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SUMMARY

S.1 Background

Thls report covers lnvestigations on the Yemen Tihama oÍ aeolian sand Íormations and reviews

current progran'rmes for sand dune stabilisation being undertaken by the Tihama Development

Authority (TDA) on the lnternational Fund For Agricultural Development (IFAD) funded Tihama

Environmental Protection Project (TEPP). The TDA requested Hunting Technical Services Limited

(HTS) io carry out field studies, using recently acquired sPoT satellite imagery, and report on the

dynamlcs 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 oÍ dune

sed tments.

S.2 Work Programme.

Five SPOT PAN scenes, imaged in November and December 1997 and February 1998, were

procured Íor the project and processed lnto 1:50,000 image maps at HTS. The HTS consultant

arÍived in Yemen on 7 June and returned to the uK on 30 July. The field study comprised

reconnaissance touÍs throughout most of the Tihama with detailed examinations at selected sites and

along transects; and visits to all locations of the sand stabil'sation programme of TEPP.

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

S.3 LaboratoryAnalysis.

sand samples were dry sieved in Hodeidah. The main laboratory work was undertakên 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 oÍ sand grains using a Scanning Electron Microscope

to assess gÍain surface tenures, and qualitative elemental composition oÍ 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 thê sands; and thin section preparation and

microscope examination of concretion, topsoil, and cemented coastal aeolian sands, to assess the

type and degree of cementation

S.4 Map Production.

At the end of the field season fleld interpretations for each of the 1:50,000 image sheets were digitised

to provide area measurements and jncorporated into Íinal image map sheet overlain by the ihematic

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

hazard I and wind directions.

Formations of the TahamaRepublic of Yemen: Aeolian Sand I-ormatlons ol lhe I Inama -

Geomorphology and Assessment of Sand Stabilisation PÍogrammes (320 549)
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S.5 Previous Studies.

In the past there have been only limited studies concerning the aeolian geomorphology of the T ---=
Geomorphological and soil studies on the multidiscipljnary studies in each wadi basin. anc a s - :
nationwide soil survey conducted by FAo / usAlD, have provided useful background rnat: - :
ConceÍning sand stabilisaiion however, extensive proposals to assess and implement an action r =-
Íor mitigatjng drifting sands. were made for wadi Rima'during the 1970s' by the Land Resou.:=.
Division (LRD) team UnfortLrnately, ittle of this was implemented except for shelter belts rr :-=
irrigated lands. lMore recently plans for sand dune stabilisation in the wadi Mawr, wadi siham a.:
wadi zabid were drawn up in the preparation phase for the present project by the FAo's Investn-e-:
centre (1990 and 199'1). The IFAD Appraisat Report (1992) amended the design features fof i-.
dune stabilisation programmê and form thê basis oÍ the present sand stabilisation prograrnme lt v,,a,.

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

5.6 Analysis of Wind Directions.

Incomplete collections of data on wind speed and wind directions have been given in many earlie-
studies. The principal study on winds was an agro-climatic study conducted by the Land Resources

Division (LRD) as part of the wadi Rima' pro.iect, reported in considerable detail by the LRD teêm
(1979). That study remains the most comprehensive investigation of winds in the Tihama that has

been published. The TDA curÍently carries out meteorological readings at a number of starrons

throughout the Tihama but has had software problems in processing data from sevêral stations wnere

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

All wind speed and wind direction data given jn reports however, has been collated for the preseni

study. Data from Kamaran lsland shows that wind directions were from the south and south west for
55% of the year (october to l\4ay), and from the north al'd north west for 19% of the year (June

through September). Inland at Ad Dahi pÍevailing wind directions are ÍÍom the north west and soulh

west with daily mean wind speeds of 1.5 to 1.9 m/s, considerably less than at Kamaran. Data trom

Hodeidah again shows that wind speeds are higheÍ along the coast: monthly mêan is 4 m/s, wrrn

range Írom 2 to 6 m/s. The signiflcance of these higher speeds near the coast is that coarser grains

will be moved by the higher threshold velocities. lnland only smaller sized particles can be moveo oy

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 Íorming 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 dominanr.

ceomorphology and Assessment of Sand Stabrlsation proqrammes (320 549)
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S.7 Classification of Active Aeolian Landforms.

The classification of aeolian sands used in this report follows that given in 'Aeolian Sand ano Sa-:

Dunes' (K. Pye and H. Tsoar, 1990). The study has used their four groups of dune landforms

a). Sand Accumulatíon related To Tapographic Obstac/es. Includes echo dunes, climbing dunes

cliff{op dunes, lêe dunes and falling dunes These are minor features on the Tihama. generaliy

relaied to buildinos at the Dresent time.

b). Accumulations af Fine Sand Related i) 5Éd RoughDess Change/ Aerodynamic Fluctuations..

Includes barchans, transveTse ridges unvegetat:J near dunes (seifs), dome dunes and star dunes.

All but the iast two are present and comrnon in ih3 T han'ra.

c). Accumulations of Poorly Sorted & Btmodat Sartd Related to Bed Roughness Change or

Aerodynamic Fluctuations. Includes sand sheets and unduatng zibar sand plains. Sand sheets are

ubiquitous, and zibaÍ occur in the centÍal area ol sand seas that lie between the main wadis.

d). Sand Accumulation Related to Vegetattan Th s t\ pe lncludes parabolic dunes, hummock

dunes (nebkha) vegetated linear dunes. Parabclics ..cLr only in the coastal areas, whereas

hummock dunes are present throughout the Tiharna Vegeiated llnear dunes may be forrning over a

series oÍ ancient sand ridges.

S.8 Formation of Modern and Ancient Sand Dunes

Recycling of sediments, eroded from the mountains of Yemên into the Red Sea, and then blown back

to the mountains and interior by winds is a controlling pfocess in the region, which whilst complex

spatjally and temporally, contains several charactefistic components. The detailed field and labofatory

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 sepaÍate out the coarser Íractions of flood bed loads, and limited supply of

sand, and quantities of silt sized dust, are biown out onto adjacent lands from the wadis. The majority

oÍ the flood's transported load, comprising silty and clayey alluvium, is deposited on Íields 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 onio the beaches where the

coarser fractions, generally composed of shell fragments, are progressively reduced in size. Wind

then separates out the Rner fractions, transporting them inland, first as fairly coarser textured aeolian

sands of coastal hummocks, coasial foredunes, parabolic dunes and barchans, and then into the

interior plains, where sands become finer and the amount of shell material is reduced.

Geomorphology and Assessment of Sand Stabi sation Programmes (320 549)
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[,4odern sand n]ovement in ihe interior is north-easterly, the resultant of the dominant 
',, 

no : ':-: :

from the north to north-west (summer) and the south-south-west (winter). ïhe Interlo' =-_ :-
landforms include hummocks, sand sheets, barchans, transverse dunes, complex n€:,'.:'.: :

transverse dunes, and seif dunes. These form extensive sand seas in the inter-wadi areas :-=: : :
transgÍessing over other landforms. The aeolian sands also become progressively íner toHe-ts : -
mountatns.

The north-easterly movement of sand sheets and sand dunes is modified by the variability of se:s: -:
and diurnal winds. Although the annual movement of the slip face oÍ a sand dune in the area - ::
least 10 m / year, individual sand grains are likely to move far greater distances, and - :-:
unvegetated sand seas of the Tihama, with closely spaced transverse dunes, saltating sanc :-: -:
may well move hundreds of meters duÍing single periods of strong winds, being transported frc- :'=
dune ridge onto the next by saltation, or by short{erm suspension oÍ the flner particles when tne.: -':
strong gusts. By contrast, the slip face of the dune is advancing at a more steady rate, up to íe,., ::-:
of centimeters a day and often much less than this. Thus, sands originating on the coast can be c ... -

rapidly inland to augment dunes threatening farmlands, and the coastal areas should be regar.e: ==

intimately connected with the inland dunes. Research is needed in the Tihama to measu.: . - l
quantify the local situation.

In general, the development of sand sheets and sand dunes reflects local supply of sands frc- :-:
sea and coastal areas. On high energy coasts the sand supply coming onshore is substant: :-l
forms coastal dunes that feed the interior sand seas. The Íole of natural vegetation in coasta : - - :
formation is critical, and acts as natural stabiliser, Íeducing Íapid movement iniand. Where c::.:=
barrieÍs exist, such as mangrove and coral reefs, the sand supply is reduced but thn sand s-:=:_=

often still form, and over time can accumulate inland into significant mobile dunes On the ::=::
modeÍn dune formations are often saline and are progressively cemênted by calcium carbona:- -::

aeolianites. These present harsh enviÍonments for plants to colonize, and wind erosion of aeo 2- :::
probably supplies a considerable volume of sand from coastal areas to fèed the interior dunes

The modern sands overlie an older set of aeolian formations, termed the ancient sand plains arc s:-:
ridges. The ancient sand dunes form a series of regulaÍly spaced and approximately east ic ,,,:::
aligned lineaÍ dunes. These dunes have been stabilised in the past by soil formation processes :- -

can be 20m or more high, 250 to 500m broad, and many kilometers long. Sandy interiune cc-' :: l

are 1 to 2 km wide. These palaeo-dunes formerly reached the escarpment. Fluvial erosion of ire -.: :

that have developed on the ancient sand formations is now the domrnant process ard :-:
contributes to sand dune Íormation. The ancient dune Íormations also include aeolianites êcii . :
coasts that are often being eroded by sand laden winds.

Reoublic of Yemenr Aeolian Sand Formations oÍ the Tihama -

Geomorphology and Assessment of Sand Stabilsation PÍograÍnmes (320 549)
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S I Analysis Of Sand Dune Stabilisation Programmes.

'.':..-:-: :: aeo an sands is taking place over much of the Ïihama This afíec:s 're - -:":: ;-l
:::::: : r:-s Io na'ry popJatior centers. necessitating costly operators to ceaÍ sanc J':: -:

--:=-:.. !he general absence of sand stabilisation measures and on-farm shelterbelts in rnany a'eas

-:s ed to sand movement inio the irrigated lands and deflation of dust from alluvial soils. The oss o-

iarm and Írom encroaching sand dunes is particularly serious and unrelenting.

The present study has concluded that site conditions play a central fole in the origins, presencê and

stability of aeolian Íeatures. There are no simple Íules Íor sand control that can be applied right

across the Tihama. A complete investigation oÍ thê local conditions (winds, aspect, sediment sources,

i.tature 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 undêr 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 efíorts in the Wadi Siham and Wadl

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, uslng 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 aÍfected areas and notjust on the dune forms. Shal ow 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 efflciently in most areas of the Tihama where multi-diÍectional

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, Íor without Íences dune formation will be iniiiated again

ii). Flattening of Dunês.

Attempts to stabilize routes thÍough 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 efforis to stabilize a narrow pathway. Where possible the margins of

dunefields should be tackled flrst, and this now appears to b,e the method to be adopted in ihe

Hodeidah "Green Belt".

Repubiic of Yemen: Aeolian Sand Formations of theTihama -

Geomorphology and Assessrfent of Sand Stabiiisation Pfogrammes (320 549)



iii). Establishment of Automatic Stations for Determining Wind Velocity.
ïhere is a need to instali automatic stations with anemorneters to record wind speed anc ,., -:
c rectrons on a continuous basis usif'rg data loggers. Data can then be analyzed to sho,,./ ,., :
directions and resultant sand drift wind velocities throughout the year. Existing TDA staíons ler_ -:
maintenance and / or upgrading to furfil this requirement, and to carry out anarysis of ex s: -:
databases at TDA and the Civi Aviation and l\4etêorology Authority.

iv). Use of Mesquite Íor Sand Stabitisation.

The use of l\,'lesquite (Prosopis juliftora) in areas remote from farms should be considered for sa - l
dune stabilisation work. lt has a proven usefulness in semi-arid and arid zones as a very fec :
stabilizer of mobile sands, and locally has stabilised dune Íronts to the east of Hodeidah, and dur..
within the city. lt is a vigorous colonizer of soils however, and will become a very serious weeo .-
agricultural land if allowed to become established. lt is thus not recommended for use on duf ,.-
adjacent to farmlands, noÍ on coasial foredunes where sands, and thus seeds, can move racc,
in land.

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

The building of foredunes in the interior areas requires testing beÍore this hjgh cost operation s

initiated A pilot area should be initiated, prior to large scale construction work. Sand accumulatioÍr !\
occuT 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, jf checkerboe-:
fences are not constructed. Foredunes can be considered however, for rapid construction in cen: -
areas wheTe there is a critical and timely need to stop sand. Elsewhere natural dune accumular:-
following fence and checkerboard establishment, is desirable.

vi). Coastal Fored unes.

Any establishment of foredunes in coastal areas is considered best left to natural processes of sar:
accumulation, aided by checkerboard palisades / Íences and plant establishment. The naiLr:
vegetation however must be allowed to survive, on the beaches and coastal dunes, as it plavs a ,,,::
role in stabilizing sands.

vii). Soillmprovement.

The use of mulches and green manuring is to be encouraged as these will lead to Íormation of sia: =
soll aggregates and release of plant nuÍients from the various minerals that comprise sand gra ^,.

composting of surprus green vegetabre matter (e.g. from Mesquite) and its incorporation nto sa-:.
soils will enormously aid in stabilisation of aeolian sands. Mixing of silty and sandy soils should ic :-
Investlgated as an additional method of helping to Íorm a wind-stable soil. Stabilisation and so l

Geornorphology and Assessment of SaÍd Stabilisation programmes (320 549)
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':i-:::^ :':-a a-c.e:li aeo an sands nowever, was probably accomp s:]Êl

:ars:e:ao , r fferent than the present.

viii). FarmShelterbelts.

Farnrers should be strongly encouraged to establish shelterbelts over farmlands, and in the pastcra

lands that exist upwind of dune belts. Tree-Íree zones designed to stop birds roosting adjacent lo

crops, and advocated by some landowners, are leading to an increasê in sand movement of a

number oÍ ihe dunefjelds that lie adjacent to villages. The villages by contrast are often well vegetated

with slmilar shade trees. lt is considered that the beneÍlts from reduced sand and dust movement on

the health of people and crops, will well outweigh any efÍect of increased bird populations on crop

loss.

ix). Protêction of the Natural vegetation cover to Assist in stabilizing DriÍting 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

coveT.

x). Rejuvenation of Shêlterbelts'

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-mobilize. 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 Íences also need to be replaced

in these areas iÍ dunes are to be controlled with the long{erm view in mind'

xi). Periodic usè of spate lrrigation to Rêiuvenate Alluvial Lands on Margins of sand seas.

Some alluvial lands on the margins of the sand seas, that were foímerly 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 oÍ these lands in the past appears io have

conflned Sands to valley margins, but now dunes and Sand sheets threaten agricultural lands

lncreasingly further away Írom the original dune front on the valley side. over-pumping oÍ aquifers is

desertifying some agricultural areas where pump irrigation had been developed. where groundwater

ls 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 tÍees, and rejuvenate

ag ncurlUre
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xii). Protection of TDA Tubewells

The TDA should check all recent drllled weils to ensure that the well head caps are tignti) s:a:r '

theyarenotthereisahighriskthatSandWi||fi|]inwe||swhendriftingsanddUnesburywe]]Str!::-'::

S.10 Proposed Interventions For Future Programmes'

The study has also made a number of conclusions concerning additional interventions that riri 3:. .:

inthestabi|isationoÍsandsthroughouttheTihama,inafutureprogrammeadjustment.These]nc-:=

a). Reducing Sand Movement In Coastal Areas'

Coastalareashavebeendeniedaninputintothepresentprogrammebecausetheyhavebeensa:::

play an insigniflcant role in the problems of movement sand dune onto agricultural Iand, and iha: :-:

links with the inland dunes were distant enough to be unimportant. The present consultancr -:,

concluded that this view is largely unÍounded. coastal areas should be included in the overaL sc-=-=

as some have severe problems with drifting sands. Although dunes move slowly, sand supply " -

coastal to inland areas can be very rapid. The report discusses the ecological requirements necess:-'

for successful sand stabitisation along the coast using indigenous and exotic plant species :

allowing nature to build up dunes and abandoning the concept oÍ constructing a coastal foTec--=

costs would be considerably reduced. The TDA is thus urged to reinvestigate the proposals foT Ï':-'

incoasta|areas,andSpecifica||yinthoseÍarm|andswheredunesareburyingdatep|antationS'

b). Establishment of Additional Protection Areas'

A number of proposed protection areas, coastal and inland, are shown on the .1:50'000 image :-a::

thataccompanythisreport.Theseareareaswhichhaveveryconsiderab|eprob|emswithsa-:

movement at the present time, bui are not included in the IFAD funded programme. From Íie d siLJ ='

conducted throughoui the Tihama during this consuliancy it was concluded that these areas will fÊ:r

protection in the future iÍ they are to survive. In some areas the situation is deteriorating and fiêlds '-:
ruralcommunitiescouldbeoverwhe|medbySanddunessand|ost'Theseinc|ude:

Margins oÍ ancient sand sheets, and stabilisation of gullies cut Lnt:

F
t
É

T
)

;

t
)

I
I
f
J
I
f
f
f
I
I
I
I
f

-z

Qutay to l\ilunayli Area:

Kulzum AÍea, W. Siham:

At Ta'if area:

Sawlah to Al Lawiyah:

Wadi Kuway Area:

Madaniyah to Wadi Ajji:

Mutayna Area:

Wadi U rfan Area:

sand ridges.
A relatively small area oÍ date palms that are threatened wi-
enoulfment bv dunes.
Coástal parábolics and hummocks protected from land us:
pressu re.
btabilisation of dune front that is engulflng villages in Wa'
Rumman.
Protection of date palm plantations that are threatened by parabo :
d u nes.
Protection of irrigated Iands from transverse and parabolic dunes

Investigate local success in maintaining vegetation cover in coast:
oaraboltc d unes
brotection of matn road south of Hays from dunes and sand sheeis

of Yemen: Aeolian Foímatrons oÍ the T hama
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cl lrronitoring wind velocities and the movement of sand.

'.1 :::: .: s:-lj, nas yet been made of the actual threshold velocities to lift sancj arc cLSi c3i: =: -

:-: --3-: and they are beyond the scope ofthe present reconnaissance study. t is inrpona-: ::

:-ar: i,' oca thresholds where detailed sand stabilisation efforts are being undertaken, by measur n-

r^e n',3vement of the differeni types of (Tlhama) sands under different wind velocity regimes Such ê

stJdv wouLd require the establishment of several sand movement stations where the process could be

nvestigated over the course of a year. Use should be made of existing weather stations where sand

velocity is measufed, though not yet analyzed, such as automatic station operated by TDA on ihe

shelier belt betlveen Zabid and Tufaytah. Sand traps would need to be emplaced to measure volumes

oÍ annual sand dÍiÍt past Ílxed points. A future programme to assess sand movement and threshold

velocities however, should flrstly carry out a full analysis of the existlng TDA wind data. This

investigations could form the core of a higher degree study for a Yemen national at an appropriate

un iversity.

d). Generallnvestigations.

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

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

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

. Are dunes advancing any Íaster in recent years, and how much of this is due to the cutting of

vegetation growing on dunes?

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

desiccate ?

. lÍ there is a lowering oÍ 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' oÍ the dunes by

occasional large Íloods, or is it due to climate changes?

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

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

improved and sustained?

s.í I Conclusions from Sed imêntological Analysis for Sand Stabilisation.

Pa ft icle Size D istrí b u ti o n s.

Dry sieving and microscope study oÍ sand samples carried out at TDA has provided important data on

the particle size disiributions of the sands. lt has also showed that soluble salts derived from coastal

winds. and Íaecal pellets írom soil animals have an important role in forming soll aggregates and form

oart of the DÍocess of stabilisation in sand hummocks. This is an important lesson for sustaining a

programme of biological based stabilisation of mobile sands in the Tihama.

Republic of Yemen: Aeolian Sand ForrÍations of the Tihama -
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The more advanced technique of raser granuiometry, carried out at Reading university in the L< -=.
provlded a more quantitative analysis of the sands. This information is vital in studying the mo!:-:-:
of sand particles under different wind velocities. In the Tihama these preliminary studies, carr -: _ -.
along several transects, suggest that the diameters of sand grains decreases with distance -=-_
from the sea Sincewind veloclties areshown to be stronger on tne coast than inland, the Ílner s--::
of the interior, with their reduced threshold velocities, will be moved easily by interior winds. Tl.:-= -
scope for more detaired investigations comprising sand traps to measure movement and c -::-.
stations to measure wind direcflons and strength as we| as ambient conditions The data::-
indicates the precise amounts of sirt and cray present in samples, essentiar knowredge for pranr -: :-:
establishment of prants, the moisture and nutrient requirements of vegetation and, in the case a- :-:
ancient sands, their structural stability and susceptibiljty to wind erosion under difterent iypes o =- r

X-Ray Diffraction and Scanning Electron Microscope SÍudles.
The x-ray diffraction was conducted on ground up sands from a range oÍ sites throughout the T ^ 

= 
- :

The results show that there is a simirar rangê of minerars in the sandy sediments. whereas a:,: .-
sedrments, in for exampre centrar saudi Arabia, are composed mainry of quar2 gÍains wiih pro- -:-.
iron oxide coatings, the Tihama sands are different with fragments of minerars and rocks ano ., .='
iron staining. These wilr provide coronising prants with an abundant suppry of nutrients. [,4icror.-=.
the rock fragments and mineraÍ grains wilJ trap soil moisture and raise the water holding cace::. :,
the sands.

A range of sano gra,ns were studted under tne scanning etectron mjcroscope witn a vier, ::,., j .:

characterising surface features and estabrishing their elementar and mineÍar composition. s_-.::
features on sand grains, particurarry quartz, can provide a crear indication oÍ the or;g - =-:
environmental history of the grain. X-ray bombardment of grain surfaces and individuar .-..:::
addltionally provides an anarysis of major erements present. Resurts from this work have sh:,.. - 

=
surface textures of Íresh grains from river sediments and beach deposits have srrniief a-_-,:
fractures. lnland these grains become more rounded and show ÍÍaclures and cavrties charac:a-.: - ,
aeoiran abrasion. Secondary accumurations of sarts (harite and gypsum) In coastar areas rn e-: 

=

mrnerals and various oxides occur on grains of older dunes. ln contÍast the modern active s=-:.
the interior prains have armost no secondary coatings of cray minerars and sorubre sarts Tr-e :,:, _

stLdy provides an rtroductron to this method of investrgaron There is very consrderao e r :.: . 
:

enlarge the scope oÍ the studies which wi provide benefrts to sand stabiÍisation.

Repub c oÍ Yemen:
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fhl, Sect'c. S:r i,3s

I lhe'-r- sË:- :- -, í,r: ;d: o-s snor that cementat on oÍ sànd 'orr]ato^s rs a'gè t :. - - ,.'.
I

cac uír ca-3t'ra:e trc!oh the deqree of hardness of cementation varies. These ha\e

conseo.rê-::s Ílr stabil sing sand formations. In the coastal areas wheTe the aeolanites occu::-

ooers3ntcunesandalsoonapparentlyrecenthummocksthereisastrongcementofcac03'c-

e):--[: ,: I\,44ayl,s Loose sand .s moving inland over such dunes as a thn veneer ard 
^ 

-]
abras on has exposed the aeolianites in many areas. Thus there is no stabilising of the sands such as

occ- s - coastal parabojic dJnes.

The presence of aeolianites on recent sand hummocks (as evjdenced by plastic detritus in the layers)

suggests that there is a widespread process occurring on the coast. This is probably takíng 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 Íor a future

sand stabilisation progÍamme !n such an environment will be to create a rooting zone for suitable

plants to develop and permit re-development of an overlying Íoredune and a permanent vegetation

cover.

Geochemical Analyses.

Sand samples were taken from a range of coastal and interior dunes along transects. Acld soluble

analyses provide a total analysis of the elemental composition of sand sediments. These can be

compared wiih 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 benêÍlt plant growth. High levels of calcium in some of the coastal sands may reduce uptake of

magnesium. The waier 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 malntained.

The results of the dêterminations of CaCO3 equivalents suggest that in the majority of cases looked at

the CaCO3 equivalent decreases inland with distance from the sea. The partjcle size analysis shows

significantly higher amounts of non-sandy fine materials, that is silt and clay, existing in the older

sands compared to the actlve sands A certain amount of this will be as fine partlcles of calcium

RepLrblic of Yemen: Aeolian Sand Formations of the T harna _
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carbonate deposited as dust on sandy surfaces and these may explain the high anomalies ^ s:-: :

the geochemical analyses. The low CaCO3 values such as on some active dunes near the .3e:: -- -

inland on older dunes suggest that the modern dunes in these location are derived from sanos :-:: 
=-=

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 genera , -..:
beneflcial eÍfects on sand stabilisation. The carbonates will provide storage for soil water 3-_ .
medium for plants to root in, all aiding in soil Íormation, aggregate stability and reduction c'=. :

movement. The microcrystalline development of calcium carbonate around grains to fo.|-]- - -':
aeolianites in coastal areas however poses a management problem if these layers become ex::::l
at the surface since they act as barrier to plant establishment. Inland, there is a deveoplr-:^: :

isolated caicium carbonate concretions along former plant roots in the ancient sand dunes. bu: .-:r:
are not thought to be forming at present.

Republic of Yemen: Aeolian Sand Formations of the T hama -
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. INÏRODUCTION

i.1 BACKGROUND TO PRESENT STUDY

l::: :: r-cpcsars for a sand dune stabilisation programme were origjnally given in the Frrst phase
)-:caia:rox [4ission report (FAo-rnvestment cenke, 1990), and the subsequent project preparaticr

Re3cl iFAo-lc, 1991). An amended programme of investigations was presented by the |FAD

^ppfaisal l\4ission report for the Tihama Environmental Protection Project (lFAD, November 1992 j

wh ch Tecommended that a ten month, threê visÍt, consurtancy 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 ceographer in the
TEPP for three years. ln July 1993 a proposal for environmental assessment of dune stabilisation ano
farmland protection was presented to the Tihama Development Authority (TDA) by Hunting Technical
Services Limited (HTS).

The ïDA requested HTS on October 12, 1997, to prepare a new costed technical proDosal for rne
following: acquisition of new satellite imagery; a seven week fleld study of the origins and dynamics of
the dunes their interaction with land use, and an assessment of the ongoing sand dune stabilisatron
programme; and within the TEpp, mapping of the sand dunes in the Tlhama at 1:50,000 scale.
subsequently, a contract between the TDA and HTS was signed on 13 March 199g. Followrng
delivery of new 1997/98 sPor imagery, and its processing into 1:50,000 scale image maps at the
HTS laboratories, a programme of Íleld work was carrjed out by an Hïs consultant, experjenceo In

arid zone geomorphology, land use planning and yemen, during June and July 199g.

1.2 TERMS OF REFERENCE

The Terms of ReÍerence (ToR) are reproduced in full in Appendix A. summarising, the ToR call for a
study oÍ the dune dynamics to cover the whole of the Tíhama 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 geomorphologjcal

studies would be supported by laboratory analysis of dune sediments. The study would also 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 Íor
improvement measures; and provide recommendations for siting oÍ the sand dune stabilisation and
farm protection measures. using spor imagery a pÍogramme of mapping wourd be undertaken in the
TEPP area to show the extent of sand dunes and associated Íarm areas rn the TEpp sites. the line of
stabilisation works, and other relevant features.

PÍogtammes
1
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í.3 ACQUISITION OF SPOT IIVIAGERY AND IMAGE MAP PREPARATION

Recent acquired remotely-sensed SPOT satel ite panchromatic (PAN) imagery was obtained for this

consultancy and processed by the Remote Sensing Department of Hunting Technical Services, fronl the

original digital data into a sefies of 1:50,000 scale image maps. The SPOT PAN, with a spatial resolution of

10 m has scene slzes that are 60 x 60 km, and a single broad speciral band of 0.51 to 0.73 microns which

imitates the conventlonal 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, Íow and acquisition dates of the imagery are

given in 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. Thê firsi stage involved geometric

correction of the imagery, the purpose of which was to register the imagery to existing map series so that

lmages 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.A.R.5C, Edition 1- D.o.s. 1980), with a grid based on Universal

ïÍansverse lVercator (UTM) Zone 38P, was used Íor this purpose. Since Hunting Technical Services had

previously prepared image maps of the region for the TDA, and by using archlved coordinate data and

control point information for the region, it was a relatively straightfoMard 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 íve scenes together' ln

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 rectiÍication. In rectiflcation the pixels

oÍ the image were rearranged, by processes known as warping and resampling, so that they Ítted into the

correct position on the Yemen cartographic base. In preparing the map Sheets a degree of oveÍlap between

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

A flnal stage oÍ processing was image enhancement, whereby the conkast and brightness of ihe image was

optimised according to the particular requirements oÍ the prolect. In this case the available scenes on path

K144 aopear to have been acquired at a period of considerable haze present oveÍ the sea, and there may

have been atmospheric dust also. There were very strongly contrasting differences between bright high

reÍlectance values of sand dunes, very dark areas of moist soils on agricultural lands and low reÍlectance of

dense vegetation in certain aÍeas (for example the Sa/vadora perslca forest in Wadi Rimah'). This resulted

in a very wide range of reflectance values over the whole region but relatlvely low contrast within êach land

cover type, whlch could not be completely compensated despite careÍul image enhancement.

ormations of the Tlhama - Geomorphology and Assessmenl
Programmes (320 549)
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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

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

from a 200 mm by 200 mm negative.

TABLE í.1 SPOT PAN IMAGES,

Path Row Acquisition Date TopograPhic Sheet Goverage (1:50,000 scale)
K144 J320 09 November 1 997 't142-82. 1443-41. 1442-84, 1443-43
K145 J320 31 December 1997 1443-42. 1'443-A.4

K144 J321 05 February 1998 1442-84.1443-A3.1442-D2, 1443-C1

K145 J321 31 Decembef 1997 1442-D2, 1443-C1 , 1443-D1. 1443-C,2, 1443-C4,
1443-D3,1443-44

K145 J322 31 December1997 1443-C3,1443-C4,1443-D3,1343-81,1343-41
1343-l'2

1.4 CONSULTANT'S WORK PROGR,AMME 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 ChieÍ Technical Adviser (CTA)

to the TDA. The CTA was responsible for ensuring that logistical support was wêll organised and

uninterrupted during a fleld 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 siaff Írom 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):

NIr lbrahim A. AI-Domi (Chairman, TDA)

Dr Babiker Ahmed El-Hassan (CTA)

Mr. Zein M.H. Haig (Director, TÊPP)

l\4r. Adnan Abdulrahman Mohd. Saleh (Forestry Sp.)

Mr Abdullah Abdul Magid (Extension)

N,4r Ahmed Al-Bakiri (Extension)

Mr lVohd Qasim Sultan (Forestry & Engineering)

Mr Abdullah Hassan Abdul Karim (Sand stabilisation)

Mr Mohd Abdul Rahman (Meteorology)

Mr Saleh Hisam (Director, Laboratory)

Mr Amin l\4ohammed Tohlan (Technician, Laboratory)

t o'1

PÍogramrnes (320 549)
,1
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Southern Area (Zabid):

lMr Abdul-Wali Haider (Director, Zabjd Station)

Mr Abdul Aziz Abdul Saleh (Forestry, Sand Dune Stabilisa onl

ÍMr l\4ohd. [4ohd. Al Asar (Forestry)

Mr Abdul Hussein Wassel (Forestry, Sand Dune Stabilisation)

l\,4r Nawaf Salim Ahmed (Hydrology)

NoÉhern Area (Zuhran ):

Mr Mohamed Hadi Haig (Director, Northern Region)

l\4r Abdul Hakim Sulwe (Sand stabilisation)

Mr casher l,4ohd. Halib íExtension)

l\4r 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 fÍêight samples to the UK;

and to Dr lsmail Al-Ganad, General Manager of Yemen Mineral Resources and the Geological Survey

for access to the library reference collections.

At the end oÍ the mission to Yemen the consultant pariicipated in a half-day seminar at rDA
headquarters. The seminarwas chaired by Mr lbrahim Domi, chairman of the TDA, and was attended

by over 25 technical staff of the TDA Írom all branches and field locations. A short end-of-missron

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

1.5 FIELD METHODS

The Íield study period was in the nature of reconnaissance tours throughout most of the Tihama w th

more detailed examinations at sites randomly selected as tours progressed. The íeldwork included

visits to all locations of the sand stabilisation programme within the TEPP, and studies along transects
where features in aeolian landforms were studied. Measurements of dune sjzes, pTesent anc

ndicaiive seasonal wind directions, and other features were made throughout the Tihama. A hanc-

held carmin G-75 GIobal Positioning system (Gps) was used to determine the ulV Easting an:
Northing coordinates at each site. Samples for analysis were collected from different tvpes of sa:l
landforms and some associated soils in the proiect areas.

A shoft description of the location and characteistics at each sampled site is given in Table c , ..
Appendx C. The site reference, e.g. M 71, refers to the consultant,s numbering systerir -:-

observations in the field. Only sites with analytica data are Iisted in the table. The locatons that c::,-
withln ihe TEPP are also indicated on the 1i 50,000 scale image map sheets accompany r. :- -

report Other sampled sites. that is those to the north of latitude 15. 00' north and south c' a-...,,_

p.p_o u o, r
Prograrnmes (320 549)
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