[Al Jerbah) {1870-56
43728 E

14" 09 W

240 masl | ] ] L )

Al Kudayna 95—_] 7.8 | &1 ‘ 206 |708 |88 |51 |&& |ao4 (176 |32 |=z3 |1528 |
43 36 E J ' {1983-38)

4no|J E

EGE-rn.a.sl ’
| RO, |
Sources: TDA, 1928 FﬁD I, 1990; Frted Sea and Gulf of Aden Pilot Based on avaiables datz

Heighis of stations given in metres above sea level. Data in rmm

1330 N \
111.2m.a s, { | _ l
Al-Barh 121 | 2A 168 334 rt'\i 5"‘ 166 | 167 | 246 | B82S | 38 E—l 0.5 27 ZBTE |

254 Winds in the Wadi Mawr area.
In the Wadi Mawr ares detailed wind run data was collected by Sir M. MzacDonald & Partners during

the early part of the summer of 1982 The data shows that maximum velocities acour dunng the

afternoon when onshore winds reach thair peak (Table 2.3 and 2.4)

TABLE 2.3 WIND SPEED DATA FOR AL ZUHRAH (43° 01" E, 157 42" NJ.

t-ﬂl:rnth a‘| Feb \I"uTL.r Apr | May | Jun Julf_(iﬁ.u be_rOct ‘HD‘J Dec | Mean |

36 |32 |32 |32 |41 Iz:.:c 3 124 127 (32 (30 |
|
|

wind speead

Mean max | 33 ‘3u

mi's

1979-88 ) \ \ . - o]

Mean wind | 21 |24 |25 |24 |2 24 | 2B |28 ‘ 20 (18 |18 [271 [23
speerd U24 ’ )

filie

{ 1972-82 | | J_,_J_.__ R (. )
Mean wind | 2.1 | |1<a 18 1.7 |z1 20 (18 [14 [13 5" 18
speed mis ‘ )
|

| 1960-06 | S e ) A N I |

Source: TDA 18 98 FHD Iz, 1990 L—.lr M. MacDonald & Parners, 1682 (U24. data, laken at 6 m
shove gro.mm Data runs often incomelets

—
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TABLE 2.4 DETAILED WIND SPEED DATA FOR AL ZUHRAH (43° 01" E, 15° 44" N).
Month - March April May June July '
1882 1982 1982 1982 1982
| Mean wind speed m/s 2.7 31 2.4 25 2.3
0500-1200 -
Mean wind speed mis 3.8 4.4 4.0 42 | 4.4
1200-1800 |
Mean wind speed mvs 14 15 14 5] 19
TEOD-0G00 (LIN)
Mezn wind speed (U24) | 2.4 25 2.3 |3 20
Mis
24 hours

Source: Sir M. MacDonald & Partners, 1882, All data was measured at 6 m above ground.
UN= might-time wind run, U24 = 24 haour total wind run originally maasured in km

255

Winds in the Wadi Surdoud area

i\

At lhe mouth of the Wafi Surdud there is data from the station at <amaran  at 09:00 hours for the

perod 1941-1970 (Red Sea & Gulf of Aden Pilot). This showed that wind directions were from the

south and south-west for 55% of the year mostly from October to May, and from the north and north-

west for 19% of the year, mainly during June through September. Westerly winds were zlso guie

commean from April to Movember. Mean directions and wind speeds are given in Table 2.5

TABLE 2.5 WIND DIRECTION & SPEED DATA FOR KAMARAN (42°37'E, 15°20MN),
Direction N NE [E SE_[S [SW [W_[NW [Cam |
Mean % in year 4 rare |rare |5 | 44 10 21 15 1

Wanth Jan—‘ Feb | Mar | Apr | May ‘ Jun | Jduly | Aug ‘ Sap'- “Oct | Nov | Dec ‘ Year
Mean 55 |60 |50 |50 |25 |25 |30 |25 (25 [40 160 |80 |40
wing '

speed mis |

Source Red Sea

& Gulf of Ader Pilot,

Inland, data 1= available from the town of Ad Dah on the banks of the Wadi Surdud, wnere DHY

Consultants (1988) summarised wind data for 1987 This shows that the prevailing wind directions are

from the north-west and south-west (Table 2.6) The wind speed data shows dally means of 1.5 10 1.9

mis The detaled records show that about 10% of days in the year have windspeeds over 3 mi's

wind rose dagram was prepared by DHY (1988) and is reproduced in Figure 2.1

Programmies. (320.545)
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TABLE 2.6 WIND DIRECTION AND WINDSPEED DATA FOR AD-DAHI (UTM 38P: 220825E

1882335N).
[ wind Ta3p | 30- | BO- | 90- 120- 150- 180- | 210- rzc::-- | 270- [ soo- | 33>
Directicn | B0 1] 120 150 B0 210 240 270 300 330 3Eg
[ ] MNME ENE E to | ESE SE In 5 o | S5V WIS | Wto W | MR
NHE ta icE ESE | to b S5W | ta 5] WMWY | - |
I ENE SE WEWS WY MR
Mumter of | 14 g 10 5 B 12 21 26 | 20 30 42 a3
days .
fonth Jan Fen Mar | Apr Kay Jun July Aug Sap et Moy [Cec
Mean daily | 2.21 205 183 | 2.07 1.81 221 254 218 1.48 1.34 | 1.5 1.88 |
windspeed
| mis 1588 |
[Tigan caily | 754 | 184 | no 156 | 1.46 = 163 | 1.65 | 117 |112 | 116 | no
windspaad datz dalz
n's 1987
MWaan daily | 114 1.35¥ 120 11 075 085 1,67 1.23 .82 0.a7 1.25 114
windspeed
| mis 1988 |

Source: DHY Consultants, 1938 (1885-87daia), F{hébergen et al, 1990 (1988 data). Ele-,ra_[fgn af

station is 70 m aslh

Dala for Gumeisha in the Wad! Surdud (Halerow, 1578) showed NW to NNW winds during May to
Seplember, and SW to S53W from October to April. Wind run data, originally in kmiday is given In

Table 2 7

TABLE 2.7 WIND DIRECTION AND SPEED DATA FOR GUMEISHA (43° 04'E, 147 43" N).

Manth Jan T Fan Mar I.Expr

May [ Jun [July [Aug [ Sep | Oct | Nov | Dec | Yesr

[Mean wind | 2.8 31 729 |28 |27 |35 |38 |37 |26 |23 |28 |28 |z3
speed mis ) |
Darrinart SV Sy AN Sy M- M- | - M- IRTE S SW- SN N
wing 55w SE5W SEW | 55w MRy WM | MM | MW MEWS | S8w SS5W | 53W

| dirzction _ ] |

Source: Halcrow. 1978 Years 197375,

2586 Winds in the Hodeidah area.

Wind speed and dirsction for Hodeidah are availabls for varicus years. The data {Table 2.8} shows that wind speeds
appear to be consderably higher aleng the coast than inland, that dusty days (as opposad to hazel accur an
significant occasions. and that the wind directons are southerly in winter and spring, becoming westery to south-
westery in summer to autumn with additional gusts frem nortnery winds gunng July and August  The significance of

these higher speeds near the coast s that coarser graing will be moved by the higher threshold velociies

257 Winds in the Wadi Rimah and Wadi Zabid areas.
Thi winds of the Wad Rimah and Wadi Zabid area were the subject of a detailed study by Wiliams (1879) In general
thare s a strong diumal changs nwana directions that persist for much of the year Duwing the night winds are eastery

with coct air descending off the mourtains and platesus of Yerren

Republc of Yomen Aschan Sand Fammahons of the Thama - Geamarphalogy 2nd Assessment of Sand Slabilizaton
Programmes (320 548)
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FIGURE 2, 1 WIND ROSE FOR AD DAHI (1987). SOURCE: DHV CONSULTANTS,
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The data from these stations provides a clear picture of the wind strength and directions during the year This s smous

for Jarubsh in Table 2.8, Medaniyah in Tables 2.102nd 2 11, and Mishrafah, on the escarpment, in Tanls 2 12

TABLE 2.8 WIND DIRECTION AND SPEED DATA FOR HODEIDAH (42° 50'E, 14% 45'N),

hanth Jan Falk Mar A May | Jun July Aug Sep Dt Mow | Dsc —
Mean max | 116 15 | 118 o1 | 116 | B3 wE | 9.8 94 10.6 108 | 150 =z
wind | Z-r
speed mi/s f

Max wind | 9.0 4.4 100 | 1 &3 Rz 9.4 g4 | 9 3.2 L 5.4 Eo
SRSED MU |

1400 hrs | g
Mean 4.7 532 B3 3.3 5.1 27 A7 410 T a4 4.3 5.3 | L& e
daily wind | 5
spaad mis | 1oza
Mean | 42 45 56 55 47 36 4.9 46 ] 47 50 &7 | 4L=
wind

specdts | (| (v 1 1 1 | | a=
Qaco hes

Mean B3 ED B5 g9 77 | 7.5 5E B 6.5 G0 XN Ba 5% |
wird [ 0
specd miz &
1400 hes ) | -

Pradom 5 5 |5 |s 5 W W W SWo | swew |5 5 BEz
Wind R P
Direction o R
Max Daily | 5-8W | 8 S5-5\W 5 = V- Wi M- w 5 5 3 .
Wind sW [ Nw | N 5
Firechion | 45
Must 4 13 3 g [0 z B 1 E B 13
{days) | 11 i | 12 10 E 2 2 F] k) 7 & 19524

Source: 1983-54 data from Melearalogical Dept. Hodewcah Argort

. I, FAO-IC, 1890; 1963-6G data from Geskok, 1971

The wind data from Al-Jirbah (Jarubah) (Table 2.2) 15 from a TDA automatic weathsr stauon

Unfartunately wind direction data has not yet been processed due to software problems at TDA o

terms of windspeed  the months of July and August appear (0 have the highest mean speeds This

particular station lies on the Irrigated plains close to the edge of the mountain front, and is well to the

east of the main areas of sand movement, though there is some drifting sand in the adjacent Wad)

Zabid floor

TABLE 2. 9

WIND SPEED DATA FOR AL JARUBAH, WADI ZABID (43°26° E. 14°09" N).

MManth

Jan

Feb

Mar | Apr

May

Jun

July

Aug

Sep

Oct

Mow | Des | Mean

Mean
wind
speed mis
1970-
1986

1.3

1.5 !'._5

1.5

1.7

2.0

2.0

1.4

14 [ 14 [ &4

fean
wind
speed mi's
1879
1855

18

1.9

2.0

Max wind
spaeed mis
1OV

19580

28

31

2.8

az

4.0

40

3.2

2.0

16

18 [ 18 |30

sSources

TOA,

7988 (1975-1096  dala)

DHY Consultants,

1988

(1570-1086

data)
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Programmas (320 549

4



TniE sigtion s very close to that of the former FAO Camp. where TESCO (1871 recordsa wina

11 1370, and datasets may have been combined by previous reporters to provide long-term m

\

Oz13 for wind direction at Madaniyah shows thatl the strongest winds are fram southerly to soutn-

weaslerly directions which cccur dunng the winter In summer north-weslerly and wesl-north-wastary

winds are dominant

TAEBLE 210 WIND DIRECTION AND WINDSFPEED DATA FOR AL MADANIYAH
(APPROX: 43° 10°E, 14° 16" N).
Fna # MWHME | WE | ERE | © g CTo LT WEW | W | W | e N
| .-.l rctaon Lo 14 o [ L= o 1=} [[=] {ha] ic [[5] o i1 12
| s | WE EME | E EiE | & 8F | s v W | M
Depgaw | 0 ZE- | 4a- BT E 50 11z E EE 157 5 4T 5 | ZF0- | 2925 | 316- | %07 a
| Classed 725 | a8 ars | a 1135 | <136 s7s | -taEn -2r0 | @2 | -3ts | 3TS | g
[vear | 45 ED 42 B [ £ 14 i L F 2 36 O [ Gt a4 I s
Baspcton
3% |
i_ racand ]

Source: Williams, 1978 Based on automatic weather station data

These wind directions can be shown on a wind rese, which lllustrates the principal direclions from

which wind is blowing (Figure 2.2} The example given is based on the percentage of the year that

wind plows in a given localion

in terms of the movement of aeclian sands and the direction at which they travel it |s necessary to

calculate the wind velocity for each station The wind velocity, Table 2.11, is the vectored mean of

each wind spead and direction combined, obtained from the mean of the diurnal vanation. it has a

direciion (argument] in compass degrees, and a strength {modulus) given in the wind speea (m's),

The % year data is based on a dalasel from wind directions measured at 22.5 degree seclors at

hourly intervals. The dalaset covered 98% of the year

TABLE 2. 11 WIND VELOCITY DATA FOR AL MADANIYAH { APPROX: 43710 'E, 147 16°N)

[ Month ]

tan

Fen

tar

“Apr

Thin | July

May |

Aug

Sep

Ol

Mo

Dec

Y ar

hean naurly
| wind speed
mis

d.0

i
i

21

31

2.4

1 31

23

Ra
h

L4

1978

slrengih
tmadulus)
m's

Winid vecior | &S00

1.28

1.83

135

157h

Wind weclor
direction
{argument)
COMpPpass
degrees
Equivalant
direction
[CoMmpass
class)

14

il

22T

5w

Suurce:"'u;‘ﬁlama_j@?ﬁ

NEETE

197

i

04

294

202

SEW

S WHN | MW

N

W

SEW

SEW

o
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fheso wind directions can be shown on o wind rosc, which llustratac
which wing 13 plowing (Figure 2.2). The examplo given s based on the

wand blows n g given lacation

s the principal directions

\

percentage of the vear {ha:

FIGURE2.2  WIND ROSE FOR AL MADANIYAH (BASED ON DATA GIVEN IN WILLIAMS

1979).
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vt sang velooity information it is possible to show the sand dnft potential for an area. the sand dnt

“ztenual shown as 2 rose diagram, ildstrates the resultant direction for sand {and transported dust

movermant al any one time. Using the more detailed data on wind speed and direction from TDA

sing the methads cutined by Fryberger and Dean (15748)

sutomane statans i should be possible to calculate sand velocdies and sand drift potential roses

It was hooed to do this but it has not been

cossiple at present due to analybical problems with the raw data supplied by TOA. However il 15 hoped

Another station 0 the Wadi Rimah catchment was located at Mishrafah. Data given in Table 212

snows quite low average wind speeds for much of the year

TABLE 2. 12

WIND DIRECTION AND SPEED DATA FOR MISHRAFAH
(APPROX: 43° 34 'E, 14°17 " N},

[Month [ Jan | Feb | Mar | Apr | May | Jun | July | Aug | Sep | Oct | Now i Dec ’ Year J
[Mean |27 |21 |27 |21 ‘ 21 |z3 [26 |20 [18 [18 [18 [17 [1977
hatrly
wind ’ ‘ ’
spaed 1 J
s | -. | I B N [ S |
2.5.8 Winds in the Wadi Rasyan and Mokha areas.

There are several stations recording wind speeds in the southern part of the Tihama, and data is given

in Tables 2 13, 214, 2.15 and 216 Awvailable wind direction datz s limited, though & complete

dataset for Mokha should be available from the Civil Aviation anc Meteorological Authorily, and

ndicates north-westerly winds in summer changing to ‘southerly’ in winter. Mean wind speeds for

Mokha on the coast, and ke that of Hodeidah, appear 10 be higher than the nterar stations.

TABLE 213  WIND DIRECTION AND SPEED DATA FOR AL KUDEYHA, WADI. RASYAN
(43°26' 33" E, 13°30" N).
| hontn [ Jan | Feo | Mar [ Apr | May | dun | July | Aug l Sep | Ot , Nov | Dec | Mean |
| |
| Dominant | SE | SE, | SE, | SE | NW | Nw/ | NW | NW | NE, | NE |NE |[Sw |- |
wind NW | MW SW W
directicn ‘ ’
| :‘EII.-."J.-":'.-
REGEN | A3 '
(Max wind 140 |52 154 152 147 143 145 146 [35 |42 , 5.1 "4_9 ’ 46
spaed mis
'19'39._9{“ | | | , l . 1
[ Wean 30 129 [31 |32 |25 ’ 25 Eg 29 [21 |23 [30 |31 |28
| wind
SpEed Vs ’ ’ ‘
(1963-89 ‘ ‘

N O e
Q4745
o R R =)

Souree;

|

TODA 1888 FAD-1C, 1930

A J_’.__J

Mo wing data collected fram April 1289 to January i

of Yemen
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TABLE 2. 14 WIND SPEED DATA FOR AL-KHALIFA

{ 43° 19" E, 14" 53" N; 139M ASL).

[ Manth Jan | Feb

Mar

May

[ Jun | July | Aug | Sep

| Dec | Meszn

Oct | Now

Mean 11 (1.2
wind
speed mis
1987-56

12

T 11 (16 [13 [10

09 (10 |21 74

—

Mean max | 26 | 2
wind

spesd mis
1988-80 |

1.8

14

L2
=&
.

J[2F LR |14

b l

14 |18

o
oY
a2

August 1996,

1
Source; TDA, 1998 (1987-1896 data) FAD-IC, 1990 {1888-1920 dafal Mo data from June 1845 ¢

TABLE 2. 15 WIND SPEED DATA FOR AL- BARH (43°42'E, 13°27" N; 600M ASL),

fonth [ Jan | Feb | Mar | Apr | May | dun [ July [ Aug | Sep [ Oct | Mov | Dec | Mean
i | | |

Mean t4 [15 [18 [18 [16 [18 21 |21 [18 [158 |26 [17 [18 |
wind

| speed m/s | | | L
Source: TDA, 1958
TABLE 2.16  WIND SPEED DATA FOR AL- MOKHA (43"17°E, 13°158' N; 3 M ASL).
Maonth | Jan [ Feb | Mar | Apr | May l Jun [ July [ Aug | Sep | Oct | Nov | Dec [ Mean |

~ _ | |

Mean 56 |43 |52 |40 |no D7 108 |12 |40 74 |51 |67 |40
wind | data i

| speed my's | | i N
Saurce: Rhsbergen et sl 1980, Data for 1382 only. Siation operated by Civil Avigtion &

Meteorclodical Autharity
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3 GEOMORPHOLOGY OF AECLIAN AND OTHER LANDFORMS OF THE TIHAMA,

31 GENERAL DESCRIPTION OF THE TIHAMA.

31.1  The Tihama Escarpment.

The histary of the sand formations on the coastal plains in Yemen is considerad to be mtimately linkad
to the erosional development of the Tihama escarpment and the piedmont fan systems that le
petween these mountains and the Red Sea. The escarpment, nsing in elevation from between 200 m
and 430 m to about 2,000 m above sea level s today an erasional feature, up W0 70 kilomelres wide
developed along the faulled margm of the Red Sea nt Ounng the Tertary period, uplift of the Afro-
Arahlan dome lad to volcanism and later graben formaton as the East African and Red Sea nifts
opened along sea floor spreading axes. Dunng the [ate-Tertary, and far much of the Flastocens
hunareds of metres of alluvial formations were laid down zlona the margins of the Red Sea graben,
the preducts of erosion of metamorphic, sedimentary and aneous rocks and soil from the Highlands of

Yeman (Kruck, 1983).
The distribution of the parent material reck types in the escarpment one is indicated on the most
recent geclogical maps (Kruck, 1983, Davison et al, 1894) and has been related to each drainage

basin. These are shown in Table 2.1

TABLE 3.1 DISTRIEUTION OF PARENT MATERIALS BY DRAINAGE BASIN.

Drainage  Acid Basic  Other Ultra- Amran Tawlan Gramiic  Temiary  Tertary

| Basin Gneiss  Gneigss  Meta- mafic  Lst ! Kholan [ Granc- Basalt Rhyolite
marghic st diarite

Bawhal * b X - - - # x -

Mawr 4 Pt e * b4 X X s -

Surdud A 4 p! - X * b8 A

Siham - - - - ® b s * X X

Rimah' - - ps A 4 X ~

Zabig . X X - * X # X *

Makhlah X bt X * 4 A it A

Rasyan - - - = % . X A

Note: Lst = Limestone, Sst= Sandsione. X = rocks present - = nch_rnajur presence

Erosion of these rocks has produced a wide range of mineralogically and chemically distinct rocks
{Cverstreat and lorahim, 1997; Tag et al, 1950), that are likely to be the source materizls far the
quartz, opague iron and tifaniem minerals, feldspars. pyroxenes and amphiboles that are commaonly
found i the aeolian sands as fragments of rock or minerals, These erosion products have been
deposited on alluvia fans of the coastal plan and in the sea, and later extensivaly re-worked into

asolan sand formations.
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Table E 2 provides an explanation of the minerals of § sand samples by X-Ray analysis. Thezz s--

that the mineral content of the. river sands, modern and ancient intengr dunes and cozsta

appear to have a comman origen. The dark dunes of the Salif area show sorting of heawvy miner

that likewise are believed o have ongmated from the Tihama escarpment as niver sedimenis

3.1.2 Alluvial Fans of the Tihama.

Field investigations carried out for the present study have indicated the surface of the Tihama cozs:=
olain today consists of a senes of coalesced alluwial Tans of different ages The terraces represent
alluvial fans that have been dissected and abandoned by their streams probably as sea level cropps
in the past Mo asclian sequences were S2en in these terraces close to the escarpment. but along the
coast old alluvial sequences contain aeolian layers at intervals. The composition and chronalogy of
these terraces has not yel been fully described, vel their history 15 related Lo the development of th=

sand landforms

The oidest fans farm high level terraces and comprise layers of gravel sands, loams and buried soils
On an old terrace level borderng the Wadi Urfan silty sediments were found which had shells of
felanoides tuberowlata, a freshwater loving species indicative of perennial streams and lakes In and
areas of the south, specifically 2ast and north sast of Maokha the surfaces of the fans have "desed
varmish” on cobbles, Based on studies conducted elsewhere, these coatings probably originated from
deposition of asclian dust comprising clay minerals. iron cxides other elements, and characteristicz!,

form thin crusts in very and aregs (Pye, 1887). The process is likely to be continuing at the present

On the ald terraces further north, for example to the east of Mansuryah at Suknah, there are deep

lpamy and silly soils developed on the terraces, and these support rainfed and irrigated agriculturs

Other terraces. withim the escarpment zone, are apparently barren and dissectec

Contemporary  alluvial fans have cut down througn terraces of older alluvium and older sang
formatians, and ccour as broad piedmont fans with deep loamy and silty =oils The main flond channel
is incized into the plain with clifis up te ten metres high and there is often & narrow flood plain either
zide of 8 sinuous channel bed. The natural fan surfaces, which have a low slope down to the west of
less than 2%, have been much modified by human use with arificial terracing. which is important to
distinguish from natural nver lerracing These lands are intensively cultivated; by frrigation from wao
floodwaters, spate irngation fram mounlain torrents and catchment zones, pump irrigation ar by rainfall
slone. Local circumstances reflecting the availability of surface and ground walers, and the annual

increments from rainfall, all combine to produce a vaned agrarian landscape

In some areas of these fans, notably east and south-east of Al Hussaniyah, there are eroded lands
with niling and shallow gullies, and whers the drainage 15 peculiarly reversed, with stream lines flowing
eastwards for short distances In thess areas an upper mantle of silts appears (o have bean stnipped

off to expose older sediments and some rock outcreps Remnanis of older aeolizn sand formanons
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are also present in these higher zones and there is a slight drifting sand hazard The features may

reflizct uplift aleng a north-south alignment such as a buried fault. The silty plains in these areas ars

zlso sources of aeclian dust thatis deflated during pericds of high windspeeds 10 be dispersed into

almosphere

The range of lerraces and slluvial fans that have been distinguishes arg

differentiated in Chapter Seven which descrbes mapping units in more detail

3.1.3

Classification of Aeolian Landforms.

The dune classificaton used in this report folows that az defined by Pye and Teoar (18280) This has

tnres basic groups that are subdivided Inta dune forms as shown o Table 3.2 As investigated in the

field, the aeclian landforms have been grouped into older and recent sand farmations.

TABLE 3.2

CLASSIFICATION OF MAJOR DUNE TYPES (AFTER PYE AND TSOAR, 1930),

1

Lo}

Sand Accumulation Related to Topographic Obstacles.
A Windward Accumulations:

Echo Dunes.

Climbing Dunes

E. Cliff-top Accumulations:

Cliff-top Dunes,

. Leeward Accumulations.

Lee Dunes,
Falling Dunes

Ramp of sand enaing in a steep slope that faces, and
echoes shape of 2n obslacle such as cliff face.
Dunes with continuous ramp 1o top of an obstacla.

Irregular sand accumulations and dunes on cliff iops.

Sand drifts and dune forms in lea of an obstacle
Sand drifts / linear dunes descending oif an obstacle.

Sand Accumulation Related to Bed Roughness Changes or Aerodynamic Fluctuations,

& Dunes Composed of Fine Sand:

Barchans.
Transverse Ridges
Unwvegetated Linsar Dunes

Dome Dunes
Star Dunes

Crescentic dunea. Sip face & horn pointing

cownaind

Sernes of alternatively bharchanoid and linguad-facing
ridoes (alsa known 35 network, aklé)

Linzar ridgss, sip faces on opposing sides fo winds
{also known as seif dune).

Fiat crested dune without slip facas

Large, pyramidal dunes with radiating arms

B, Faorms Composed of Poorly Sored and Bimodal Sand

Sand Sheets
Zibars.

Areas of sand without dune slip faces.
Long-wavelength, low amphilude areas of sand sheet,
oflen wilh meganpples on low shp faces,

Sand Accumulation Related to Vegetation.

Farabohc Dunes

Hummosk Dunes.

Vegetatad Lingar Dunes

U- arV-shapead with trailing arms, which goint
upwind either side of blow-out featura.

Includes foreduna ridges at coast. Linear
features extend inland,

Wounds (nebkha) of sand with surface wholly or
partially vegetated by stabilising grass, herbs

or frees.

Rounded rndges formed from oppoesing wind
directions, similar to seil but with plant growth
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During the present study in the Tihama many of these dune forms have been identified Dunes i1 1ha
first category are common arcund man-made obstacles in setilements and faclories. and have zlzc
been notced elsewhers in the field as small scale features Dome Dunes and Star Dunes have not
been ooserved so far n the Tihama and may be absent. Vegetated linear dunes may be re-forming o
the ancient sand ndges. The dunss formations have beesn grouped info recent aeclian landforms ans
oider aschan landforms. A summary of the major asclian and adjacent landforms of the Tihama

showr in Figure 3 1. This updates he map shown by FAC-IC (1990} which flustrated the positon of
many of tha active sand dunes in the Tihama. The present map shows additional areas of active sano

deposition over the whale length of the Tihama, between the borger with Saudi Arabia and Al Mokba

3.2 GEOMORPHOLOGICAL PROCESSES.

3.2.1 Recycling of Sediments.

The recycling of sedimants, from the mountains of Yemen to the Red Sea with aeclian mavement then
vack towards the mountains and the interior, is thought to be the key to understanding the dynamics of
the aeolian geomorphology of the Tihama This recycling process, whilst complex spatially and

temporally, containg several characteristic components

Sediments and soils are eroded 0 the Yemen highlands during rainstorms and transported to the
plains, to be deposited on piedmont fans, The sediments reaching the Tihama plaing, as noted above
are derived from a wide rangs of rocks, and consist of clay to gravel sized paricles. The sand
fractions of escarpment derived sediments contain commen rock forming minerals such as guartz
feldspars, micas, pyroxenes, amphiboles, and heavy minerals rich inoron, sphens, zircon and many

other minerals (Ses Appendix E)

in the dry wadi beds, winds commence (o separate out coarser fractions of the bed load a2nd a limited
supply of sand is blown out onto adjacent lands from the wadis Locally, thess have been obsarved to
form sand sheeats and dunes of limited extent. The majonty of the fload’s transported load, comprising
silty and clayey alluvium, is deposiled on fields and canal banks within the spate irrigation systems
Some deflation by wind will cccur where these sediments are deposited on open plains, or fallow
areas, but generally they are incorporated into the agricultural soil, resulting in a steady building up of
the surface. This anthropogenic alluviation amounts to at least five metres in places.  In the pasl
oefore these human depositional systems were initiated, the floods deposited their loads an piedmont

alluvial fans that coalesaed into the broad plains that charactense the Tihama woday

Republic ol Yemen Aeohan Sand Formatons of the Tihama - Gaomarghology and Assessment of Sand Stabilisation
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4t odd Inervals, exceptional floods with sandy and silty sediments reached, and still reach. me coast
o deposit therr hadioad in the sea. At &l Jilah, to the south of Wadi Zated, the Wad) Manr was sain 1o
nave last reached the sea over 30 years age. Elsewhere floods are said to reach the sea every ten
jears or sa. In the past, deposition of sandy matenial was probably an a much greater scale than the
present, since substantial deposits of sandy sediments are known 1o exist on the shallew shelf of the
Red Sea

Whilsl these flood processes have not oeen ohserved at the present it s simple to observe Lhe
movement back onto Bng of the shell ennched fluvial sedimants, Thase sands are transported by
currents, either onto offshore sand smis and bars, or onshore onto the beaches where the coarser
fractions, generally compesed of shell fragments. are progressively broken down Wind then
separates out the finer fraclions, transperting them inland, first as fairly coarser textured asolian sands
of coastal hummacks, foredunes and parabelic dunes. and then into the interior plains, where sands

become finer and the amount of shall material is reduced

Thenterar zeolian landforms include hummeocks, sand shests barchans, ransverse dunes, camplax
nerworks of transverse dunes and seif dunes. These form quite extensive sand seas in the inter-wadi
areas, and are progressively moving nerth-eastwards covering 2!l other fandforms, including the wadi
floors and alluvial plains. The azolian sands become progressively nner iowards the mountains. The
modern sands overlie an clder set of sand plains and convex ndges, former lingear dunes. A certain
amount of sand appears to be generated from fluvial erosion of the older sands, but most mobile sand

originated fram the coast,

Modern sand movement is north-easterly the resuliant of the dorminant wind directions from the north /
rorth-west (summer) and the south-south-wesl (winler), The ancient sand dunes appearsd to have
reached the escarpment but modern dunes still remain considerably to the west of the mountain front

In most argas.

Deflation of the alluvial silts and aeclian s2nds, the mechanisms of which are discussed below, resuits
i the eastwards transportation of siit sized dust inlo the valleys and ndges of the escarpment.
Deposted as loess on the highland plains there is evidence that the dust is reworked by erosion into

zliuvial deposits (Mettleton and Chadwick, 199G)
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3.2.2 Aeolian Processes,

Trz hazards from deposition of wind blown sands and erosion of dust from alluvial silts in the Tihama
arg directly related to the locaton of glluyium, active sand dunes and the ancient sand plains, Farts of
the ancient sand plaing have either a well defined soil surface {albeit often truncated) and can expect
10 be wind stable due 1o presence of soil moisture guring the rainy seascn, The problem of sand
movemenl, howevear, generally increases towsrds the coast as rainfall decreases and as modam

dunss overlie the ancient sand plainsg Throughout the area that contains sandy landforms loose

modern sands are burying fields, obscuring tracks In rural areas and blocking the principal tracks
Where these sands are cut by the channels anc fzns of the recent alluvium there are ransition zones
whnare sands are moving onto the alluvium, Inalmast all areas where this is ocourning the lands being
ouried are of agncultural importance evan if at pressnt they do not have a guaranteed supply of water

for irngatbion

VYind erosion of the silty alluvial soils s also a serious prabiem affecting large parts of the Tihama
agricultural lands. During summer wasterlies plowing inland as the land haals Jp, generate very

substantial amounts of dust that often cause very low visibility conditions an the roads and in villages

Entrainment of particles into the air is a function of the grain-size distribution, sorling of the grains, and
the cohesion and roughness of the source material (Pye, 1987) For the finer sidt ang clay particles
nigher values of fluid threshold velooity are required in order to overcome resistance [drag)
Expenmentally dernved fluid thresheld velocities of undisturbed =ilis on deser surfaces rangs from 1.8
o =3.0 m/s, whilst for disturbed surfaces they generally range from 0.2 to 0.6 mis (Pye, 1987) The
actual windspesds, as measured between 2 and 10m above the ground, will be higher than the
threshold velocities In a study of deser dusts, it was found that the minimum wind speed required to

generate blawing dust was & mis on sand dunes and = 15 m's on alluvial Tan surfaces (Pye and

Teoar, 1993

Comparing this ta Tihama wind speeds {Chapter 2} it can be shown that generation of dust into the
atmosphere and movement of sana shests in the Tihama fall within simifar ranges. Higher velocibies
nave been recorded along the coast but the location of stations in relation 0 actual sand pathways
could proyide more appropriate data Sand movement will be confined to periods of high winds
genarally common at cerain times of the day with directions and slrengths according to seasonal and

diurnal wind patterns, and # may allain stronger valocities according to local topography

However as pointed out by Willams (1979), and still valid, no siudy has yet been undertaken which
relates threshold velocities of Tithama asolian sands and silfs matenals to actual wind canditions

Thera is thus a fairly urgent scope here far a ressarch project to agdress this requirsment
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Where sand is presenl, such as on the borders of figlds wilh sandy areas and on tnhe sand shests an

]

dunes moving across the interdune valleys of the sand plains, there is movement of both sand ang
dust. This will take place at lower threshold velocities due to the effects of aerocdyname it and

tallistic impact of sand grains (= 100 microns) on finer silt particles

O the spate wrigated lands (Land Caver Unit & 2) where rainfall i1s generally insufficient for agriculture
there are large areas of bare silty soll where lands are fallow. Towards the coast extensive areas of
silty deposits, deposiled from former massive floods, are permanently fallow and often partly or whally
covered by drifting sands. Such areas were observed to be important source areas for deflation of sity

gust

In tha arable fields also, deflation of silty material appears to cccur where wind speeds are increassad
in certain locations. This doss not necessarily appear to invalve any coarser sandy particles which ars
normally considered to assist in the detachmeant of the finer particles. Deflation of the alluvial silts from
bare unplougned lands, bunds furrows, tracks, foot paths, livestock-trampled grounds and wadi lines
Is common and appears to be caused by rapidly moving gusts of the shamal wind or dust devils
generated by surface heating. Ploughed fields with blocky structures of the same silty soils generally

appear unaflectad by gusts, though the concenlrated effecis of dust devils will entrain particles.

On the older sand formations, as suggested by the particle size determinations, there is a certain
amount of wind erosion taking place Sand sheels that overlie ancient dunes may have aimost
identical particle size distributicns. Blasting by sand-laden winds erodes and scours loose and weakly
cementad sands. leaving lingar features known as yardangs. Yardangs are ssen n many parts of s
study area where seasonal winds have eroded the recent and older sand formations. Along ths
coastal zone winds are rapidly eroding the cemented aeclianites leaving an Irregular topoaraphy
Inland, where there are guarnas or erosion gullies in the clder sands, winds are channelled into such

features and deflation of sands 1= common. Elsewhere the stabilised soil on the older sande zppesrs

fo protect surfaces,

It shiould be stressed that these observations were made during 2 rapid reconnaissarics of the
Tihama. More precise observations, with the use of appropriate instrumentation at key sites within the
TEPP, could provide a clearer understanding of the causes for the severe problems of sand and dust

deflation in the alluvial and sandy lands, and thus assist in deciding how they can be mitigated
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3.2.3 Sand Movement and Accumulation in Coastal Areas.

As the study oy Barratt et al (195873 1887b) has shown there are considerable amounts of sana,
sediment lying on the coastal shelf In shallow areas, in response 1o curents and the rare flocds from
the main wadis which reach the sea these form long bars ang spits. The spils protect the shoreline
from rough seas, erosion of the coast and from sand accumuletion. Sabkhas, shallow lagoons ana

mangrove swamps lie in their les

Sands accumulate on offshore bars and shallows and coral reefs. Meigs (1966) stated that the sand
spits of the Red Sea are generally attached at their northern &nds and open out te the south, due to
the pravailing nerth-westerly winds driving the currents. However along the Yemen coast it is
apparant that the cpposite 15 the case, with most spts attachec 2t their southern end. This confirms
that the dominant longitugina! drift is northwards. The coastlins in the lz2 of the sand bars is largely
descrnbed as low energy, with mangrove and seagrass marnne communibes, and only moderate sand

accumulation on beaches.

Where the bars and reefs ars absent there is onshore accumulation of sands on nigh energy beaches
and these sands move infand o form sand dunss: The guantty of sand coming onshore is relaled to
the current direction, the avallable fetch, and local supply of sandy sediments. High energy coastlines
with sand accumulating onshore and building up aesglian dunes oscur especially on the Salf
peninsula, in the sweeping curve of the Al Urj' bay. and at intervals south of Hodeidah to Mokha and
beyond, Major dune forming areas occur south of At Taif towards the Wadi Rimab, at Muaylis in
Wadi Zabid, and from Mulaynah southwards to Al Khawkhah An additional area of sand accumulation

lies south of Mokha

Along large parts of the coast north of Hadeidah there are groves of mangrove woodland which
occupy the seaward side of the sabkha on protected shorelings, Rather than the mangrove being seen
25 a barner to sediment movemant, it is apparent that tidal channels and currenis allow the transfer of
a certain amount of sandy sediments through this zone onto the sabkha plain, whers it 1s then comes
under the influence of asolian transporting systems. If there is too much sand coming ashore then the
mangrove |s threatened, as is happening south of Mckha (Barrall et al, 1887). A balance 1s being
struck east of Salif where the black sand seif dunes move into the shallow walers directly down wind
of mangrove. In the area south of Hodeidah, where there are massive offshore bars and spits, there is
oty & small guantity of sand maving enshore and the mangrove communilty passes landwards into

oate palms, grassy plains and old stabilised dunes
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3.24 Recent Coastal Change.

By comparing the 1987 aerial photography with the 1897/1898 SPOT imagery it is apparenl that tne-=
have peen changes to the coastline, It s noted for example that the shape of spits has changes -
recent years, with for example a southerly movement of the Ras Al Hisy cuspats foreland. This ez =
the mouth of the Wadi Zabid. The shape of the foreland appears similar but there has been an cusrs
displacement scuthwards. This suggests that the nat movement of sediment at present is to the =00-

Interestingly, the general movement of longitudinal drift is generally northarly

In the Al Fazzah area the coastine appears to be receding guite rapidly, A comparnson with 1257
aerial photography showed that the coastling has receded some B m since then. The historis =
mosgue of Ahmed al Fazzah is in grave danger of being eroded by the sea within a8 decace =--
possibly considerably less, unless there is coastal protection. In 1987 the edos of the mosqus wa:
10 m from the cliff edge. | is now only 4 m. Some attempis al coastal profection have recently pes-
made by placing groins across the beach so as o induce nourishment of sand anto the beach bor - =

appears to ba having little beneficial effect

The coastal erosion at this and other points can be fairly easily decumented by comparing the =272
photography with the recent imagery. |t appears 1o be a widespread phenomena in the Tihamsz
response to seasonal changes in current. It is likely that the iocal fishermen are able to gocus-

change guite accurately, as these changes will also effect fish populations and the depth for bosis

towards ar into agriculiural lands.

3.2.5 Effects of Past Changes in Sea Level.

In the past, where the bars may have been absent or sea level lower, it is likely that the movemz-
sand to the coast was different from the presenl Duning the long hyper-arid period of the last 722 =
maximum (LGM), ca, 12,000 - 20,000 years BEP, sea level in the Red Sea is thought to have groco=-

(" AR

io some -120 m below the present level {Jado and Zotl, 1984) This would have expnss- =-
undulating plain at least 35 km wide comprised of unconsolidated alluvial sands, probaby v

mixture of shelly marine carbonate deposits. It s considered thal these loose deposits woulz r=.2
formed the source for coastal sand dunes blown far inland by westerly winds duning tms ==

Pizistocens

It has also been suggested that there was a local nise in sea level to some 2 m above the preser: = .=
aQ ¥

&
=t

al about 4,000 to 6,000 yvears age (Jado & Zofl, 1984) This is held to explain the broad sirs--:

sabkha thal border the coast and the high salinity of ssdiments in this area (Barratt ot a8 1987¢

present study agrees that this is feasible. Traces of what may be slightly higher shareline ozou
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5 S ndward side of the sabkha and fagoons. Low cliffs, cut infe the Pleistocene sand

- Jrnear to Luhayyah for gxample and may have been formed by wave action
—s nypotnetucal signtly higher Holocene sea level would probably have resulted i an ennanced
zlozly of sands to beaches along the coast as stable sandy features were eroded by wave action

i
1
fi
in

£l

sea level dropped tots present level and bars farmed offshore, these dunes stabilised

Tris coula 2xpaim the aistribution of recent stabilised dunes and hummocks in several areas:

o

The mouth of Wadi Siham northwards to the nort of Hodeidah. Large fossil foredunes ocour
alcng the coast to the south of Hodeidah where the sand supply is now largely cut off from the

sea by mangrove and sabkhas.

£ The coastal lands north of Al Jah'in the Wadi Kuway, towards At Taif

c) Lands north of Fazzah, where cliffs are covered by stabilised hummocks

More local research is needed to assess the effects of past sea level changes on dune sediment
supply as this will lead o a belter understanding of how any fulurz sea level change will, perhaps
similarly, modify the sediment supply available for dune building. 1t Is thouaght at a shaht rise of sea
level will result in erosion of beach hummocks, Eroded matenals will accumulate on beach strands

and then deflate at low tide to supply dunses

3.2.6 Water Erosion.

In the upper parts of the wadis, in the steeply sloping lands of the highlands, there |5 loss of land from
waler erosion, In {erraced lands of the high plaieaux erosion has been reduced dus to the effors of
terrace preduction over many centuries, Despite periods of neglect in the past programmes to
rehabilitate the terrace systems are being undertaken. On the very steep range lands of the
sscarpment, where terracing may never have been initiated, there is high soil loss from storms during
the rainy s=ason Materials being transported into the drainage network include topsoil, dust layers of
vary fine sit that have been deposited as lcess, and sand to gravel and boulder sized rock particles
Floods entenng the Tihama plains, for example in the Wadi Mawr, Wadi Surdud, and Wadi Zabid all

have bedloads with & high sand fraction

Recently many unregulated concrete dam structures have been built in the upper parts of the main
wadis (eq Wadi Zabid) and these effect a narrowing of the channel width During flood events though
these structures may be washed away, as they were in the past before the main offtakes were

constructed, and there s considerable |ateral erosion to the banks of the alluvial silt plain

Republiz af Yeman  Aesalian Sand Formations of the Tihama - Geomorphalogy and Assessmeant of Sand Stabiliagtion
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in addition, run-off from the adiacent plains, either from leakage from canals, poor distrbution of food
waters, or from intense local rain storms. has caused piping and gullying of arable lands and ths

banks along the rivers.

On the alluvial fans occupied by Parkland Agriculture of land cover unit A1 (see Chapter 7) wate-
erosion of the silty soils is present where channels are unprotected by grass and herk cover. Close -
the mountain front rainfall is sufficient to sustain grasses on field bunds; consequently wing erosicn o
the sillz is low Deposition of sand is a problem on the margins of this unit where the alluvial lanos

abut against the higher ground of the ancient sand sheet {land cover unit Ap).

In the lower parts of the wadi systems flood walers only rarely reach the sea and sands occupy tne
wadl floors, cascading off the ancient sand plains that flank the valleys. Thase wadis criginally wou 2
have carved broad channels through the sand plains to the coast, probably &t a period of lower =&z
level, but the age of these events is not yet known., Recently, within the last century or so, ==
concluded from features observed on the aeral photography and by field examination, it is apparz—
that sunstantial floods have reached the coast and cut meandering channels into the exisfing = -

cover. These flocds have also cleared pathways through sand dunes that had choked the wadi floo-=

of modern irrigation controf along the edge of the escarpment, it is debatable whether this has lzd *-
reduced flooding in the lower paris of the wadis. |t is likely that when large floods cccur in the fuiirs

they will easily cut through to the sea again

In the intermediale areas of some wadis, for example on the southern margins of the Waa Z=c -

that irrigation control has led to less flooding and. in contrast, a greater invasion by encroscr =
sands Fortunately, some of these areas liz within the TEFP and should benefit from sand stablliz= -

Mmeasures

3.3 OLDER AEOQLIAN SAND FORMATIONS,

2.31 General Description.

In the field &t is sean that the recent alluval plains of the Tihama have dissected an older ==--
formation comprising aeolian sand plains and linear dune ridges that are found at the coast ans -

as far as the mountain front, The hnear dunes are many kilometres long with regular spacing nere ==
ndges, and their upper surfaces have been stabilised by sails, &t some stage in the past Thess - o=
sand formations now ccoupy much of the terrain between the prncipal alluvial systems on the T -2 ¢
rorthwards of the Wadi Rasyan, They are distinguished in the field as older agolian formatiors -

basis of

Republic of Yemen: Aeshan Sand Farmalions of the Tihama - Geomorpholagy and Aszessmant af Sane Siar
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= hey retan typical features of linear dunes, with narrow ridges, Y-shaped juncucss ang 1 i

mowide inter-gune corndors,

They are generally lacking 0 any onginally gravelly material greater than 2000 mucrons
except for root concretions of calcium carbonate (also known as rhizoconcrations or dixaks
and have a well sorted unimodal distribution of medium ta fine sands charactenstic of a=chan

sands

) They nave a moderate content of silt and clay considered (o be indicative of dust formation
during 2 long penod of soil formation; asolian depaositional features are uncommaon, excspt an
the coast, i coastal areas older dunses do show original stratification that has been preserved

by carbonate cemantation of the dunes into asclianites,

). They are averlain, naver underlain, by modern active sands and sand dunes, and generally. a

sharp truncatad boundary exists between the two types of sand formation

In the laboratory at TOA and in the UK, siudies were conducted on a wide rangs of sediments.
Analytical data is given in Appendices D and E. It is considered that the older sand formations are
distinctive fram recent aeclian sands, recent wadi sands, and recent beach sands, in that the sand
grains snow ciay and cxide coatings that are visible under the scanning electron microscope anad can
be identified mineralogically by the energy dispersive X-ray analyser, These coatings show that clay
minerals have formed in pockets and on the surfaces of guartz and feldspar grains. Clay coatings are
absent on more recent sands. Microcrystaline carbonate, calcite crystals and salt (halte) crystals
however are present in the older and recent sands, On the beaches and sabkhas, gypsum is also
present, and cements of caloium carbonate on rims of graing form aschanides (Gardner, 1288, Thus,
it is lentatively concluded that the older sands show a different suite of secondary features and can

be distinguished from the recent sands

The older zand formations in turn overlie earlier alluvial formations, including loams and gravels, that

hiave been noted throughout the Tihama

Significantly, almaest all the major selilerments on the ancient sand plains of the Tihama sand plains
are located on the convex summits of the old sand ndges, for example, Cutay, Beit al Fagih,
Hussaniyah and Mansunyah Matenals from older settlements, midden matenal of shells and pottery,

are also common in many areas, often forming a wind-stable cover or muleh on the surface
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Given that it is unlikely that these settlements would have been delberately sited on active dunes im
the past It can perhaps be safely concluded that the dune ridges were already well stabilised by scilz
{and veoetation) at the time of the first seitlements. which was at least three thousand years aga. The
mter-dune valleys, lying parallgl 1o the ridges may well have been swampy and subject to flocds

ariginating on the escarpment

These environmental cansiderations for the Tihama however are somewhat speculative at the presen:

stage of investigations, and are based on dune charactenstics seen elsewhere

The older aechan formations also occur along the coast, where modearn mobile sands averly the clde
sand formations. Thess include large foredune nidges parallel to the coast, asolianites where the sand

are cementad by carconates, and erodad and bevelled remnants of sand landforms,

The older sand formations were described in the Appraisal Report (IFAD, 1992) as longitudinal draz
dunes. The use of this term is not carried on in this report, since it is genetic implying that the dunes
were formed parallel to the wind direction. We do not actually know that the winds were unidirectional
at that time. |t is thus safer to suggest that the ridges originated as linear dunes (Pye and Tsear
classification of 1990) with narrow ridges formed from various wind directions. Active dune formations
now partly or wholly everlie these ridges and it is has been sugoested in the previous repors that the

dunes are now re-forming locally

It 1= concluded that althouagh there is a degree of water erosion on the stabiised scils and wing
deflation in some ploughed up or exposed areas of the older dunes, they remain largsly stable

features, with the active dunes traversing over the older dunes surfaces,

3.3.2 Characteristics of Sand Ridges (Unit Ar).

The sand ndges are from 250 to 500 m across and heights of up to 20 m. Exact measurements wers
not made during the present study, Between the ndges are concave dune corridors that are typically

1 1o 2 km across and often at least 15 km long, The ridges show a number of Y-shaped junctions
characteristic of inear dunes {Cooke and Warren, 1973) and these tend to open out to the sast. The
slope on the ridges, in the Mansuriyah area, varies from 4 to 9%, though the original dune slope is
unknown These measured values were on stabilised surfaces dissected by gullies cut into the sail of
the old rizge, so itis likely they approximate the slope of the ancient dune whan it was stabilised. Near

Qutay slopes wern measured at 14 - 19%

The sand ndges vary slightly in their direction arcund an overall easterly travel, and include the

following
TDA nursery on south side of Wadi Siham: Dan ~”
track to Suknah: 0s0 ¢
Mansuriyah: 080 -
Beit al Facih 080
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THz sois of 1Ne $ang nages have been given a preliminary examination during this stegy oy camying
zser granulometry analysis of the particle sizes. These (samples R41, RaZ2 R11 R112 at a
z=cion at Bell al Faging show that soil formation is largely confined to an upoer layer whers thers s

cansiderable 511 and clay fraction. 1t is suspectad thal mueh of this would have been addez to the =al

from arrporne dust during a lang penod of soil stabilisation.

Zztive sand sheets and transverse dunes are also common on parts of the ridges. Both of these often
oozar to have migrated in from adjacent sand seas, but local origins may be possible. Samples R34
FZ= and R40, from recent and active sands al the same section at Beit al Fagih have very similar
cnaractenstics to the older sands Much more detaled research is needed, however, to fully
understand the relationships of the recent and old sands, but it s significant for understanaing whether

loca! re-mobilisation or long distance of sand dunes is the key process

3.33 Characteristics of Sand Plains (Unit Ap).

The anciznt sand plains are gently undulating terrains that extend inland from the coast towards the
escarpment, where they merge inta the sand ridge topography (Unit Ar) Although traces of lingar
ridges are often sean on the ground along tracks and roads in the wesl of the Tihama, these featuras
dre not as clear on the photograpny and imagery as they are funher to the east This 15 probably dus
to the blanket of recent sand sheets and transverse dunss which covers much of the sand plains and
nas obscured the outlines of the ndges. It 15 suspected, nowever, that tney are all part of one

geamarphic unit deposited and then modified together.

The sand plains at the coast are well exposad on the frack to Salif where a secbon was investigated, This
snows a massive 5ol layer (sample 8E5) that has formed in the sands and which has elevated silt and clay
levels, similar to those at Bail al Fagih The subsall with loose sands and concretions, 15 also similar 1 the
inland sands on he dune ndge. Inland, ancient sand plain sedimants that have been analysed mclude R70,

east of Qutay, 2nd RE2 north of Hodexdah

The surface soil of the old sand plains forms a wind stable layer over much of the Tihama, This is thought
largely due to the sail structure present, and the higher sit and clay levels, Coarse materials from human
settlement ocoupation are also very common, and include pottery, gravels that were prebably associated wilh
former puilkdings and walls, and manne shells that have been brought from the coast and then dumped n
middens, This accurnulaton of coarse waste producls is also very imponznt in malntaining the stability of the

ancient sands, by pratecting the surface fom deflation.

3.3.4 Characteristics of Ancient Coastal Dunes,

Ancient coastal dune landform have been observed n several localliss, Cver much of the area though the
older sand formation compnses a weakly undulating plain that is truncated at the coast  South of Hodeidah
lhere s an ancent foredune, some 15 m high distnguishad by its ndge form paralisl to the coast, a stabilised

soll an lop with midden matenals (R 56) and 2 subseill packed with hizoconcretions of caloum carconate
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Mear Luhayyah, in the north, undulating sand sheets have with soil fayers and canaretions (R 892, RE3 RO

This may be & remnant of a coastal barchan

Between Fazzah and Mujaylis recent sand sheots and secliznites overlie an older sequence of asclanies
These dip northwards at some 10 %, suggesting that they wera depositad from southerly winds. Iniand of 1he
YWadi Zabid there is a chaolic terrain comprising ercdad ndges and valleys that represents asoliariles thal have

been exposed and subject to scounng and defiation by wind

33.5 Peried of Formation, Sand Dune Stabilisation and Soil Formation.

Very litle 15 known at presant about the mathiods of formation and stabilisation or the exact age of the ancient
sand formatons on the Tihama As noted elsewhers (Section 3.3.7), the stabilisation of the dunes, would in sl
probability, have preceded sefflement location on the dune fdges. The stabilisation was accompanisd by soil
formation at the surface, probably aided by accumulation of clay and silts from deposition of airbome dust, and
formation of calcium carbonate concretions around roots (rhizconcretons) in lower parts of the prafie, In ths
eastemn pans of the Tihama the soil formation process has been such thal the dune ndges have dendntic
drainagz qully systems. The massive nature of the sands with an absence of bedding in deep ssclions
suggests that biogenic activity was taking place dunng the formation of the dunes, such that they may have

accumuiated as a Vegetated Linear Dune type.

Alternatively, they could have accumulated as bare seif dunes in a hyper-arid environmant and
subzeguently been modified by soil formation in more humid times. Evidence from dune formalion and
stabilisation in Saud: Arabia can support either theory, and depends on the avidence for past climata

changs in the area (McClure, 1978)

The present study has provided the opportunity to carry out 2 preliminary examination of these anciart
dunes Cnly a detailed study of the marphelagy and micromorphaology of the dune sediments may be
abile to reveal their history of formation. A programme of dating the sands using modern techmgues
such as optically stimulated luminescence {OSL) dating (Aitken, 1994, Munro et al, 1997 would also

aid establisning the chronalogy of dune formation

It is recommendead that research projects of the ancient dunes be undertaken as soon as possible
Firstly, to carry aut a comprehensive understanding of their initiation and development Sacaondly, and
of direct application to the programmes of sand dune stabilisation in the Tihama, te answer the
guestions on the stability of the these ancient dunes, and their susceptibility to wind and water erosion

under presant climatic conditions and different types of land use;
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3.4 RECENT AEOLIAN SAND FORMATIONS.

3.4 General Description.
fz recent sand dunes on the Tihama include both coastal and inland types of duneg They ars

nstnguished on the basis of thelr morphology and from the particle size features of grains

zand dune formation 15 enhanced on high energy beaches where there s greater supply of sand
avalable affshore On such coasts, blowing inland off sandy beachas, and somelimes moving across
zzline crustad sabkha, are saline sand hummocks, sand sheets non-saline sand hummeocks and
lzrger foredune ridges. These aeclian landforms progressively accumulate away from the coast, On
the coast there are recently cemented sand sheels and dunes (aeclianites) with weak cementation by
caloium carbonate, In these the original layering of sand grains is clear These sub-recent dunag

remnants are also being eroded by sand bearing winds.

Shahily further inland there are extensive belts of barchans and parabolic dunes, The latter are often
extended in a linear fashion with vegetation playing a significant rele in formation and stabilisation.
Imland of the parabolics the dunes may reform as barchan dunes or areas of sand hummock.

Combinations of these are comman. and in all preduce a complex picture,

In the interior areas, emerging somewhat nebulously from the coastal areas, are extensive sand seas
(defined as areas = 125 km® in area by Pye and Tsoar, 1890}, in which sand hummaocks merge into
barchans and, finally, extensive chaotic terrain of transverse ridges. In places, seif ridges occur at the

downwing edge of expanding dunefields, Elsewhere, where sand may be of more limited supply,
barchans are seen to be performing a similar process. Lying between all these types of dunes are

mohile sand sheets with coarse and fine grained ripples.

3.4.2 Examples of Initiation of Coastal Sand Deposition and Dune Movement,

Trne inmation of sand accretion was observed at several locations along the coast of the Tihama
turing periods of high wind speed, Descriptions of processes at these are inslructive i understanding
the paitern and complexity of duneg formation, Sample numbers refer to analysed dune sediments

iAppendix O and E)

a}. Beaches of the Salif Peninsula.

The sweeping curve of the Salif beaches on the southern side of the peninsula show that pale, shell
rich sands are accumuiating on the western and mare nartherly pan of the beach, and dark sands rich
N heavy minerals accumulating on the southern edge. These high energy beaches, apart from
appearing to confirm a northerly longshare drift of sediments, show that the sands that move niand

are also of different character
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The white sands have high shell and guanz components. Immediately inland of the beach (samplz
RE&1) the sands accrete into intensely undufating terrain, with sand hummocks one to two metras hig-
stabllised by shawkam grass (samples R79 and RED) Some three hundred metres inland these ars
piled up in broad foredunes parallel to the shore, which merge into parabolic shaped dunss
immediately inland whers there is a sabkha surface Large barchan dunes (samples B77 and R7&
then break ocut across the ssbkha and, after crossing the mam road, have accumulated owver the
northern part of the peninsula as a complex megabarchan, probably a comoosed of receni and older

barchans, before they re-entering the sea to the north

On the black sands the beach material (R83) forms low drifts (R34 stabilised by the grass Halopyrum
mucronafum. These hummocks merge into pargbelic ndges {unsampled) which break out across the

sabkna as narrow self dunes (Samples R7E6 and R82). The latter frequently cut the main route o Salif

b). Sabkha Lands South of the Wadi Siham.
In this arza there are low lying sabkha that merge with beach ridges along the coast. Sediment supply
iz moderate here and mangroves occur nearby. However, an appreciable amount of sand 15 moving

ornshore and inland.

The =sabkha surface has a saline crust made up of aeglian sands and =alt crystals (sampla &8

Sands mave over this when threshold velecities are sufficiently high to overcome the resistance
offzred by the rough surface of the salt crust. Sand drifts then accumulate in low drifts (R55) which i

lurn pass into deeper drifts stabilised by Halopyrim mucronatum (Qasabo) grass (sample R54

Slightly further inland and still on the sabkha surface |larger hummocks accumulale These dunes are
some 3 m high, stabilised by Tamerix trees, have a soft salne crust on the surface and awe
permanenty moist (R61). On higher ground, now above the level of the sabkha, there are large
hummaocks that do not have salts (RE0) and, where these have been eroded, they are baing replaced
inland by transverse ridges (R58) that show the influence of NVW winds in summer, These dunes are
of limited extenl and are unusual along the coast They appear o reflect destruction of the vegetation

cover by cutting.

In general it appears thal sands normally accumulate further inland as hummocks (R57) stabiiised by
Oelysses mucronata (Shawkam) grass, These are piled up within a few hundred metres of the sabkha
=dne into foredunes that are parallel to the coast and some two hundred metres deep Further inland
they mierge inle hummocky terrain,. Some of the foredunes are also clearly ancient features with so

surfaces 2nd human settlement materials stabilising them (sample R 56)
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c). Mujaylis Area.

The Mujaylis area atthe eastem end of tha Wadi Zabid shows how sands move off the beaches intc paraoolc
sunes. This appears 1o have accurred in recent and anclent times, Al the goast the beach material includes
gravelly and sandy aluvial and shelly manne sediments. denved from coastal sediments washing up on the
beach (R 28) and from low ciffs of cider alluvial matenals (R20), These form an undulating strand that may be
accasionally flooded but is generally above high toe mark (R 23} On this strand are hummocks with
Halopyrum mucronalun grass (R21), The hummock stabilsing vegstation in the Mujaylis area agpears to have
peen largely removed and few hummocks @re forming Older hummocks, weakly cemented by calcium
carconate also appear to have been stnppad of vegatation (K220 The ground then nsas info a breadly convex
foredune some 20 m high, with coarse and fing grainsc nppies (RZ5 and R28 respectively) These npples are
migraling over a very hard older surface, in effect a fossil foredune. The latier (R30) is shown to be an aeclanite
comprised of calcium carbonate cemented sands. At the crest of this foredune there is no siabilising vegetation
at Mujayle and a seres of parabolic dunes extend northwards over the sliuvial ceposits where in the recent
past they have buried houses, date palms and also dom palms. Sample R22 15 on the crest of the parabolic

whilst R24 is on the slip face immediately above the Tioor of the alluviam,

The front of the parabotic dune is just over ane kilometre north of the foredune, and has a norlhwards
maving slip face some § metres high. Average annual movements were measured by comparing the
aenal photography (1973 and 1987) wilh detailed field cbhservations. Preliminary estimates suggest
that from 1873 to 1987 the rate was between 154 to 16 miyear whilst from 1987 to 18998 it was from

9.9 to 10.9 mdyear. This is considerable less than that measured by FAD (1880}

3.4.3 Characteristics of Coastal Hummocks (Unit D1n).

The coastal hummaocks (nebkha) are substantially larger than those af the interior. Soulh of the Wad
Siham hummeocks some 3 m high are accreting along the sdae of the sabkha and are stabilised by the
grass Halopyrum mucronatum and alsc Tamerix aphylla trees. These dunes have & saling crust on
the surface and are permanently maist from salts, They show bedding in several directions indicating

seasonal wind directions,

The material of these asolian landforms 15 gensrally fine sand when analyssd by laser granulometry. Dry
sleving however sungests a coarser gram size distnbuticn, and examinaton under the microscope showed that
grains are commonly coalesced by salt particles These were identified in the scanning electron microscope

(SEM) to include both comman salt (halte) and gypsum.

3.4.4 Characteristics of Coastal Foredunes.

Coastal foredunes consist of rounded ndges up to 20 metres high, 200 m broad and one or twa kilometres lang
which have formed along the edge of the sabkhas and beach strands. Their long axes are al nght angles o the
wind direction blowing onshore.  Active foredunes are prominent at the mouth of the Viadi Siham south of

Hoaeidah where they are fed by sand hummocks on the coasta! side and pass inland into a senes of similar
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hummeacks  The vegetabon on the dunes generally includes Odyssea mucronata, Some fossl fored -
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also noticed along the coast in the same ares; active sands continue to blow over them

3.4.5 Characteristics of Coastal Parabolic Dunes (Unijt D1p).

These dunes that form along the coast generally have broad parabolic roundsd fronts that advance ria-z
largely sand frez comdor betind the front and long trailing lateral arms that reach back to the bzach zo-=
Sands, rich in shell quariz and other rock fragments are blown off the beach and initially form a beach ndgs o
foredune. but under canditions of enhanced sand supply these evolve inlo parabolic shaped dunes. Sands ==
blown along the linear corridar in the centre of the dune, lo form a blow-out, with sands accumulatng on me

migher graund of the trailing arms and crest.

The front of the dune has & characteristic rounded crest with a slip face along a broad canvexo-concave Fors
The crest and amms are generally vegetated forming groups of sand hummocks, in the Tihama this s uzus
the spiky grass Cdyssea mucronata, with slightly coarser sands on the bare cresls (R17, R22} comparsd to 0=

vedatated hummocks {R18} and the slip faces (R24)

In the Mujaylis arza the blow-out area marks an araa of date palms and houses that have been burss
and are now being exhumed as the dune front continues to advance over the plantation. The arms o
the dunes at Mujaylis have been denuded of vegetation, whether by natural or human causes 15 not
clear, and coarse sand blows off the beach onto the dune (R28, R25). By contrasl, in the Mulaynz
area the broad corriders and arms are bath well vegetated with Odysses mucronata, and the duns

front is less prominant with no clear features that show an advancing frant,

Thus, vegetation appears to control the stability of the dunes ang whether they funclion as a holdirg
ground for sand to build up and be transferred inland slowly, as at Mutayna and other dune areasz to

the south, or advance more rapdly inland as a whaole, as at Mujaylis,

In terms of dimensions, the parabolic dunes, in the area between At Ta'if and the Wadi Zzoid, have
trailing arms that range from 250 to 800 metres or more long, and the width of the parabalic is about
250 metres at the front and 400 metres at the coastal end. They show that the onshore wind directions

strong enough to build these dunes are from the south-south-west to south-west

South of At Ta'f and about one kilometre further inland these parabolic dunes are replaced by a secendary lins
of parabolic dunes that are censely covered by hummocks Further south at the mouth of Wad Rimah the
coaslal parabolic dunss are replaced mmediately inland by unvegetated transverse ndges. Itis nol yet known
why there is such a starting chanoe in vegetabve cover on different coastal dung felds. Near Mutayna for
exampis the vegetated parabolic dunes exand o the coast, but at Mujayiis they are barren at the coast but
underlain by hard asclianites. A coninouling factor could be the removal of stablising venelation on coasial

dunes leading to deflation and exposure of sub surface aedianies

Repunlc of Yermon. Sealar Sand Farmalions of the Tihama - Geamorphology ang Assessment of Sand Stabilsabicn
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- T=ET T, o2% 07 pasbolic guna ara also observed advancing into the trough of the Waal Rimah These res
TTomaEl ssverdl siomelres to the scuth-west on the coast, have fronts that are 50 10 280 metres broad, 2nd
Tow-DJT Zores nal @re occupled by advancing chains of transverse dunes.  East of the dure front, =anz

e through the valley fioor, associated wilh large hummocks densely forested with Salvadors
r=rmeod and emengs on the north side of the Wadi Rimah to form transverse dunes

sunrer south, in pant of the Mujaylis area, there are densely packed areas of ransverse dunes advancing to
e nonh-east Overall these oocoupy 8 mega-parabaolic shaped feature that is developing in advance of norma

=haped parabolic dunes,

Thus, the parabolic dunes can adopt a range of features that refiect sand supply, the type of sand, wind

dracton, local topography and natural vegetation,

3.4.6 Characteristics of Coastal Barchans {Unit D1b) and Transverse Dunes {Unit D1t).

Coastal barchans and transverse dunes generally farm inland of the parabolic dunes. One example
was s2en on the aerial photography where a small barchan was attached to the front of the parabolic
tune, The coasial barchans and fransverse dunes are usually formed of fairly coarse sands and shelly

material and are often closely related.

At Szlif the coastal barchans transform into transverse dunes and then back inte barchans (samples
R77 fram a slip face, and R 78 from the crest of same dune). They are much larger features than the
dunes which develop in the interiar lands: Coastal barchans and transverse dunes in the Mutayna -
Fazza area have widths of 70 to 100 m and wavelengths of 50 to 150 m, with gaps of bare ground up

to 100 m wide between the slip face and the dung in front,

347 Contemporary Aeclianite Formation,

From the presence of refuse layers within some coaslal aschaniles, at Mujaylis, it is concluded that
aschanite formation 15 a process that is happening teday. Cementation of sand grains 1s a result of
calcium carbonate precipitation from salt sprays blowing inland (Pye & Tsoar, 1990} The Tihama
azolianites appear to have formed under sand hummeocks that were colonised by Sueada, Tameri,
and other plants. The vegetation has been destroyed, whether by natural or human means s naot
clear, and the cementad layers become exposad at the surface. Once in this state plant colonisation

15 extremely difficult

More ressarch is nesded on the asolianites of the Tihama to determine their origins and how they can
bz re-vegetated It is apparent that once they are expesed al the surface their hard layers make them
very difficult to be penetrated By plant roots in the absence of moisture, The cementation however
becomes weakenad with addition of fresh water, such as may cccur with irmigation duning affarestation

Elzgwhers, vegetated and non-veqgeatated asolianites exist slos by side

Programmes (320 549)
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3.5 AEOLIAN LANDFORMS OF THE INTERIOR PLAINS.

3.5.1 Characteristics of Sand Hummocks {Unit D2n).

The sand hummocks (nepknas) on the interior plains are generally up to one metre nigh, so=-=2-
between one and five metres apart and mostly stabilised by perennials, especially the grasse:
Panicum turgidum and Odysses mucronata, eithar in association ar as large zones of one spess
Other  hummocks  are  stabilised by  Lasiwiris  scindicus,  Lepfadenia  pyrolechmeca,  dcscs
shronhergians Salvadora persica. Cadaba rotundifolia, Tamerix aphylla {and several other plaris
ard also tne nvasive Prosopis juliflora The roughness of sand hummocks causes sand and ooz
particles maving close to the ground to be deposited. The vegetation, and its abiuty to grow unds-
conditions of low rainfall, plays a vital rale in the formation of the hummocks. Find sand and dust =

entrappad in the hummock, especially where the plant canopy 1s dense. The ground between tf

hummeocks 1 bare in summear and autumn, when sand will move freely through the landscaps
accarding to fhe ssasonal wind direction. I spring when the sands are carpeted with annual flowers
and herbs, sand maovement is reduced. The role of sail-iving animals i forming wind stable features
is believed o be of major significance. As sand is trapped in the hummock it 15 affected by so)
animals and flara. Fascal pellets from undetermined soil-living animals were found to be very commar
in sand hummacks, and sometimes in dunes derived from them This biclogical stabilisation 1s worthy

of a detailed study on its own.

However, destruction of the vegetation cover, often for fuelwood, destroys the equilibrivrm of this
landscape and Jeads lo renewed mobilisation of sands as nalural processes waork on the degraded
hummecks, rainfall will wash sands off the hummocks and break down soil aggregates; wind erosion
breaks up the hummock by scounng and formation of yardang structures; browsing animals will bresak
up more of the surface as they hunt for pasture; and sand movemeant will be increased as windspeeds

rise in & iess rough terrain.

Sand hummeocks that have been sampled in the intenor lands include: RES at Dayr al Issa o fhe
north-east of Hodeldan, R34 o the west of Tuhaytah (beside R33), K8 on gravel plains on the track to
Yachtul B35 in the lower Wadi Rimah' and R38 on the lop of an ancient dune ridge at Beit al Fagin

3.5.2 Characteristics of Sand Sheets [Unit D2s),

The sand sheets of the interior acour in a range of siuations where dune lypes are changing. fr
gxample, from barchan to transverse dung; where sand hummecks are being swamped by mobile
sands and forming transverse forms, where rolling zibar plains with low-ampliiude occupy poorly
defined areas in the centre of sand seas, and where sands are moving through culivaled lands or

rangelands as low drifts of transient appearance.
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“rs zoEplars &nich were noted on the geral photegraphy, occur in fairty remots sreas of the sand ses2 270
&EE T00 possinis to study them in the Tihama surmmer, but cther sand sheeis were sampled and thess we=
cE20n Hodedah and the UKL Aclive sand sheets forming on mngeland areas inciuds samples RET

RET avd RO in the Wadl Mawr areas. R72 east of Qutay, R33 near Tuhaytah, and RS on the rack 1o A

3.5.3 Characteristics of Barchan Dunes (Unit D2b).

Barchan dunes goour where there 18 a moderate supply of sand. In the Tihama barchans are usually seen as
ndividual dunes moving through farmmiland or on the plains. They vary in size from one to four metres high and
fve 1o twenty or 50 metres across. The barchans are generally nol vegetated. They are often forming down
wind ol transverss dunes and in tum may supply new chains of ransverse dunes further downwind. Given the

differing wind directions itis not certain, but likely. thal they also seasanally change directions

It was noticed that the large dunes that cccur on the margins of the cullivated lands, such as at Qaza.
will ba largely static and immabile for pars of the year when winds are blowing southwards and out of
the plantations in this locality. At al Caza, in the Wadi Rumman, a senes of large barchans accur on
the edge of the transverse dune sand sea. Some 15 m high with slip faces of 62-55%, thess dunes

were said to have moved 100 m in 20 years and buried houses and date palms.

On the track lo Buhays, north of Zuhra, barchans are moving eastwards. Derived from coastal areas
these dunes are less than 2 m high and showed slip faces thal indicated a westerly wind direction in

sUmmer

campled barchan dunes include: REE on {he track to Buhays north of the Wadi Mawr, R47 al Sawlah,

31 at Bait al Mashareh; and E3 north of Mokha wnere barchans are crossing the main road

3.54 Characteristics of Transverse Dunes (Unit D2t).
The transverse dunes of the interior are probably the most commeon type of dune seen on the Tihama

They are composed of loose sands, and are generally devoid of vegetation.

They consist of slip faces that face downwind of the orevailing seasonal wind dirsction. Transverse
dunes measured in the Wadl Zabid area from the aerial photographs had wavelengths of 50 to 70m
and the dunes were some 50 m across and with gaps of 25 o 70 m bebtween dunss The rates of

movement of these dunes was unknown.

Mear Maghras the transverse dunes were measured to b2 advancing into farmlznd at 10 m over an 11
yvear period, The rate of movement of the transverse dunes moving inte the Wad Rimah was

estimated by companng 19732 and 1987 asrial photography and the 1987/98 SPOT imagery

Sapuhic of Yemsn Asclian Sand Formanans of the 1ihama - Geomorphizlogy and Assessmant of Sard Stagiisation
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I addition farmers were asked for their opinion on the rate of bunial of houses at a village south of Al
Madaniyah The measurements showed [hat since 1287 there has besn an average narth-easterly
movement of somes 7.2 miyvear and in total the dunes have advanced saome 80 m across the channel

af tha Wadi Rimah onta the 2doe of the farmlands.

Maore complex areas of transverse dunes were noticed where sevaral slip faces are present and farm
a networs These will always be seen at the start of the changing season as a new wind direction
asserts itseli on the old dune pattern. On the ground at this ime the dune patlem appears very
complex  In tme, however, the pattern refltecting the new wind direction becomes dominant Thus,
mast of the gaenal pholography taken in winter shows slip faces facing the norih-2ast in response to
the southerly winds, Permanent areas of dune networks cccur in some sand sea arsas where the

seasonal winds have produced two strongly opposing sets of slip faces

Analysis of transverse dunes has baen carried cul for samples R64 and RET located {o the north-east
of Hodeidah: R44 at Qaza: R46 at Al Qana; R32 in the Shargivah area, Wadi Zabid; R38 in the lower

Wadi Rimah' valley, and for R10 scouth of Hays on the main road.

3.5.5 Characteristics of Linear Dunes.

Linzar dunas in the form of seif like ricges are present in many parts of the Tihama. Genarally they are
o small o be mapped out separately, and occur as either the downwind Lrailing edae of a transverse
ridge or tne extended arm of a barchan that is changing info & linear dune, or as a single winding
ridges. The seif has a narrow crast with a slighily concave steep slip face an the downwind side. The
upwind side is less steep and more convex. The slip faces change according t¢ the dominant wind

directian,

There are several coastal seif dunes migrating across the main road on the route to Salf Thess
require constanl clearing during much of the year. They are formed of black sands, rich in heav,
minerals. Seasenal wind changes include NW and 3W directions. These produce a ME dnft resubar
These dunes are up to five metres high, though often less, and appear to form where the winds havz
channelled sand movement into a few distinct pathways. They have narrow crests and sieesp =0

facas

Seif dunes also occur on the eastward edge of some transverse dunes thal are advancing 7o
farmlznds south of the Wadi Zabid These are several metres high and show that there = an oues

easterly movement of sands,

Fepushe of Yemen, Aeolian Sand Formabinns of the Tinama - Geomaomnelogy and Azsessmen! of Saznd
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16 ORIGINS OF THE SEDIMENT SOURCES FOR THE TIHAMA AEOLIAN SANDS,

Previously, the ongins of the ceastal and interior dunes were suggested to have been separale and
that there was lttie or no connection between tne two types of dune (HTS, 1953) The Appraisa
Report (IFAD, 1992) was undeciced on ainer a coastal or inland ongin, and noted that whils:
remobilisation of the ancient dune ridges {termed longriudinal draa’) was an important process in the
eastern part of the Tihama, the supply of sand in the west from the sea was a minor companent, For

this reason the plans Tor slabilisation of coaslal areas were cropped from the TEFP

The more detalled fizld and analytical studies carried out during the present study have concluded that
the coastal and inland dunes are in fact intimately connected, with the former feeding the latter, be it
aover a long penod with small annual increments. Althougn the wadi beds anc aliuvial fans of the
Tihama may locally supply sand for dune building they are not believed to be, as conswderad by HTS
{1593}, the prncipal sources, The coastal shell with abundant sand supplies s considerad o have

always baen the main source for aeolian sand formation,

The sources of the zeolian sand formations in the Tinama are now considersd to have originated
almosi entirely from alluvial sediments derived from erasion an the Yemen highlands, later dzposited

in the coastal waters of the Red Sea during large flocd evants in the past

Laboratory analysis by X-Ray diffraction of alluvial sediments from the Wadi Surdud, active dunes on
the sand plains. older dune sadiments and recent beach deposits all sugoest a common ongin, and
support the view that sediments are being recycled from the sea back towards the escarpment (see
lable E.2)

In another investigation camied out for this cansultancy, laboratory analysis of a transact of hummock and dune
samples from modem mebile sands between the coast at Al Ta'lf and inland at Sawlah n the Wadi Kidiyvah /
Wiadi Naba strongly suggests that both grain size and calcium carbonate content decrease with distance from
the sea This would support the view that shell fragments and rock particles ars progressvely crushed within a

short distance of the sea. (See analyses for samples [ 44, R47, R49, R50, R 51 and RE2Z in Table E.5).

It is alzo imponant to remember that, although the annual movermneant of the slip face of 2 sand dune in the area
15 probably 8t least 10 méyear {as measured i the held dunng 1895, and also repored by FAD-IC, 1990),
ndividual sand grains are likely to move far greater distances. [For example, sand partcies are known (o move
severdl hundred kiomeires a year in pars of the Namitz deser (informatian frorm K. Pye). In the unvegetated
sant seas of the Tihama, with closely spaced transverse dunes, sallsting sand grans may well move
hundreds of metres during single periads of strong winds, beng transportad from one duna ridge onld the next
by =altation, or by short-term suspension of the fner paricles when there are strong gusts, By contrast, the slip

face of the dune 15 advancing at a more steady rale. up o few tens of centimetres a day and ofisn much less

Repuslc of Yemen Aesalian Sand Formationzs of the T harr'-a - Geomorpholiogy and Assessmernl of Sand Stataksation
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than this Thus, sands originating on the coast can be blown rapdly inland b augment gunes mreze— -
farmlands, and the coastal areas should be regarded as intimately connected with the inland dunss Fez==

15 needad in the Tihama o measurs and quantify the lozal situation.

Femoabiisabon of the older sand shests and dunes is also considered o be of minimal significance = —=-

areas since these older sand formations have, in all locations visited, a protective surface soil or a g

anthropogenic denved shells and pottery fragments. However, there is some local gullying of the cider

i
Iy

where there s figher rainfall and disturbance from farming Fluvial outwash from these gulied areas

i

seour on the old sand plains and sand ridges that e east of a Ine from Qutay to Mansuriyah, will nounss —=
devalopmeant of small sand sheets and limited cune development. Analvsis of sands from active ana 270 =-
sand sheets in the Qutay area showed almost identical particle size distribulions. Thus, it cannot ba russ -
that local remebilisation of the ancient dunes from rainwash is contrbuting to modem probiems of drfing s=--

thouoh itis suspecled it is an 2 small scale.

Disturbance of the surfaces of the alder aseclian dunes during farming operations for rainfed m =
production was regarded as an important process in the Appraisal Report {IFAD, 1922) It is clezr th =
where millet 15 grown on moist, loose sands there will be eresion problems when this surface ores
out, and in the fald it was notad that from the position of millet roots, some 20 cm of sand coula o=
lost in a s=ason. But this ccours on active loose dunes temporary stabilised by rainfall and 1= 10 o=
expected. On the older dune formatiens, there s often a lcose cover of fine sand in which the millet =
placed. Moisture extends down into the older sands, which will nol deflate as the soil water is uses 2=
they have a stable structure. Where the surface of the older dunas |5 broken however by cloughinz

and during seeding, then deflation is more likely to occur as the dry season progresses

3.7 RESULTS FROM SEDIMENTOLOGICAL ANALYSIS

371 Grain Size Analysis by Dry Sieving of Samples

Summary of Results.

& large number of sand samples were dry sieved al TDA in Hodeidah (Taole 0.1}, Each sample was
examined under a microscope to determineg the nature of the sand grains and type of aggregates Troe
particle size distrbutions from several samples were rejected because of salts (identined 0 the
lzbaratory at PRIS in the UK a2s Halite and Gypsum) which ware weakly cemeanting small sand grains

to group together into larger grains,

The particle size analysis shows that all the sampled sands have over 90% sand content Maost sands
have a unimodal distribution with ons dominant peak, in the Very Fine Sand to Coarse Sand rangs
Birmodal sands include certain types of hummocks and sand sheets near the coast and infand and

alzo older sand shaets whera there sppears to have been secondary accumulation of finer particles

Republic of Yamen  Aesalian Sand Forrmations of the Thama - Geomershology and Azsessmenl of Sang Stabiizater
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== —gan arain s:ze of sands s seen to degrease away Trom the coast s particles pecome fns
z = iz to measure grain size, coastal sands ganerally range from 0.8 t0 about 20 oni ang
s un 1o 3.2 phantenor dunes -and sand shests fram 1.9 to 2.7 phi. and ancient dunes from 2 8 &
2% o The Mede shows the gran size ai the peak or top of the dislribution curve The modes ofien

zorrelates 1o the Mean gran sizes of unimodal distributions, but will show several peaks for mors
zompEx pimodal or mulimedal distributions of certain sandy sedimenis. The dry sieving metheod
Jrngeresumates the amount of silt plus clay i the sediment, This s because a certan amount of fines
= elither held electrostatically onte the mesh of the sieves. or is bound together by salt crystals and
150 as fascal pellets excreted by sail fauna, or is lost as fine dust during sieving, or 1s held in pores

and cavilies an iargser grains

The skewness of e samples s a statistical measure which characterizes the asymmetry of the
distritattion curve It has negative or pasitive values according to whether more coarsa or more fine
matenals are present than in a normal distnbution. In the dry sieved Tihama sands there s g wide
range of skewness values that appears to reflect the complex meang of grain sizes derived from

coastal areas, with additions of finer materials from dust and alluvial silts.

Implications for Sand Stabilisatian.
The dry sizving of sands has provided quantitative data for & large range of asclian sedimant {ypes in
the Tihama, although the amaunt of silt and clay fines may be underestimated. A notable effect is the

oresenca of larger aggregates based on salts and soil faunal peliats.

I mast coastal areas the sand grain particles are bound together by halite and gypsum salls as they
move across the sabkhas along the coast This makes these particles larger and as & result they are
more wind stable, leading to the formaton of large hummeocks close to the coast These hummocks
are guite saling and hard salt crusts and soft saline mulches oocur on both on the surface and as
buried layers. Examination of aggregates under the microscope shows that very fine grains of sand
and silt are held together by salts, Where vegetation ypes are celonising the saline hummocks there

are also soil fauna present and lhese preduce faecal pellets mixed with the saline aggregates

Further Inland on most interior hummacks where saling crusts and mulches are absent, the coarser
fractions (0.5 to 2 mm} typcally have many aggregates comprising finer sand particles bound together
n fazcal peliets 1| should be noted that with prolanged dry sieving these aggregates are gradually
dirinished. Wilh the |aser granulometry techmigue many of the aggregates will e destroyed The
influence of sail microfauna in coastal and intenar sand hummecks 15 probably related to the presence
of vegetation growing on the hummock. The aggregates appear to llustrate that stabilisation of sands
around vegetation is likely o be a function of the scil fauna, which are feeding on decaying organc
matter of plant materials, (eading to the creation of larger grains that are wind stable This s an
mportant lesson for sustaining a programme of biological based stapilisation of mebile sands in the

Tihama
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Programmes (320 545)
5]



B e e e =S

3.7.2 Grain Size Analysis by Laser Granulometer

Analytical Results,

The lgser granulometry technique provides a far more precise 2nd rapid methed of determiming =
particle size distribution of a sedimenl than by the traditonal dry sieving methods The samples =0y,
the detailed breakdown of the sand, sit and ¢lay components of the sands from 0.1 10 900 microns

irespectively 12 3 to 0.3 Phi) The results are shown i Table E 1

The majority of the sand dunes samples show over 90 percent of sand (63 to 900 microns) with

contents of silt (2 to B2 microns) and clay (0.1 to 2 microns), In some sands on active hummecks rnez-
the sez tnereis over 5 % clay which suggests fine materials blowing off the sabkha, The aliuvial orz -
of ather sediments s characterised by high sill contents, often over 30%. The ancient sand skez-:

have varable silt contents prabably due to additions of aifborne dust in the past.

The statistical analyses show broadly comparabla results with the dry sieved sediments. Many of

sadiments show positive skewness reflecting the presence of very fine materials, and anly so—

i

active dunes and sand sheets are negatively skewed. Distribution curves have been calzulated fro-

the laser granulometry datzs and presented for a serfes of transects in Appendix E, Figures E 1 to £ 7

Beit al Fagih Section (Figure E.7-A and -8},

The Beit al Fagih section was described in a gquarry cut into a stabilised ancient sand ridge with acuve
sands on the crest. The seguence js at least 9 meters thick  An active sand dnift overlies wezv
stabilised recent hummock sands and an older sequence of sands with eroded coarse anz fi-=
particles The analysis shows that the modern sands are coarser and better sorted than the ayers
below, whilst the layer with eroded materials has appreciable silt and clay accumulation ara bzs 3
maode which matchas that of the underlying layers In the lower layers the sedimenis represent -2
ancient sand ridge dune surfage with a stahilisgd soil averlying softer sand. The analysis shows tha!

sift and clay content decreases with depth

Mujaylis Transect (Figure £.2)

The parficle size distribution curve of four aeclian sand samples studied from the Mujaylis arez -
Wadi Zabid Sample R24 and R22 lie on the slip face and crest respectively of a parabolic dune trs:
is hurying date palms. The slip face 15 composad of finer sand than lhe crest Olher samples are Tro—
recent and ancienl carbonate cemented asolianites that ccocur close to ihe sea, 1 km from s
parabolic dune, and suggest that coarser and comparatively poorer sortted sands of the asoiz

sediments aocur closer to the s2a and sand source.

Fzpubic of Yeman Acohan Sand Formations of the Tihama - Geomatoholagy and Assessment of Sand Beas Mz o -
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= Zestibes ihe particle size distnbution curves of four aeclian sand samples collscies slong 2

the oeach at At Ta'f inland tocwards Duraywirni They comprise an active sana
Tacn lezated 100m Inland of the beach; a transverse dung averlying ancient sand plain, a two
omaters inland, @ barchan dune advancing onte dates at Qaza village, about 5 kms from the ses

2 barchan closing on agricultural lands at Sawlah, 16 km from the sea. The resulis suggest thal

re modal diameter of sand grains rapidly decreases inland, from. 318 micrans {1. 9 Phi} at the coast

= 127 microns (3.0 Phi) at Sawlah

30 Dunes (Figures E.4- A and -8)
lhe zand dunes in the bay south of Salif peninsula incluge shelly beach sand sands forming
carzbolic and barchan dunes with darker sands, largely comprising heavy minerals, forming linear seif
dumes.  The barchans are slightly coarser grained than the seil dunes. Further south, poorly sorted
beach sands pass into sand hummeocks stabilised by Hafopyrwm mucronastum. These move nland
past eroding sand hummocks that in turn abruptly overlie a soil developed on the ancient asolian sand
plam formation. The modern sands are similar to the barchan and seif dunes to the north with strongly
unimadal fine toc medium sands, whereas the older sands show almost 20 % sill and clay
accumulation and significantly, a much finer madal sand size of around 200 microns. This suggests

ihat the sand fractions of the older asclian formation accumulated at some distance inland from the

source area, assuming they were derived from beaches.

Luhayyah - Wadi Mawr-Ad Dawmah Transect (Figure £ 5)

This compares three samples collected in the northern part of the Tihama, They include: a unimodal
s=and from & sand hummaock an the coastal plain due east of Luhayyah with almost 44% of silt and
clay, whose ongin at present is nat exactly determined, but it may be that fine sedimants encased n
salts ars baing deflaled frem the mangrove mudfiats 1o the west, an active sand sheet that appears to
be developed from cultivation of an ancient sand ridae in the Ad Dawmah area, and shows a broad
unimedal peak of coarse to very fine sand; and a sand sheat encreaching onto rainfed farmland on the
south side of Wadi Mawr, The lalter shows a bimodal distribution, which is unusual in the Tinama

aeolian sands, but characieristic of sand sheets descnbed elsewhere (Pye and Tsoar, 19490}

Lufiayyah Dunes (Figurs £.6)

The analysis shows the particle size aistribution curves for three samples from a section in a stabilised
ancient sand dune on the coast at Luhayyan The surface samplzs (C-30 and 30-90 cm) show
unimzdal distrioution at arcund 200 microns, with significant silt and clay, The lower honzon (90-150)
shows a peak with coarser sand and a secondary peak with accumulation of silt, and may represent a

Luried soil
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Mutaynah Dunes (Figure E 7}

The sample is located on the crest of & parabolic coastal dune at Mutaynah, Wadi Zabid. The
analysed sand has a distinctive unimadal distribution mainly of medium sand with a modal peak at 1 5
phif 0. 35 mm ) The sample has 39, 44 5% sand (4.0 to -1.0 phi). Analysis of the dala in the leng ail
of the curve shows that minute increments of silt and clay occur down o S0 phi { 2 micrens!. From
G0 to 13 2 pi there s almost no clay present and the trace is flat. The finer materials on coastal
dunes suggest that fine sorting 15 accomplished further inland than on the coast The dunes are partly

coverad by staulising vegetaion, moslly Odysses mucronala.,

Implications for Sand Stabilisation.

The laser grandlometry provides precise data on the particle size distributions for gach type of sand
dune and this information greally assists in determining the aptimum technigues for sand stabilisation
Each of the areas described above will require a slightly diffierent management technigue for sand

stahilisation, according to grain sizes and the amount of fine materials present.

Where sand grains are aggregated into larger particles by faecal pellets on hummocks thers s
considerable potential for soll improvermeant In the down-wind areas as dunes forming from deflated
hummocks will still contan mucnh of this agaregated material. With adoption of checkerboarc
techmigues and use of appropriate drought resistant plants the organic matter can be put to Use 1o

ameliorate the sands.

In coastal areas which have waler rescurces and scope for rrigation it 1s recommended that salt
tolerant colonising grasses (Halopyrum mucronatum, Odyssea macronatal, trees (Tamenx aphylia)
and shrubs (Sueada spp) are planted on the coarse sands of acorating foredunes, resulling o

nummaock formation and depaosition of nutrient bearing sill and clay

In transects from the coast into interior, such as shown in the Taif - Durawim transect, the precise
paricle size distributions of the laser granulemetry show that dunes decrease in grain size from the
coast Where these are threatening agricultural lands inland the dunes will be moved by lighter winds
than on the coast since the smaller sized grains will have lower threshold velocities for movemsnt

This iz borme out by wind speed records and recorded movements of sand in the Tihama

In =ome area the analytical data from laser granulometry indicates that certain modern sands have
vary similar particle size determinatiors whan compared with adjacent older dunes. This suggests that
erpsion znd deffation iz l2king place on a local scale The reasons for this may be due to ploughing un
af the fine sands of the old dunes for rainfed cropping resulting in less of sol struclure and
susceptiility to wind srosion. In these areas it will be necessary to create a checkerboard systern to
creaste windbreaks along the dunes In general much af the lands under rainfed agriculiure lack

vagetative barriers that would reduce wingd speeds and their ability 10 move sands.
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ry Shows that the underlying sands of the ancient dunes (B

{1t

o tne palensal that
oW iNE pa = 5

ZiIotz 2tihe boundary of ancient and modern sands) have & high percentage of san

()

—zfznze yWnere guarrying of oloer sands is being conducted a process of destabilisation of ths
I z=r =zras 15 unager way, and their remobilisation by wind In such loccations measures should be
"z-=r 1o anorest or fence off guarry areas so as 1o reduce re-modilisation of unstabilised sands that

IIIar below tne suriace paleosol. Care should be taken to protect the paleosal layer as it acts as =

373 Results from X-Ray Diffraction Analysis of Sand Samples
Analytical Results,

The analyses has previded an explanation of the mineral contant of nine sand samplas. The samples
rclude fresh sediments from rivers entering the Tihama (Sample No. R2), those of the coastal dunes
Ri17 R28) those from sand dunes in the interior areas (R44, R50) and from ancient szolian sand
dunes (R41, Ré3) These all show very similar x-ray diffraction analyses and suggest that they have a
common sediment source of alluvial materials being brought down by wadis inte the Tihama. The
commaon minerals include quartz, feldspars, calcite and pyroxenes. with traces of chlorite, micas, and

amphiboles. These are present as fragments of individual minerals and rocks comprising severzl

mingrals,

The dark dunes of the Salif area (R78) are particularly rich in amphiboles and pyroxenes, probably
derved from fresh unwesthered sedimeants, and are similar to those seen in the Wadi Surdud river
bed. Thesse sediments have bisen sorted by coastal processes, in the vicinity of the mouth of the Wadi

surdud, to preduce concentrations of the heavier minerals

Implications for Sand Stabilisation.

Ihe x-ray diffraction results show that throughout the Tihama there 15 a similar rangs of minerals in the
sandy sediments. Whereas aeolian sediments, In for example central Saudi Arabia, are composed
manly of iron slained quariz graing, the Tihama sands are guite different with fragments of minerals
and rocks. These will provide colonising plants with an abundant supply of nutrients. Micropores in
tne rock fragments and mineral grains will trap soil moisture and raise the water holding capacity of

the sands

3.7.4 Results from Scanning Electron Microscope (SEM) Study of Sand Grains

Analytical Results,

A range of sand graing were siucied under the scanming electron microscope with a view towards
characterising  surface features and estabhshing ther elemental ana mineral compaosition, Surface

features on sand grans, parbicularly quartz, can provide a clear indication of the angin and

Repuolic of Yemen Aschan Sard Formations al the TNama - Geomorpholony and Assessmani of Sand Stabiisation
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environmental nistory of the gram, X-ray bombardment of grain surfaces and individual crysiz:
provided an analysis of major elemenis presant. These were then related to grain charactensics 2--
features to provide an identification of types of minerals and any surface coatings pressnt, The o -

cxamples below llustrate the diffsrence between ancient and aclive asolian sands.

Ad Dawmah Area Ancient Sand Dunes [Figure £.8),

The sand paricle (sample B 38) was a sub-rounded grain of quarz with yeliow staining froe
stabilised ancient azolian sand ndge. The SEM showed secondary crystal growth and ceatings on --=
surface Dispersive X-Ray elemental gualitative analysis on the SEM shows the high peaks of 5 =--
O for the quariz grain, and suggests that clay mineral and oxides dust coatings are present. The ar=
are given by peaks in Al K, Fe, Mg and Ti. In addition, there is secondary carbonate on the sudz-=

{Ca, C. O0) and some accumulation of airbome salts (Na CI),

Taif, Waadr Rumman Active Sand Hummock (Figure £.9)

This is & subrounded grain of clear gquarz, from a sand hummock 100 m from the sea at &1 7=z -
{sample RS2, site M179, The S.E.M. shows that there are no obvious coatings, and an ahsence =
late-grain breakages indicative of asclian abrasion. The dispersive X-ray slamental analysis shooz
nigh peaks of Si and O, for the quartz. Secondary small peaks of Ca, Al Mg, Cl, and Na are 2z
li<zly due to small gquantities on the surface of biogenic shell fragments and salts acquired from v o-

barne spray off the sea.
Summary of Results from Transects from the Coast to the Inlerior

and halite crystals. that are also present as infillings of cawities in quarlz grains. These are (4

typical of a2 coastal environment high in soluble salts

On an active sand hummock an the beach in the Al Ta'f area there are rounded grains with carbors::
coatings. These may be politic grains formed in shallow marine waters, with laler secondary grow -

surface. The guariz grains have salt coatings showed absence of late-grain breakages from 2=

collisions

Parabolic dune crests an the coast at Mutaynah however have sands with rounded to angular o= —=
showing the effects of aeolian abrasion There are no ogvious secondary coatings on grams. wo -
are generally fresh looking and similar in appearance to those of the river sediments of Wad Sura oo
This suggests that there is rapid transportation from the sea onto the dunes without accretion of =2

on 8 sabkha
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B zz1ve Darchan dune at Sawlah some 158 kms further inland, the sand grains have sup-roundsa
T=xilces typical aedliar abrasion, and show presence of clay mineral and oxide costings. with iror
A, potassium. I ois thought that the grains may include eolder sands being resworkeo
suronsirgly tnere are fresh grains of mica, suggasting that transportation from coastal sources does

2y companson the sediments from the ancient asolian dunes near Quiay, which bave been stabilised

zall formation in the past, shoew rounded graing of quartz with thick clay mineral and iron oxide
coatings, incicated by high Fe, Al K, Mg and Tt On a similar ancient lingar dune ridge north east of
“ansunyah subrounded grains of quariz and feldspars have thick coatings of elay minerals and iron
oxides, Crystals of MaCL {hzalte) suggest that airborne salts have been moved down the profile by

moisture and crystallized out.

An zlluvial sediment on a sand bar in the Wadi Surdud shows fresh grains with angular fractures

caused by recent transportation in a nver bed. There are no secondary crystals or coatings.

Implications for Sand Stabilisation.

The scanning electron microscopy examinations are useful in determining the shape of sand grains
ana the nawre of the pores, cracks and coatings an grans. The elemental analyser 15 then able to
carry out, as in this case, qualitative determinations of the types of the chemical compasttion of these
grzins and the coatings. These show that there are secondary accumulations of soluble salts, often
halite and or gypsum, as well as clay minerals and various oxides. A knowledos of the presence of
these minerals is imporiant in planning a programme for future plant growth on the sands, and thes
results show that there are substantial reserves of plant nutrients svaillable as coatings or within

mineral and rock fragrents that are making up the varicus sand fractions.

The soils developad on the ancient dune sands are particularly well endowad with a range of nutrients
considerad to be the result of 1ong periods of accumulation from airborne dust) and establishment by
plants will be comparatively easy on thase sands. In contrast the medem active sands of the interior
plains have almost no secondary coatings of clay minerals and soluble salts Because these sand
qrains comprise @ mixkture of guartz and rock fragments there is potential for providing nutrents fo
plants if sand stabilisation measures include technigues for improving moisture availsbility, structure

and croame matler in sandy soils.
The present study provides an introduction to this methed of investigation, Thers 15 very considerable

potential o enlarge the scope of the studies further which will provide benefits to sand stabilisation

These may include. for example: the effects of salt weathering on the disintegratian of rock fragment
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sand grains along the coast and their subseguent movement inland, the nature of micropores

mineral grains and their role in storing maisture in modarn and ancient sands, the quantilalve anz = -
of secondary coatings and their role as nutrients for plant growth; the rate at which secondary cozn- s

are accumulating in stabilised sands and hummaocks.

3.7.5 Geochemical Analysis: Results from Acid Scluble Analysis.

Analytical Results

Concentrations were measured by inductively-couplad plasma spectrometry (JCF) on filtered zo/: -~
derived frem heating a sand samplz with hydrochleric acid. The resulls show the range of elemz-:
compositions for different groups of sand samples Mo statistical work has been carried oul on trez=

analysis but the foliowing observations can be made which support otiservations made in the fislz =--

in ather determinations.

Low values of silicon and high calcium near the coast generally appear o reflect the pressncs

coarser shell materials in coastal areas. Inland, calcium declines as calcium carbonate decraz

o

and silicon becomes the mare deminant constituent of the sands, either as quartz or &8s comparsn’s -
zilicate minerals. Values for magnesium, manganase, iron, zinc and aluminium have s =
concentrations throughout the area as they reflect the ubiquity of slumino-silicate minerals and

fragments in Lhe Tihama sands. Values for sodivm, a constiluent of soluble salts and feldspar mir

show higher values near the coast,

Implications for Sand Stabilisation.

The acid soluble analyses provide a total analysis of the alemental compaosition of sand ssaim=-
These can be comparad with the results of the x-ray diffraction work and show similar giffers-z=:
betwesn the coastal and intenor dunes. The analyses indicate the total levels of elements srz -0 =-
availability that exist in the samples, and suggest that there are no major deficiencies which ma, “==:
correcting to benefit plant growth. High levels of calcium in some of the coastal sands ma, r=2 -

uptake of magnesium.

3.7.6 Geochemical Analysis: Results from Water Soluble Analysis.

Analytical Results.

The water soluble concentrations were measured by inductively-coupled plasma spectromear,
on centrifuges and fitered solutlions derived from sand sample mixed with de-lonlszg wais ~z
results show the range of elemental compositions for differenl groups of sand samples. No =127 2 =
analysis has been carried oul on these analysis but the following observations can be macs w-

support ohservations made in the field and in other determinzations.
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coast, bat it iz apparent that salts are also blown iniand. Sodium g also & constituent of clay minera

=

Levels of soluble Soctium and Chlonde reflect higher concentratians of solutle sals (halts) near 1

(11}
il

(hat are pressrt as airberne dust. High levels of 504 in some coasta! areas refect ceposman of

gypsum n these arsas, and a general low level of incidence Inland.  Lewvels of scluble Zinc
Manganesse and [ron arg &l low and have a slight varation through the area.  Alumirium reflecing

clay mingrals in fines. has moderate levels in most coastal and inland areas, but 15 notably very low in
some coastal zones i beach deposits. Levels of Broming, 2 constituent of sea water, are predictably

higher at the coast but gechine inland  Levels for Nitrate NO3 are gensrally low,

Implications for Sand Stabilisation.

The water soluble determinations provide an indication of the nutnents that can be readly avalable to
plants in these sands. Scluble salis, such as sodium chionide, have elevated levels n coastal arsas
but would be reduced if tne sand stabilisation programme Includes irrigation.  Since there 15 a
continuous supply of salts in spray laden winds being driven anshore the reclamation process has to

be maintained.

377 Results from Determination of CaCO3 in Sands.

Analytical Results.

The results of the determinations of CaCO3 eguivalents suggest that in the majority of cases looked at
the Cal03 equivalent decreases inland with distance from the sea. The samples taken betwesn Al
Taif and Sawlah show a decrease fram 15 84 to 0.69% in the active dunes. This may be atlribuied to
the crushing effects that take place as sand grains are saliated, rolied and wind abraded by other
particles as they move infand from the coast It is theught that much of this abrason and loss of
calzium caroonate as fing dust occurs close to the coast, Very low valugs occurnng on a palecscl
developed on ancient dunss inland at Beit al Fagih (sample R41} suggest that carborate has been
leached dunng sol formation on these dunes. Low values also cccur such as on active dunes at

Luhayyah near the coast and inland at Ad Dawmah area,

Implications for Sand Stahbilisation.

The particle size analysis shows significantly higher amounts of non-sandy fine matenals, that is silt
and clay, existing in the older sands compared 1o the active sands. A certain amount of this will be as
fine parlicles of calcium carbonate deposiled as dust on sandy surfaces and these may explain the
high anomalies in some of the geaochemical analyses The low CaCO3 values such as on some active
cunes near the coast and inland on older dunes suggest that the modern dunes in these location are

denved from sands that are depleted in calcium carbonate, such as the older dune sedimenis
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The presence of fine carbonate, whether fairly close to the coast or far inland, will generally have
beneficial effacts on sand stabilisation The carbonates will provide storage for soll water and =

medium for plants to root in, all aiding in soil fermation. agoregate stability ang reduction of sand

movemsant

The microcrystalline develcpment of calsium carbomate around grains to form nard zeolianites in
coastal areas poses a management problem if these layers become exposed at the surface since they
act as barner to plant establishment. Inland, there iz 3 developmeant of isolated calcium carbonate
concretions glong former plant roots 10 the ancient sand dunes. These are not thought to be farming
at presant. There doss appear to be any laminar crusts jcalcrete) which would reduce root

penstration

3.7.8 Results from Thin Section Analysis of Intact Sand Samples.
Analytical Results.
The thin section results are given in Table E7. Six samples were impregnated in resin and ground

down 1o & thickness suitable for examination under & polarizing microscope.

Aeolinaite samples on the coast were examined from the Fazzah, Mujaylis and Salif areas. The
Fazzah sample shows a finely stratified sandy deposit with subangular to well rounded grains of
Quariz, Opaques & Carbonate, CaCO3 on rims of grains lightly cementing sediment. In the Muayhs
area recent and ancient agolianites show similar features with subangular to rounded grairs of Quartz,
Pyroxene, Opagues, FeOxide, Carbonate fragments and rock fragments with CaCO3 on grain rims

cementing sands. The Salif sections are similar but have weaker cal 03 cements on nms,

Concratons i soll formed in ancent aeclian sand, from Luhayyah at the coast. snowed rounded
grains of Quartz, Opagues and Fe-oxides with large clasis of microcrystalling carbonate, CaCo3 on

grain rims appear to be from an earlier phase of developmeant,

Inland, to the NE of Mansurivah, concretions from ancient aeolian sands were sampled 5m below ths
surface in a gully cut into the aealian sands. This showad subangular to rounded grains of Quartz
Pyroxene, and Opagues with CaCOo3 rims around grains and irregular patches of calerete There are
also reat channeat features.

Implications for Sand Stabilisation,

The thin section investigations show that cermsntation of sand formations is laroely by microoystalline
calcium carbonate though the degree of hardness of cementation vanes. These have vansbls

consaqguences for stabilising sand formations.
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The presence of fine carbonate, whether fairly close to the coast or far inland, wil generally have
bensficial effects on sand stabilisation. The carbonates will provids storage for soil water and s
medium far plants to root in, all aiding in soil formation. aggregate stability and reduction of sand

mowvermant,

The microcrystalline development of caicium carbonate arcund grains to form hard aechanites in
caaslal areas poses a management problem if these lavers becoms exposed at the surface since they
act as barmer to plant establishment. Infand, there s & development of isolated calcium carbonate
concretions aleng former plant reots in the ancient sand dunes. Thess are not thought te be forming
at present.  There does appear to be any laminar crusts (calcrets) which would reduce root

Fenetration.

178 Results from Thin Section Analysis of Intact Sand Samples.
Analytical Results.
The thin section results are given in Table E7. Six samples were impregnated in resin and ground

down te a thickness suitable for examination under a polarizing microscope.

Aealinaite samples on the coast were examined from the Fazzah, Mujaylis and Salf areas, The
Fazzah sample shows a finely stratified sandy deposit with subangular to well rounded arains of
Guartz, Opagues & Carbonate. CaCO3 on rims of grains lightly cementing sediment. In the Mujaylis
area recent and ancient aeolianites show similar features with subangular to rounded grains of Quartz,
Fyroxene, Opagues, FeOxide, Carbonate fragments and rock fragments with CaCoO32 on grain rims

cementing sands. The 5alif sections are similar but have weaker cal03 cements on rims.

Concretions i soll farmed in ancient asclian sand from Luhayyah at the coast, showed rounded
grains of Quartz, Opaques and Fe-oxides with large clasts of microcrystalline carbonate, CaC03 on

grain rims appear lo be from an earlier phase of davelopment

Inland, to the NE of Mansuriyah. cencretions from ancient aeolian sands were sampled 5m below the
surface in a gully cut into the aeclian sands. This showed subangular to rounded grains of Quartz,
Fyroxene, and Opagues with CaCO3 nms around grains and rregular patches of calerete. There are
also root channel features.

Implications for Sand Stabilisation.

The thin section investigations show that cerentation of sand formations is largely by microcystalline
calcium carbonate though the degree of hardness of cementation varies, These have variable

consequences for stabilising sand farmations.

Fepublz of Yemsn  Acalian Sand Formations of the Tiharms - Geomorphofogy and Assessmant af Sand Stabilsation
Programmes (220 545
g2




==

HT

I the coastal areas where the asclianites occur on clder sand dunes and also an apparently recent
hummocks there is a strong cement of CaCl3, for example at Mujaylis, Lopse sand is maving inland
avar such dunes as a tivn venser and wind abrasion has exposed the asolianites in many areas. Thus

tnere iz no stabidising of the sands such as accurs in coastal parabotics.

Tha presence of asalianites on recent sand hummocks (as evidenced by plastic detritus in the layers)
suggests that there 1= a8 widespraad process cccurring on the coast This is probably taking place in
the subscil of the hummocks as carbonate minerals in the sea spray crystallize out Loss of
segetation, whether by human interference or natural processes is not clear, leads o exposure of

these hard layers at the surfaca

Under such conditions, and with the additional factor of high levels of soluble salis in the coastal zong,
these are now very difficult substrates for colonising plants to take root in. The challenge for 2 future
sand stabilisation programme in such an environment will be o create a rooting zone for suitable
nlants to develop and permit re-development of an overlying foredune and a permanent vegetation

covear.

I the interior areas the soil conoretions appear to represent earler pericds of soil stabihsation on
a=zolian sands and oceur in & range of sizes. The thin section studies assist in determining the history
of these ancient dunas, The upper part of the soit on the ancient dunes has a degree of crusting from
carbonates and this has led to a stable surface, The lower parts of the sands, in which the concretions
aceur, lack this cementation. A characteristic dendritic drainage patiern has been formed on the
convex ridges of the old dunes, and riling and guilying (for reasons that are not clear) have cut
irough the surface crusting into the unstable sands below. Deep gullies are now common and sand is

washed cut onto adjacent fields,

379 Grain Size and Wind Speed

Analytical Results.

Preliminary work on the wind speeds and directions shows that wind directions are multiple, with
winds possible from most parts of the compass. This is especially the case inland. On the coast the
wind directions are usually related to the twa main monsoon directions, with winds from the south wast

and north west. As a general observation wind speeds are greater on the coast and decrease inland.

Implications for Sand Stabilisation.
The significance of these higher wind speeds near tne coast is that they facilitate transport of the
coarse and fine grained sand grains, The coarse grains require higher threshold velocities for

movernant to be initiated and these higher wind velocities appaar to be imited to the coastal strip

Fepualc of Teman, Aeolian Sand Farmations of the Tihara - Georarphoiogy ant Assassment of Sand Slabilizaton
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Inland however, coarse grains are not transpored since the threshold velocities that are normally
reached will only move finer grained sands. Under exceptionally strong winds coarser grains will be

moved

Because of the mult-directional nature of winds over much of the interior lands of the Tihama, the
establishment of physical windbreaks to create roughness and reduce wind velocities must be
designed so as to cope with these conditions. It will be of little use to construct fences that only
protect against one wind direction. For this reascn the checkerboard system of fencing is

recommended for adeption throughout the Tihama.

A complete investioation of the local conditions, particularly for wind speads and direction is important
in the prepanng a management plan for any one area Other elements such as aspect, the nature of
the sediment source, the energy level along local coastiines in relation to supplying sands anshore,
the tepography of active and ancient dunes and other physiographic features and their effect of wind
speeds, the land cover and the land use should also be assessed at each site prior to establishing

stabilisstion measures,

The present study has concluded that these site conditions play a central rale in the erigins, presence
and stability of asolian features. There are no simple rules for sand control that can be applied right
acrass the Tihama, The TDA has considerable raw data on wind spesds and directions which has not
yel been analysed. It is hopad to provide a suitable software programme to study this archive. At the
same fime climatic stations need to be established to provide a netwaork of wind data in the major parts

of the Tihama
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4 REGIONAL ASSESSMENTS OF AEOLIAN SAND MOVEMENT AND IMPACTS ON LAND
UsE.

4.1 AREA NORTH OF WADI SURDUD TO THE SAUDI ARAEBIAN BORDER.
The cresent survey was conducted to the latitude of Buhays and Snhafar (approximately 1600 North).
Marth of this, as far as the Saud! border, it is understood that there are old sand plains and active sand

sheets similar to those that lie between Buhays and the Wadi Mawr

Ower much of the area ancient sand plains accupy he coastal plain, to within a few kilomeires of the
Red Sea, and form flat to gently undulating lands between the main wadi channels, with Acacia tortilis,
Acacia ehrenbergiana and Cadaba rolundifolia. A number of prominent sand ridges, former dunes In
the ancient aealian land system, extend eastwards towards the escarpment, and in several cases
thess nages cress the road and reach the mountain frant. In the western parts of the sand plains these
riages appear o be stable features. As is common close to the coast they support halophytic
vegetation, and also FPanicum furgidum grasses, and have a loose cover of mobile sand sheets. On
the sand plains shghtly saline groundwater occurs al depths of some 16 metres and suppors a largely

pastoral population that orows millet and other crops in response to rainfall events,

Closer to the mountain front, and with increasing rainfall, the sand ridges are annually cultivated for
millzt, &nd this is leading tc disrupticn of the soils developed on the old sandplains. The surface of the
anciant dune ndges has a smeooth surface with & polygonal cracking network in the sands. A loocse
layer of active sands overlie this but may be absent where winds and water have strippec off the loose
matenials. Tha underlying solls have moderate silt and clay content (see analyses R 56 and R 938
Table E. 1) and when disturbed by ploughing are susceptible to wind erosion. The loss of silt and clay
fram these soils will be reflected in lower crop yields as essential nutrients are deflated and blown

further inland.

In terms of the modern asolian sand cover, almost all of the northern coastling in this zone has low
energy beaches wilh mangrove forest formalions as extensive fringes to the coast These limit the
landward movement of sandy sediments. \Where there are breaks in the mangrave fringe, there is a
greater source of sand and dunes are moving inland as low sand shesets which are largely stabilised
by nalophylic vegetation. Some sands may originale from blow-outs from the wadi channals but it was

not possible to investigate this.

Marth of the Wad Abbas at least one major belt of 2 m high barchans and transyerse dunes is
moving. in summer, towards the east and south and s overwhelming agriculiural fislds. The winier
direction of these dunes, as seen from slip faces, is towards the NNW  (See analysss R 95, Tabie

E.1 and R8T Table D1 for these active sands)
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t should be noted however that although fields are seen within ten kilometres of the coast bstween
Buhays and Wadi Abbas, there is only a low chance of rainfall in these areas and the fizlds reflac

pericdic high rainfall years

Furher east, along the course of the Wadi Al Qawr and towards Ad Dawmah there is irrigated
griculture from groundwaters. This area is important for mangoes and other field crops. Drifting sana
from the same active sand sheets is steadily moving north-eastwards from the coastal areas anc
threatens fields, Where the actve sands overlie the cold sand ridges the clay and silt cantent s low
(see analysis R99  Table E1) and, if thase have originaied from the older dunes, there has bes:

considerable loss of finer matarials duning deflation.

There is reported to be an increasing proeclem of drifting sands in this area, and in terms of the means
being taken to stabilise sands there is a demonstratle lack of shelter belts or other techniguas to limit
rapid movement of sands. Locally there are fences, made of crop residues, which have bean placen
along field boundaries to enfrap sands. Annual cropping is unlikely where these occur in the marginal
areas of erratic and low rainfall, and fences may have been placed in the hope of Emiting sand cover
over fields until the rains return. In the higher rainfall areas however, and along the marging of the
irrigated lands, it is felt that far more effort could be made to plant shelter belts whizh would reduce

wind speeds and halt sand movemeant

Between the Wadi Surdud and Wadi Mawr is a large arsa where the anciant sand olains in this area do not
have such extensive belts of mobile sand dunes as occur further south. but significant problems exist localy
around villages where sands are tlowing inlanc. In addition, fransverse dures blow over the man road at severs)
locations. The ancient sand ridges form low features and actvely moving sands appear to be concentrated along

thess features

4.2 SALIF AREA.

The Salif peninsula provides an excellent study area for 2 varety of sand dunes that are forming iImmesdiately
inland of the beaches. The aeolian processas and landforms in this area have been desorbed in Chapter 2. This
area has a high energy coasting and a long fetch unintermupted by offshore bars and reefs Bolh shelly and
heavier black sands form sand hummeck, foredunes, barchans and seifs These move across the peninsula and
re-enter the sea to the north. They do not affect any agnoulture, as there s nane in this arca, but they cause
sanous disruption to the main read to the port and ol instaliations necessitating a year mund clearing programme

as cdascnben below

On average the contractor, using a grader with tlade o clear drfing sand and dunes, spends about ane day per
wizek dunng summer (May to December) when noth-westerly winds ars blowing During winter (Decermber to

Mey) however, clearance is camed oul every day. when strong winds are Blowing from a south-westerly direction

Reapublic of Yeman Asalsn Sand Formatians of the Tihama - Geomarnholeoy and Assessment of Sant Stabihzaton
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S NORTH AND EAST OF HODEIDAH, BAJIL AND SOUTHERN MARGINS OF W. SAHIM.

s region lies within the Tinama Envirenment Protection Project [TEPP), ana includes a vast extent

=nd sand dunes, The dunes include barchans and seifs, but are principally extensive complex chains
*rransverse dunes that alternately move to the scuth-east or north-gast depending on the seasonal
& nd direction. The resultant sand drift direction appears to be slightly narth of east.

=rd movement in this area posss major groblems to agnoultural land use, faclories, residential

complexes and willages, and along the road and track communication reutes

Major efforts have been made by numerous private companies to protect thelr factories, olten with
sucoessful resulls. Others, in the absence of shelterbelts, have been overahelmed by dunes, Along
the main roads there is daily monitoring and control of drifting sands by the highway authornties but, at
cresent, removal of sand is given more attention than trying to halt dune movement across highways.

n remate rural areas however the tracks are frequently blocked by sand sheeis and dunes,

Tne TDA is carrying out sand stabilisation pregrammes in many parts of this area and these are
repartad in the following chapter. This waork includes stabilisation plans on the sand plains of the
riznor, the margins of the sand plains with the silty alluvial plains of the Wadi Siham, along the main

road, and along the fringes of Hodeidah as a continuous shelter belt.

Some of these rural areas, lying to the north of the main read and where rainfall is marginal for rainfed
zanculture, are to be targeted by the TEPP, Others, outside the present programme will hopeafully
izarn from the experience of their neighbours, but will largely have to carry out their own stabilisation

works, with assistance from the TDA extension service,

4.4 COASTAL AREAS FROM HODEIDAH TO WADI ZAEID.

South of Hodeidah the coastal zone is dominated, at present, by & series of coasial sabkha with
mangrave patches. Up to ten kilometres offshore (here are sandy bars with recurved spits with
northward and southwards accumulation of sands, Onshore movement of sands is generally slight in
this area, but is locally significant where there are gaps in the mangrove belts and where sandy
czaches accur on the seaward edge of the sabkha. In these areas sand hummocks and foredungs

form and merge into dune fields inland.
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Immediately south of the airport, sand hummaocks pass into a broad foredune ridge that lies parallel to
the shore with Odyssea mucronatum grass as the principal stabilising plant Survey beacons
concreted on the top of the dune in the early 1970s have been locally damaged by deflation. but ths

dunes do appear to have grown any higher, and local people also said they were the same shape,

Significantly. there is greater protection of the hummacks arcund the airport where the land is ferces
and entry prohibited for livestock and fuelwood collection Inside the parimeter fence the hummaock,
terrain has been stabilised by Swvaeda sop on mounds that 2re 2 10 3 m high and often 4 m across
Qutside. in the common lands, almost zll of the vegetation has been stripped off and the hummooks

are bare, subject to sand blasting by winds with increased deflation of sand and the underlying silts

Along the mouth of the Wadi Siham, where flocds rarely reach the sea, the hummocks and coasia

foredune areas are alsc poorly vegetated and sand movement in this area causes additional deflation

af sill.

Between the Wadi Siham and Wadi Rumman active and ancient foredunes occur along the shore
sands are blowing infand from the sabkha plain and ipitate the dune fields that stretch ror-
eastwards to threaten the Kulzam and Shalamah areas and also drift into Durayhimi town during the
summer months. The sequence of acolian landforms developed an the coast here has been descrines
in Chapter 2,

As to why there is a considerable quantity of sand coming ashore at this rather narrow (3 kni broac
strip, the answer may be partly explained by the presence of a sandy fan on the sabkha plan  Tris
occurs on the seaward margin of the Wadi Rumman, where alluvial fans appear to have been wasnz-
inta lagoonal areas during floods. If so, then sands are being rapidly re-cycled fram sandy alluvium
(rrobably themselves mostly of azolian origin) back into dunes  Detailed studies would be recuirar -

ELlU

this area to fully document processes at work

South of the Wadi Rurnman, an extensive bell of coastal dunes occupies 30 km along the coast frorm
At Tal'f to the Wadi Zabid valley. At Al Ta'if sand hummocks merge inland into transverse dunes an-
overlie an older sequence of the ancient sand sheets (see Chapter ? for details of the sequence

Further south, the dune forms include linear coastal parabolic and barchan dunes that merge 1 -5 km

inland into either dome-shaped Iandforms overlain by transverse dunes and hummocks, or fransvera=

dune fielas. There is an abrupt change from the coastal features into the regular pattern of transvers

rdges. Extensive sand bars lie parallel to the coast in this zone and appear to supply sands 1o

naurish the coastal barchans after the sands traverse a sabkha plain

“Repubic of Yemen  Asdlien Sand Farmations of the Tihama - Geomerphelagy and Assessmant of Sand Statilsan:
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4.5 MANSURIYAH, BEIT AL FAQIH AND HUSSANIYAH AREAS,

This extensive region forms the eastern margin of the ancient sand sheets from Wadi Zabid to the
Sana'a road. Aeolian landform features noticed in this area are similar to those all along the edge of
tne old sand plains. The topograchy comprises rounded linear ridges of old dunes, now stabilised by
=nils Erosion on the stabilised dune ridges has formed a dendritic drainage system and sandy fans

accumulate in the 1 - 2 kmwide inter-dune valleys, where they become active as sand shests.

Rainfad agrculture on the dunes and valleys is widely practised, up to the limit of available maoisturs
which lies towards the west Disruption of the stanilised soils of the ancient sand plain by farming
practices causes a certain amount of deflation. but most sand movement is thought to be due to the

exstwards movement of more recent sand sheets and transverse dunes

Tne active dunes and sand sheets now threaten large areas of the stabilised dune landforms. Sands
alsa drift through and around the villages, which lie on the sand ridges. There are a few shellerbelts of
dcacia ehrenbergiana woodland on the sand nidges, often around villages, but much of this landscape
iz very poor in natural windbreaks. Similarly, there are few attempts to grow new windbreaks as trees
zre thought to bring increased attack of crops by birds. Farmers also will almost naver conserve the
let stalks in the ground to help stabilise the dunes. Perennial grasses and herbs have little
spoorunity to mature. Thus, there is increased movement of sands in this large area and
rcreasingly, this will not just encroach onto the remaining sandy lands that are at present free of
mobile sands but move further eastwards onto the alluvial silts; locally this is occurring This
therefare is a key area to carry out sand stabilisation weorks in the fulure and successful
implementation 10 the lands to the narth of Mansuriyah (see Section 4,3 above) will provide models for
copying elsewhere. In the meantime, TDA extension workers should advise land users in this area on

sultable methods for windbreaks and stabilising sands

4.6 WADI RIMAH AND WADI ZABID.

Both Wadi Rimah and the Wadi Zabid valleys are bounded on their northern and southern edges by
sand seas with extensive belis of mobile sand dunes and sand shests These active dunes are
considered to have ariginated along the coast at several foredune and parabolic dune accumulation
areas, and have steadily moved in an overall eastwards and north-sastwards cirection, towards the
sscarpment Based on present annual rates of 10 melres per year for dune movement. this
encroachment has taken a long time, probably well aver two thousand years, for those dunes which

have moved the farthest distance rom the sea

It has also besn long recognised that 1he dunes and sand sheets are increasingly threatening the
sarmilands on the alluvial soils of these valeys. Transverse dunes composed of unimadal fine sand

steadily move into the valleys On the north side cf the valleys the main penod of dune movement 1S

Programmes (320 549
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during summer when dunes move fo the south-east This results in sand dune threatening the
farmiands on the northern flanks, whilst on the southern flanks of the valley there is a beneficial trend
of sands being blown out of the valleys In winter this situation is reversed. when the strong south
south-westerly winds move sands onto the southern borders of the valleys, whilst remaving them from
the north. This simplified patlern is upset by other modifying wind directions, such as diurnal changss

with sza and land breezes (Williams. 1879).

A degree of equilicrium has teen reached between these sand movements and the occurrences o
seasonal floods along the wadis, that clear channels blocked by sand dunes and sand sheets whi-r
nas led to the preservation of irrigated agricuiture in the valleys If flooding and irrigation decreases -
any majar way then sand encroachment will increasa and bury many fields in both valleys. At preser:

this is the danger on the southern flanks of the Wadi Rimah and Wadi Zabid.

In the Wadi Rimah the southern flanks in particular are threatened by transverse dune ridges and
parabolics that are moving over the irrigated farmlands and thickets of Salvadora nersics L
reported earlier in Chapter 2, proposals for sand dune stabilisation were implemented as part of *r=
World Bank funded Wadi Rimah Project in the late 19705 However, it appears that only fzrm
shelterbelts were initiated in parts of the Wadi Rimah and nothing was done to halt duns migration ini-
the oasis, A comparison of aerial photography shows that the Salvadora natural vegetation along the
margin of Wadi Rimah has greatly decreased since the 1970s, but the exact reasons for this, crouas

or clear felling, are not clear. This is a key area for urgent works

Detalled proposals for coastal stabilisation, put forward in the 1979 siudy. were crly oa~,
implemented in the Mujaylis oasis, where the village is now largely protected. The problem of drifties
sand actually on the coast at Wadi Zabid was not tackled. Further east in the Wadi Zabid a sarz
stabilisation belt was later planted along the line of the road from Tuhaytah to Zabd, and althoucr
these have partly halled dune movement south inte Wadi Zabid the road was abandened for geners

s

Along the western edge of the Wadi Zabid sand movement onshore is also significant. and barchar
dunes (R12} are generated from coastal sand sheets (R14. R1E) coming ashare at Ras al Hsy =
prominent cuspate foreland that shows southerly accreton of sands along ridges These dunes
threaten the date palms to the east of Mutayna and the Suwayg areas, and successful efforts have
been made by farmers here to reduce sand movement into the date palms by creating foredunas wit
brushwood fences, and limiting the cutting of Suveads bushes that form on the sand hummocks
However, even in such areas where the value of the vegetalive cover appesars to have beer

recognised, examples were observed of large areas of Sueada being clear cut close to active dunes

Republic of Yemen Aedlian Sard Formations of 1he Tiama Geomorphology and Azsesomen) of Sand Soa0eabon
Programmes (220 545)

T2



_ - |

T 5

I

Almos| the whaole southern flank of the Wadi Zabid valley 15 threatenad by dunes A large area of silty
soils 15 largely buried by barchans and transverse dunes up to 3 m high. and traces of old field
boundaries, villages and mosgues are common. The dune front now threatens villages such as
Waghras where a war is waged against the steady north-eastwards movement of sand. The efforts of
vilagers have created foredunes around this and other villages. More assistance is now being given to
this whole zone, as parl of the IFAD-funged TEPP (see Chapter Five), with the aim of creating a
shelterbeit along the southern margin of the Wadi Zabid. it will be a2 masswe task however to show

orogress.

4.7 FROM WADI ZABID TO MOKHA.

This large area lying for the mosl cutside the TEPP was investigated duning several traverses made
along the main roads and on tracks to Al Khawkah. to Al Mutayna, and to Yachtul and Mokha. South
of Wadi Zakid there is an exiensive ancient sand plain that is largely coverad by a modern sand sea,
Tre ancient sand plains appear to be truncated by the Wadi Rasyan and were not seen to extend

further south, being replaced by gravelly alluvial plains that extend south of the Mokha - Taiz road.

The maodsrn sands, with seasonal movement towards the north-east in winter and south-east in
summer have extended their cover up to the whole length of the Wadi Zabid west of the main road,
znd cross the main road 15 km south of Hays, They also extend southwards over the wadi on the

track to Al Khawkhah.

Along the coast there are coastal dune belts frem Mutayna southwards to Catabah, due west of Hays.
These form along a high energy coast, with sandy beaches, coastal sand hummocks and parabolic
dunes that that have long linear arms exlending inland about one kilometre. From Al Khawkhah to
{Jatabah there are mangroves and |lagoons along the coast, with well stabilised sand hummeccks and
anly & few dunes. To the norh of Qatabah the coastal parabolic dunes are well vegslated with
Cdyssea mucronata (site R11) and inland merge into hummocky terrain, suggesting that the supply of

sand s lirmiled

Narh of the mouth of the Wadi Marir at Ras al Haymah the parabolic dune belt grows in width to three
silometres and is the principal feeder of sands to the Wadi Zabid. These parabolic dunes extend along
zome 16 km of coastine to Mulayna (samples R17, R18, R19). Inland, the sand hummocks (sample
R4} merge into sand sheets and closer to the Wadi Zabid form extensive belis of transverse dunes (R

155, These active dunes overly plains formed on the ancient sand sheels

Further south, in the middle parts of the Wadi Rasyan there is irrigated agniculture from groundwater
and spate floods. Asolian sands are of minor occurrence in this area, since only small quantites of
aechian sand are present, being derived from north-easterly movement from sand dunes along the

coasl north of Yachtul and from deflation out of the Wadi Rasyan,

Republic of Yemen  acolian Sand Formatizns of the Tiharma - Geemarphology and Assessment of Sand Stabilisation
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The dunes north of Yachtul are isclated large coastal oarchans, but inland these are replaced by
hummock and shallow sand sheets. Sands from these areas eventually mearae into the dunes that
feed the sand sea south of the Wadi Zabid Most of these lands are under rangeland with

charactenstic tussock grasses Lajurus soindicus and scattered Acacia sp / Commiphora sp woodiand

Along the Mokha to Taiz road there are sand sheets and low transverse dunes which in summer are
crossing the road in an easterly direction. The sand source for thess dunes {See analysis R 3, Table
(.1} however is thought lo be further sauth, along the coast to the south of Mokha, where dunes are
blown inland by south-westerly winter winds. This appears to be a relatively recent aeclian advance
inlang from the coast, for in this area the fringing reef offers limited protection to the shoreline and
allows mangrove formation. Desoite this, sand dunes are meving onshore an this high energy cozst
and obscuring the mangroves (Barralt et al. 1987). The precarious balance seen to exist here,
between stabilised coast with mangrove formation and accreting dunes moving inland, demonstrates
that many areas of the coastline are al risk if ecosystems are damaged or madified Movement of
these sands across the highway near Mcokha presents a2 minor hazard to road conditions, but the
cccasionally a dune feature will advance up to the road, from either direction, and will need to be

flattenad by bulldozer
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5 ANALYSIS OF TDA SAND DUNE STABILISATION PROGRAMMES.

5.1 THE HODEIDAH “GREEN BELT".

51.1 The Proposed Route.

The Hodedah "Green Belt” is parl of an ambiious plan to stabiise sand and plant a shelterbelt to the
zast of the city. The project has been initizled al the nothern and southern ends of s proposed route
The route of the ‘Gresn Belt' was onginally planned to go straight through a large area of transverse
gunes, in effect @ sand sea, in a north-westerly direction, o the sewage works on the road north of
Hodeidah This would have entailed flattening sand dunes, putting up fences in a checkerboard
sysiem and then planting them with agproved grasses, shrubs and trees with water supplied from the
wells  The consultant after hearing of this proposal reporied that a route straight through the dunes
would lead to very severe problems in managing the stabilisation works, The loose sands would dry
out owver large areas and be difficult to moisten accept at a few points at any one time. In addition,
cnanges in wind direction, pernaps from unusual directions could overwhelm the sand fences and the
affarested areas strugaling to grow. The cost of subsequent re-flattening sand dunes and possible re-

pianting would be very high. Keeping access tracks cpen in the deep sands would te a difficult task.

This proposal has subseguently been abandoned and & more practical and cheaper option initiated.
Thiz will involve the “Green Ball” route following approximately the southern and western limits of the
frensverse dune sand sea that lies to the east of Hodaidah, The belt will lie along the margin of the
dunes and the underlying silts and stabilised soils developed on the cld aeolian sand plain. Plants will
raot through the sands into the silt and sand deposits, whers they will more securely anchored than if
they were on deep mobile dunes. This is & comman natural process in paris of semi-arid Arabia and

frica, whereby plants root through maoistened drifting sand shests onto a finer textured substrate.
fccess will be simples, along a trackway bordenng the dunes, and the belt will have the purpose of

oroviding a sheiterbelt to protect the Hodeidah urban area to the west.

I this area, and also throughout the TEPP, il is being propesed (TDA, 1888) that the standard
checkerboard system of palisading dunes prior to planting trees on dunes should be replaced by a
systerm of L-shaped or even parallel fences However such methods are designed only for where
there is a unidirectional wind (Kaul, 1985). In the Tihama, as discussed in Section 2.6, there are al
least two wind direslions, raughly from the nerth-west in summer and south-west in winter, as well 23
a host of minor wind directions, There can also be no doubt that the wind systems in the Tihama veer
about with sudden frequency, and in the process of veering may well produce gusts in unexpecied

directions and result in siress on unprotected sands and planted areas.

Republc of Yemen Aealan Sans Formations of the Tihama - Geomarghology and Esszssment af Sznd Stabilsalion
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Thus it 1s recammended that the standard checkertoard systems, as advocated by Kaul (1885, is the
principal method to be employed by the TDA. In the long run this proven method with fences facing in

four directions, will provide protection from the changing wind directions in the Tihama,

In certain areas where winds may be believed to be more unidirectional the parallel or L-shaped fance
system could be adopted but it s suggested thal this is only in areas where the failure of the system to

slow down winds would lead to sand movement and burial of the plantations

51.2 Existing Work on the "Green Belt" along the Sana'a Road.

The "Green Belt” to the east of Hodeidah has reached 3 length of 1.9 km and at present lies up
against the transverse dunes that form an extensive sand sea northwards. Numerous trees and
shrubs have been planted an this belt and there is good growth of species, which ars irfigated from a
tubewell drilled by the project. Planted species include  Acacis themeds, Conocarpus lancifolia,
Farkinsonia sp, Zizyphus spina-christi Azadirachta indica. A number of ornarmental plants have alsno
been planted. Various indigenous colonisers, such as Dipterygium glavcum, Panicum trgidum,
indogofera indica. Aerva sp., Odyssea mucronata |, and Propospis juliflora have also started to invade

and stabilise the generally shallow sand sheets that form the ground surface.

Cespite the density of plants and the ground cover they protect, it is noticeable however that [
barchan dunes, less than one metre nigh, are advancing over parts of the ares (during summer from a
westerly direction) and these are commencing to overwhalm the affarested plants. The reason for this
15 that no checkerboard systermn of fences was employed in this area, as it 1s considerad only impartant

when thers are mobile dunes

The field evidence shows however that even ganc sheets will change 1 their fevel and bury plants
whera there is na protection from the wind, Since the "Green Belt" was established in this lozation

sand sheets have evolved into low barchans and these may well grow in size

In the south of Yemen, Costin et al (1974) observed that unprotected sand sheets can raise a 2 metre
high dune within one year, but on protected sand sheets the level only varied by some 10 cm The
project is therefore recommended to establish simple checkerboard system across the whole ares to

reduce movement of the sand sheets to a minimum

51.3 Existing "Green Belt" Work at the Sewage Ponds.

The Hodeidah sewage farm lies at the northern end of the "Green Belt" where afforestation has been
underway for two years. This area has the advantage over the other end of the belt in that there is only
a little drifting sand in the viginity of the sewade ponds. Many of the planied species are growing well
with the sewage effluent wastewater that is used for irrigation. This is nat SUrprising as the efflusnt will
provide benefits to the generally nutrient poor sandy subslrate, and replace soluble salls present in

these plains that lie close to the coast and sabkha conditions with a fertile growth medium

ahai{e) r.*l'r:*-:g',- and Azsessment of Sand Stabilisation
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Spart from the numeraus tree speces planted by TOA along the ling of the bl there are invasions
from e mulipurpose tree Frozopls Julifora which farm exiensive forests 1o the east and south. No
attempt is made to pull out the roots of the sgedlings of this plant and it could invade the whole balt,

tus dimunizhing the resulis of the trials being conducted

sltnough Prosopis juliflors {mesquite) 15, and guite rightly so, regarded more as a wesd in many areas
zdjacent to farmland, itis a fact that it is a most successful coloniser of sand dunes being able to exist
n 2 wide range of soil conditions and guickly put cut 8 broad canopy over the sands, in conditions of
Jw moisture availability. The rapid spread of plant on sands causes wind speeds to drop dramatically

nd halt sand movement as threshold velocities are no longer achievad.

ntne Preparation Repons for the TEPP the use of mesauite was included in the list of species for
—Jupurpose uses. Since then its unregulzted control inte farmland in many areas has resuited in it
szing avoided for afforestation work, since windbreaks along farm boundaries would almost certainly
=zultin it invading the fields. Elsewhere in Yemen, for example in the \Wadi Hadhramaut, Frosopis
cofizra has infested many farmlands after spreading cut of afforestation arcas. In other countries it is

cTzially banned.

nt however Frosopis juiiflors oceupies very large swaths of land to the east of Hodeidah and

== zuccessfully stahbilised areas of transverse dunes on the margin of the city, Whether this is by
z==2n or chance the mission was not able to discover but it is recommendead that in areas remote
2 fzrmlands, such as the northern pars of the "Green Belt”, the TDA study the practicaliies and
“zzztas of utilsing Prosopis juiiflora to stabilise sand dunes. Since the plant is =0 well established in

T2 areg already it may be prudent to include it in these lands.

5.1.4 The Next Phase of the “Green Belt".
a2 'Green Belt' the next phase will be to inttiate the joiming up of the two nodes that have so far
= plantad |f the programme s seen more as the growth of a liva shelterbelt along the margin of

2 ounes, designed o protect 'Greater Hodeidzh' from drifting sands, rather than the sarlier concept

il

massive attempt at dune stabilisation through a sand sea, then it 1s belisved it will be successful,
zzzons leamnt from this programme will help the TDA prepare a mode! that can be repeated

:zwrere by Government ar by other private opsratars planning schemes around faciories, elo
A WADI SIHAM PROGRAMME
2.1 Qutay to Kilometre Sixteen.

—iz crogramme lies along and norlh of the main road 1o Sana'a. This entire area lies on undulating

=~ oyerall nerth-eastwards direction, the resuftant of north-west and south-west winds, Sand dunes

- 201055 the main road at certan localities. Eight wells have been drilled by Lthe TDA and this

-zrooac of Yermen  Senhan Sand Formatens of the Tinama - Geomorgholsgy and Assessment of Sand Stabilization
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component is now ready to start in fourteen villages that have drifing sand problems. The project will
prvide irrigation water for shelterbelis around villages These will be up to 150 m deep and be placed
on sand sheets and sand dunes. At Damania village, where there is a new TDA well the lacal people
said that wind direchions were from the weast and north depending on the season. It is suspectad {hat
theze are generalisations since observed sand movement indicators showsd different and mors
precise compass directions. To avold confusion and placing of fences in the wrong positions, by using
an L-shaped fence for exameple, it is recommended that the project ensures that palizades are placed

in checkerboard fashion, in these areas where there are problems with drifting sand

To extract actual wind directions from the qualitative opinions of villagers is often difficult. It would be
wvery desirable o have a record of wind directions and speeds in & few sample villages ke Damania
put in practical terms howewver this will ba difficult to achieve without installing an automatic recorder

with a data logger.

Existing shelterbelis and sand stabilisation around a number of factories in this area have shown the
value of careful planning with zones of protaction. The outer layer are sand sheets with rainfzd millst
The millet roots and 10 (o 15 cm of stalk are left in the soil 1o produce roughness and break up winds
Elsewhere these stalks are ofien pulled out, The next layer is a strip of Acacia elirenbergiana 2 local
olant with thick bushy growth if coppiced. The next zone are tall trees of Frosopis (wiffors, and this =
followed by open fields used for rainfed crops. The lasl zone outside the factory wall are tall trees of

Conocarpus lancifolia

Jne of the problems of carrying out & water well drilling programme in areas of mobile sands, well in
advance of the stabilisation and planting programmez, is that the well heads may become buried by thes
dunas that are intended (o be slabilised. As fong as the position is known and the top of the casing
lightly sealed there should be no problem. Several wells are located on mobile dunes or close to
dunes in this area. Since some casing caps did not always provide a complete seal, sand could infill

the casing. Tha TDA should check all wellheads to ensure this does not happen.

522 Zubayri ta Shera and Al Marawi'ah.

This area lies on the northern edge of the Wadi Siham alluvial plain where stabilised sand plzins form
nigher ground. There are significant development of dunes zlong the edges of the sand plains here
and these threaten the farmlands and villages, such as Ash Shera, Dier Alhioa and Al Zupayri. The
project 1s providing wells and shelterbelts glong this sand frort so as to protect the aliuvial lands from

further encroachment.

As seen elsewhere along the margin of the sand plains thers s oflen slabilisation of these sands In

villages whera shelteroelts of Acama ehrenbergiana and other Acacia species ara indigancus, but in
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ine lands between the villages movement of sand 15 rapid and dunes are moving in from the wast.

_ocally there is some maobilisation of the ancient sand plains where the surface has been disturbed or
gullied by rainfall, Much of the sand however is blowing into these areas from the sand sea that lies to
~= wast and north of the Sana'a road and dunes cross the main road aleng the lingation of the
arcient sand ridges

Trne project should encourage the planting of shelierbelis along the edge of the sand sheets,

zzpeoally Detween settlements, 2nd include stabilisation measures along the main road where 1

crosses the sand ridges. The system of checkerboard fences or palisades should be used on sand
s~22t3 and dunes wherever possible. Proposals to stabilise gullies on the ancient sand ricges are

iven in Chapter Six.

S:2.2 Scouthern Flanks of Wadi Siham.

This programme lies along the margin of the arable lands where they abut onto the higher ground of
e ancient sand sheets, Active sand sheets and transverse dunes are moving north-sasiwards into
tne tarmiands, Locally there are wind deviations, For example, where a channel of the Wadi Siham is
rossed by the main road east of Al Mukayminiyah, there are westerly wings duning the day in
summer. Slong the dunes to the south however, the more usual north-westerly winds are present
Smer asked where the sands came from, one old farmer answered that =il the sands came from the

=z and that the winter winds from the south-west were the main sand moving winds.

Tre TDA has a nursery for afforestation species located on the first sand ridge south of the Wadi

(K

ham The species grown there include those listed for the "Green Bell” in Section 51.2, and also
Tamernx aphylia, Acacia seyal, Acacia nubica, Cappans somaliensis. Cassia jfalica, Lucaena spp

Llhizzia labada and Acacia mellifera.

On the adjacent dunas many of these species have besn planted for several years and show good growth
THe plants are walered using a water tanker filed from the project well, but dislant areas in the desper
sands away from the road receive infrequent watering. There also appears to be an absence of
“seckarboard fencing in this area, and this may be the reason for sands continuing te diift through the area

tzspite the vegetative cover,

Further west at the TDA well near Mohaynan a shelterbalt has been planted on dunss for over a year
These contain many of the species listed above. A checkerboard system s in place here ona 10 m by 10m
gne using data palm fronds, The fences appear to have been successful, but thought should be gwen 10

repar and renewal where dunes have grown upwards,
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5.2.4 Shalamah Area.

The Shalamah area is centred on the western part of the Wadi Siham alluvial plain. To the south the
lznd rises abruptly onto the oid sand ridge. Transverse and barchan dunes are moving form the souih-
west onte the alluvial plains, and locally these are moving eastwards and east-north-eastwards alang
the Wadi Siham as seif ridges. The TDA has sited a new well in one of the interdune corridors i this
area. In the adjacent farmlands around Shalamah Dom and Date Palms are being buried under
transverse cunes which showed westerly and west-south-westerly wind directions. Despite ioca
attempts to halt the movement of sands here, with brushwood palisades on the windward slopes of the
transverse dunes, there 1s a progressive movement of sands over the Dom [Hyhasre thebaica) s-c

Date Palms

It is hkely that the lack of ground cover and checkerboard fencing on the dune surfaces results i~
continued sand movement. The project, which so far has not started work in this area. should initace
standard procedures for stabilising the sands with suitable grass and shrub species that will entran

sana.

5.3 WAD| ZABID FROGRAMME.

5131 Zabid to Tufaytah Shelterbelt.

This ten kilometre long shelterbelt was initiated in 1983 when the sand plain lrack from Zabid fo Tufaytah was
blacked by advancing dunes that were moving out of the sand sea to the nofh-west of Zabid. A numboser of
trees including Ealanites aegyphaca, Eucalyptus sp, Acacia arabica, A, themeda, Tamerix aphylia, Salvadora
persica and Frosopis filifora were included in the shelterbelt and these have grown to considerable hegnis

Metal fzncing protected the shelterbelt at an early stage but is now often broken to allow access for lvestioos

15 telieved that a checkerbozard systemn of fencing was adopted to stabilise the sands prior to p anting, but the

weather station exists within this shalter belt {localed at UTM 28F. 0314700E, 1571800 M) but data collection =

apparently no longer taking place due to instrumentation problems.

Al present, sand hummaocks with Odysssa mucronala and Leptadenia pyratechnica are common i the aras
and have invaded since the tree planting. Over large pans of the shelterbel, however sand sheets and ow
dunes are mowving back into the area and again threaten the sefflement and farm lands (o the south. It =
thought that this is due to degeneration of the groundcover on the sand hummocks on the plains to the nonh

and west and lack of imgation water within the shellerbelt causing introduced frees to wilt and die
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It 15 concluded that this imponant shelterbelt requires rejuvenating I has been successful and then
argely lefi o its own devices to survive, Unfortunately, introduced species which require irmigation will
decline if groundwater and soil maoisture levels decrease, which is what appears lo have happenad
here, and their effectivenass in trapping loose sands is diminished, The simplest technigue to achisve
this would be to carry out an irrigafion of this shellerbelt, and repeat the process every year or so
depending on the occurrence of local rainfall. Though guite costly, the long-term benefits in saving this
snelterbelt will be important to Zabid. Imporant lessons will also be learnt for the long term

management of shelteroelts.

5.3.2 Wadi Birah and Rawiyah Area.

The situation for farmers due to movemsant of aeclian sand in this iarge area is drastic. Transversse
dunes and sand sheets are progressing nortnh-eastwards inte farmlands and there is a steady loss of
fizlgs to sand. The sand dune stahilisation programme in this area plans to stabilise the dunes along
ine scuthern edge of the Wadi Zabid alluvial plain, A number of tubewells have already been
completea and TDA staff have initiated several shelterbelts at well sites. It is planned in the next year
o commence work &t all the well sites, with the eventual aim of linking up these core areas into a
tonunuous shelteroelt strip The work al each site includes stabilisation of dunes with checkerboard
czisades and planted grass, shrub and tree species, On the sand sheels a linear belt of tree species

A1 also be imgated from a network of pipes,

= those sites where work nas commenced there has been a good start to the planting opzsralions, The

=fzct of planting on the 2 m high barchan dunes was cbserved &t one site in the Wadi Birah area

Juring 2 period of sand movemeant:

on unprotected dunes the sands were advancing ragidly over the surface of the dune and also

szltating through the air, finzlly cascading down slip faces, and thus advancing the dune front

on dunes with Tamens aphylla seedlings there was a ncticeable drop in wind speed at the
surface, with only slight movement of sands. Above the dune there was a slight increase in

wind speed

on dunes planted wath Tamenx and Panicam targidoum arass there was no movement of sand
on the dune, and wind speed only was neticed at about 1 metre above the ground. Thus, the

cune was stabilised.

[nis clearly snowed the remarkable effect of creating roughness on the surface of a dune: to slow
zzwn and halt sand movement  However, it was apparent that on [he windward edge of the planted

tunes e winds were drying cut the sands and starting to scour the surface around the plants
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Some plants had already died, There was deflation of sand around these dead plants, and further
desiccation would likely praceed further up the surface of the dune. The reason for thie desiccation is
thought to be that no checkerboard system of fences had been put down on these dunes prior to

planting

IT checkertoard fencing is not made mandatory on dunes and sand shests then this sorl of reversal of
the initial stabilisation will be commen. If, at the time of planting and establishment of planis an dunes
without fences, there are only weak winds the operation will appear a success. But if the same work
were to be attempted curing a strong sand-moving wind the results would in all probability a failure, By
contrast, planting on dunes with 2 well constructed permeable checkerboard fence system should be

possible during pencds of even moderate winds,

several wells are located on mobile dunes or close to dunes in this area and at least cne well was
buried by sands, with others threatened. Since some casing caps did not always provide a complate
seal, sand could infill the casing. As elsewhere, the TDA should check all wellheads to ensure this

does not happen.

There is a modest presence of on-farm shelter belts in this area at present, though graves of shade
and multi-purpose trees are commaon in villages. The TEFP programme will provide a vegetated linear
sirip along the southern dune edge and numerous farms are also participating in schemes to build un
windbreaks. Many more are needed througheout the farmlands so as to reduce windspeeds and protect
lands from dust deflation and sand encroachment. The resultant changes to microclimate will also

reduce evapotranspiration loss. The topic is discussed further in the next section

53.3 Maghras Area

In the Maghras area immeadiately o the west there are very severs problems with sand dunes
endeavouring to bury the villages. In the past, dunes have covered houses and mosgues and it is
ikely the village was originally a single settlement rather thar split as at present. A series of ramparts,
Jdp to 13 m high, have been built up by the winds, and these are stabilised to some degree by layers of
plant residuss. These naturally constructed foredunes go some way towards halting the north-easterly

movement of the dunes
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The landowner in this area s stated o refuse permission to any of the landusers for any shelterbelts
to be grown in the areas upwind of the dunes and in general on the farms. The reason is said to be
that the resultant bird populations will eat all the crops. Yet the villages here have numerous trees and
there are large bushes of Cadaba rofundifolia. The absence of shelterbelts in the Maghras area is
leading to increasing deserification by a range of processes, for example:

loss of topsoll soil from dust deflation
- movement of sends over fislds and Into villages:

- higher exposure of soil surfaces from winds and increased evaporation loss

The TEPP appears to have no regulatory controls to insist on langowners adopting shellerbelts in this
zrea and the effort must therefore be extended to the educational appreach. In adjacent villzages there
is satisfactory adoption of sand stabilisation policies and the answer must be to initiate an
understanding In the Maghnras area, otherwise many farms. and probably the villages, will be covered
oy dunes. A simple set of shelter belts one kilometre to the south west of Mahgras would probably

start the process of starving the dunes of further develcpmeant

The problem of birds is not a new one. It is true that in ceriain years there may well be high bird
populations lwing in the trees and eating crops. but these populations will have great mobility and
affect all areas within the Wadi Zabid, unaffected by the presence or absence of a shelterbelts. It is
not an excuse to deny the benefit of shelterbelts and sang dune stabilisation to s large rural popuiaiion
because of the irregular risk from swarms of birds, If is just as likely that the cnset of enviranmental
sonditions that can result in the large populations of birds appearing will also be producing large

populations of crop pests, to which the birds are attracted.

5.4 ARTIFICIAL FOREDUNES

It is proposed to construct artificial foredunes along the southern dune front of the Wadl Labd As
noted in Chapter Two, these are scheduled to be 3 metres high and have an 18 metre troad base
The Waork Programme for the second half of 1898 (TDA, 1988) concludes that foradunes should be
initiated during 1999 at first on a tnal basis so as to judge their success prior to any wider apphication
The consultant agrees with this decision and hedges caution on their widespread construction until the

method is proven. Several aspects of the interior foredune construction cause concern.

The construction of foredune is likely to cause an ncrease in wind erosion, Since the average height
of dunes is often less than 3 metres the construction of 2 bnear foredune ridge, up to 3 matres high
and 18 metres wide, will invalve bringing in sand from a broad lateral strip of land on the windward

side of the proposed shelterbelt. This will cause disruption to a large area of the deser surface.
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The wind-stable soil and surface crust of the underlying parent material will be broken up by the
pulverising effect of the bulldozer, This will then be far maore susceptible to deflation by wind erosion
than in the past. Disruption of silty soils will likely lead to an increased mobilisation of dust during and
after construction. Disruption of the old sand plain soils may also cause re-micbilisation of these long-
stable sands. In areas where dunes have beesn disturbed for supplying this movement it is probabiz

that there will be a greater movement of sand than before,

Is it necessary to physically construct 2 massive dune-shaped feature thal will only grow higher with
time, as sand 15 addad to i naturally from upwind sources? Dunes will form where obstacles ooour
and an area of checkerboard fences established on a sand sheet. or flattened dune, will act as sucn
an obstacle and commence to accumulate sand as a dune. By planting suitable tree and s4rub

species inside the fences, the plant cover will grow up as the duns accumulates.

Flattened dunes will also have a natlural tendency for them o re-assert themselves back into duns
shapes. It is thus essential to inslall a system of checkerboard fences as soon as possibie on the
flattened and disturbed areas. These will reduce sand movement to a minimum and restrict the ability

of the wind to lift up dust

It should be noted, however, that some farmers have both built foredunes and alse let nature builc
foredunes in the same area For example, a few kilomatres west of Sawlah large foredune ridges havs
been built up naturally over a number of years using palisades. Nearby, other farmers in a critical ares

where sand was threatening the fields, hired bulldozers to construct an ‘instant' foredune and have
stabilised this with brushwood, plant residues and are encouraging Cadaba rotundifolia, ans
Salvadora persica bushes to grow. The secondary process of planting in many areas however

usuzlly rather neglected due to either a lack of water supply, or a lack of understanding of ths

impartance of establishing a plant cover and using a (precious) water supply to nourish the plants

Thus, it is beleved that the solution fo the problem of the proposed foredunes is o implement their rapid
construction in certain cntical areas, bul to let nature build the foredune ridge in other areas. Disruption of soi
surfaces should be kept to @ minimum  Establishrment of fences should be undertaken at an early stage and wil

ahways require maintenance and protably periodic replacement as matenals perish, or as tha dune grows

The plant cover should then be established once the fences ars in place, and imgation will be necessary fur 2
numboer of years Later, as plants become deeper rooted and reach the water table, imgation can ceass, \Where
shallower rooted plants or shrubs are used, or where a water table 15 tho desp, irigaton may abways be
necessary. The use of indigenous plants which nawrally aid in foredune ¢ hummock construcion sand stabilising

properties, such as Cadabe rolundifola, Salvadora persica, and Tamerix aphyda should be encouraged

_ Republic of Yemen Acolian Sand Formatons of e Thama -
Programmes (320 549
et




S Bl SRR EEEEEEEEEW

) o I —
|k ]

It should alsc be noted that the first rule of sand stabilisation is that it will never be possible to totally
stop sand movement through an area The importance of the stabilising measures described above is
that they will stop most of the sand, but being permeatble barriers will allow an acceptable fraction of
sand and dust fo blow or creep through the system. This is seen naturally in some of the zibar sand
plain areas, down wind of the coastal dune belts, where sand hummaocks allow 2 moderate but steady
maovemeant of sanas inland. Development of large scale dunss here 15 abpsent. However, human
dizruption of the vegelation cover of the hummaocks along the margins of the cultivated lands. appears

iz lead to extensive development of more mobile sand sheets and in turn these form sand dunes.

5.5 SOIL IMPROVEMENT.

Fraeliminary findings from the present study sugoest that in the past stabilisation of the ancient sand
zhezetls and dunes was accomplished by the formation of scils, formation of algal crusts, the addition of
zirborne dusts and an increasad plant cover under a higher rainfall regime than at present. At the fime
tnese helped to transform a large part of the Tihama from mobile dunes into vegetated plains and

sllow seftlemant 1o be sited on what were crests of dunes.

thn the present period unfortunately it is thought that it will not be possible to duplicate thess

stural processes. The aim however of the sand stabilisation process should be to improve sail

(=

dce thelr capability o be moved by the wind.

Lz 2n example of what can be achieved in a similar climate to that of the Yemen the work described

oy Stephens (1974) is relevant and instructive. He reported an the successiul stabilisation of strongly

]

calcareous sands in the Al Hasa Oasis, Saudi Arabia, using Tamerix aphyila. Litter from the leaves
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=ugragates, whilst organic acids resulled in a lowearing of pH and thus more availability of plant

nutrignts held in the sod. The result was a wind-stable soil that protected the date palms in the casis.

o the case of the Tihama sands, where the sand grains are seen to be a mixture of guarz, feldspars,
pyraxsnes. opague minerals and rock fragments, there is a probably a greater potential {than the
=audi example] for long term nutrient availability if the scil conditions could be improved. Additianally,
on & ocal scale the mixing of silty alluvium with the =ands of the dunes would provide 2 selution for
creating a soll but practical difficulties exist in carrying out the actual mxing of the ingredients and
slso the costs of transporting matenials. However, some farmers are understeod to have tried this with
zome success and he malter deserves more attention. Any soil amelioration however needs to be

implemented in 2 ‘package’ with addition of mulches, stabilisation of adjacent lands. irrigation of

i

zeadlings, eto
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Slabilisation of sands can be accompiishea by spraying on latex or bitminous compounds. However,
these are susceptible to damage from off-road vehicles and livestock herds leading to breaks in the
surface sxin and deflsticn of the unireated sands below, These materials usually do nol allow the
growth of plants, angd environmental damage to the ecology of the Tihama plant and scil animal

populations would also preclude their use.

Where sand stabilisation fences and shelterbelts are being established it is most important tha:
surface accumulation of organic mulches produced from falling from feaf lller 1= preservea
Checkerboard fencing, and the application of other plant litter on the surface will reduce wind
movement and encourage this. Additional useful inputs could be acquired from composting excess
gresn matter. such as from Frosepis juliffora (mesguwite) but it 1s not known if this has been attermptec
in Yeman yet All such measures will aid in increasing the organic matier levels in the soils under the

snelterbelts and increasing the stability of the sands

In a review of 30 years of sand stabilisation activities in narth-central China, with annual rainfall of
103-200 mm, Mitchell and Fullen {1994}, reported on the succass of checkerboards and other
measures o reclaim dunes and improve soils. The results are summarised below with conclusions for

lhama applications:

Levelling of Sand Dunes.
Leveling of sand dunes was carried out in the areas close to irrigation water supplies which had har
silt loads, After the dunes were flattened, by bulldozer, silty waters covered the sands, This lad to =0

improvemant and the creation of a suitable environment for plant growin,

In the Tihama, the margina! areas of the principal wadis long relied on irregular flooding 1o remove
sands from fields and truncate advancing dunes. Since water requlation was implemented some areas
no longer receive any supplies and sand movement i1s greatly enhanced Pumped waters are by
nature free of silts. it is suggested that some relaxation of water regulation, could release silt laden
flood waters anto these marginals areas, where dunes

were flattened

Addition of Sois onlo Sands.
In China the use of paleosols from adjacent deposits have mixed with sands to produce a mors

favourable soil

The Tihama paleosals an the ancient sand dunes should not be used in this fashion as the surfacs
stabilised soil i= underiain by loose sands, which already show some evidence of remabilisation In
unprotected areas. Adjacent deposits of alluvial silts, commaon in many areas of the flood plaing, ars

used locally. This could be expanded but caution should be nated where saling soils axist.
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Dune Stabilisation

The first stage of stabilisation 15 the establishment of windbreaks, in China made of bamboo or willow
sranches Behind these barners straw or clay checkerboards are constructed on & 1m x Tm grid.
Straw is placed to a depth of 20cm and protrudes some 15cm above the ground Within the
sheckerboard, aerodynamic roughness is increassd, surface wind velocity s reduced and sand
movemsnt is largely halted. Where the checkerboard grid was set at 3m x 3m size however, there was

substantial wind ercsicn and deflaticn of sands to a depth of 20cm each year

n the Tihama, tne use of checkerboard systems s ulilised, and this report has stressed the need for
ts universal adopbion. The design baing adopted by TDA 15 different than that of China and utilizes a
e metre high palisade windbreak of palm fronds on a 4m x 4m grid It would be useful to attempt
zome tnals using a finer gridded checkerboard, perhaps using millet and sorghum residues as low

fznces within the and It s likely that this would give highly significant resuits.

Vegetaiion Development and Formation of Soil Crusts.

Tne checkerboard system allows soil formation to commence and suitably adapted indigenous plants
o become established withoul risk of deflation around root zones, At the same ime sl organic
matter s built up by decaying veoetation and algal crusts develop on the surface. The laller were

found to be extremely important in soil formation and stakilisation of the dunes.

o the Tihama, algal crusts were only ncticed on the ancient sand dune soils in the eastern pars of the
Tirama. These appear to be ralated to higher rainfall close o the escarpment and, in summer, werg
nof =een on other sands. Siudy of the possibilities for biocrust formation as & component of sand

zianilisation on the Tinama sands needs further investigation.

Zontrol of Livestock Densities
The China expenence showed that livestock densities on the stabilising sands were sirictly cantrolled,
with & density of one sheap per 0.87 ha This led {o recovery of vegetation in degraded areas within

five yaars,

n e Tihama a pregramme such 23 this would reguire maore pariicipatory manzgemeant involving the

toralists and reclamation projects, than exists at the present.

L
(K]

5.8 SUMMARY OF RECOMMENDATIONS FOR IMPROVEMENT TO METHODS,
The preszent study has concluded that a number of improvemenis can be made to the present
methods being adopted for the Sang Dune Stabilisation Programme of the TEPP. These can be

summarised as follows:

Rzpuzlhc of Yemen Aeclan Sand Formations of the Tihama - f_';e:ﬂ'--t:';:-":.l.:-;-_.' and Assessmenl al Sang Stanilisation
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a). The checkerboard system of fencing on mebile dunes is recommended. Systems of paralie!
fences or fences with L-shapea design are unlikely to work in the Tihama where multidirectional winds

blow throughaut the year

bl Checkerboard fencing should be extended onto all sand types in the affected areas and not
just on the dune forms, as shallow sand sheels can develop inte dunes and bury YouUng
plants. The use of checkerboard fences should be regarded as standard procedurs in all

areas, and not something that is constructed in ane place but not another

o Attempts 1o stabilise routes through large areas of mobile dunes by flattening and than
planting sheuld be avoided, as changing wind directions, dry conditions of sands and generz

access will compromise efforts to stabilise a narrow oathway

d). Confusion akounds when villagers and sometimes extension staff are asked fo provide the
wind direction, The only practical outcome is to install automatic stations with anenomatars 1o
record wind speed and wind directions on a continucus basis. Data can then be analyseg o

show wind directions throughout the year, Existing TDA stations require maintenance and/or

upgrading to fulfil this requirement.

El. The use of Prosopis julflora in areas remole from farms should be considered for sand duns

stabilisation work, It already has an extensive presence in some areas, such as east of Hodeidzh |1

[¥y}

not recommended for use in coastal foredune areas where dunes, and thus seeds, are moving inland
Seed pods could be manually collectad but this has practical difficuities when large canopies ar=

presant,

is initiated. A pilet area should be initialed, prior to large scale construction work.

aj Foredunes should be considered for rapid construction i certain areas where there 1= a
critical and tmely need to slop sand. Elsewhere natural dune accumulation, following fenge

and checkerboard estabhshment 15 desirable

iy Any establishment of foredunes In cozstal areas is best left 1o natural processes of sandg

cocumulation aided by checkerboard palisades [ fences and plant establishmeni

i Soil improvement through use of mulches and green manuring is to be encouraged as these
will lezd to formation of stable scil aggregates and release of plant nutrients from the minerals
in sand grains. Mixing of silty and sandy soils should to be investigated as an additions!

method of heloing to form a wind-stable soil

Hepubliz of Yemsn: Asohan Sand Formations of the Tiiama - L'iu::r'w'ri'u;.lng}' and Assessment of Sand Stabilisation
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Farmers should be strongly encouraged to establish shelterbelts over farmlands and in the

‘zrm or pastoral lands that exist upwing of dune belis. Tree-free zones, as advocated by some

sndowners, are leading to an increase in sand movemant into varous dunefielss ihat lie adjacent to

- and benefits from reduced sand and dust movemeant on health of people and crops coulz well

sotwslgh the as yet unguantified effect of increased bird populations on crop loss

Repuhlic of ¥amen Asolan Sand Fornations of the Tihama - Geomemehology and Assessment of Sand Stabilisation
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PROPOSALS FOR FUTURE INTERVENTIONS IN SAND DUNE STAEILISATION

1 INTRODUCTION

- = chapter discussas the nead for sand dune stabilisation in the Tihama in areas other than those

g ]

present within the Tihama Envircnment Protection Programme. and alsc presents

Lid

at
-ropcesls for impraving sand dune stabilisation technigues

REDUCING SAND MOWVEMENT IN COASTAL AREAS,

23tz areas have been denizd an input into the present programme because they have been said to

=y 2n Insignificant role in the problems of movement sand dune onto agricultural land. and that the

<% with the inland dunes were distant enough to be unimportant (IFAD. 1252 HTS, 1993) 1t is

ooz dered that this is a generalisation which could have serious effects on certain rural economies in

-z coastal areas of the Tihama, As was originally suggested in the Freparation Report (FAO-IC,

z=nd 1881), the present consullancy has also concluded that coastal areas should be included in

= overal scheme, hopefully in a fulure programme adjustment.

cczsta’ sreas there is a natural tendency for coastal dunes to evolve from sand hummock into

“rzcure ndges and then parabolic dunes. The foredune appears to ocour naturally slong the coast in

'~ose zreas where there is a continuous sand supply coming ashore, leading to sand accumulation

=zralel o the shore. Where the sand supply is diminished or the beach eroded by storms foredunes

== locally destroyed, leading to blow-outs formation and the appearance of parabolic dunes

lztivaly finer textured sands then move off inland, as hummocks and barchans (or mixtures of

zzo0 and combine to form transverse dunes, complex netwerk of transverse dunes and interdune

aro shests that are spreading rapidiy inlo the wrigated agricultural lands. The sand dunes are not

Sught to have formed from recent deflation out of the main wadis, and although same reworking of

z=o/1an sands s likely to be occurring from the ancient linear dunes that cccupy the inter-wadi plains,

e principal origin of the sands is held to be from alluvial sands washed into the sea dunng earlier,

raric, penods of extensive flooding.

nerg s thus a steady movement of sand north-sastwards inland and the formation of sand seas.

Althaugh it is impractical to consider the stabilisation of an entire sand sea, for example, from AL Ta'if

1o Bawiah, an understanding of the process of relative movements of sand away from coastal areas

L

ezzential if gne s consider stabilising the sands af selected areas along the coast where the rural

sconomy is being damagad by sands. [t s thus necessary to look in some detail at the ecology of the

ccastal lzands and their modification by human interventions

Fopubhc of Yernen Aechan Sand Formations of the T hama - Gepmorphaiogy and Assessment of Sand Statilization
Programmes. (320 549)
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Qn high energy beaches sand is coming ashore and accumulating in drifts, hummocks and dunes. On
the low lying sabkha frings and low sand drifts immediately bordering the sea, the vegetation is
dominated by halophytic shrubs (Suaeds fruficosa. Suaeda monoica Salsola spinescens. and
grasses (Aelwropus lagepoides, Halopyrum fmucronatum). In some sheltered areas, near Al Fazzah
and immediaiely north of Hudeidah resed beds | Scirpus spp) are found according to Barratt et a
{1887),

On slightly higher sand hummocks the spiny grass Odyssea mucronata colonises sandy larrain withi
a few meatres of the sea, especially in low energy beaches. This grass (Shawkam in Arabic) is largel

unpalatable and can provide a luxurious cover over loose sands. On the more exposed coasts
parabolic dunes, for example such as near Mutaynah and Mabar, this grass is responsible for the
stabilisation of a large belts of fragile dune systems several kilometras inland and up to fifty meters
above sea level Tamensk, (Tamerix sp) also occurs in association with Dom Palm {Hynanens
thebaica) on the slightly elevated lands. Both of these latter plants are stabilisers of drifting sanz

where it emerges from the beaches along the coastal areas

Halopyrum mucronatum, Qasabo in Arabic, is also particularly useful as a coloniser of sand dunes
not just in Yemen but throughout the coastal areas from Eritrea to Kenya. Although it oocurs st

intervals on the coast north and south of Hodeidah it appears o be quite rare at present. It may be ot

has been excessively used for thatching. It is nat generally grazed due to salt content &

o

Ly

nesded to assess if its distribution can be increased.

(3]

The presence on the coast where sands are blowing inland of the natural sand coloniging
Halopyrum mucronatum, Odyssea mucronata, Tamerix sp, and Hyphaene thebaica (Dom palm) need

to be greatly enhanced in the future.

lowever, both the Dom Palm and Tamerisk are being exlensively cul for home building materials, anc
the woody portions of the older bushes of Odyssea mucronata zre eyt and dug up for firewond. The

result, in areas such as Mujaylis {Wadi Zabid) and the delta of the Wadi Siham (south of Hodeidah), is
reactivation of stabilised hurmmocks, and mobilisation of parabelic dunes, At Mujaylis parabolic dunes
are advancing at some 7 m per year over dwellings and burying date palms  |In ather rural
cammunities, such as at Mutaynah, there is some degree of community protection and movement of

the dunes appears to be minimal.

In the future, therefore, a prodigious human effort needs to be made to encourage the conservation of
indigenaus vegetation. This can only come abaut oy a process of education amongst the coasta
peoples as to the role of vegetation in stabilising sand dunes and, at the least delaying the rapid

movemeant of dunes onte farmland

Rapublic of Yemen; Aealian Sang Formatons of e Tinama - Geomarphiology and Assassment of Sand SERhsaten
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presant, althaugh the cutting of vegetation is apparently forbidden on dunes and hummocks, the
oractice is widespread and often Glatantly carried out When questicned by the consultant the answer
nyaniably was that they were only cutting old bushes for their own household use. Yet it was clear
ey were engaged inoa rewarding business. The result howsver 15 leading to widespread
szserfifization In an ever increasing radius from Hodeidah, and mobilisation of modern and erosion of
zqcient dunes in the coastal areas. A process of education to land users on the conseguences of this
izztruction should be s forthcoming task for the Exlension Officers, whose network already exists
nroughoul the area.
Firally and perhaps mast importantly, it is not felt necessary to actwally construct antificial foredunes in
cozsizl areas, as suggested in the Preparation Reports (FAO-IC, 1880 and 18981), Foredunes form
and accumulate sand naturally when the aporopriate vegetation is allowed to propagate. All along the

-ast there are examples of natural foredunes accumulating when stabilising vegetation is present.

=y apandoming the concept, constructing a coastal foredune costs would be considerably reduced
Tne TDA is thus urged to reinvestigate the proposals for work in coastal areas, and specifically in the

zreas delailed in some of the following paragraphs.

6.3 PROFPOSED PROTECTION AREAS,

B.3.1 Introduction.

% number of proposad protection areas are shown on the 1.50,000 scals image maps that accocmpany
niz report, These are areas which have very censiderable problems with sand movement at the
cresent ume, but are not ncluded in the funding IFAD programme. From field studies conducted
rrougnout the Tihama dunng this consultancy it was concluded that these areas will need pretection
mthe future. In some areas the situation is deteriorating anad fields and rural communities could be
svarwhelmed by sand dunes sand lost. As it was not possible to vist every village in the seven weeks
zvailzbie for the field study it is likely that there are additional needy communities, Thus, prior to the
wrung of any proposal to draw funding for these areas a more detailed reconnaissance and review
soutd need to be carried out by TDA staff

B3 Cutay to Munayli Areca,

Tne margin of the ancient sand sheet to the sast and north east of Qualty is a low scarp, whare In the
nzst the sands were eroded by the changing courses of the Wadi Siham. Alluvial silts thus lie to the
zast of the scarp and are important agricultural cropped lands. A problem exists, all along the edge of
tne scarp sand line, that sand sheets, and locally dunes, are moving off the sand plains and onto the
alluvial lands where they lead to a detenoration of the soil quality and cause agranomic problems. ©n
the ancient sand rdges. which have an eastwes! alignment n this area, there is dendritic gully

=rozan on the stabilised soils ceused by rainfall events and this is supplying fine sand onto the fieids,

Rapuals of Yemen: Aeclian Sand Formations of the Tihama - Geomorghology and Assessment of Sand Stabillisatiar
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In addition, sand sheets and transverse dunes are migrating eastwards from the extensive sand seas

that ccoupy the lands (o the west

It is proposed that a golicy of shelierbelt plantation, seen in the TDA areas further west in the Wad
Siham, be extendad all aleng this zona. At several villages the inhabitants do already allow tres and
shrub growtn and groves of Acacia spp are noted |n the lands between the villages however there =
often no control of grazing and no planting of windbreaks. It is concluded that the first step in this ares
is to appraise the villagers on the deflating sand plains in the west and the sand-recewing sill lands o
the east, on the long term consequences of these processes of sand mavemeanl, A solution o c=

|mintly managed by villages on toth sides of the sand line, should then be worked out, in pilct areas at

first io demonstrate the effectiveness of a conservation programmae,

Gullied terrain in the old sand ridges requires controliing to reduce washing out of fing sands as fans
anto the adjacent plains. and their local mobilisation into sand sheets and dunes, Gully stabllisstizo
will require frials 1o select the most appropriate method. The most eroded areas could be fenced off -
aliow vegetation to colonise banks, but it is thought this would not be effective due to the harsh climate
and pastoral needs. It may be possible to place dry brushwood or drystons dams at intervals in the
aully floor to encourage infiling of gully floors but supply of materials are likely to be limiting A
problem is that the upper part of the sand ridge is a stabilised soil, no longer forming in tha presant
climate, whilst there is loose sand at depth. Once the soil surface has been broken through erosion
proceeds rapidly as ciping and slumping of the loose sands result in headward erosion of the qully

walls

B.3.3 Kulzum Area, Wadi Siham.

This area in the western edge of the Wadi Sinam 15 a relatively small area of date palms that ==
threatened with enguifment by transverse dunes that are moving inland from foredunes and parabos
dunes along the coast. The supply of sand from the sea in this area is moderate. Local efforts oo
stabilize the dunes with brushwoed fences along the dune front are quite successful but need 1o be
gugmented with afforestation upwind of the dune front Investigation of the devegetation of the

hurmmocky terrain and parabolic dunes along the coast to the south-west is recommended. Reversal

of these desarification trends could prabahbly lead to a reduced mobility of the sands
f .

6.3.4 At Ta'if.

Ceastal dunes move infand from the lands in the At Ta'if area and threaten farmlands along the whole
length of the Wadi Rumman, Although sand dunes are moving at a rate of less than 10 metres par
year into the plantations, it s very likely that individual sand grains are moving much faster. Grans w
emerge from the s=a and be blown onto farmland ten kilometras ta the north within one or byo vears
leading to a steady building up of the dunes that already threaten the farms Al the village of &1 Hz - =

len melre ransverse ndge is moving into the farmlands

Fepdbhc of Yemen: Asolian Sand Farmations of the Tihama - Gearnorphology ane Assessment of Sang Stat
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In this future protection area it is proposed firstly, that the coastal parabolic dunes ana hummocks
which occour on the lands south of the VWadi Bumman and extend south of At Ta'f for some five
clometres. are protected from land use pressure that leads to denudation of vegetative cover of the
dunes and thus to increased mability of sands The aim of pretection in this area will be to make local
nhabitants aware of the process of sand movement and how they can assist in reducing movement
szcondly, attention should be given to the mobile dunes themselves at villages such as Al Ha'it, with
szzistance from TDA, for example to place date palm fronds in checkerboarg fashion on the sands
=nd ntroduction of plant species. Though the molivation will come from TDA workers in the field,

ruch will depend on the will of the loca! people to carry out this work themselves.

B.3.5 Sawlah to Al Lawiyah Area, Wadi Rumman.
The southern edge of the Wadi Rumman receives sands that orniginated from the coast scuth of Ta'f
4 huge sand sea of over 500 km” in size lies to the south. The annual drift resultant of sand appears
i be towards the north east, and this therefore threatens a fifieen kilemetre long strip westwards from
% Lawiyah The neighbouring villages have, with little material assistance from the TDA project,
carried cut their own crash pregramme to stabilise the dunes. Efforts at the villzge of Al Mangam al

40z n particular need to be singled out for high praise.

—ere transverse dunes direclly sweep onte the pump irrigated farmlands of the Wadi Nabza / VWad
“idivah The farmers in several localities have placed brushweod fencing along farm boundaries on
spwind sides, but these are steadily building upwards, and now massive foredunss tower some ten
wetres over the fields. There is a danger that the dunes will blow over onto the farms and ruin the
=fforts of many years. Attempts must thersfore be made to stabilise the sands further back, upwind,

and past the adjacent village of Al Mangam al Asfal

Tha use of borehole supplies to initiate planting of tree species following checkerboard construction is
recommended. Unfortunately, the construction of a water tower at Mangam Al Alla village was not well
pianred (nor well constructed) and the supply 15 out of command of several potential areas far
rioated afforestation. The adjacent village could assist in joint effort to stabilise this area, The role of
TDA would be through the extension service to make all parties aware of the possibilities that exist for

=awing a deleriorating situation for these villages

6.3.8 Wadi Kuway Area.

The Wadi Kuway, lying o the norih of Wadi Zabid, has important date palm planiations that are
threatened by parabolic dunes onginating on the coast some two lo eight kilometres distance. The
praposal in this area would be to protect the southerm flanks of the Wadi Kuway with shelterbelts at
tna ecge of the dates and attempt to stabilise the dune front where it 1s moving nto the plantations,

wlth standard brushwood palisades incheckerboard pattern and reafforeslation

=
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There are existing water supplies in this area which could be used for initial irmigation of stabilising
spacies. Dunes are also threatening the north of the Wadi Kuway area in summer when sands ars

maving in a south-easlerly direction, but the extent of this problem is not known

B.3.7 Madaniyah to Wadi Ajji Area.

The southern edge of the Wadi Rimah suffers from the north-easterly dnifting of sands into the Wadi
Rimah floodplain, The sands criginate on the coast to the south and migrate inland as fransverse
dunes. At the Wadi Rimah parabolic dunes form linear ridges that sliowly mave into the valley Further
east, away from the coast transverse ridges repiace the parabolics.  Stabilisation of the dune front
was given promirence in the World Bank funded study for the Wadi Rimah. But although shelterbelts
have been extensively developed on the irrigated alluvial scils of the Wadi Rimah plains, there has
been no stabilisation of the dunes. Instead, as seen by a multitemporal study of the aerial photography
(1973, 1987) and the SPOT sateliite imagery (1997/98) there has been a very significant reduction in
the natural vegetation along the edge of the Wadi Rimah. This vegetation, principally comprised of
large bushes of Salvadora persica, has been progressively reduced in the past decades In its natural
state in this area it buffers the nonth-easterly advance of the transverse dunes and parabolic dunes
inte the Wadi Rimah. This situation is now changing. The dunes are advancing further into the
farmlands of the Wadi Rimah, especially in the lands due south of Madaniyah A study nesds o

assess the following gquestions:

a) |5 the advance of the dunes pragressing any faster in recant years?

b |s the advance of dunes due to cutting vegetation down for fuslwood?

(o] Or has the vegetation become desiccated due to drougnt and the drying up of shallow water
tables?

d) If there is a lowering of water fables, is it due to overpumping in the valley or reduced
recharge?

e Has control of the irrigation system led to reduced flushing out’ of the sand dunes, that have

accumulated in the wadi floor, by occasional large floods?
f] Whatis the significance of the eastwards change from parabolic dunes to transverse dunes in

terms of sand type and their ability to support stabilising vegetation?

Repubhs af Yemen Aegaban Sand Farmations of the Tikama - Geomerphology and Assessment of Sznd Stamlsatioe
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These gquesliions are appropriate to an investigation in any threatened area. In the lowsr Wadi Rimah
there 15 @ sharg boundary between dunas on the higher sand plains and farmland in the alluvial valley
There 12 also a good record of aenal photography on which to assess change. As the \Wadi Rimah
was chosen as tne first sand dune field to be stabilised it is important thal consideration is given o

achieving this in the long term

6.3.8 Mutayna Area.

[7 the Mutayna area large paraboic dunes threalen the dale palm oasis lands to the north. The linear
parabolic dunes are extending in a north-north-east direction. Pans of the village of Mutayna in fact lie
on the dunes and deep wells extend down to freshwater some 13 m below, The villagers have
adusied to the presence of the parabolic dunes and it appears that there is a local policy of protecting
the siabilising vegetation on the dunes. This needs to be investgated as it could provide a social
mcdel far use elsewhere in the Tihama, especially in those communities which do not (appear to)

understand the importance of stabilising vegetation and shelterbelts,

5.3.9 Wadi Urfan Area.

Tre= Wadi Urfan has a catchment in the mountains te the east of Hays. Sand dunes are moving inland
=2nd cross the main road where there is a conspicuous bend just o the north of the Wadi Urfan
zrossing, A plan to stabilise these sand dunes to the west of the main road is reguired, 50 as to reduce
the impact of sands drifting across the road. The area of stabilisation should be developed some
=tance west of the road so as to allow the build up of vegetated dunes, Whilst the source of the
sands 5 thought to be from the transverse dune sand seas lying to the west it 15 possible tnat the
Nadi Urfan is supplying sands that are deflated onto the plains, and this also reguires some further
6.4 MONITORING WIND VELOCITIES AND THE MOVEMENT OF SAND.

Mo detailed study has yet been made of the actual threshaold velocities to lift sand and dust particles in
the Tihama (Willliams, 1979, Whilst threshold velocities will probably be within the range experienced
slzawhere in the world it is important to relate the recorded wind speeds to actual sand movement
Clearly, since sands are seen to be actively moving in the Tihama, the winds are strong enough
during several seasons to move sand in several directions, especially towards the south-sast and
north-east, It would be useful, however, to quantify this by measuring the movement of the different
types of  Tihama sands undar different wind velocity reqimes.  Such a study would require the
e=tabnlishment of several sand movement stations where the process could be investigated over the

course of a year
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h}. 52 SABKHA PLAIN,
The sabkha plains lies immediately inland of the coastal bars and occur on low energy coasts. They
are flat plains with a limiled ephemeral cover of drifting sand. Sands will mave aver the sabkha when
wind speeds are high enough but if the winds drop the sands will fall into cavities in the raugh crusted
surface and be incorporated into the sabkha plain. Desicoation and buffeting by impacting sand grains
will also, in turn, destroy the salt crust leading lo movement inland of airborne salt particles and sand

grains encrusted with salts,

On the lowest areas of the sabkha there is no vegetation, and this zone has saline crusts and moist
sandy to silty soils extending from the surface The watertabls is usually within & matre of the surface
and is usually highly saline. The lands are often within the range of extreme tides. Salt collecting pans

in the areas arcund Salif. Luhayyah and south of Hodeidah provide witness to the hypersaline
conditions. On the surface of the sabkha in these areas there are gypsum crystals and aeolian sand
particles are often bound together by halile and gypsum crystals, On scattered hummocks of sand

may accumulate on the sabkha plain and these are colonised by halaphytic plants,

On higher grounds of the sabkhas, possibly where water tables are deeper or less saline, there is a
‘'saokha fringe’ where the vegetation cover appears. It is all halophytic with Suasda fruticosa and
Salsola spinescens common, The presence of shells and ather materials suggast Lhat thess greas
may have been flocded by tides in the past. These areas merge upslope inte sand sheels with similar

vegetation. Laterally they pass into the mangrove areas which are also present on low ENergy coasts

7.2.5 Hills of the Tihama Escarpment.

al. H ROCKY AND HILLY TERRAIN.,
The Tihama escarpment comprises many different types of rock. including granite, granodioris
gneiss, schists, Basement metavolcanic and metasediment rocks. sandstones and shaes

limestones, basic igneous intrusive and volcanic rocks, These have not been differentiatec in the
present study. The hills rises steeply from the alluvial plains, and include for example stepped slopes
on layered volcanics, tors on granite, steeply dissected blocks and canyons an limesiones and
sandstones and steep stony slopes on Basement metamorphics. These rocks praovide he sources of

the sands that are emerging from the coast to form aeclian landforms in the Tihama

7.2.6  Alluvial Landforms.

a). w WADI FLOOR.

The floars of many of the wadis of the Tihama are composed of loose sandy to gravelly sediments
with a single or braided network of chanrels In the upper parts of the catchments the floors are
bouldery. In those streams which have a perennial base flow, such as al the headwarks of W
Zabid, there are pools of water with Tamerix and aquatic grasses and sedges Low sand and gravel

banks lie adjacent to the channels and ars regularly flocded
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In'channels which may flocd only once a year or less, such as the Waai Makhla. the flocr is sandy to

gravely and perennial grasses and herbs may be eslablished

b wi FLOODPLAIN AND CHANNEL WITH LOW TERRACE

The flzodplain of the larger wadis (Mawr, Surdud, Siham, Rimah and Zabid) is generally a biroad plain
nownich lies a weakly sinucus wadi floor, The flood plain is rarely flooded at present, bul is aften
Jnder rngation because of its relatively low position and a build up of silty scils. It also contains

aroves of woodland and aguatic grasses.

c}: Fs SILTY ALLUVIAL FANS

Coalescad alluvial fans have formed recently over large pans of the Tihama where the principal wadis
debouch onto the Tihama coastal plain. The transported material consists of a poorly sored mixturs of
clay. silt, sand and gravel, derived from erosion of soils and slope mantles in the Yemen Highlands. It
15 thougnt that human managemeant of the annual floods, by constructing earth dams and diversion
canzis, has over a long tme been partly responsible for a steady alluviation of the finer textured
piedmant plain with its largely silty to loamy soils. The cearser fractions either remain in the channeis
2nd are washed to the sea during periodic large floods, or are displaced laterally to form gravelly fans
(for example on the southern flanks of the Wadi Zabid fan), or are deflated by wind from the channels,
«hich is considered to be a minor process. The silly and gravelly fan surfaces slope down at 1 to 2
parcent, but are broken by terraces of individual fields, whose purpose is to store irigation water for
cropping before passing it an to the next level dewnslope. In the silly soils these terraces may be

savaral metres high and are either bare or planted with windbreaks,

d). Ft HIGH TERRACE.

A high terrace occcurs on the edges of the escarpment and commanly comprises a surface loamy
sedimant that averlies gravelly and bouldery layers. The whole sequence may be 20 m thick, as noted
nthe Wadl Surdud valley, where it forms broad plains cut inta by the river. The upper leamy layer, in
the Wadl Surdud, at Suknah and elsewhere, has matured into desp fine loamy =soils with terraced
agricuitural fizlds. In ather areas, however, the surface may be gravelly and gullied with only scrub
vegetation present. In the southern Tihama, such as on the flanks of the Wadi Rasyan, and on fans
adjacent 1o the Mokha road, thers are similar high level terraces, on which gravelly anc bouldery

surfaces have coatings of "desert varmish”; these fans have only a rangeland use
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e). Fg GRAVELLY FANS

The gravelly fans are most widespread at present in the southern parts of the Tihama where several
of the drainage basins do not have large catchments extending into the Yemen Highlands. Rather, the
fans are fed from the hills along the escarpment. The surfaces of these fans are sandy to gravelly and
are partly overiain by aeolian landforms. They support a varied vegetation cover including Acacia

ehrenbargiana, Acacia fortils, Commiphora sp. and tussock grasses such as Lasiurys scindicus..

f). Fh HIGH ANGLE FANS ON EDGE OF ESCARPMENT.

High angle fans ccour as steep, narrow. fringing arpans aleng the margins of the Tihama escarpment
n certain areas, and are often dissected by deep gullies. They may represent an earlier phase of
solluvial and alluvial fan deposition which has been preserved in certain localities. In the higher rainfall
areas in the central parts of the Tihama, these fans are cultivated using rainfall and spate irrigation,
and flood deposits in the gully floors are conveyed onto the silt alluvial fans that lie downslope.

Elsewhera they are utilised for rangsland.

g). Fd DISSECTED FANS AND TERRACES.

Dissected fans and alluvial terraces ocour along the marging of the major wadis that drain the Tihama
escarpment. They were nat investigated in any detail but appear as distinctive features on the imagery
and aerial phatography. They are often not cultivated and this may be due to undulating terrain with

gullies and an absence of arakle =oils

h). F UNDIFFERENTIATED ALLUVIUM OF FS/ FG.
This unit has besn used where it was not possible to differentiate whether the alluvial plains are
primarily composed of silty materials or are of sands and gravels. With more detailed field work the

oarenl materials would probably ke mapped separately,

7.3 LAND COVER CLASSES.

The symbols are identical to those on identified on the Tihana Land Cover Change study (HTS, 1993}
A number of units from the earlier project were not mapped during the current study of sand dunes or
formed small arezs.

a). A1 PARKLAND AGRICULTURE.

This class cocurs on the aluvial lands pordering the mountain front, where there is annual flaoding
and some silt replenishment frem runoff ariginating on the hills. The parkland nature of the piedmont
fans is due to the presence of Dobera glabra, Balanites asgyptiaca Acacia sp. and Ziziphus spina-
chnsh trees which occur on field Boundaries and also within fislds. Flood waters are channelled into
fields along small canals, often for many kilometres. The terrain 1s generally flat with a slight slops
westwards  The main field crop 1s sorghum. Flood rmgation cropping s supplemented by pump

irrigation and rainfed cropping.
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b). A2 WADI AGRICULTURE.

The pump and spate irngated lands bordering the main wadi courses of the Tihama are covered by
this mapping umt which cccurs on the sity and loamy alluvial soils. The major crops are sorghum,
cofton, sesame, vegetables, bananas and papaya. The natural vegetation cover includes scattered
occurrences of Acacla nilotica,  Jiziphus spina-christ,.  Tamarindus dndica, and Tamerix aphyiia,
Shrubs include Cappans decidua and Salvadora persice. The introduced multipurpose and shade
tres Proscpis juliflora is also present in fields as a weed. [n the upper parts of the catchments, close to
the offtake structures and if there is sufficient base flow, the lands receive irgation water for much of
the year. They will aiso receive supplementary water from rainfall In the distal parts of the wadis, and
often closer to the sea than the mountain front there may anly be spate imaation once every few
vears and rainfall 1= neghgible,  Spate irrigation in many of the wadis is controlled by systems of
concrete dams and canal systems leading off into the farmlands. These modern siructures have

replaced the traditional earth and gravel dams placed in the wadi floors,

cl. Ad RAINFED AGRICULTURE.

The areas of rainfed agriculture are mapped on the sandy soils of the ancient sand sheets (AP) that
form the interdune areas and the broad sand ridges (AR) and their modern cover of loose drifting
sands (D2) Flanting of millet and cowpeas occurs during late summer when rainfall moistens the
sands, Though rain may cccur as far west as the coast, the limit of rainfed cropping on both sandy
lands and silty sails is closer {o the escarpment (rainfed agriculture on the latter is classed under
Parkland Agnculture). There 12 2 high risk of driffing sand on the sandy soil areas which increases to
the west and field bunds are built up on sands often only weakly siabilised by Leptodenia

protechnica

d). Ad PUMP IRRIGATED AGRICULTURE.

Fump irrigated agricultural lands occur through the Tihama accoerding to the supply and guality of
groundwater, and small farms may be found in the middie of sandy areas where there is locally a
suitable water sowrce. Such areas usually also have found that the presence of a protective shalterbealt
of suitable species providas considerable benefits lo the farm, and probably help to divert mobile
sands away from the irigated lands  This mapping unil cavers those areas where pump irfigation 1s
the domnant land use. Some areas thal were formerly spate imgated are now largely under pump

irrigation

Republic of Yemen  Aeclian Sand Farmahans of tha Tihama - Gepmarphaiogy and Assessmant of Sand Slablsaticn
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). 1 MANGROVE WOODLAND.

The mangrove woedland forms dense thickets of Avicennia marina, associated with small pockets of
Rhizophora mucrionafa, along parts of the coast, and especially north of Hodeidah The full extent of
these formations were mapped in 1286 by Barratt et al (1987) and surveys conducted by Hunting
Techmical Services (HTS 1992 and 1993), The mangrove areas are impartant zones for shelifish and
as breeding grounds for juvenile fish. They are also crucial in stabilising coastal mudflats and reducing
the mavement of sands inshore. The local fishing population understand the ecology of the mangrove

and felling of trees is reduced.

f). c2 CULTIWATED DATE PALN.

The cultivated date palm Phosnix dactylifers forms extensive plantations in the Tihama and
especially south of Hodeidah in the Wadi Siham, Wadi Rumman, Wadi Rimah’, and Wadi Zabid
Close to the coast, these plantations are irrigated from shallow groundwater that is drawn by hand or
pump. Farther inland pumping from open well and tubewells is common, The dates are commonly
grown on the silty soils that form the distal plains of the wadis up to where they reach the sea. In some
areas, where sands have migrated over the plaing, the dates are now rooted in sands but their roots
will extend inta the silty subscil. The dates are threatened in many areas by dnfling sands, and

numerous instances were observed of dates being progressively buried by sand dunes

al. C3 HYPHAENE FPALM WOODLANDS.

The Dom {Dcum) Paim (Hyphaene (hebaica) grows in the coastal areas, in similar environments to
that of the date palm, but will also grow in areas with poorer quality groundwater and appears to have
Cetter drought resistance guslities compared to the date palm. The fronds of the Dom palm are
extensively used for basket making and also have apphcations for sand dune stabilisation fences
The trunk, with its branching characteristic is used for holding up reofs in rural villages. Though ths
plant coppices well, poor management and a clear-felling policy in some areas has led io its decline. It
is often associated with sand hummack formation with Odyssea mucronata, Saisola spinescens and
other plants. Removal of the trees is often accompanied by damage to the hummocks, with wind

erosion, movement of sands and associated deflation of underlying silty soils

h}. C4 SABKHAS AND BEACHES

The sabkhas and beaches are often bare of vegetation due to excessive salt spray or flooding by sea
water. On the more elevated areas, and merging on to the sand sheets, there is colonisation by a
range of plants  (Halopyrum mucronatum, Aeluropus lagepoides, Suseda frusticosa, Suasda spp..
Ealsofa spinescens, Odyssea mucronata). Propospis julifiors can also exist on sabkha where it s
trarsitonal into mangrove. Land use includes grazing on carpets of Aeclurous lagepoides (Mujaylis)

and salt collection {\Wadi Siham mouth and Luhayyah).
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i) E1 ACACIA-COMMIPHORA WOODLAND AND SHRUBLAND.
An associstion of Acacta mellifera, A. tortlis. 4. asak and Comituphara 550 0CCUrS over a large area
of the foothills of the Tihama escarpment at low to middle elevations. Thare 15 2 mocerate canopy

over the ground but runoff and erosion from floods was noted o be high

il E2 ACACIA - COMMIPHORA SHRUBLAND AND AGRICULTURE.
I this mapping unil the same vegetation asscciation as E1 is mixed with pockets of terraced ana

valley agriculture in suitable locations,

k). E& AGRICULTURE,
This unit covers the terraced agriculture that is present an the Toathills of the escarpment. Crops are

grown from rainfall and by diverting runcff from rocky terrain into fields.

[}. EB AGRICULTURE AND RANGELAND,

This mapping unit covers lands which has a combination of agriculiure and rangeland use on the

foothills of the escarpment.

mj, E9 RANGELAND AND BARE AREAS.
These lands occur on the foothills of the escarpment where rainfall is too low to permit agriculture, The

vegetation includes succulents. dwarf shrubs and grasses, and various species of Acaecia.

nj. R1 SALVADORA [ CADABA | TAMERIX THICKET.

In the Wadi Rimah’ there are very exiensive thickets of Salvadors persica, that are grazed by camels
Elzewhere this plant, and also Cadaba rofundifolia and Tamerx aphylla, are characteristic stabilisers of sands,
and are associzled with sand hummocks from the coastal areas inland fo the fringes of the sand plains.
Dizspite thair obvious benefits in stabilising sands these bushes continue ta be cut down throughout the Tihama
by land users. In some areas they appear o be protected and a coppicing policy, rather than wholesale
removal of the wood for fuel, is pursued. The main benefit of the Cadaba and Salvadora, in paticular, is that
they produce broad all enveloping canopies that trap sand and dust. All plants produce considerable quanlitias

of leaf Itter and are thus valuable for initiating soil formation, soil structure and levels of organic matiar
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o). R2 ACACIA WOODLAND.

This unit primarily covers Acacia shrenbergiana woodland, which 1s fairly common along rangeland

areas on both sandy and silty soils Cither species observed nclude Acacia torilis, Acacia seyal

Acacia nilotica, and Zizyphis spinachrsti Often these appear to be associated with village sites and

offer pratection against drifting sands but a frequent policy of clear feling of the Acacia groves leads

to re-mobiiisation of sands Some of these woodland thickets receive floocd waters as they lie 1in poor

drainage areas between the sand plains and the silty lands

P E4 ACACIA - COMMIPHORA WOODLAND ON GRAVEL PLAINS.

I the southern parts af the Tihama, on the more gravelly plains, there is a troader range of woodland
and shrub species than on the pure sands These include Acacia ehrenbergiana, A hamulosa, A
tortilis. and Commiphora spp trees, a wide range of thormy shrubs, more succulent shrubs closer [0
e escaroment, and grasses notably Lasiurus scindicus, which is widely used for thafching and

baskat making.

q}. RS RANGELAND.

This unit covers undifferentiated rangeland that occurs on the sandy and gravelly plains of the
Tihama The lands are extensively grazed by sheep, goats and to a lesser extent by camels. The main
species include the grasses Panicum lurgidum, Odyssea mucronata, on dunes and gravel plains, and
Lasiurus soindicus specifically on gravel plains. Shrubs include Leptadenia pyrotechnica, Dipterygium
glaucum in inland areas, and Salsola spinescens, Suaeda fruticosa on the coast. Arboreal vegetation

ncludes scattered Acacia ehrenbergiana, 4. tortilis, Zizyphus spina-christi and Balanites aegyptiaca

r). RE SHELTERBELTS AND AFFORESTED AREAS.
This mapping uril has been devised to indicate those areas where there has beesn extensive
aiforestation programmes, such 3s taking place within the TEPP, and also where there have been

'spontanecus’ afforestation, due to the spread of introduced species.

In the first example the tree species are numercus and include, also Tamernx aphylla, Acacia seyal,
Acacia nubica, Capparis somaliensis. Cassia (talica, Lucaena spp. Albizzia labada and Acacia
melifera. Acacia themeda, Conocarpus lancifolia. Parkinsomia sp. Zizyphus spina-chirish and

Azadirachta indica. These have been described in Chapter Five
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The second type of afforestation includes lands which have been panted or nfssted with ths
multipurpase tree mesquite, Prosopis juliflora. Tnere are very substantial thickets of mesguita in many
towns where they provide shade. In particular around Al Mokha and Hodeidzh they crovide ussful
protection against encroachment by wind blown sand So luxuriant is the growth that it far sxceeads
any local needs to cut the tree for timber, charceal ete. This is a kenefit to the control of sand duns

movemeant In the area immediately north east of Hodeidah it appears as if there has been deliberate

planting but elsewhere the spread may have bean unintended

5. UR URBAN AMD PERI-UREAN AREAS.

This unit covers the larges industrizlised and residential areas of Hodeidah

t). v VILLAGES.
Village areas are mapped separately, Generally they lie over one type of landiorm but cccasionally
may straddle several. The sand drift hazard was also assessed for each settlement. These are highest

on the sandy areas of the coaslal plains and lowest on the silt plaing close o the escarpment.

7.4 DRIFTING SAND HAZARD CLASSIFICATION.

A qualitative assessment was made for each mapoing unit in the 1:50,000 scale mapping area. The
classification is intended to aid planners of the distribution of mobile sands, ranging from the
widespread nature of the drifting sand in some areas, to its absence elsewhere. Detaiis are shown in
Table 7.9

7.5 OTHER FEATURES SHOWHN ON MAPS.
The landform and land use maps also show where the principal existing sand stabilisation areas ars
being established as part of the TEPP A number of areas, identified in this consultancy as warranting

particular attention in the future, are also includad

The direction of winds, where these are apparent from features observed in the field or from satellite
imagery and asnal photography are indicated. In some locations the averall drift directions for sand
movement are also snown. The latter have not been calculated from sand velocity datz, but are

intended to orovide an indicative display of the sand movement resulting from several wind directions

7.6 EXTENT OF CLASSES.
Digitisation of the 1.50,000 maps has enabled the production of statistics on the area measurements

of the central part of the Tihama. These are shown in Tables 7.2, 7.2 and 7 4
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TABLET. 2 EXTENT OF AREAS OF ACTIVE AEOLIAN LANDFORMS
CLASS | AEOLIAN FEATURE ' AREA %
{MAP CODE) _ (KM?)
Cis Cozstal Sand Shesets 831 22
D1n Coastal Hummocks 157.5 38
Dip | Coastal Parabolics & Foredunes 1455 %o
Db Coastal Barchans 114.0 2.7
BET Coastal Transverse Dunes 745 1.8
[ Dzs Interor Sand Sheeats 1.7225 41.3
D2Zn Interior Hummocks 89.1 21
D2k Interior Barchans ' 35.4 09
D2t Interior Transverse /| Seif Dunas 1.739.0 317
TOTAL - 4, 170.8 ’Iﬁlﬂﬂ
TAEBLET7. 3 EXTENT OF AREAS OF UNDERLYING LANDFORMS
CLASS LANDFORM FEATURE AREA (KNF) % |
(MAP CODE)
W Wadi floar 827 1.1
Wi Floodplain & channel with low terrace 24.2 0.3
Fs Silty alluvial fans 32713 421
Fa Gravelly fans 206.8 4.0
Fh High angle fans on edge of Tihama Escarpment 918 12
Fo Dissected fans and ierraces 1438 18
Ft 'H'i'igh terrace N 222 0.3
" F Undifferentiated Fan Alluvium Fs ! Fyg 24.5 0.3
S1 Sandy beaches and sand bars 35.2 05
52 Sabkha plan 80,7 0.6
Ar Linear dune ridges 268 8 3.5
A Undulating plain |/ interdune sand plain 2,202.0 2683
H | Rocky and hilly terram - 1, 246 6 160
- TOTAL . - B 7, 7720 100.0
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TABLE 7.4 EXTENT OF AREAS OF LAND USE
CLASS LAND USE TYPE | AREA (KM?) I %%
(MAP CODE) - : )
E1 Acacia - Commiphora woodiand & shrubland on 2300 | 2.9
foothills '
EZ2 Acacia - Commiphera shrubland & agriculture on : 677 0 . 87
foothills i
E6 Agriculture on foothills | Firar 1.0
E8 Agriculture and rangeland on foothills il 130.0 | 1.7
ES Rangeland and bare areas on foothills | 2940 3.8
= I"-.ﬂangfﬁué waodland 4.5 0.1
c2 Cultivated date palm (irrigated) 108 1 14 |
c3a Hyphaene palm woodlands o 315 0.4
C4 Sabkha and beaches S 81 4 1.1
A1 Parkland agriculture [spaié_ifﬁgation with pump 1,063 8 3.8 |
and rainfed)
AZ Wadi agricullure (rainfed & irrigation by spate | 8580 1.0
canal, pumph
A3 Rainfed agriculture (on sands) 7020 4.0
Ad i Fump irrigated agriculiure o 2198 28
R | Salvadora / Cadaba { Tamerix thicket in alluvial 307 0.4
plains
Rz Acacia woodland on alluvial and sand plams 131.3 1.7
R4 Acacia - Ccrﬁﬁiphura woodland on gravel plains 9572 1.2
RS Rangeiand on alluvial and sand plains 2,890.0 B |
R Shellerbells and affaresled areas on plains 321 0.4
UR Urban and Peri-urban industrial areas 36. 1 05|
W | Villages 728 08
[ TOTAL = 7.772.0 100.0
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TABLET.S EXTENT OF AREAS OF DRIFTING SAND HAZARD CLASSIFICATION
| MAP CODE CLASS SAND HAZARD DESCRIPTION AREA %
(KN7)
{0 Mone Mo loose sand present 28318 ag.5
: 1 Slight . Some sand present along wadi flcors, old 6793 BT |
sand ridges, or drifting in from adjacent
sand sheets,
gl Moderate Limited supply of sand available Often a 408 .8 A4
seasonal prablem
GRlE: Severs Deep loose mobile sands cover the area, 3,762 1 i84 |
| as sand sheets or dunes .
[ TOTAL |- E 77720 100.0 ‘
Reputlic of Yamen Asclian Sant Formations of the Thama - Geomorpnalagy and Assessment of Sans Stableaion
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APPENDIX A TERMS OF REFERENCE.

Baseline Survey and Study of the Tihama Envirenmental Pretection Project.

Dune Staoilsatior/Farmiand Protection

Hunting Technical Services undertakes to perform the Services menticned below,

Conduct 2 study of the dune dynamics to cover the whole of the Tihama arza. with
assessment of changes far those areas not covered by the five SPOT panchromatic scenes
Bractical fiald work covers a percd of saven weeks,

2 Investigate the origin of the dunes, the sediment source along the coasi, the concentration of

the dunes in semi-confined areas, the regional transfer of the sands inlo other parts of the

Tihama,

3 Assess the effect of dune movement on farming and pastoral communities.

4 Characterise and classify the types of coastal and interior sand dunes and their dynamics.

o Evaluate the effect of sand dunes on land use patterns.

. Evaluate orevious sand dune stabilisation activities ang suggest improvement maasures

7 Specify the line of alignment of the dune stabilisation work in the areas which are coverad by
the SPOT scenes for the Tihama Environment Protection project (TEPP).

8 Prepare map sheets to cover the whole study area, with the most detailed coverage in areas
covered by the SPOT scenes.

8. Eroduce ten copies of the complete technical repert in both English and Arabic.

10 Supply both slides and print phetographs for representative samples of the area covered by
the study.

1 Deliver SPOT panchromatic images for the effective delimiting of the sand dunes and farm
areas in the TEPP sites

12 Produce a project map at 1:50.000 from SPOT with addition of crientatinon features and
annotations.

13 Give an explanation of how the dunes are formed, how they become unsiable and how they |
move

14 Analyse the interaction of the mobilisation of the sand dunes and the agricultural development

taking nto consideration geomorphalogy, wind direction and land use.

Provide recommendations for the application of this information for the siting of the sand dune

ke
o

stabiisation and farm protecion measures

Raopublic of Yemen: Aasaban Sand Formations of the Tihama -
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APPENDIX B WORHK PROGRAMME DIARY OF

IN YEMEN (JUNE AND JULY 1998).

HTS CONSULTANT (MR R. NEIL MUNRO}

|

il

|

June ¥ RN Munro travelled to Sanz'a July 4 Field: Southern Zong
June 8 Sana'a-Hodeidah (TDA Office) | July 5 Field: Southern Zone '
: June d TDA Office July & Figld: Southaern Zone
| June 10 Field:Wadi Siham July 7 Field: Southern Zone
June 11 Field Wadi Siham July 8 Field; Scuthern Zong
June 12 Sanaa: Air freight duly 8 Field: Southern Zone
June 13 TOA Cfice July 10 Figld: Southern Zone
| June 14 Field: Wadi Zabid July 11 TOA Office.
June 18 Field: Wadi Zabid July 12 TDA: Laboratory work |
June 18 TDA Office July 13 TDA: Laboratory work
June 17 Fizld; Wadi Mawr Area July 14 TOA: Laboratory waork
I June 18 Field' Wadi Mawr Area July 15 Field: Wadi Rima'
June 19 Hodeidah: Office wark July 18 TOA Office: Mapping
June 24 Fiald: Central Zone July 17 Hodeidan: Mapping |
June 21 Fizld: Central Zong July 18 Sara'a: Visit to University
| June 22 Figld: Central Zone July 19 Sana'a to Hodeidah
June 23 Field, Central Zone July 20 TDA Office Mapping / Lab.
June 24 Fizld: Central Zone July 21 Fiald: Central Zoneg
[ June 25 Figld: Central Zone July 22 Field: Morthern Zone
| June 26 Hodeidah: Office Wark July 23 Field: Soutnern Zone
June 27 Field: Central Zonge July 24 Hodeidah: Friday
_ June 28 Fieid: Central Zone July 25 Hodeidah: TDA Office
June 29 Field: Central Zone _ July 26 Hodeidah: Seminar at TOA
! June 30 Move to TDA Zabid | July 27 Hodeidzsh: TOA, depart 1o |
Sana'a |
July 1 Field: Southem Lone July 28 Sanaa: Air freight, visits to
depls.
| July 2 Figld: Southam Jone . July 29 Sanaa; Visit Depts., depart to
July 3 Field: Southern Zone July 30 ESNE London
- Republic of Yemen: Aeahan Sand Formations of the Tihama -
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APPENDIX C SAND AND SOIL SAMPLES COLLECTED DURING JUNE AND JULY 1898,
TABLE CA LOCATION AND ANALYTICAL SCHEDULE OF SAMPLES,
| Site Mo, | PRIS Lab. | TDA Lab. Sample Lecaticn Landfarm Analysis | Kotes
| Ma. MHo.
. M 28 R 19 - Red Sea, Mutaynah Hummaock | 15m from shore Small
JEP D29T330E. 1552500 samplan
Fhmm film
cantamar
M1 a7 W Mawr, south of Zuhra an Active sand sheet along LG Ditto
plans stabihsed dune
' 38P 0280170E. 1724560N
M7 R BB East of Luhayyah, on coastal | Hummock with Suaeda LG 5 Ditto
plain
26P D2EF200E. 1737520N
i TH R B3 - East of Luhayyah, on coastal Hummeock on edog of | Ditto
plain sabkha, fower than M73
38P 0Z9300E. 1737520N
M 5] R g2 - Luhayyah, edge of istand’ Stabilised sand dune with L Saction
J8P 253000 E. 1737100 N concrefions-Flaistocens? sampled
[ 1 030
[
[ ™ BD R a3 - Luhayyah, edae of island” Stabilised sand dune with L.G,C, Section |
JBP 0253000 E. 1737100 N concrelions-Pleistocens 5 sampled
2: 20-20 |
[T &D R 94 - Luhayyah, edoe of island Stabilised sand dune with L. T Section .
I8P 0253000 E, 1737100 N concralions-Flaistocena sampled
3 90150
T R w0 T8 Luahaiyah, sabkha lo gast Hummaock on sabkha floor G Saline .
8P 0253190E. 1737320M
"M B2Z R g1 i Easl aof Luhayyan, an coasta Active sand sheet with DG,
plain grasses, overlizs old
J8P 0253200E. 1737520M stabil s2d sand plain
tas | REA 23 Croast, 5 of Hodeidah airpnr't_h Crest of ancient coastal D F_‘Ertl'_.' mixed
36 DZE3600E. 1620550N faredune in shal
: rmictden
A 5E R &7 14 dille Active nummaock ower | D. <im high,
anceent dune crest Shawkam,
Aghim
Fanicum
EEE | RE1 4z Coast, 5 of Hadeidah airpon Hummaock on sabkha with N Tames

J8P 0283520, 1519220

saline crust <2 m high

lrees (being

cul)
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Landform

["Site No. | PRIS Lab. | TOA Lab. | Sample Location T Analysis | Moles
Mo, Mo,
ThiGE | R&D 15 dita Aiclive lransvarse ndae on o 34 m high
edge al sapkha frings Mo plant
growih. See
alaa WA 1ER
162 170
7 100 A 6 27 ditta Hurmmack an margin of o Tameonx,
coast actively forming Up to Doumy,
4m high Shawram
M 115 R 549 40 Wiad Sham SE of Rodeidan | Sand dift in wadi sediment 5]
I8P Q30HI1B0E 1641460N
MiiE | R7D a8 E af Qutay ["Ancent sand sheel + D,LS o
3P 0309350 B 1844500 N cancretians
M 118 RY2 38 E of Quiay Aclive sand sheet DL
387 0309340 E, 1644500 N
M 120 R71 4 N of Qutay “Ancient stebilised sand sheet, | DL B Sample on
18P 0211 760E. 16583900N guiliea sand rudgea
W 138 R 65 28 Easi of Dayr al lssa, M of Hummack with Panicum 0. Associated
Hodeidah with M129 &
5AP DZ88S00E. 16555850N K10
M 13% R Ed 24 Easl of Day: al lssa, M of Transversa ndge with 0
Hodeidah Shawkam from cresl
3BP 028B510E. 1655890N
Mia0 | B3 13 East of Dayr al Issa, M ef Sand piain 5]
Hadaidah
2EP Q2EAS20E 1E85990M
EYEEE B 75 B Talif road, N of Hodeidah Diark sard of seff ndge. from | DL % Close o |
3EP 0255790E 1584350N 60% slip face roac.
Dawrwird of
parabohc
EE R77 29 Saif road, N of Hodeidah Barchan, 729 =hp face Pale | DL |
IBP O2E35TOE 1690190N shall sands
M1z | R78 3 Saif road. N af Hodewdan Barchan, 2-5% crest. Pale ¥ Same qure |
9ER N25ISE0E. 16901 50N shell sands as 147
Mi4a | R79 BB VWast of Salf read, coast Makie sand betwasn g Close ta |
pP 0252770E 11683430N hummesk M145
M 145 | R 80 3z West of Salff road, coast Stabilised hummock with 3] =
PP OIRITICE 1682450N Shawkam
K 1486 R Bt 41 West of Salf road. Rad Sea Beach sand b L Shells used
coasl for pauliry
8P 0252600E. 1BE3430N industry
b4 147 Foa2 33 Salif road Black sand on seit ke ridge [ Near 141 |
| | 4R0 0Za7T40F 1686R50M - J
_ _ Reoubic o Yemen: Aechian Sand Furmalions of the Tihama -
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Sile No. | PRIS Lab, | TOA Lab. | Sample Location | Landform Analysis | Motes
Mo, Mo
r14E xS 45 Salf road Dark teach sand D.LG Fransect with
38P DZET1TOE 1677490N | 5 149, 150
151
[ #1140 R a4 15 Salif road Cozatal sand hummock with i 0.L.§
ditto Cossabo grass
[ 150 R B85 - Salif road . Ancient stabilisen sand sheet | LG, 5, . Upper 30 cm
ditte T of 5 m
I section
[M151 | REG - Zalif road Subrecent nabkahwin | L 4. 5. | Lower par of
ditte Suaeda ca. sm
section
M 158 R 58 2 W Siham Humrmock with shawkarm | D o
3HP 0280300 - 1624530
I 188 R 48 ) Coast S of Hedeidah Bare sabkha with accreting 0. Salts make
38P DZEA5Z0E, 16715320M sand. Salt crust farmation this very
difficult ta
sieve
K 183 R 54 2B ditta Hummaock with faecal palists | D, 5. Sieved
ERT R 55 44 ditta Saline maternal. sand sheet | O, &. Mot sieved -
on sabkha 30 cm sgline
T2 | RaB [ 7 AL Ta'f, on beach “Low sand drit 10 m from sea | D, L, G, |
AEP 0284710E. 1611020N 8.
WTE | R52 5 AL Ta Hummock , 100 m from sea LG =
dittz L]
RED 4 21 Ta'f. NE of the for Hurmmock with shawkam 0L G
JEP 0285302, 1611820M | grass &4 |
R 53 BD Al Taif, ME of fort Ancient sand sheet + shel o, L.
I8P 0286130E, 1612570N midaan. 0-5 cm
22 | R4B 1 ditia Ancient sand sheet oG | ' |
| 5-30 cm |
M rE Rt 0 A% Ta'f, NE of fort Transverss tune ndoes shp O,LC lsalated
I8P G2RE420E. 16131 50N face B3% dunes ME of
| hummocks
Faa | & Al Qazavillage Barchan dune slipface, 15m | D, L &, Chune
38F 0ZRAS00E 1616440N hagh X advancing
I | into dates
M. T WEE 12 Al Dariz, Wadi Kidivah area Transverse dune slip face, B Dune figld,
5P D31 04G0E 1618630N 2mhigh ME of M 184
] T T Al Garnia, Wadi Kidiyah T Blacky soil &
FAP 0210480E. 18153300
— ! —

Repubiic of Temen. Asclian Sand Formations of the Tihama -
Gacmorphology and Assessment of Sand Stabilisation Programmes (320 54%)
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Site No. | PRIS Lab, | TDA Lah, | Sample Location Landform | Analysis | Notes
Mo, Mo,
W97 R a5 & Nadi Kidiva Wadi floor sample D
| ‘ I8P 0310250E, 1616510N
| mz02 R 47 7 | Bawizh vilage area Active barchan, 2 m high D, L, 3
3B 0300S40E. 1516330N C.5
M203 | R43 B ditlo ' Arcient sand sheet surfaca oL G,
| halow ks
1A 208 RT3 I - HE of Mansurivah Inlerduna ridge sand plain, L
I 2BF 0322530, 1627740N rainfed millet
M211 | R100 ME of Mansuriyah CaC0? cong. inancient sand | T
i IBP 0322 E 1627 N ridge
M214- | R TS KR ME of Mansunyah Ancient sand ndge soil D,LS
A IEF DEZHA00E. 1630000N 0-10 cm
M214- | R74 47 diftn ditta, 10-30 cm D, LS
B
M 217 R0z ME of Mansuriyah Alluvial ptaim with Dobera Soil | L -
JBP 0328310E. 1632910N
h218 RAD3 - ME of Mansurivah Clay lnam =oil an gravel L.
37 03312008, 16387G0N tarrace
M 220 R 32 53 Fabid zrea TDA well sile .I Transwverse dune 3.5 m high, 5] Adjacent {o
8P 0320260E. 1561710N | slip face wall just
: finished
M 225 F& 18 Al Mahdali, Wadi Ayn | Drifting sand in Wadi Floor D
isP J
M 226 RY Z0 Al Mahawi, 5 of Maaati Asplian dune on edge of ] Sands
3P 0315T80E. 15E82440N figlds darvead from
wad
h 228 R 3t 19 | Bayl al Mazharch Glip face of barchan 2.5 m B Site near
| ‘38P 0313530E. 1583520N high halt-buried
altd mosgue
WM 238 | R33 T West of Tuhaytah Laose sand sheatl near D
| 3BP Q301620F 1564120 humirmack
M 238 R34 58 ditta Stabilised hummock D Adjacent 1o
1-2 m high | M 238
M 242 R 27 67 Mujaylis casis area Transverss dunas o
JBP 0297550E. 1563550
M 247 R22 17 |".-"|:J:,'€l','|!5- T Crast of parabelic dune, O
A3F 02920105 1RE5450N burying datas
: b 24k 24 21 [ it Slip face with dark sanc oL
I
b 249-A | R 25 50 Mujaylis. on Red Sea coast Beach sand [3
I8P 0Z92590E 156E1AON

. E E 'E E E E B B B B BB EBEE R B
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Site Ho. | PRIS Lab. | TDA Lab. | Sample Location Landfarm Analysis | Notes
Mo Mo,
f 245-B | R 23 | 70 = Drdta Beach strand occasionally B T ll
i flooded
hl 245- R21 I 57 ¢ Qitta Hummaock on oeach plain | @ 1 =
- [
MZd5- | R20 G | Ota 1.2 m ciiff section of alder | O
= ' asolianfalluvium I |
P 24%-F | R 29 ditta Hummeock, “Older” hurmmosk | X, T |
] arading. Sall crusted i
M 245-F | R 20 ' 5 ditto i Aepolianale. Salt crusted ‘ T |
Coastal parabolic |
"M 2508 | R 2B 76 | r}iljjag,-lus.. On Hed Sea coast Sand nipples of parabolic _-Tﬁ o
JEP D292YBOE. 1568240N faredung. Fine sand I
im'ﬁ-'}_ﬁ 22 ditie Sand ripples of parabolic | D
: foradune, Coarse sand
:. A 260 R 15 43 Village near Mutaynah Sandshzet aleng esge of 0. Dures
l | 38P D29S000E. 1553920M fields, downwind of bullding up
| | transverse dunes, and also of an field edge
I M 262 | with
! | brushwood |
| [ fences
i M 262-A | RA1T A1 | Mutaynah. 5 of village Crest of parabolic dunes I DL & AL B faw
' I | JuP D238240E. 1551830N oelwesn hummacks R matres @part
M 262-B | R 18 14s T ditto Crest of parabaliz dures on oL
l adjacart hummocks |
[ tA265-A | R 14 FF] North of Mutaynan Large hummock D
AEP 024%5880E, 1555220N accreling off sabkha
M2EIE | R 6 74 dilts Sand sheet adjacent to D. | Few melres
hmmock i landward of
| 253-A
TILUEEEA | R 0B Fazzah, mosgue site Clff section: 0-2 m. L |
I8P 0224880E, 1559500M | Brown aealian sand + Caco?
conorelions
TiZ55B | R 07 ditia | Cliff section: 2-3.5 m. Alluvial | L =
zand
285 | R 108 [ ditts Ciiff section: 3,547 m
Loamy alluvium
M EgA R 12 &1 East of Fazzah Coastal barchan oo
3P 025E5T40E. 1550690M
M ZaT 213 gitto T Aealiznile Dip at W0dagta b | L T T
D R0 s3] 5 of Hays an Taiz Road Transverse dune drifing | D. Dunes 1-15 |
3BP 0330140E. 1527780 across road m gk

R_E!JIL,IJ”C of Yamen, Aesolizn Sand Formations af the Tihama -
Geomarpnalogy and Assessment of Sand Stahilszbien Programmes (320 5453)
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Site No, | PRIS Lab. | TDA Lab. | Sample Location Landform Analysis | Motes
Mo, Mao.
M 273 - R 105 i ditto Gray gravely siit with L Fluwial
B Melanodes sp sediment on
lan averlain
by dunas
L ele ]| R Ga Tracs 12 Yachtul Hummock over gravelplains | O Famcum
I 38P 031E580E. 1487310N i
i 253 R & a4 4 km N of Mocha, coast | Hummack an sabkha fringe 0. Apluronus
33P 0310760E. 1483220N
tEe7 | R3 | 58 | Easiof Mocha, coastal plain Barchans moving fram MW b] | <15 m high
35F 0328030E. 147209908 over road Source area
| unclear
rA 255 R1 a7 Wadi Zatid, Ar Rawdah Sadiment in wadi fioor o,
Headwaorks E
3P 0337100 E 1566050 M,
I 302 R& B0 Al Fhawkah road Sand drifts aleng field D Beworked,
3P D324550E, 1535800N adjacent to wadi blmwing aff
wiad
M306 | R 109 Qatabah, CIiff section “0ld sand sheet with Caco® | L
| 3EF cancretions t
[ Ta308 R 11 50 W, Makhlz, M of Catabah Crost of landward adge of | © Hummeocks
2EP D0 TOE, 1535360M parabolic dune | form
! downwind
M 310 R4 B2 N af Al Jilab masque Hummock figld, <0.5 m high, l D Cloze to well
5P Q307RE0E. 154TE40MN Apprax downwind of M 208 along track. |
Vifaterat 1%
m depth
FEEE F 36 37 W Rimah walley - lower Transverse Dunes in foor, ) Bare with |
i 28P DAQT030E, 1573430M =4rm hugh much plant
i dabns
h 320 R 35 ) W Rimah valley - lowar Hummock <1 m igh broad (] Salvadora
3P 0292750E, 15780408 dome shaped mounds danse
bushland
M321 | R37 35 W Rimah valley - coasl Seaward slope of parabehe- | O T
| MR 0285E0E 157ES00M fareduns |:
M 3Z9-A | RG7 63 N ol Hodeidah “Active transvarse dune ridge | D
I8P 0282870E 1642970N |
M 329-B | R &2 G ditto ! Ancient stabilised zand I3.-u3-3t_1'_|_" B |
|
M232. | RE5 I W oof W Mawr Barchan 2 m high on edga of | DL, G
A 3BP 0273730E 1TA98H0N duncfields
[ Mazz- | Ro6 = ditle Soil. alluvializealian plain L o
B averlain by dunes

Fepublc of Yeman: Aedlian Sand Farmalions of tha Tihama -
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“Site No. | PRIS Lab. | TOA Lab., | Sample Location Landiorm Analysis | Motes
Mo M,
[ M 3a0 | ma7 73 Buhays. N ol Wadi Mawr I"Atiive sand sheet <1 m high [ D - |
I 38P 02676008 17665809N
| T3a5A | R o8 | 72 | East of Buhays Ancient ingar sand ridge. oLG | —
JBP 0230700E. 17EE120N Palygonal cracked sail G5
zurface
Site No. | PRIS Lab. | TDA Lab, " Sample Location Landiorm Aralysis | Motes
| No. Mo,
M3 E | K98 GE it 1" Aclive sand sheet at same DL G,
sile c, 8
WMi0D | R an | Wadi Surdud Garge Alluvial sediment from flasd | O, L, X, |
| 2BP sana bar s
[moz R Bl Zatid TDA HG Dust accomulated on oL Dus!
aP weranda at T0A. accumulation |
on July 15,
1285
M 1503 R 6& 74 Hodeidah Beach Beach sediment 0. |
A8P D2T1AD0 E. 1644300 M. |
[ Miope | R0 2 Muaylis arza “Sill an alluvial plain L Flacd '
F8P 02980480 E, 15582030 M. daposit
L1005 | R 28 g | Beit al Fagih Saction Aclive hummoos ororestel | L, G, G Laose sand
- 28P (Q318450E. 1B06860M sancg ridge
(2= 1.0 m)
P 100E | B30 = Ditto Upper Sand, Recent. {1.0- LG G Stratified
- B | 30m) with recent
plastic
detritus
WM10os | R 4D - ditto Uppar Sand. Sand shest with | L, G, C Startified,
C concretion dalritus. ' wzakly
(2.0-52m) stabilised |
TRMAT05 | R4 = diln Lower Sand. CEX | Odmd |
(G2 -5.45m) G surface of
Weak soil farmahian | ancient sand
rdgs
CME | R | ditte N Lower Sand with CaCC? LG Massive
E concraclions atructure of
| (at 7.2 mdeplh) sUpsoil an
' ancient sand
ridge
A 1005 Roaz ditto Lower Sand, with GaCo’ L GC Massive
F concretions & struciure af

subsol

Republic of Yemen: Asolian Sand Formations of {he Tihama -

Geomarpholagy and Assessment of Sand Stabilization Programmes {220 5a%)
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Geomarpholagy and Assesament of Sand Slabihzabon Programmes (220 545%)

“Rapublic of Yermen Aachan Sand Farmations of the Tihama -

Z A

o o _ . L m
Site No. | PRIS Lab, | TDA Lab. | Sample Location Landform Analysis | Notes
Mo, MNa.
Mi008 | RA12 ditto Lower Band, with Caco? L. C. WMassive
S [ i cancrelons struciure of
| _ (at 19,2 m depth) subsail |
| I Base doopor
] than 114 m
e - o
MNOTES
Explanation of Symbols {ar Analyses Camead Oul on Samples:
D = Particla Size Determinalian by Doy Sieving at TDA, Hodeidhah.
L = Particle Size Determinalian by Laser Granulomairy at FRIS
G = Geochemical Analyzes at PRIS
X = X-Ray Diffraction at PRIS.
o = CaCO? Eguivalanis Determired at PRIS
5 = Examinaztion by Scanning Elactran Microscopy ! Energy Diffuser X-Ray at FRIS
T = Resin Impragnaled Thin Section Examined Under Microscope at PRIS
2 FRIS is the Postgraduate Research Instilute for Sedimentalagy at the University of Reading, UK.
3 Locations are given in UTH grid caordinates, with Easting 2nd than Narthing in metras
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APPENDIX O AMNALYTICAL RESULTS DETERNMINED BY SIEVING AT TDA, HODEIDAH,
TABLE DA PARTICLE SIZE DISTRIBUTION OF AEOLIAN SANDS,
[Sample | Sediment | St | Sand | Mean Standard | GSkewness | Mode Histogram, |
o, Ty pe +Clay Y Grain | Deviation {Phi) of Peak Princtpal Sand
kA Weight Size (Phi) (Phi} lasses and
Waight | (+4 to -1 {Phi} Other Notes
1= 4 Phi] Phil |
31 [ Sand drift in | 2.5 7.5 2 58 0524 0085 zh Unimodal FS /|
- Wadi alluy. VRS
3 Inlard 05 S 2E7 0564 ET] 25 Urimadal, F5,
barchan | VFS
R4 intand 35 4B 5 1 86 0670 0.831 15 Unimazdal, M5
hummack | FS
] | Inland =and | 1.0 99,0 270 0.524 0028 28 Unimodal, F5.
zhast | | WFS
] Coastal a0 7.0 | 187 0674 0758 16,22 Bimcdal, M3, F5 |
- hurmmaock
R7 Infand sand | 2.5 o7 5 233 0.734 0.358 16.24 Bimodal, MS,
zhest F3, WFS
B Tinland 6.0 94,0 z a1 0755 D630 iz Unimodal, F5
hurnmock VFS i
R& Sand sheet - | B5 535 2.580 | 0.803 -0.252 25 Unimodal, F5.
wadi floar WS
R 1d Inland 4.0 GE.O 2.04 0.458 -3,807 3.2 Urimadal, FS,
| transverse VFS
ERE Coastal 1.2 98.8 165 0931 0. TEE 09, 1.4 | Complex,
parabaolic 33 multimodal, G5
| - to VES |
RizZ Coasial T 99 1,08 0,752 0.518 16 Unimadal, MS,
barchan | ;i FS, WFS
R4 Coaslal 0.5 93,5 215 056 042 19 Unimodal, MS,
hummock | F5
R15 Coastal 0.8 g1 187 0G40 1128 [ 1.4 Unirmodal, WS,
transverse | | FS, VFS
R 16 Coasial sand | =02 ©o.8 1.73 | 080 0.532 1.4 Unimodal, MS,
shaeal F3 = |
R 20 Ancient ] 100 1.91 0.a33 01e 1.6, 21 Birnodal, M3,
] aeal-alluy = | i ES )
R Ancien 0 100 2.0 0.565 0.202 16 21 Bimadal, M3,
asol ~alluw. ) [ F3
R23 Sand  sheet | O tOo 1.65 0.848 -0.767 1.6.2.1 Bimcoal, VOS5 to
on beach ) ] F3 )
R Za Coastal D 936 0.BS 0.85%1 0.BEs ,- 0.2 Bimaodal, MC5S iz
sand ripple VFS. Ripples of
| ] coarse sand |
R 26 Beach sand | =02 OB O.61 1.407 0210 vanous Multimadal, VG5
deposil ta VF3S
R Z7 Coastal 25 a7.5 318 0445 -0.1E8 b Unimeodal, FS,
Tranverss WES
R 28 Coaslal fine | <02 TN 1.81 0.547 -0, 065 16.2.1 Bimodal, M3,
sand rigpla F5. Ripples of
fina sand
R 31 Inland TiE ga8.& 263 0492 -0.808 275 Urirmedal, broad
) barchan ) peak, F5. VMFS |
K32 Inlans [ 10 ] 269 D483 009z 2.9 Unimadal, MS 1o
| fransverse WVES
| R33 Irnland 20 G48.0 2.08 0.503 0,453 14,32 Birmadal, S5 ta
| humimack ) | vES ]
=T inland 20 R 2.70 0,597 0,002 29 Unimadal, M3
| hurmmock 1o WFS.
Stabilised
| | Rk

120 Republic of Yemen  Asolian Sand Farmations of the Tihama -
Saomorphology and Assessment: of Sand Stabiksation Programmeas (320 545)
L



. B
Sample | Sediment sile Sand Mzan | Standard Skewness Made Histogram
Na. Type +Clay Yo Grain Daviation {Phi} of Peak Principal Sang
S Weight Size {Phi} {Phi) Classes and
Weight i+4 to -1 | (Phi) Other Hotos
(<4 Phi} | Phi)
R 35 Inland 5.0 820 2.654 1.795 -0.108 16,30 Bimedal, M5 ta
numimeek VES
R 36 Infznd 20 950 2.TR 0.A7E 0,200 24 Unimeodal, MS
fransyersa o VFS
R a7 Coastal 0.5 gog 185 0,726 D421 1.8 Unimodal, C5 o |
faredune WFS
& a5 Wadi floor - | 8.0 97,0 289 | 0BED 1,521 3.2 Unimodal, MS
Alluvium to VFS
R 46 ‘Inland 1.0 Do 278 04032 0165 26 Unimadal, F5
lransverse | VES
ST Coasial 1.0 99.0 2.86 0483 -0.021% 26 Unimedzl, ms
hummack to VFS
R 56 Ancient 15 025 7 ES 0 435 0821 2.8 Unimodal, 5, |
Il fareduns ) VFS
B a7 Caastal 1.0 H$9.0 | 285 0.409 <0344 249 Uinimodal, MS
hummack | to WES
R &9 Coastal 05 99.5 272 0,405 D08 2.8 Unimadal. F5
Transvarse VES
R a0 Coastal a0 57.0 2.85 0.ad7 0120 5 Urimocal, FS.
hummock -, VFS
RG1 Coastal 45 85 5 2.35 0930 -0 453 29, 14, | Multimodal, G5
hummaock 3.8 2 VFS. Salts
I binding particles
R 62 Ancient sand | 1.5 8.5 2.58 0728 -1.350 24 Unimadal M2 to
plain | | VFS
R 63 Intend sand | 3.0 870 271 0,785 0725 325 Unimodal, M5 10 |
plain WS, Associatad
| Re4, Rgs.
R 64 Inland 3.5 95.5 243 01885 0.008 32419 Bimodal, CS 1o
transverse | VES |
R B5 Inland 2.5 845 1.94 0.70 0671 1.4 Urimodal, MS o
hummack VFS
R &6 Coastal sand | =01 209 212 0,548 -0.409 21 Unimadal M5 o
sheet VES
R &7 Inland 0.3 aq9.7 2.39 0445 0442 2.4 Unrmodal, M5 1o
tranverse | VES _
R B& Infand ta 580 274 0407 0240 29 Unimadal.
hummiock | F5\MFS
N1l 1"Sand Drft in | 2.2 95.8 2.7 0575 0G27 28 Unimadat, MS,
wadi FS, WFS
R 74 Ancient sand | 50 G5 0 278 0.635 0278 28 & | Bmodal FS 1o |
sheel 10-30 38 Coarse sit
tm
| R 75 Ancient sang | 7.5 925 2.88 0712 -0.719 2.8 & | Bimadal, MS 1o
sheat  0-14 1.8 coarse sit
&m
IGEE Coastal 07 oo g 190 0553 0.625 15 Unimadal M5,
barchan ] k5 -
GEE] Coastal sand | =01 G349 178 0.60 0414 2.1 Unimodai, 5,
shaet FS
R a0 Caoastsl =01 L] 215 0453 2432 24 Urimodal, MS
nummeock ) Fi =
R & Shelly beach | <01 oo g 147 0.603 0 862 5 Unimodal ©5 In
sand F3
R &2 Coastal seif | =01 2o 1.81 0520 1585 1.6 Urnimodal, M3,
durna L FS
GER Coaslal a0 97 0 271 0632 -0.050 2u Unimgdal, MS 1o
' | Band shee MFS
Rar Inland  sand | 2.5 | o7 5 z25 1062 0034 T1E32 | Bimodal G5 to
- shest | VES

220 Republic of Yermen Acchan Sand Formations of the Tihama -
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Motes:

These samples were dry sieved at following mesh sizes (microns - pm)

Cravel: 2360: 2000;

Wery Coarse Sand (WS 1400; 1000;
Coarse Sand (C5) 830, 710, 600, 500
Medium Sand (M3) 425, 355; 300 250;
Fine Sand (F5). 212180 1580; 125;
Very Fine Sand (WVFS) 86, T5; 63,

Wery Coarse Silt ({C2) 45

Coarse to Very Fine Sit + Clay Fan

These are shown as the dominant classes in each sample, eg FS, VFS. Where there is a range of
particle sizes in the distribution curve of the histagram, eg VCS, CS, MS and F5, the range is shown
thus: VC5 - FS.

These um data correspond to phi particle sizes from -1.485 to + 4,474 phi (p). A statistical package,

using the method of moments, was used at PRIS to convert the TDA derived data into phi classes.

2 A number of these samples were also examined by the laser granulometry method {see Table E. 1)
The distribution curves and modes can be compared, but Standard Deviation (SD). Mean and

Skewness are not exactly comparable as a different statistical package has been used

2. Some samples sieved at TDA have not been included in the above analysis, because aggregation
due to salts and carbonates gave false readings. However, these have been examined using the laser

granulomeater method in which sediment is disparsed in Calgon solution prior to determination

Conclusions:

The particle size analysis shows that all the sampled sands have over 50% sand content, Most sands
nave a umimodal distribution with one dominant peak in the Very Fine Sand to Coarse Sand range
Bimogal sands include certain types of hummocks and sand sheet near the coast and inland, and

dlaer sand sheets where there appears to have been secondary accumuiation of finer particles

The mean grain size of sands, in Phi units, increases away from the coast as particles become finer
Thus coastal sands generally range from 0.6 to about 2.0 phi, and rarely up to 3.2 phi. interior dunes
and sand sheets from 1.9 to 2.7 phi. and ancient dunes from 2 6 to 2.9 phi. The Mode of Peak shows
ne grain size at the top of the distribution curve in Phi units. These often correlate to the Mean grain
sizes of urimodal distributions. but will show several peaks for more complex bimedal or multmodal

districutions. Tao convert these to millmetres refer 1o Table EB

320 Republic of Yemen Aeolan Sand Formations of the Tihama -
Geamarphology and Assessment of Sand Stasilisztion Programmes (320 545)
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The skewness of the samples is a statistical measure which characterises the symmetry of the

distribution curve. It has negative or positive values according to whether more coarse or more fings
materials are present than in a normal distribulion.  |n the dry sieved Tihama sands there is a wids
range of skewnsass values that appears to reflect the complex mixing of grain sizes derived from

coastal areas. with additions of finer materials from dust and alluvial silts

320 Regublic of Yemen: Aschan Sand Formaions of the Tihama -
Geomorphology and Assezsment of Sand Stabilisation FProgrammes {320 543)
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APPENDIXE ANALYTICAL WORK CARRIED OUT IN THE UNITED KINGDOM.
TABLE E A PARTICLE SIZE DISTRIBUTION DETERMINED BY LASER GRANULOMETRY.
Sample | Sediment Type 4% Clay i Silt % Sand | Mean | SD | Skew | Mode | Histogram F‘rint‘:fﬁﬁa'i" ~ Notes
No. 0.1-2 pm 2-63 um | 63-900 pm | (Phi) {Phi) | -ness | Peaks | of Pgniclc Par:ncle
(8-13.3 Phi) | (4-8 Phi) | (0.2 -4 Phi) (Phi) | (Phi) Sizes Size
Classes
R 1 Sand dnif 0.21 3.4 596,39 237 |075 |00 |23 Unimodal | CS - VCZ | Reworked
' : alluwvium
WE Alluvial sand pank | 011 | 1.14 a8 75 4.40 293 0.51 1.0 Linimodz| CE-VFS
R 13 Aeclianite | 080 4.35 94 85 770 | 089 |028 |16 |Unimodal | CS-VFS | CaCO, |
- ) : : | cement
[R17 Parabolic 0.07 0.49 | 99.44 161 |048 [012 [15 Unimodal | CS - VFS
R 18 Parabalic 0.06 0.38 | 99.56 153 |054 |009 |15 Unimodal | VCS-FS | N
R22 | Parabolic 511 744 58.46 707 |084 |024 |175 | Unimodal | CS-VFS | Grestof
dune
'R 24 Parabalic 008 173 9820 237 | 055 |020 |225 |Unimodal | MS- Slip face
[ VES below
R 29 Hummock 4.36 14 66 B0.98 252 |208 |074 |15 Unimodal | CS - VFS
_ | +silticlay
"R30 | Aeolianite 403 14.33 B81.65 240 | 189 [071 |15 Unimodal | CS - VFS | CaCO,
| | | ; _ | *silticlay | cement
R 238 Sand sheet 0.47 2 61 95,92 243 [063 |012 |23 Unimodal | MS -
VCZ
R3g Recent hummock | 0.67 526 94 07 250 | 075 |0.16 |25 Unimodal | MS -
| B VCZ - )
R 40 Older hummack | 1.04 B.16 90,80 282 | 084 [D15 |26 Unimodal | MS - |
VCZ : .
R 41 “Ancient aune: soil | 1.32 5.52 52.16 570 | 086 |025 |25 Unimodal | M5 - Topsoil |
- | VFS + |
l : - I silliclay

Reputiic of Yemen. Aschan Sand Farmations of the Tihama -
Geamerphology and Assassment of Sand Stabilisation Programmas (320 545)




Sample | Sediment Type ", Clay | %Silt | %Sand | Mean | SD | Skew | Mode | Histogram | Principal | Notes
No. 0.1-2 um 2-63um | 63-900 um | (Fhi} | (Phi} | -ness Peaks | of Particle F’arlticm
(8-13.3 Phi) | (4-8 Phi) | (0.3 - 4 Phi) (Phi} | (Phi) | Sizes Size
Classes | |
| R 42 | Ancient dune: soil 0.50 2.78 05 .72 252 0681 | 0.04 2.5 Unimaodal Ms - Subseil
VFS
| * silt I
R 43 Ancient sand 283 .57 90.50 203 |108 |031 |28 Unimodal MS -
sheet Yz -
silt/clay
R 44 “Transverse dune | O 1o 100.0 250 | 050 |-004 |26 Unimodal | MS -
VFS
R 47 Harchan 0.42 187 97 71 “zo4 |048 |-002 |30 Unimodal | MS -
. VCZ
'R 48 Ancient sand 275 12 78 54.43 282 144 (044 |25 Unimodal M5 -
sheet WFS +
silt
R 45 Sand shest on 0 036 69 84 174 | 050 |008 |1.75 Unimodal | ©S-FS
| coast i
R 50 Recent hummeck | 0.21 150 98.20 234 | 048 |007 |23 Unimada! | MS -
VES
R51 | Transversedune | 0.01 1.24 98,75 241 | D46 | 007 |23 Unimodal | M5 -
. VFS
R 52 Hummock on 0.18 268 97 14 174 | D54 | 017 |16 Unimodal | CS -VFS
coast |
R 583 Ancient sand 344 12.83 B3.73 283 |155 |049 |25 Unimodal | MS - Topsoll
sheet VFS + 0-5¢m
silticlay
R 70 Ancient sand 0.55 574 63.71 295 | 065 |002 |30 Unimodal | MS - WFZ
sheeat
R 71 Ancient sand 129 11.24 87.47 3.20 072 | 009 3.25 Unimodal M3 - Gulliad
| sheat VCF surface
R 72 Active Sand sheet | 0.26 295 | 9879 261 (062 [042 [14 Unimodal | MS — Overlies
L _ _ VCZ R 70
T T T ;:{--|_--_:-. G oof Yenen Aeolian Sand F rmratians af The TibG - -
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Sample | Sediment Type % Clay % Silt % Sand Mean | SD | Skew | Mode Histog?am Principal Notes
Mo. 0.1-2 pm 2-63pm | 63-900 um | (Phi} | (Phi) | -ness Peaks | of Particle | Particle
(8-13.3 Phi) | (4-8 Phi} | (0.3 -4 Phi) (Phi) | (Phi) Sizes Size
| B _ Classes ]
RT3 nterdune sheet 2.94 16.32 80.74 3.10 1,45 .46 26 Linimodal s —
VFS +
i . A i | siticlay
R 76 Seif dune 0.16 131 48,53 219 | G47 |008 |22 Unimodal | MS -
, VFS
RT7 Barchan | 0.10 066 99.24 181 | 051 |008 |175 Unimodal | CS - F5S
R 83 Beach sand 0 0 100 162 | 046 | 006 | 1.5 Unimodal | CS-FS |
R 84 Hummock on 0 0 100 147 | 048 |013 |14 | Unimadal | CS-FS
coast ' i
R 85 Ancient sand 4 58 1461 80 &1 260 [167 [081 [225 Unimodal | C5-VFS |
shaeat - +siltfclay
R 86 Older hummock | 163 .01 92.36 236 | 107 |030 [23 Unimodal | GS - VFS
+silt/clay
R BY Active sand sheet | 1.17 778 81.08 259 [112 [-0.13 |1.25 & | Strongly C5-WFS |
) 3.25 Bimaodal + VCL
R 88 Hummock on 848 35.25 56.26 458 | 247 |057 |28 Unimodal | MS -
coast ' VS +
N - silt/clay
"R 02 Ancient dune 1 6.42 2146 72.13 368 (235 (065 |24 Unimodal | CS - VFS
) ... _ i + silt'clay
R 93 Ancient sand 3.45 14 B8 81.87 284 |169 |[052 |225 Unimodal | CS-VFS
. sheet | _ + silt/clay
R 94 Ancient dune 502 33.58 60,51 367 | 263 |[048 |20 Bimcdal CS-VFS
| coast § - = +silticlay )
H 25 Barchan 0&8 3.99 ah 32 2.63 072 .10 Z5 Unimodal MS - Dverlies
VFS R 96
| L CZ
Ras | Aeol-alluv sail 533 34.94 59,73 398 | 251 | 041 |175 |Complex |CS-WVFS
| himodal + silt/clay

Geomorphalogy and Asscssment of Sand Stabilisation Programmes (320 548)
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Sample | Sediment Type % Clay Y Silt %% Sand Mean | SD | Skew | WMode | Histogram | Principal Notes
MNo. 0.1-2 um 2—-63 um 63-900 ym | (Phi} | {Phi} | -ness | Peaks | of Particle Particle
’ (8-13.3 Phi) | (4-8 Phi) | (0.3 -4 Phi) (Phi) | (Phi) Sizes Size
— Y (R Classes
a8 Ancient dune soil | 4.56 25.85 £9.58 373 | 212 |051 [26 Unimodal | CS-VFS
o I . + silt/clay
R99 | Active sand sheet | 0.78 412 95.09 230 |095 [009 |225 Unimodal CS - VFS | Overlies
B - +VCZ | Ro98
R 101 &aolian dust-sand | 3.22 48.05 48.69 411 1.06 0.37 38 Lnimodal FS-%YFS5 | Dustfall
+VCZICZ | at Zabid
R 102 Alluvial soil 9.77 75.66 14 57 578 | 200 |[032 |50 Weakly VCS- -
Bimcdal VES
) +silt/clay
R103 | Alluvial terrace 575 62.81 30.43 492 |197 |[023 |41 Unimodal | VFS +
sail ) o silticlay |
R 104 Alluyial soil 550 40.37 54,13 44D |213 [051 |30 & | Bimodal CS-VFS
- 5.25 +silt/clay
R105 | Alluvial terrace 53 36.39 58.31 374 |278 | D20 [05& | Bimodal CS-VFS |
| sail 375 + siltfclay l
R 106 Ancient Aecl/All. | 5.52 519 42 57 464 | 216 |[D26 |35 Broadly CS-VFS | Saline
) . | Unimodal | + silticlay
R 107 Ancient Aecl/All. | 8.36 | 50.43 4122 499 |[221 |D47 |35 Unimodal | FS-VFS | Saline
_ 4 | +silt/clay
'R 108 Ancient Alluvial 13.67 | 70.48 15.47 609 |226 (033 |43 Unimodazl MS - Saline
VES
B : +silt/clay
R 110 Alluvial | 8.22 47 85 44.14 467 251 |028 |225 Bimodal MS -
4.2 VFS +
) silticlay
R111 | Ancient dune 0.57 4.22 95.21 282 |066 (010 |25 [ Unimodal | MS-
) ' VG2
7112 Ancient dune 21 169 98 10 l244 |[055 |003 |25 Unimodal | MS - B
VFS

Reoublic of Yemen: Acchan Sand Formations of {the Tihama
Geomaorphalogy and Assessmeant of Sand Stabilisation Programmes (320 Bag)
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| Motes:

;' | Table E.1 provides a summary of particle size information obtained from a number of sand and soil samples that were analysed on a Coulter LS 130 Laser

| Granuiometer at PRIS. UK. Laser granulometry provides a rapid method for the determination of particle sizes using 126 photodiode detectors that are set a

| inlervals between 9000 m and 0.1 micrans { im). For each sample, the data was displayed as a histogram (Cim), with standard statistica!l parameters using the

mathod of Folk and Ward {1857), and also grouped into standard classes of sand, silt and clay. Melic data {Cim) was then converted into phi () units, mare

conventionally used in the analysis of sediments.
2 Particle size classes, WCS, CS, etc, are as indicated on Table D1,

Conclusions:
The laser granulometry technigue provides a far more precise method of determining the particle size distribution of a sediment than the traditicnal dry sieving

methads, The samples show the detailed breakdown of the sand, silt and clay components of the sands.  This is ussful for sand stabilisation where the
sands will be seeded with plants that will be maintained by rrigation.

Some active hummaocks have over 5% clay which suggests fine materials blowing off sabkha. The alluvial origin of some sediments is characterized by high
silt content, often over 30% Ancient sand sheets have varizble silt contents probably dus to additions of airborne dust in the past.

The statistical analyses show broadly comparable results with the dry sieved sediments. Many of the sediments show positive skewness reflecting the
presance of very fine materials, and only some active dunes and sand sheats are negatively skewed,

Renublic of Yemen Aeolizn Sard Formations of the Tihama
‘ CGeomarphology and Assessment of Sand Stabilisation Programmes (320 549)
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TABLEE.2 X-RAY DIFFRACTION DETERMINATIONS.
Sample Location Chlorite | Mica | Quartz | Amphibole K Plagioclase | Calcite | Pyroxene MNotes
Nao. Feldspar Feldspar | - | _
R2 Wadi Surdud | Trace Dominant | - Present Present Trace Prasent Slluvial sand
R7G Salif Trace - Present Present - - - Dominant | Dark seif dune
near coast
| R17 | Mutaynah Trace | - Cominant | - Present Fresent Trace Present Farabolic dune
_ crest
R 28 Mujayis Trace - Dominant | - Present Dominant Frasent Present Coastal
Hummock with
salt crust
R50 | At Taif Trace Trace | Dominant | Trace Daminant | Dominant Present | Present | Hummock 1 km
- from sea
Ra44 Al Qaza Trace - Dominant | - Dominant | Dominant Trace Fresent | Transverse dune
R 43 Sawlah frace s Dominant | - Prasent Corminant FPresent Presant Ancient sand
_ dune
R 43 Sawlah | - Present - Present Frasent Caminant | - Concration in
, ancient dune
[ R Beit al Fagih | Trace - Dominznt | Trace Presant Darminant Trace Presant Ancient sand
; I sheet, below
! ) paleosol

Conclusions:
These analyses provide an explanation of the mineral content of 9 sand samples. The mineral content of fresh samples from rivers entering the Tihama (R2)
and those of the coattal dunes (R17, R29) and alsa that of the interior dunes (R44, R50) and ancient dunes (R41, R43) all show very similar X-Ray diffracticn
analysas These suggest a comman source of sediment.

A

o o
A

The dark dunes of the Salif arsa (R78) are rich in amphibeles and pyroxenes which are clearly fresh sediments identical to those seen in the Wadi Surdud
river bed and have been sorted by coastal processes.

Republic of Yeman, Aeolian Sand Farmations of the Tihama -
Geomarphology and Assessment of Sand Stabilisalion Programmes (320 543)
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TABLE E.2 GEOCHEMICAL DATA ACID SOLUBLE CONCENTRATIONS (pgfa)

Sample | Site Location | Ma Mg Al Ca Mn Fe Zn ' 2 Si
Mo. |

ANCIENT SAND SHEETS / DUNES: COASTAL AREAS

R48 | Taif 5-30cm. Sea 1km 4114 | 73980 7118.0 | 11497.0 2250 | 10814.0 T 315 12340| 8770
‘R85 | Salif - B. 100 m to sea 12200 | 9052.0 £8750 | 29891.0 2472 | 10241.0 203 6720 1007.0 |
'R93 | Luhayyah. 250 m to sea 8720 | 6340.0| 3555.0 | 46126.0 124 6 7074.0 147 830.0 7250 |

ANCIENT SAND SHEETS / DUNES: INLAND AREAS S
[R41 | BeitalFagh | 2971 76850 79490 75380 2662 | 114680 300 11120] 13610
IR 42 | Beit al Fagih 3133 | 74040 | G4460| 207480 2297 | 103100 257 G05.0 1109.0

R 43 Sawlah 3260 | 86410 71950 | 232040 2353 | 107450 270| 10610 3073.0
[R98_ Ad Dawmah ] 929 | 43400| 42890 43150 296.7 6252.0 149 | 12560 2029.0

RECENT AND SUB-RECENT STABILISED HUMMOCK HUMMOCKS: COASTAL AREAS

R 52 Ta’if. 100m to sea 4130 so0770] 70060 | 227490 2281 | 119370 283 7940 10180

R85 | Saif-B 100 mtoses 694.0 | 93030 | 44830 | 10468.0 2822 BATE.0 19.4 956.0 1638.0

R88 | Luhayyah. 2 km to sea 3546.0 | 102630 | 4417.0 | 33054.0 2168 | B666.0 207 ] 15500[ 1708.0

RECENT AND SUB-RECENT STABILISED HUMMOCK HUMMOCKS: INLAND AREAS

R 50 NE of Taif. Sand 3692 7697.0 44241 219010 2060 ©6000 | 234 7710] 24720
hummock | |

R 39 Beit al Fagin. Sand 2786 | 72410 6513 | 17019.0 | 2458 | 11283.0 209 12030| 1159.0
hummock | o - i S | - -

R 40 Beit al Fagin. Sand 2319 JI 6317.0 | 6716 | 78630 | 2536 | 108320| 307 | 11940| 14810

hummock

Repuslic of Yemen: Aeolian Sand Formations of the Tihama -
Geomorphalogy and Assessmant of Sand Stabilisation Programmeas (320 549)
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Sample | Site Location Na Mg Al Ca Mn Fe Zn ' K Si
No.
MOBILE SAND SHEETS AND DUNES: COASTAL AREAS ) _
R 48 Ta'if. Sand sheet, | 18800 B2030 29000 | 436270 131.3 8632.0 21.8 B81.0 8890
10 m o sea _ | o -
R &3 Salif. Beach sand. sea | 23290 B426.0 4217.0 | 15911.0 180.9 | 12661.0 46.0 831.0 480.5
5m |
R 84 Salif. Beach ridge; sea 1367.0 | 7718.0 3213.0 5975.0 137 .4 9233.0 16.2 400.0 922.0 |
| 7m
MOBILE SAND SHEETS & DUNES: INLAND AREA ) B
| R38 _IB;E;FFaqm.Sandsheet 2171 | 5286.0 8622.0 113880 | 2254 | 98450 267 1020.0 1084.0
R 44 Al Qaza. Transverse AT4T | 82920 74170 130700 230.9 | 110150 234 | 10290 976.0
dune | |
R 47 Sawlah Transverse dune 250.7 | B188.0| 82130| 74180| 2628 | 128040 353 | 12320 12820
R 51 NE of Taif Transverse 4130 ©077.0 70060 | 22748.0 2291 119370 28.3 794.0 1019.0
fune
R a5 S. of Buhays. Barchan | 88.8 | 34820 24440 3203.0 170.3 4129.0 9,2 772.0 1575.0
dung |
| R87 | 8 of Zuhra Sand sheet 2060 | 5704.0| 37150[ 237220| 1731 [ 7603.0 168 | 12900 1879.0
| RG9 Ad Dawmah. Sand sheet 781 | 28230 2321.0 26B7.0 208.7 39140 | 9.4 7210 | 16750

Conclusions:

Acid soluble concentrations were measure by inductively coupled plasma spectrometry (ICP) on filtered solutions derived from healing a sand sample with
hydrochloric acid The results show the range of elemental compaositions for different groups of sand samples. No statistical work has been carried out on
these analysis but the following observations can be made which support observations made in the field and in other determinations.

Low values of silicon and high Calcium near the coast generally appear to reflect the presence of coarser shell materials in coastal areas. Inland these
calcium decline as caleium carbonate decreases and silicon becomes the mare dominant constituent of the sands, either as quartz or as components of
silicate minerals

Values for Magnesium, Manganese, lron, Zinc and Aluminium have similar concentrations throughout the area as they reflect the ubiquity of alumino-silicate
mirierais and reck fragments in the Tihama sands,

Values for Sedium, a constituent of soluble salts and faldspar minerals show higher valuss near the coast.

Republic of Yemen  Asohan Sand Formalions of the Tihama -
Geocmorphology and Assessment of Sand Stabilisation Programmes (220 549)

E.B "




L~
TABLE E.4 GEOCHEMICAL DATA: WATER SOLUBLE CONCENTRATIONS (pglg). o
Sample | Site Location Na Mg Al Ca Mn Fe Zn K Si cl Br | NO3 | 504
Mo. .
 ANCIENT SAND SHEETS / DUNES: COASTAL AREAS
R 48 Ta'if. 5-30cm. Tkmte 20311 9340 12630 1245 0699 | 67.00[<0.04[5940] 4116] <30 <0.2[<050] <5.0
sed | | !
RB5 | Salf-B 100mtosea | 963.0| 6G.80 [ 15980 665| 0576| 76.00|<0.04[37.09| 4080| 235| <02| 082| 57
R 93 Luhayyah. 250 mlosea | 722.0 | 28.04 2805 76.3| <0020| 2244]-<004]51.90 87.7| 391] <02| 168| 47
ANCIENT SAND SHEETS / DUNES: INLAND AREAS rou.
| R 41 Beit al Fagih 582| 3537| 7190| 107.0| 0430 4231 )|<0.04 | 6820 2251 | <30| =0.2[<050 <5
R 42 Beit al Fagih 593 1728| 2761| 900| 00B3| 1969 |<0.04|4615| 1141 <30 [ <02 [<050| <5
R 43 Sawlan | 723] 1475| 2230 1284 | <0.020 [ 11.79 | <0.04 | 82.60 836| 36| <02| 238 <5
| R 98 Ad Dawmah 575| 3172] 112300] 1133| 0517 | 5610|<0.04 [5950| 2363 <30 <02 <050 <5
RECENT AND SUB-RECENT STABILISED HUMMOCK HUMMOCKS: COASTAL AREAS
"R52 [ Taif 100 mtosea 76.7 2395] 1292] 1058 <0020 11180 [ <004 ] 567 ] 7210] 45[<020] 148 <50
(R86 Salif-B. 100 mtosea | 4586 | 73.8| 9550 442 | 0BOO| B0.700 | <004 | BOB| 29360 | 76|<020] 116 <60
'R88 | Luhayyah 2kmtosea | 41040 | 10800 <001[ 20430 0298| 1446[<004[1674| 1712[567.0| 1121|2620 222
RECENT AND SUB-RECENT STABILISED HUMMOCK HUMMOCKS: INLAND AREAS _
[ R 50 NE of Taif. Sand 106.40 | 1858 | 22.53 | 861 | <0020 | 1386 |<00D4| 4389| 1011| 44| <02| 095 =5
_hummock. N S S
R3% | Beital Fagh. Sand 4510 | 4457 | 7640 913 | 0561 | 49.51|<0.04 | 140.30 | 2407 | <30 <02 | <050 =5
| hummeck |
R 40 | Beit al Fagih. Sand 34.74 44 41 85.00 | 114.2 0.471 52,60 | =0.04 77.20 2624 | =30 =02 | =060 <5
| hummock | /) —

Republic of Yemen: Aeollan Sand Formatians of the Tikama -
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" Sample Site Location Na Mg Al Ca Mn Fe | Zn K 1 S | Cl | Br | NO3 | S04
No. | — ' | ‘ |
ACTIVE SAND SHEETS AND DUNES: COASTAL AREAS _ | | |
[R49 | Taif Sheet 10mtosea | 1871]1650] <001 1495] <002] 1.734]|-004 1194 [ 7.200 [ 131.0] 051] 06]237 |
RB83 | Salif, Beach sand. sea 5 7557 | 2805 | <0.01 | 1521 | <002 | 1474 <004 1462|2741 |1810| 068 | 107|284
m
R84 | Salif Beach ridge; sea 7 1316 | 776 | <0.01 755 | <p02 | 2.343|<0.04 980 | 4899 | 860 | 033 | <05 146
o= m § | =
ACTIVE SAND SHEETS AND DUNES: INLAND AREAS _ _
R385 | Beilal Fagin. Sand sheet | 3494|3541 6440[ 1127] 0290 4058 (<004 | 11230 2092 | 37| =02 063 <50
R44 | Al Qaza. Transversedune | 22220 | 54.30 | 6880 926| 0453| 41.58)<0.04 8170 | 2335 | 59| <02 | 475| 51
R47__ | Sawlah Transverse dune 6670 | 20.07 | 60.20| 1122 | 0211 3359 |<004] 79.10|1888] 36| <02] 326 | <50 |
R&7 | NEofTaf Transverse 14640 | 2841 | 3617 | 1048 =0.020| 2066 |<004| 4333|1388 | 50| <02| 200) <50
dung
RO5 | S of Buhays. Barchan 3875 | 3238 | 4103 | 1320 <0020 | 31.25|=<0D4| 7310|1508 | 33| <02)| 213 &1
dune
RE&7_ | 5 ofZuhra. Sand sheet 5720 | 50.30 | 111,30 | 148.1| 0928 | BB50| <004 | 5450 2588 35| <02 108] <50
'R93 | AdDawmah. Sendsheet | 19.83 | 1484 [ 4087] 642 <0.020] 2538 ] <0.04 3562 | 1153 | =3.0| <02 | 081 [ <50

Conclusions:

The water scluble concenirations were measured by inductively-coupled plasma spectrometry (1CH

on centrifuged and filtered solutions derived from sand

sample mixed with de-icnised water. The results show the range of elemental compasitions for different groups of sand samples. Mo statistical analysis has

been carried out on this analysis but the foll

owing observations can be made which support observations made in the field and in other determinations.

Leve's of soluble Sadium and chioride reflect higher concentrations of soluble salts (halite) near the coast, but it is apparent that salis are also blown infand.
Sndium is also a constituent of clay minerals that are present as airborne dust.

High levels of 504 in some coastal areas reflect deposition of gypsum in these areas, and a general low level of incidence inland

Levels of solutle Zinc, Marganese and lron are all low and have a slight variation through the area. Aluminium reflecting clay minerals in fines, has moderate

levils

oredictably higher at the coast but decline inland. Levels for Mitrate NO3 are generally low,

Repuniic of Yemen. Aaalian Sand Farmations of the Tihamsa -

Gegmorphalogy and Assessmanl of Sand Stabilisation Programmes (520 B4
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TABLEE.5 RESULTS OF % CACO. EQUIVALENTS DETERMINED ON COASTAL AND INLAND SANDS.
PRIS Location mg CaCOo. % CaCO. Equivalent ~ Notes o
Sample
_Number . _
R 38 Beit al Fagih 11.04 2.05 | Active sand {0-1.0 m)
jinfand dunes section}
R3as [~ 24.05 449 | Recent hummock (1.0-3.0m)
R 40 i 5.88 1.52 | Older hummock (3.0 -6.2 m)
'R41 i 2.72 0.57 | Paleosol (6.2 - .45 m)
| R111 : 28.73 5.75 | Ancient dune (7.2 m depth) |
R4z | 24.05 518 | Ancient dune (8.4 m depth)
R112 s i 25 61 5,24 | Ancient dune (10.2 m depth) i
R 49 Taif to Sawlah 7784 16.84 | Hummaock, at Ta'if, 10m from sea
{coast-infand fransect) -
R 52 4590 ©.33 | Hummock, at Ta'if, 100m from sea ) -
R 50 28.21 548 | Hummock, close to Ta'if fort. )
R 51 B 2878 5.88 | Transverse dune, North East of Taif village
R 44 13.65 2.78 | Transverse dune at Al Qaza village .
R47 324 0,69 | Transverse dune at Sawlah village
RO Luhayyah | 4.28 0.88 | Active sand sheet at coast
{coastal area fransect)
RS3  |" | 71.40 15.09 | Ancient sand dune at coast
R 69 Ad Dawmah 0.00 0.00 | Active sand shect overlying ancient dune
{infand dunas section)
R a8 : 428 ~_ 0.88 | Paleosol on ancient dune with polygonal cracks

Conclusions;

The resulls of tha CaCO3 deterrminations suggest that in the mzjonty of cases looked at the CTaC03 equivalent decreases infand with distance from the sea

Thne samples taken between At Tal

and Sawlah show g decrease from 15,84 to DG5% in the active dunes. This may be altributed to the crushing effects thal lake place as sand arains are saflated, rolled and wind abraded by alhel
particles as they move inlang from the coast. 1t is thought thal much af this abrasion and logss of calcium carbonatle a5 fine dust cocours clase o the cozst

Wary low vzlues azcurnng an a paleoscl developad on ancient dunes inland at Beit al Fagik (sample R41) suggest thal caranale has been leached dunng soil formation an these dunes.

Other low values such as on aclive dunes ai Luhayyah near the coast, and inland at Ad Dawmah area, suggest that the madern dunas in this lacation are derved from sands that ame dosleted

calcium carbonate. such as the older dune sediments.

Ropublhc of Yemsn: Aschan Sand Formations of the Tinama -
Geomarphalogy 2nd Assessmant of Sand Slabilisalion Programmes (220 545)
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TABLE E.6 DATA FROM X-RAY ANALYSIS SCANNING ELECTRON MICROSCOPE.
~ Sample | Sediment Type and Location Description
Ma.
R2 Alluvial sediment on sand bar, Wadi Fresh grains with angular fractures caused by recent transporiation in river bed 0
surdud. Sediment source for wadis/sand
; dunes, Gorge of W. Surdud _ _
R17 Parabolic dune crest at Mutaynah on Rounded to angular grains showing effect of asalian abrasion. No obvious coatings on
: coast __ _ many grains which are generally fresh looking
R 47 Active barchan dune at Sawlah Sand grains have sub-rounded features typical aeclian abrasion, and show presence of
clay mineral and oxide coatings, with iron, aluminium, patassium. Grains may include older
sands being re-worked. Fresh grains of mica also show that transportation from coastal
source does not break down mica. Salts also present as NaCl in cavities of rineral grains
R 52 Active sand hummock on beach, At Ta'if | Rounded grains with carbonate coatings may be oolilic grains from sea, bul show
area secondary growth on surface: quartz grains with coatings showed absence of late-grain
breakages from aeolian collisions
| R 54 " Active sand hummock on sabkha fringe | Shows gypsum and halite crystals on own and as infilings of cavities in quarz grains. i
terrain south of Modeidah Typical of coastal environment high in scluble salts
IGEE Active sand sheet on sabkha with salt Salt crystals show mixture of gypsum and halite, probably enclosing finer grained quartz
crystals. Coast, south of Hodeidah and rock fragments, Quartz grains on own have few coatings and are quite angular
showing lack of a=alian abrasion close to sea
R 71 Ancient sand sheet, stabilised by soil Subrounded grains of quarlz show thick clay mineral and iron oxide coalings, indicated by |
formation. Morth of Qutay high Fe, Al, K. Mg, Ti
R 74 Ancient linear dune ridge, stabilised by Subrounded grains of quartz and feldspars with heavy clay mineral and iron oxide coatings,
zoil formation. Meorth-east of Mansuriyah, | Crystals of NaCl (halite) show that salts have been leached down profile and crstallise,
) Sampled at 10-30 cm
R75 Ancient linear dune ridge, stabilised by Rounded quartz and feldspar grains with thick coatings of iron oxides and clay minerals,
s0il formation. Nerth-east of Mansuriyah,
) Sampled at 0-10 cm -
R a8 Ancient sand sheet, North of Wadi Mawr | Rounded to subrounded quartz and other mineral grains, with thick secondary coatings af
. at Ad Dawham = clay minerals (K, Al, Mg,} and oxides (Fe, Ti, Mn}. Also secondary crystals of calcite J

Explanatory Note.

Sand grains were selected from a number of samples and attached to glass plates. These were then carbon coated under vacuum and examined in a
scanming electron microscepe et high magnification, X-ray bombardment of grain surfaces and individual crystals provided an analysis of major elements
present These were then related to grain characteristics and features o provide an identification of types of minerals and any surface coatings present.

Republc ol ¥eman: Acalian Sand Farmations of the Tihama -
Seomomphelogy 2nd Assessment of Sand Stabilisation Programmes (320 S49)
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TABRLE .7 FHIN SECTION ANALY SIS,
Sample | Sediment Type, Relative Age and Field and Thin Section Description
No. o Location o B
R13 Aeolianite Coastal Sub-recent. East of Finely stratified sandy deposit. Subangular to well rounded grains of Quariz,
Fazzah | Opaques & Carbonate. CaCo, on rims of grains lightly cementing sediment.
R29 Aeoclianite. Coastal Sub-recent, Mujaylis Thinly bedded sediment. Subangular to rounded grains of Cuartz, F',rrcrxene
area Opagues, Fe Oxide, Carbonate fragments and rock fragments. CaCQ, on grain rims
cementing sands, B
R0 Asoliante. Coastal. Ancient, Mujaylis area Thick bedded very hard sand overlain by alluvial silt deposit with 10 cm diameter
polygans. Sand has subangular to reunded grains of Quartz, Carbonate, Feldpsar,
_ Pyroxene and Opagues. CaCO; rims cementing the grains.
R &5 Aeolianite. Coastal, Ancient, former surface | Weakly angular blacky structure. Subangular to rounded grains of Quarz, Opaques, |
soil. Track to Salif. Salif-B section Fe oxides, shell fragments. Thin and weak CaCQ, cement on rims of grains.
R a4 Coneretions in soil formed in ancient asalian | Sail developed in sands, sampled at 90-150 cm. Rounded grains of Quartz, Opaques |
sand Coastal at Luhayyah & Fe-oxides. Large clasts of microcrystalline carbonate. CaCO, on grain rims are
R R earlier phase of development.
| R 100 | Concretion in ancient aeclian sands up to 8 Sampleﬂ a m frem surface in gully cut into aeolian sands. Subangular to rounded
m thick of stabilsed bnear dune. Infand, NE grains of Quartz, Fyroxene, and Opaques, CaCO, nims around grains and irregular
of Mansuriyah patches of calcrete. Root channel features.

L~

Fepublc of Yemen. Aeslizn Sand Formations of the Tihama -

Geamerphology and Assessment of Sand Stabilication Programmes (320 549)
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TABLEE 2 X-RAY DIFFRACTION DETERMINATIONS, .

TABLEE 2 GEOCHEMICAL DATA: ACID SOLUBLE CONNCENTRATIONS (UG/G). ...
TABLE E4 GEQCHEMICAL DATA: WATER SOLUBLE CONCENTRATIONS (UG G). ... eyt
TABLEES RESULTS OF % CACO.: EQUIVALENTS DETERMINED OMN COASTAL AND INLAND SANDS
TABLEE & DATA FROM X-BAY ANALYSIS SCANNING ELECTRON MICROSCOPE. .
TABLEE7  THIN SECTION ANALYSIS

Republic of Yamen Atlan Sand Formations of the Tihama -
Geomorshelagy and Assessment of Sand Stabilisation Programmes {320 549)
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FIGURE E.1A RESULTS OF LASER GRANULOMETRY ANALAYSIS OF DUNE SANDS AT
EEIT AL FAQIH SECTION. UPPER LAYERS

Differential Volume %

Particle Dismeter [um)]

Explanatory Notes: The Beit al Fagih section was described in a quarey cut inte a stabilised ancient
sand vidge with active sands on the crest. The sefquence is over 9 meters thick, In Ficure F.1-A, an
active sand drift (R 38 ) overlies weakly stabilised recent hummock sands (R 39) and an older
sequence of sands with eroded coarse and fine particles (R 41, The apalysis shows that the modern
sands are coarser and better sorted than the tavers below, whilst the layer with eroded materials (K

4} has appreciable silt and clay accumulation and has a mode which matches that of the undertving
layers R4land R 111,
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FIGURE E1B
K41
42
R111
K112
10

RESULTS OF LASER GRANULOMETRY AMNALAYSIS OF OUNE
SAMNDS AT BEIT AL FAQIH SECTION. UPPER LAYERS

Difereniial Valume 25
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Lxplanatory Notes, Figure E.1-B, Beit al Fagih: Lower Layers. 1hese represent the sediments of the

ancient sand ridge dune surface with a stabilised soil (K 41) overlying softer sands (R111, B 42,
H112). The analysis shows that silf and clay content decresses with depth. The modes of samples R
42 and B 112 indicate that basal layers arve slightly coarser and more like the recent and active sands.

Fepubiic of ¥Yeman: Acolian Sand Farmalions of the Tihama
Geomargholagy ang Assessmant of Sand Stanibsaben Frogrammes (320 559}
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FIGURE E.2 RESULTS OF LASER GRANULOMETRY ANALYSIS OF SAND DUNE SAMPLES
AT MUJAYLIS.

Differential Yolume %4
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B e 1

Explanatory Nates: The ligure shows the particle size distribution curve of four aeolian sand samples
from the Mujaylis area, Wadi Zabid. Sample R 24 and R 22 lic on the slip face and crest respectively
of a parabolic dune that is burying date palms. Note that the slip face is composed of finer sand. The
two samples on the right of the figure are from recent (K 2%) and ancient (R 3} carbonale cemented
acolianites that occur close to the sea, 1 km from the parabolic dune, and sugeest that coarser and

comparatively poorer sorted sands of the acalian sediments occur closer to the sea and sand souree.

G G —

Geomorphalogy and Assessment of Sand Stabilisabon Fiogrammes (320 5455
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FIGURE E.3 RESULTS OF LASER GRANULOMETREY AMALYSIS OF DUNE SAMPLES ON

TAIF - DURAYWINI TRANSECT.

Differeniial Volume 246
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pall Al 31 B0 100 200 400 EO0

Farticle Diameter [um)

Explanators Notes: [he ligure shows the particle size distribution curves of four acolian sand
samples collected along a transect from the beach at At Ta'il inknd to Al Sawlah. Sample R 52 is an
active sand hummock located 100 m inland of the beach; sample T8 51 ix from a transverse dune
overlying ancient sand plain,  two kilometers Inland; sample K 440 trom o barchan dune advancing
onto dates at Qaza village, about 5 kms from the sea; and sample R 47 is a barchan closing on
apricutlural lands at Sawlab, 16 km from the sea. The results strongly sugeest that the modal
diameter of sand grains rapidly decreases inland, from 316 microns (1. 2 P'Ri) at the coast to 127
microns { 3. 0 Phi) at Sawlah, Thus, dunes threatening asricultural lands inland will be moved by
lighter winds than those on the on the coast since the smaller sized grains will have lower threshold
velocitics for movement. This is borne out by wind speed records and recovded movements of sand in
the Tihanmi.

Raputlic of Yemen: Asglan Sand Fermations of the Tihama -
Geomerphalogy and Assessment of Sand Stabihisaion Piogiammes (320 249
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RESULTS OF LASER GRANULOMETRY AMNALYSIS OF SAND DUMNES IN THE
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Explanatory Motes: The samd dunes in the bay south of Salif peninsula include shelly beach-sand samids
farming parabolics and barchons (1 77) with darker samds, largely eomprising heavy minerals, farming

timear self dunes (R 76),0f Figure F, 4 A,

[he barchans are slighty coarser arained than the seif dumes.

Further sonth, and shown In Figore K. 4.1 poorly sorted beach sapds (12 B30 pass bnfo sand hommocks
stabilised by fHalaperum smacranitum (1 845 These move dnlamd past eroding sand hummacks (R 863 that in
turn abivuptly overfic o sofl developed an the ancient acolian sandd plain Tormation sample 12 88, The
taclern sands are similar to the barchan amd seif dunes to the north wicl strongly unimodal fine e medinm
sunds, whereas the older sands (B85 amd B ES) show almast 20 %4 it and clay accimnlation and
sanificanty, a jnuch fner modal samd size of arond 200 mlcrons. This sungests thal the saml fractons of
Ihe odder aeolian formation scenmubated ol some distance infand from the seurce area, Gssumins ey were

derived Trong Deas s,

Hepublic of Yemen: Aeolan Sand Formastions of the Tihamae -
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RESULTS OF LASCER GRANULOMETRY AMALYSIS OF SAND DUNE SAMPLES
I THE LLUHAYYAH - WADI MAWE — AD DAWMAH AREA,

Difierential Volume %
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Explanatery Motes:  This compares three samples collected in the northern part of the Tiham
Sumple K 88 is a unimodal sand from a sand huammock on the coastal plain due east of Luhavvah.
There is aliest 44% of silt and clay, whose origin at present is not exactly determined, but it may he
that fine sediments encased in sallts are being deflaied from the mansrove mudflats 1o the west,
saraple K 99 is an active sand sheet that appears to be developed from cultivation of an ancient sand
ridoe in the Ad Dawmah area, and shows a hroad unimodal peak of conrse to very fine sand. Finally,
sample B &7 isa sand sheet encroaching ento rainfed facmiand on the south side of Wadi Mawr, This
shows o bimodal distribution, which is unusoal in the Tihama aeolian saonds  collected bt
characteristic of sand sheets described elsevwwehere. T terms of sand stabilisation each of these sands
will require a slightly dilTerent managemoent techinique,

Fopublc of Yemen Aechan Sand Formatons of Tee Tibearmas -
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FIGURE E.6 RESULTS OF LASER GRANULOMETRY ANALYSIS OF SAND SAMPLES FROM
LUHAYYAH AREA.

Differential Yolume 55
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Explanatory Motes: The analysls shows the particle size distribution curves for three samples [rom a section
in @ slabilised ancient sand dune o the coast at Luhayval, The surface samples (0-30 and 30-90 cm) show
unimodal distribution 2t around 200 microns, with sionificant it and clay. The lower horizon (90-150) shiows
a peak with coarser sand and a secomdary peak with accamulation of s0L and may represeal a buried soil,

Fopublic of Yemen: Acahan Sand Formatons of the Tihams -
Geomarphalogy and Assessment of Sand Siabilisation Programmss (220 549)
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FIGUREE.E FRESULT OF SCANNING ELECTRON MICROSCOPE EXAMINATION (S.E.M) OF A
SAND GRAIN FROM AD DAWMAH, NORTH OF WAD| MAWE
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Explanatory Motes: The sand parlicle (sample 1398, site M346 A} was a sul-rounded srain of quaris with
Fellow staining, fron s stabilised ancient acolian sand rigbge. The SEM showed secundary crystal growel sl |
coatings on tie surfice. Dispersive X Ray elemental qualitative anatysks, illusteated in Figure B8 shows the

hloh peaks of Siand O [or fhe quarte graln, and suggests that clay mineral and oxides dos) coalings are
preseit, given by peals in AL K, e, Mg and Ti In adidition, there is seciandury carbanate on the syrface
(0%, O O and accnmuladion of sirborie salts (Mo O

Fepublic of Yerman: Aeolan Sand Formations of the Tihama -
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SIGURE ES RESULT OF 5.E.M. EXAMINATION OF A SAND GRAIN FROM AT TA'IF, WADI
RLUMMAN

1

A1 —
1N
[

Mo

Eaplapatory Moles: This §s a subrounded grain of clear quartz, from s saod bummock 1040 m frem the sea at
AL Ta'il (sample B 52, site M1 7% The S E.M, shows that there are no obvious coalines, and an asbsence of
Bategrain Breakazes indicative of aedliag abrasion, The 550, Dispersive X pay elemental analyvsis shows
high peaks of SEand O, Tor the quarln Secondary small peaks of Cao AL Az, O and Nooare most likely dise
toosmall guantities an the sarfuce of bingenic shell fragments and salts aoguired Trom wind-borne spray off
fhe sea,
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FIGURE E.10

LOCATION OF ACTIVE SAND DUNES ON THE TIHAMA

SAND DUNES LOCATION IN TIHAMA PLAIN
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Fegublc of Yemean: Aschian Sand Formatians of the Tihama -
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