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Foreword

The dry parts of Afrtca and West ASIa expenence tremendous pressures on theIr land
resources PopulatIOn mcreases m these regtons are some ofthe htghest m the world At
the same ttme, SignS of senous land degradatIOn are apparent everywhere m the regton
WIthout appropnate land management practIces, these lands wdl detenorate beyond the
state of useful rehabIhtatlOn

In many areas, tradIttonalland management practtces can no longer cope With the
pressure exerted on the land Land-users need to adopt more appropnate ways of
management of the land However, despIte advanced SCIentIfic knowledge and the
avadabIhty of land-use technologIes swted to many dIfferent cIrcumstances, adoptIOn by
the land-users IS often low The reasons for non-adoptIOn are many-fold For example,
proposed new technologIes may not be swted to the partIcular farmer's cIrcumstances,
they may be too comphcated or too expenSIve, or the general pohcy enVIronment may not
encourage the adoptton of Improved land-use technologIes

ThIS poses a great challenge to the mtematIOnal commumty of researchers and
development workers However, we do not need to re-mvent the wheel to help the land­
users EXIstmg tradIttonal and modem technologIes need to be exammed more closely
Wlthtn theIr local contexts Buddmg on thIS eXlstmg knowledge, new and better
approaches and technologies may be denved, developed and adapted to local sItllabons
In domg so, however, there should be concern for the enVIronment Not everythtng that
IS good for the land-user IS good for the enVIronment Balancmg the needs and
requIrements of the land-users With the need for protectmg the enVIronment IS probably
the most dehcate task facmg research and development orgarnzatlons m these areas

Intemanonal, regIOnal and local research and development orgarnzatlOns have to work
closer WIth the local commumnes to achteve tills Land-user partIclpabon WIll ensure that
research and development acttvIttes do not lose SIght ofreahty

Durmg the Expert Meetmg on Wmd ErOSIon m Afnca and West ASIa held m CaIro
from 22 to 25 Apnl 1997, the causes, effects and Impacts ofwmd erOSIOn m the regton
were analyzed and evaluated Alternattve strategIes and general approaches to fight WInd
erosIOn were proposed Thts book presents the expenences ofprofeSSIOnals of dIfferent
dIscIplmes and from dIfferent orgarnzatIons who have a common mterest m haltmg land
degradatIOn and contnbutmg to a sustamable utdIzatlOn of the land resources m the
regton

I smcerely hope that thIS book will help to lillttate more concrete actIOn and
collaboratIOn between all partIes concerned WIth the protectton ofthe land agamst WInd
erOSIOn and other forms of degradatIOn

c-
Prof Dr Adel EI-Beltagy

DIrector General, ICARDA
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Introduction

Drylands are Important sources of aeohan partICles (dust and other partIculates)
assocIated wIth a vanety of human activItIes, Includmg vegetatIOn removal and
bIOmass burnIng A WIde range of empIrIcal and numencal modelmg studIes,
whIch relate chmatlc vanatlOn m drylands to a vanety of forcmg mechanIsms,
has estabhshed the strength of the Imk between the global chmate system and
specIfic chmate patterns m the dryland areas

Wmd erosIOn, the removal of soIl by wmd, IS one of the most damagmg effects
of wmd In many parts of the world As a rule, It only assumes the status of a
major problem m regIOns wIth a strongly-marked annual dry season, and hence
IS a potentIal hazard In all dry envIronments Much of the early work on wmd
erosIOn was carned out m the great plams of the UnIted States, the wheat fields
of the CanadIan praIrIes, and the south of the former USSR The problem has
also been studIed In Europe, ASIa, and Austraha

The occurrence of WInd erosIOn IS a functIOn of weather events Interactmg wIth
soIl (mtrInslc propertIes) and land management (past and present practIces)
through ItS effect on soIl structure, tilth, and vegetatIOn cover As wIth water
erOSIOn, most WInd erosIOn damage comes from relatively rare, severe events
Increased avaIlablhty of SImple and mexpenslve "sand catchers" and automatIc
weather statIOns over the past 5-10 years makes the task of mOnItorIng sand
flux and weather data easIer

Wmd erosIOn presents multiple challenges Identlfymg where WInd erosIOn IS
most threatenmg to sustamable agncultural prodUCtIVIty, what practIcable
farmer-frIendly measures can be deVIsed to contam It, and how these measures
can be transferred (for mstance, through extensIOn servIces) and Implemented
wlthm agncultural land-use systems

Accordmg to prevIous studIes, wmd erosIOn m the semI-and regIOns of Amenca,
North and South Afnca, Austraha, the Near East, and many parts of Central
ASIa only reached threatenIng proportIOns when man dIsturbed the ecosystem
balance ThIS IS true for West and Central Afnca (WCA), and West ASia and
North AfrIca (WANA), where groWIng populatIOn pressures have led to the
replacement of the tradItIOnal practice of fallowmg WIth slash and burn
practices and contmuous cultivatIOn In regIOns (WCA and some parts of
WANA) where httle or no nutnent amendments are made to replace the rapIdly
declInIng soIl nutnent pool, soIl cover IS declInIng rapIdly, leadIng to wmd
erosIOn and land degradatIOn In WCA, where wmd erosIOn IS usually severe
durmg the begmnmg of the groWIng season, young crops are damaged by wmd­
blown sand, leadmg to problems of poor crop stand and yIeld declIne Wmd
erosIOn m arable fields and rangeland causes vanous losses of SOIl depth, organIC
matter, clay content, nutrIents, and mdlgenous seed Downstream effects, e g ,
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effects, e g, 10creased atmosphenc dust, reduced VISIbIlIty, blockage of roads,
railway hnes, problems of health, etc, are also caus10g consIderable concern

In Morocco, seasonal hot WInds not only carry away sod but also affect crop
performance through excessIve evapotranspIratIOn and dIrect WInd effects In
the oases, sand encroachment affects wells, palm tree plantatIOns, and
traditIOnal IrngatlOn systems In the southern and southwestern parts of
TUnIsia, the movement of sand dunes poses a m~or threat to farmlands In
much of West ASia and North Afnca, large areas of the traditional seml­
nomadIc rangeland, the steppe, are be10g opened for barley cultIvatIOn The
consequent removal of the natural vegetatIOn cover has exposed the SOIl
surface, leadIng to the loss of the fertile fine fractIOn of the shallow sods
through w10d erosIOn ThIs has led to a tremendous decl10e 10 soIl productiVity
and qualIty of hfe Hence, the Government of Syna, for example, has forbidden
the conversIOn of steppe for barley cultivatIOn

Objectives and Format of the Meeting

Despite the groWIng realIzatIOn of the problems of WInd erosIOn 10 WCA and
WANA, there IS httle qualItative or quantitatIve mformatlOn on theIr
senousness or the locatIOn of problem areas As a consequence, there are no
long-term strategic plans to counter WInd erosIOn and reduce the result10g
damage Hence, the InternatIOnal Center for Agncultural Research 10 the Dry
Areas (lCARDA), the InternatIOnal Crops Research Institute for the SemI-And
Tropics (ICRISAT), the Umted NatIOns Environment Programme (UNEP),
and the World Meteorological OrgamzatlOn (WMO) orgamzed this Expert
Group Meet10g to

• Review the occurrence and form of WInd erosIOn m the dry areas of WCA
and West ASIa North Afnca (WANA)

• DIscuss available control measures, both mdlgenous and Improved, and
assess the extent and potentIal of applIcatIOn m dIfferent regIOns

• Define appropnate methodologies for IdentIfymg hot spots (on different
scales), quantlfymg erOSIOn and nsk of eroSIOn, and develop1Og SImple
control measures

The Meetmg was desIgned to allow tIme for

• PresentatIOns on the mam Issues and IdentIficatIOn of pnonty areas for
further dISCUSSIon

• Bramstormmg and analySIS of pnonty areas for IdentificatIOn of future
research needs and development apphcatlOns

The presentatIOns allowed the Group to comprehend the major Issues mvolved
and IdentIfy pnonty areas for the dISCUSSIon session A keynote address
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dehvered by Prof MOnIque Mamguet, UnIVersIty of ReIms, France, entItled
"Wmd ErosIOn 10 Afnca, a Neglected, Creep109, or CatastrophIc Process of
Land DegradatIon SuggestIOns for Control," outlmed the major Issues of wmd­
erosIOn control 10 Afnca Followmg two major overvIews, one on WCA by
ICRISAT and the other on WANA by ICARDA, presentatIOns were made by
sCIentIsts from NIger, Egypt, TunlSla, and Syna descnbmg the research work
carned out 10 theIr countnes These were followed by presentatIOns from the
USDA-ARS 10 Kansas, USA, the USDA-ARS 10 BIg Spnng, Texas, USA, the
UnIversIty of Wagenmgen, Netherlands, and the UnIVersIty of HohenheIm,
Germany on understand109 the major processes, model109, farmer perceptIOns,
local practIces, and SOCioeconomIC constramts to the adoptIOn of wmd-eroslOn
control techmques

Bramstormmg and analysIs of prIonty areas was a major actIvIty of the
meetmg and covered two days ThIs seSSIOn sought dIvergent VIews from the
Group, engaged the Group 10 dIscussIOn, and amved at a consensus on the
research needs and development applIcatIOns for each of the prIOrIty areas
IdentIfied
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Opening Address
T. Maukonen

United Nations Environment Programme

It gives me great pleasure to welcome you on behalf of UNEP and the other
organizers, ICARDA, ICRISAT, and WMO, and to make thiS statement to thiS
Expert Group Meetmg on Wmd ErosIOn

I also want to express my appreciation to ICARDA for makmg the
arrangements to host thiS workshop here m Cairo, a City which, for several
reasons, proVides a umque backdrop for a regIOnal meetmg for Afnca and the
Near East First, It IS located at the crossroads between Afnca and the Near
East Second, Cairo IS an Important place for the desertificatIOn Issue The
leadership of desertification control for the first two decades has rested on the
shoulders of two famous personahtIes Dr Mostafa Tolba (the former
Executive DIrector of UNEP and the man m charge of the 1977
Desertification Conference) and Professor Mohamed Kassas They, true sons of
Africa, both from Cairo, were mstrumental m the organIzation of the UnIted
Nations Conference on Desertification (UNCOD) m 1977 and m mamtammg
the momentum for the decade and half until the UNCED m RIO and the ensumg
negotiations on the UnIted NatIOns ConventIOn to Combat DesertificatIOn
(UNCCD) Third, Cairo IS a lIvmg example of a capital City which has to
regularly face and taste the consequences of wmd erOSIOn, where people other
than the natural resource users see the result of wmd erosIOn every year Maybe
the tImmg was not correct for thiS meetmg, as the VISibilIty IS good and no sand
IS blowmg mto our eyes and mouths

There IS also a fourth reason for holdmg thiS Meetmg here, havmg to do With
makmg thiS workshop finanCially pOSSible In thiS connectIOn, I want to
express our smcerest appreCiatIOn and thanks to the Norwegian Government,
which prOVided us With the funds to hold thiS Meetmg for Afnca and the Near
East m Cairo SpeCial thanks are also due to you, the experts, who have found
the time to come and contribute to thiS undertakmg

Wmd erosIOn IS an Important part of the desertificatIOn process, causmg the
devegetated land to lose ItS topsotl and productiVity ThiS Expert Group
Meetmg Will attempt to quantify the senousness of the problem and Identify a
pnce tag (m economic terms) and solutIOns to the losses wmd erosIOn brmgs
about ThiS Will strengthen the appeal of technIcal specIahsts and rural people
made to the authontles m charge of development fundmg The slow
degradatIOn of the resource base by wmd erosion often remams unnoticed m the
short term ConSidered annually, It may not attract enough attentIOn to
activate counter measures In additIOn, the regIOns where thiS
phenomenon/process take place are more often than not outSide the Immediate
mterest of the deCISIOn makers (both natIOnal and mternatIOnal)
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Once the dust storms affect cItIes, roads, and raIlway lInes, the problem receIves
attentIon, but the rural dweller m remote areas, who IS first affected by thIS
menace and whose well-bemg may be endangered, may not benefit from thIS
attentIOn

Can the loss for the entire natIOnal or mternatIOnal communIty be calculated?
Is there a prudent, robust, and yet sCientifically acceptable way to measure and
quantIfy the consequences of wmd erosIOn or of land degradatIon m general?

UNEP prepared, for the 1992 RIO Conference, a report on the global cost 0 f
desertificatIOn, mcludmg the mcome foregone, and ended up WIth figures
runnIng m billIons of dollars annually These were the best guess estimates at
that tIme and were based on expert opmIOns and extrapolatIon of case studies
etc We at UNEP have been In search of better figures based on quantified data
ever Since (and even before RIO)

Thus there has been a need to Improve the baSIS for quantificatIOn
DesertIficatIOn, as a global environmental problem, IS almost on equal footmg
WIth other global Issues such as clImate change, bIOdiversity, ozone depletIon
etc It IS a concrete problem and carnes ImplIcatIons for SOCIOeconomic
development Hence the need for quantIficatIOn, espeCIally at the natIOnal
level, to raise the Issue to the level of natIonal pnonty and for the dlstnbutton
of development funds

In the new phtlosophy of the UNCCD, the NatIOnal ActIOn Programs (NAPs)
Will play the most promment role Progress at the natIOnal level (how thmgs
have been organized natIOnally to combat desertificatIOn) must be achIeved m
order to conVince external fundmg agencies for help m the battle Thus, the
natIOnal treasurers need to be convmced, and they reqUIre strong economIC data
and reltable assessment of quantIfied losses

The vast areas In the Near East and North and West Afnca, whIch for
thousands of years lIved With Wind eroSIOn, are now under threat of WIdespread
desertIficatIOn We must realIze that food productIOn potentIal IS at stake, and
that Slit dIsappears forever from the land where It IS needed and does not melt
mto the ground Itke snow for the benefit of the new crop In the spnng

Ladles and gentlemen, In an attempt to vlsualtze the problem we are here to
deal With, please allow me the above allegones and thiS bit of melodrama for the
start of thiS workshop I trust that you have amongst you a wealth of sCientific
expertise and knowledge, which we hope to bnng together to establtsh the state
of the art, IdentIfy knowledge gaps, develop and Improve tools for
quantIfication, and plan procedures and programs to fill gaps m research and
development for wind-erOSIOn control

Ladles and gentlemen, I hope that during the next three and half days we WIll
have a frank exchange of mformatIOn and an actIve group effort to bnng to
wind-erOSIOn control the attentIOn It deserves Thank you
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Welcome Address

M.V.K. Sivakumar
World MeteorologIcal OrgamzatlOn

On behalf of the Secretary General of WMO, Prof GOP Obasl, I extend to
you all a warm welcome to this Expert Group MeetIng on WInd Erosion In

Africa and West ASia

The tOpiC of WInd ErosIOn IS of particular Interest to WMO, as It IS an
extreme meteorological hazard that carnes ImplicatIOns for food secunty As a
rule, It assumes the status of a major problem In regIOns With a strongly-marked
annual dry season, and hence IS a potential hazard In all dry environments As
With water eroSIOn, most wmd erosIOn damage comes from relatIvely rare
events, when thresholds for surface particle movement are exceeded, and only
reaches threatenIng proportIOns when man has disturbed the ongmal balance of
soil, climate, and vegetatIOn by hiS Interference ThiS has been very much In

eVidence over the past three decades In the dryland regIOns of West and Central
Africa, West ASia, and North Afnca where Increasmg rates of deforestatIOn and
overgrazIng, and declImng soil fallow penods, have resulted In Increased
problems of wmd erosIOn

To develop appropnate strategies to cope With WInd erosIOn and arrest land
degradatIOn, It IS Imperative that we build a sound base of SCientific knowledge
of the processes of WInd eroSIOn, quantify the extent of WInd erosIOn under
natural conditIOns, study control measures, evaluate farmer acceptance of such
measures, preferably through a farmer participatory approach, and address the
InstitutIOnal and policy Issues that need to be put In place for a Wide adoptIOn
of wmd-erosIOn control strategies

WMO IS very pleased to cosponsor thiS Expert Group MeetIng The
CommiSSIOn for Agncultural Meteorology (CAgM) of WMO recognIzes the
Importance of the study and applicatIOn of agrometeorologlcal mformatlOn to
better cope With extreme events such as wmd erOSIOn, and has mltIated a major
project on agrometeorology for extreme events WMO has close collaborative
lmkages With UNEP and the CGIAR Centers such as ICARDA, ICRISAT, and
IRRI Together we have demonstrated that the JudiCIOUS applicatIOn of
meteorological and hydrological knowledge and InformatIOn greatly assists the
agncultural commumty to develop and operate sustamable agncultural systems
and Increase productIOn In an environmentally sustamable manner UNEP and
WMO, through our Dryland Ecosystems and World Climate Program,
respectively, and through our Jomt undertakIngs, contInue to take active global
roles In prOVidIng substantive sCientific knowledge and InfOrmatIon for deCISIOn
makers so that they may understand the Important InteractIOn of climate and
drought With the processes of land degradatIOn and desertificatIOn, Includmg
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wmd erOSIOn The UNEP/WMO publicatIOn, "InteractIOns of DesertificatIOn
and Climate," a substantive sCientific document for understandmg these
mteractIOns, also Identifies wmd erOSIOn as a major problem m the dryland
areas

Along with a letter of mVltatlon, all of you have received an mtroductory note
that descnbes the objectives and format of thiS meetmg Let me recapitulate
bnefly what we want to achieve over the next four days

• First, we would like to review the occurrence and form of wmd erOSIOn In

the dry areas of West and Central Afnca, West ASia, and North Afnca

• Second, we will discuss available control measures, both mdlgenous and
Improved, and assess the extant and potential applicatIOns m different
regIOns

• Fmally, we will try to define appropnate methodologies for Identlfymg hot
spots (on different scales), quantlfymg erOSIOn and nsk of eroSIOn, and
developmg simple control measures

We have designed the meetmg m such a way as to allow time for presentatIOns
on the mam Issues and IdentificatIOn of pnonty areas for dISCUSSion Followmg
two major overviews, one for WCA by ICRISAT and the other for WANA by
ICARDA, presentatIOns Will be made by natIOnal sCientists from each regIOn
covermg the research work carned out m their countnes These will be followed
by presentatIOns from centers of excellence of wmd erOSIOn research 10 Europe
and North Amenca covermg ongomg research on understandmg the major
processes, modeling, farmer perceptIOns, and SOCIOeconomIC constramts to
wmd-erosIOn control

In plannmg for thiS Expert Group Meetmg, we have deliberately designed
bramstormmg and analySIS seSSIOns, extendmg over two days These seSSIOns
will seek divergent Views, engage the group m discussIOn, and arnve at a
consensus on the research needs and development applicatIOns for each of the
pnonty areas Your full participation and considered views are cruCial for the
success of these sessIOns I am most pleased to note the presence of Dr F
Abdalla, who will act as moderator to assist us m these sessIOns

The presentatIOns, discussIOns, and final recommendatIOns of thiS expert group
meetmg are expected to contnbute towards the preparatIOn of a concept note
for a project on wmd-eroslOn control for sustamable land management m the
dry areas of West and Central Afnca, West ASia, and North Afnca

As you may be aware, the first Conference of Parties, or COP-I of the Umted
NatIOns ConventIOn to Combat DesertificatIOn, will be held September­
October thiS year m Rome The Committee on SCience and Technology for the
UNCCD will hold ItS first meetmg at thiS Conference, and mVltes mput from all
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concerned parties m dealmg with sCientific and technological Issues concerned
With desertification

Once agam, on behalf of the Orgamzmg Committee for this Meetmg, I would
lIke to thank all of you for attendmg this meetmg and contnbutmg to our
efforts to combat wmd erosion m Africa and West ASia Thank you
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Wind Erosion in Africa, a Neglected Creeping or
Catastrophic Process of Land Degradation:

Suggestions for Control
Momque Mainguet

LaboratOlre de Geographle Zonale pour Ie Developpement,
Umverslty of Relms Champagne-Ardenne, Relms, France

Abstract

Wmd erosiOn IS one of the worst envIronmental and human dIsasters m the
drylands that cover 33-37% of the contmental area of the planet Yet thIs
mechamsm has not receIved the mternatiOnal attentiOn It deserves The reason
for thIS IS the dIfficulty of perceptiOn wmd erOSIOn IS a low-grade, mSIdlOus­
onset, long-term, cumulatIve process

Many assertiOns concernmg aeolIan sand deposIt need revISIon the
relatIOnshIps among sand deposIt, chmate, and vegetatIOn cover, the
relatiOnshIps among regIOnal changes m the atmosphenc pressure fields, aeolIan
erOSIOn, aeolIan transport, and aeolIan sand deposit, the development of sand
seas m relatIOn wIth topography, and the concept of sediment balance

One of the most common errors IS to consider dunes as resultmg from
accumulatIOn alone, many of the dune fields or sand seas are residual edIfices

The control strategIes for wmd erosIOn must take mto account the global wmd
actIOn system ThIS mcludes the combmatlOn of areas of sand deflatIOn, sand
transport, and sand accumulatIOn on scales mcludmg the local, regIOnal, and
synoptIc, as well the analysIs of phenomena that define the solutIons

Introduction

The tItle of thIS paper remmds us that wmd erOSIOn, one of the worst
envIronmental and human dIsasters m the drylands (whIch cover 33-37% of
the contmental areas of the planet), IS a mechanIsm that has not receIved the
mternatlOnal attentIOn It deserves Increasmg human and lIvestock populatIOns
m most parts of the and lands have led to an mcreasmg use of sand and loess
areas and areas of hIgh wmd-eroslOn nsk for grazmg, agnculture, and urban and
mdustrIal development All these actIvItIes accelerate wmd erosIOn

The sandy areas-mamly those of the drylands-are probably the most
vulnerable ViS-it-ViS wmd erosIOn AeolIan sands cover 6% of the global land
surface About 97% of aeolIan sands have accumulated m the drylands (defined
as receIvmg annual ramfall <600 mm) On average, about 20% of the world's
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and zones are covered by aeolIan sand 20% of North Amenca, 20% of the
Sahara, >30% of AustralIa, and >45% of Central ASia The semi-and zones can
be as nch and even ncher m sand than the and areas themselves, as has been
found m the Sahara-Sahel regIOn

The first part of this paper alms to show that wind erosIOn IS a deletenous
cham of cumulative processes, which IS yet to find ItS nghtful place m the fight
agamst land degradatIOn The second part will try to take stock of the
numerous questIOns which still remam unanswered In the areas of sand deposit,
dune genesIs, and wmd action Fmally, a summary Will be presented of what
should be done for better control of sandy areas and dunes wlthm the
framework of what we propose to call the "Global Wmd Action System"

Deleterious Effects of Wind Erosion

Wmd erosion IS a low-grade, long-term cumulative process with an insidious
onset and several overlappmg evolutIOnary steps

Step 1

Incremental, mSldlous environmental changes occur dunng an undetected
incubatIOn penod (Table 1) Wmd erOSIOn, m the form of wmnowmg or
deflatIOn, mtroduces a very slow rate of change, which IS difficult to detect
Most of society does not recogmze the changes The major symptoms of this
adverse environmental process are not very well known This explams the lack
of perceptIOn of the damages caused by Wind erosIOn at this step among pohcy
makers

14



Table 1. Evolution of the Taokest area (Mauritania): surprising
case of severe land degradation in the mid 1950s in Aoukar.

1 ObservatIons of the oldest aertal documents
Observations are reqUired to determine the date desertification was tnggered
In aenal photographs of Mauntanla NE 29-XV Nos 79-80, 1 50,000 scale, Dec

1956 to Jan 1957 (early dry season), the sand deposits around the Taokest were
organized In a slightly fixed dune field of transverse dunes of 400 km2 (from 17"
30' to 18° 30' Nand 8° to 12° 30' W), indicating a positive sediment balance

After the accumulation phase responsible for the Taokest dune field (main
wind direction 19° 5' ENE) the dunes were vegetated, creating relative stability of
the field (lower reflectance In the south) because of a slightly denser vegetation
cover The Interdunal depreSSions also have lower reflectance To the north of the
photographs (18° 12' N), the dunes are already active, with some vegetation at
their feet

To the south of the same photographs the barchanlc edifices are vegetated
with some bushes In the Interdunal spaces
2 Prodromes to desertifIcation In 1956

Even If the dune field In 1956 seems fixed by open vegetation cover,
symptoms of land degradation can already be observed, indicating prodromes to
desertification
• Omnipresent grooves of deflation, responsible for the transverse dunes of the

first longitudinal patterns
• Elongation of the dextnal barchanlc wings In the majonty
• Appearance of small depreSSions on the flat back of the barchanlc edifices,

Initiating a parabolic pattern
• North of the photographs, the crest of the barchanlc dunes IS abraded,

reactivated, and rounded The reactivation proceeds from the foot of the back
of the dune to the summit, which IS reached by shallow furrows

• Appearance of a new family of small barchans at the crest of the pnmary
ones

• GenesIs of selfs (linear dunes) on the dextnal wing of the onglnal barchans
These figures are all preambles of longitudinal patterns, revealing an export of

sand and the tranSition from a POSitive to a negative sediment balance At the end
of 1956, Indicators of erOSion, sand movement and severe land degradation were
already vIsible, 12 years before the discontinuous drought of 1968-1985

ThiS reorganization of dune fields from a POSitive sediment balance (a general
trend In the Sahel) to a negative sediment balance IS an Objective indicator of land
degradation by aeolian escape of SOils occurnng before the 1968-1985 drought

ThiS Important result shows that just after Independence, signs of land
degradation can be observed, probably human-Induced, because the 1950s was a
decade of good rainfall ThiS demonstrates that drought alone doesn't tngger
land degradation, but probably reinforces pre-existing land degradation

For a long time, the Sahel was a huge vegetated accumulation area, south of
the Saharan active sand-exporting wind-action system In the 1950s, With
increasing population and overgrazing, the area was reactivated and the sandy
topsoil reworked
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Step 2

This IS marked by awareness of a transformatIOn m the environment mvolvmg
a slowly changing geomorphic system associated with three sets of difficulties

• Wmd, which IS only moving air, IS not VISIble It becomes traceable when It
moves partIcles ThIS raIses a questIon should Wind loaded WIth particles be
considered as a specific flUId, different from empty Wind?

• It IS harder to develop a worldWide awareness of the assocIated nsks of
gradually occurring adverse environmental changes, such as those Induced by
wmd eroSIOn, than for "rapid-onset hazards" such as earthquakes and flash
floods

• One additIonal difficulty hes m the dIfference of scale Wmd eroSIon cannot
be understood Without an approach that embodies synoptIc, local, and
regIOnal scales, as well as tIme scales, to Integrate all the chmatIc changes

Step 3

TransformatIOn In the enVlfonment IS progressively Viewed as environment
degradatIOn

Step 4

Change In the kmd of difficulty, from local erosIOn to local catastrophe, due to
encroachmg sand, dust, and disturbance of everyday hfe, IS recogmzed ThiS
Includes aIr traffic dIsturbed by aerosols (almost each year m Niamey) and
reductIOn of VISlblhty, and sand encroachment on roads, raIlways (the
Zouerate-Nouakchott lme), and urban structures (Brava In Somaha) It IS
mainly at thiS step, which IS the step of sand depOSItIon and dune initiatIOn near
or on human Infrastructures, that awareness of rIsk occurs

Step 5

Change In the degree of evolution from soIl degradatIOn to regIOnal productIOn
damage, SOCIOeconomic dIsaster, and eventually famine (thIS year m Mah) IS
observed

These fIve steps, from a non-perceIved envIronmental change to a perceptible
environmental degradatIOn and finally to SOCIOeconomIC cnsIs, correspond to
acceleratIon from a geologIC to a human scale On the of scale of tIme, wmd
erosIon Induces mcremental changes In envIronmental condItIOns which
accumulate ImperceptIbly over tIme untIl they are suddenly revealed or
accelerated WIth the appearance of new data such as inundation, flood, and
drought Then a change of rhythm occurs, resultmg In an envIronmental CrISIS
or emerging as a full dIsaster Wmd erosIon IS neglected because the rhythm of
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Its adverse consequences results m a long lead tIme before becommg apparent,
and is taken mto account only when ItS rhythm accelerates and develops over a
short tIme frame In the case of wmd actIOn, the mdicators are first vegetatIOn
cover degradatIon and then deflatIon and wmnowmg WIth sOlI degradatIOn They
also mclude lowered agncultural productIOn, health problems due to dust,
sandstorms, and air pollutIOn

Scientific Uncertainties

Wmd erOSIOn IS a complete SCience (Table 2) Among the factors which control
major dune-bUlldmg episodes, some are confirmed but others seem to be
mcorrect or unvenfied Many assertIOns concemmg aeolIan sand depOSIt need
reVISIOn We shall examme those whIch are the most doubtful

Table 2. Combating wind erosion.
Combating Wind erosion IS a complete SCience, including field observation

and measurement, and laboratory and field expenmentatlon
1 Field observations sustamed by air photography and satellite Imagery
• According to precise indicators, satellIte Imagery allows us to detect and

delImit the sandy areas and the areas of erosion (source), transport, and
accumulation

• Relationship between topography (obstacles, Wind/sand currents) and
GWAS

• The relationship between vegetation cover and aeolian dynamics
Thanks to field investigations the follOWing can be determined
• Wind direction by Indicators such as stnkes In sand, corraslon grooves, and

nebkas (sand arrows)
• Patterns of local erosion
• Patterns of local accumulation Inventory of the type of dunes
• AnalySIS of Initiation, development, and morphology of the dunes
• Investigation of Interdunal spaces
2 Field measures and laboratory measures
• Measurement of Wind speed at different locations (surface, crest lIne, and

slope)
• Sedimentologic analYSIS granulometry, morphoscopy, and heavy minerals
3 Aeolian processes experiment

The objective IS to Simulate, on a smaller scale, selected geomorphic
features
Laboratory tunnel studies prOVide
• Understanding of the phySICS of sand movement
• Relation between surface charactenstlcs roughness, particle Size, slope,

mOisture content, and coheSion
• Wind shear velOCity, flux rates
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Sand Deposits, Climate, and Vegetation Cover

Dune bUIldmg episodes are considered most lIkely to take place durmg dry
penods The statement that In and lands peak dune formatIOn corresponds to
drought should be submItted to sCIentific venficatton Penods of IncreaSIng
andlty and drought are In fact accompanted by IncreasIng WInd speeds, as proved
by WInd measurements In NIger durmg the 1968-1975 drought, and thus
IncreaSIng WInd actIvIty, meanIng export and not accumulatIOn of partIcles m
the and zone Therefore, one of the maIn dIfficultIes IS to admIt that the
penods of dommant aeolIan depOSItion do not correspond to the most arid
penods (less prone to accumulatIOn because of decreasmg roughness due to the
dIsappearance of the vegetatIOn cover), but to semI-and envIronments

Moreover, only one fifth of the Sahara desert IS covered by sand, the deepest
and most contInUOUS sand cover beIng In the Sahel south of the Sahara The
presence of a thIck contmuous sand sheet can be explamed by an Increase In the
denSIty of the vegetatIve cover m the semI-and Sahel south of the WInd actIOn
system of the Sahara, and by the Increase of roughness, whIch leads to a
decrease In the boundary-layer WInds These questions should be analyzed on the
synoptic scale and In terms of a geologIC tIme scale

Regional Changes in the Atmospheric Pressure Fields, Aeolian
Erosion, Aeolian Transport, and Aeolian Sand Deposit

These relatIOnshIps are almost unknown and should be mvestlgated usmg
SCIentific measurement, as should the vIew that the frequency, magmtude, and
persIstence of hIgh wmds and aeolIan depOSIts are sImultaneous The lack of
slgntficant data to quantify the effects of atmosphenc condItions on aIr flow
profiles, from whIch sand transport rates are calculated, IS WIdespread

Development of Sand Seas in Relation to Topography

Why accumulatIOn results In a sand veneer, a sand sheet, Isolated dunes, or a
dune field IS stIll not adequately understood Many uncertaInties stIll eXIst
concernIng the mechamsms of dune and dune field InItiatIon, the rate of
sedIment transport over dunes, dune fields, and sand seas, and the mfluence of
wmd regIme and topography We have observed that on a flat surface the
domInant trend IS to form barchans Natural and artIfiCial obstacles tend to
dIsturb the shape and conservatIOn of dunes, but as soon as the dunes cross the
obstacle, barchans reappear

AccordIng to the general OpInIOn, the locatIOn of the largest sand seas IS m
baSInS ThIS opInIOn IS venfied for the IntramountaInOUS basms m ASia,
espeCIally Taklamakan, whIch IS the most conVInCIng example, but IS not
venfied for the Aral baSIn sand seas Kara Kum and Kyzyl Kum to the east and
south of the Aral lake, whIch are on a gently clImbIng slope, as are the Grand
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Erg OccIdental and the Grand Erg Onental m the north of Sahara The sand
seas in the Chad basm are at a hIgher altItude than the Bodele depressIOn NE 0 f
lake Chad, Itself the second lowest pomt of the Chad basm

Sediment Balance for Revision of Diachrony

DIfferent dune-bUIldmg epIsodes have been Identified, related to dIfferent dune
onentatIOns ThIs IdentificatIOn has lead to erroneous results because the
concept of sedIment balance IS not taken mto account In fact, an area whIch
has a posItive sedIment balance (SB+) IS a system receIvmg more sand than It
can export It represents a phase of sand accumulatIOn where the dunes are, III

general, onented at nght angles to the mam wmd dIrectIOn If the export of
sand IS hIgher than the Import m the wmd actIOn system (WAS) then there IS a
negatIve sedIment balance (SB-) and the onentatIOn of the dunes IS mamly
parallel to the mam wmd dIrection Both can coeXIst m one sand sea, as m the
Grand Erg Onental (south TUnISIa)

The diagnosIs of the sedIment balance IS obtamed by genetIc analySIS of the
sandy edIfices of the area

• Transverse dunes and barchans are the mdicators of SB+ Lmear dunes
(seIfs), oblIque to the dommant wmd, are also an mdicator of SB+ In areas
WIth SB+, the nsk of sand accumulatIOn IS severe as soon as human
actIvIties (bUIldmgs, roads, raIlways) create obstacles or mcrease the
roughness (agnculture, lInes of commUnICatIOn) All new management
practices must foresee a free cIrculatIOn of the sand, aVOIdmg the blockmg
of partIcles To check sand accumulatIOn m the eXIstmg human
mfrastructures two strategIes are possIble to stimulate accumulatIOns
upwmd but at a consIderable dIstance from the human settlements, or to
mduce dIspersIOn of the deposIts

• EroSIon dunes, such as parabolIc and longitudmal dunes, are mdicators of
SB- In the areas WIth SB-, export IS dommant and the rule should be to
aVOId bUIldmg human settlements on the leeward SIde The SB- areas should
be protected from soIl erOSIon through any kmd of eXIstmg system

A specific strategy to combat degradation due to aeolIan actIOns corresponds to
each sedIment balance

Residual Dunes

AeolIan bedforms have a complex genesIs, but the most common error IS to
consIder them as resultmg from accumulatIOn alone Many aeolIan bedforms are
reSidual and must be consIdered forms of erosIOn Dunes can be claSSified as
accumulatIOn bedforms or erOSIon edifices
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Table 3. Dune classification combining different dune types with
wind regime and sediment balance.
Sediment balance 1 Positive 2 Negative

Deposition > deflation Deposition < deflation
Dommant accumulation Dommant deflation

AeolIan regime Dune type

One dominant wind

Two dominant winds

Multidirectional winds

Barchanlc edifice
• Barchan

• Barchanlc chain
• Transverse dune
• Climbing dune
• Failing dune
Linear dune (self)
Climbing dune
Failing dune

Star dune (ghourd)

Longitudinal sand ridge
(with a reg type desert

pavement)
Parabolic edifice

(genesIs In a fixed
sandy cover)

Accumulation bedforms
The dunes developed by accumulatIOn are crescentic (barchans), the most
difficult to control When barchans are coalescent and alIgned at rIght angles to
the wmd, they are called transverse chams or transverse dunes Lmear dunes
(also called self) are another type of accumulatIOn bedform

Wmd IS also responsible for the wholesale movement of dunes The most
mobtie dunes are barchans, which can move 10 IsolatIOn or 10 formatton lIke the
flight of ducks, or 10 dune-flows The best examples are 10 Mauntama

Both dunes, barchans and selfs, are edifices where the sand arnves and from
which the sand departs The whole body of a barchan moves forward as one umt
and can mvade all human settlements, the self evolves by elongatIOn and can
threaten human structures 10 that manner

Other mlttal accumulattons may occur

• FaIlIng dunes are found 10 the lee of an obstacle, echo and clImbmg dunes
are found upwards of the obstacle The obstacle can be a rock or a stone or
a plant, glvmg a coppice dune (nebka, rebdou)

• Areas of reduced wmd speed, where the roughness of the surface IS mcreased
by vegetatIOn cover or reliefs, ImtIate accumulatIOns

Deflation bedforms
• Sand npples, vIsible on the back of dunes or on sand sheets, and eastly

reprodUCible 10 a wmd tunnel, are the smallest aeolian bedforms Contrary
to general opmlOn, they should be conSidered residual, formed as lag
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deposits of coarser grams when wmnowmg has swept away the fmer
particles

• Parabohc dunes, known as deflation dunes, are also erosIOn edifices The
most complex and typical are found m the Thar desert where the
compound parabohc dunes form the major component of the 800 km Thar
dune field ThiS desert should be consIdered an area of sand export With a
negative sediment balance

• Too often confused With hnear dunes (self dunes, which are obhque to the
mam wmd directIOn), sand rIdges are erosiOnal aeohan bedforms The most
Impressive are located m the central Sahara m the Erg Chech, Igmdl, and
the Tenere, where we have descrIbed and measured them The ridges are
ahgned parallel to each other and to the mam wmd directIOn, which Justifies
their deSCrIptIOn of longItudmal

The term "mterdunal corndor" IS proposed for the space which separates two
sand rIdges The genesIs of longltudmal corndors separatmg longltudmal sand
rIdges IS deflatiOn m a sand sheet The sand rIdges are reSidual dunes between
two deflatiOn corrIdors, where wmd erOSiOn IS active

The Width of the mterdunal corndors IS at a maximum m the central Sahara
sand seas Measurements from Landsat Images m the Erg Chech and the Erg
IgUIdl show a sand rIdge WIdth reachmg 3 km, and 5-6 km for the COrrIdors
between 26° and 29° North

In Egypt, between 25-28° Nand 24-27° E, the sand rIdges reach a maximum
of 1,500 m, and the corndors 4,000 m (Skharet al Amud dunes) Further east,
at the Abu Mmgar sand rIdges (27-30° N, 28-30° E), the maximum Width IS
2,500 m, With corndors 2,000 m Wide

Approachmg the Sahel, south of the Saharan-Sahehan strip of ergs, the
corndors become narrower, showmg either the still POSitive sediment balance or
a less advanced negative one In Ouarane Erg (22° N), Spacelab Images show
Widths of 1,000 m for the sand ndges and 250-1,500 m for the corndors
North of Tlmbuktu (17° Nand 13° W) m the Azaouad, and m Niger, south of
the Erg de Fachl Bllma, the sand rIdges are 750-1,000 m Wide and the corndors
250-1,500 m Wide

All these longltudmal edifices correspond to a negative sediment balance,
meanmg that they are m areas of prevIOus depOSitIOn With a POSitive sediment
balance, but are now m a phase of deflatiOn In these areas, the danger due to
aeohan degradatiOn hes m the export of the finest partIcles and the loss of sot!
and SOli structure ThiS fundamental difference, between aeohan bedforms
resultmg from accumulation and others resultmg from deflatIOn, explams the
eXistence of two schools of thought The first school beheves that the shlftmg
of dunes and the shlftmg over time of the dune fields and the sand seas are the
mam effects of wmd erosIOn trIggered by droughts and man-mduced land
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degradatIon The second school IS convmced that the concept of progressmg
dunes IS more or less a legend ThIs dIfference lIes m the fact that the former
have made theIr observatIOns m barchan-mfested areas wIth a posItIve sedIment
balance where the dunes are all mobIle, whereas the latter have worked m areas
of negative sedIment balance m longltudmal dune fields where the dunes are not
mobIle but nevertheless dangerous because they are sand reservOIrs where sand
partIcles can be set m motIOn These two sItuations and dmgnoses lead to two
dIfferent strategIes to combat wmd erosIOn the first must aVOId encroachmg
sand, the second must aVOId SOIl loss

Global Wind Action System and Aeolian Flows as Criteria
for Wind-erosion Control

Global Wind Action Systems

A combmatlOn of sand deflatIOn, sand transport, and sand depOSIts detectable
on satellIte Imagery IS defined as a Global Wmd ActIOn System (GWAS) A
GWAS IS a dynamIC aeolIan system where, m a defilllte area, partIcles are
exported (source area), transported (sand shlftmg area), and accumulated (sand
depOSItIOn area), or re-exported m consequence of wmd actIvIty A GWAS can
be an open or a closed system

A closed GWAS IS an area where partIcles are Imported and accumulated, but
where outflux IS neglIgIble The Taklamakan sand sea, because of ItS location m
a deep basm between hIgh mountams (Tten Chan to the north and Kuen Lun to
the south), IS the best example of a closed GWAS

An open GWAS IS defined as a system where, after Import and accumulatIOn,
particles can be re-exported out of the system The Sahara, whIch exports ItS
aerosols to the north as far as Greenland, to the east as far as Khazakstan, to
the south as far as the tropIcal forest of the Gulf of Gumea, and to the west
across the AtlantIC Ocean as far as the Bermudas and the Nordeste (BrazIl), IS
the best example of an open GWAS The correlation between Sahara and Sahel,
and the way Sahara exports ItS sand partIcles towards the Sahel, has been
demonstrated (Mamguet et al 1992) The actIve Tenere sand sea m NIger, for
example, IS contmued Without mterruptlon by the fixed Hausa sand sea, which
also receives a part of ItS sand from a branch of a sand current runnmg west of
AIr MaSSif and has loaded sand from the allUVIUm accumulated by the dallols
(dry wadiS)

In a GWAS, there IS no Simple JuxtapOSItIOn of the three ulllts-erosIOn,
transport, and deposit-but rather a JuxtaposItion of multI-scale UllltS m areas
of dommant erOSIon, UllItS of depOSItIOn can be found at the local scale, and III

areas of transport, figures of depOSIts can be seen ThiS multI-scale orgamzatlOn
should be studied usmg a multI-scale approach
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• At the synoptic level of the global wmd actIOn system

• At the regIOnal level of a major sand sea

• At the local level of vIllages and other human settlements, roads, ratlways,
plantatIOns, and projects

Aeolian flows or sand currents in the Saharo-Sahelian GWAS
• The Saharo-Saheltan GWAS IS formed of currents of sand, a kmd of aeoltan

sand "nver," conformmg to harmattan By analyzmg Meteosat Images
from 20 May 1978 to 25 January 1979, a map was drawn (Mamguet 1984)
showmg that, m the absence of topographIcal mega-obstacles, the currents
of sand that cross the desert follow the northeast-southwest trade wmds III

the hyper-and and and desert, curvmg at the TropIc of Cancer across the
Sahel (FIg 1) These trade wmds change from a northeast-southwest
dIrectIOn to an east northeast-west southwest dIrectIOn, then to an east­
west dIrectIOn m north Chad, north NIger, north Burkma Faso, and
Mauntama A Meteosat Image from 3 January 1992 confirms these wmd
flows (FIg 2)

• The most western current of sand flows, from southeast Cap Juby, near
Tarfaya, to southeast Cap Blanc, are mduced by constant wmds-eoastal
trade wmds-blowmg from north northeast to south southwest along the
Atlanttc coast of the Sahara The current, 800 km long, IS composed of
mdlvldual barchans, barchans grouped m dune fields, and movmg sand veIls
The barchans reach a heIght of 15 m WIth an average of 6-10 m, a
maxImum wIdth of 75 m, and an average of 15-35 m from the end of one
wmg to the end of the other The rocky surface IS favorable to saltatIOn
The barchans reach an average speed of 25 mly The sIze of the grams has
a medIan of 220 11m

• Along the currents of sand, dIfferent dynamICs can be IdentIfied, accordmg
to alternatmg sectors those where transport IS dommant and those where
depOSItIOn dommates Rocky pomted landscapes-the ltnear rock yardang
landscape between the Tlbestt and Ennedl mountams-and saltatIOn are
charactenstlc of the first, sand seas of the second The large saltatton
currents, whIch cross the desert, are subdIVIded mto several branches
accordmg to hIghland patterns

• The sand flows ltnk the sand seas m chams A comprehenSIve analySIS of
the sand seas of the Sahara shows that they are open regIOnal depOSition
centers that receIve the sand at theIr north or northeastern edge and lose
theIr partIcles at theIr south or southwestern edge The open sand seas are
more or less dependent on one another and communicate along the chams
The sand seas are connected along these synoptIc flows of sand, where the
sand IS submItted to a general long-dIstance dnft-dlscontmuous m tIme and
space-from north to south of the desert and even out of the desert
towards the Sahel They are more or less nch m sand (FIgs 3 and 4)
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Figure 1. Trans-Saharian and Sahelian wind flows according to
Meteosat images (30 May 1978 to 25 January 1979). A=Air;
AD=Ader Doutchi; AI=Adrar Des Ifoghas, B=Bilma, E=Eglab,
En=Ennedi, H=Hoggar; H=Hodh; LT=Lac Tchad; M=Messak;
TA=Tassili N'Ajjer; T=Tibesti. Solid lines indicate lines of sand
deposit or corrasion with high reflectance on Meteosat. Dashed
lines indicate lines of deflation with low reflectance on Meteosat.
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All these sand movements correspond to the dIsplacement of partIcles one by
one durmg sand storms that follow the sand currents prevIOusly descnbed
These currents can clImb small topographic obstacles and reach, for example,
600 m along the TIbestI slopes They also cross the Adrar of Iforas from east
to west Sand transport can also be collected as barchamc edifices

Selectmg techmques to control mobIle sand and movmg dunes reqUIres
knowledge of the whole system, as well as an appreciatIOn of the dynamICS of
the problem area

Strategies for Control of Wind Erosion

Controllmg wmd erosion, often conSidered as dune stabIlIzation 10 ItS restncted
sense, should also mean controlling the movement of particles 10 the dIfferent
parts of a GWAS, from the source area towards the areas of transport and
accumulatIOn Strategies to combat wmd-blown sand and mIgratmg or
encroachmg dunes are different The effects of dune disturbance are not the
same as for the disturbance of mlgratmg sand Control of wmd-blown sand may
have no effect on the rate of dune movement

Stabilization of Mobile Sand through Physical Methods

In hyper-and and and ecosystems, with an almost lImitless supply of sand and
frequent and strong wmds, managers face the double danger of mobIle dunes and
dnftmg sand Mauntama, where the sand flows are sImultaneously orgamzed 10

saltatmg sand and barchans threatemng human settlements (roads and railways),
IS the most slgmficant example and probably the most dIfficult to control

Blocking the sand in the source and transfer areas
ThiS action reqUIres knowledge of the locatIOn, nature, and extent of both the
eroSIOn area and the sand migratIOn area The size and distance of the source
can make the solutIOn ImpossIble or ImpractIcal In the EgyptIan desert, for
example, the wmd flow bnngmg the encroachmg sand to the Kharga oaSIS
ongmates 10 the Qattara depreSSion 700 km to the north northwest The
transportmg flUId takes ItS load of grams, WhICh can be a mIxture of more or
less autochthonous and/or allochthonous particles, along ItS fluxes

If the source area IS too Wide or too far from areas that reqUire protectIOn
agamst encroachmg sand, or are located 10 an and ecosystem that does not
allow the establishment of a vegetative cover, an economically reasonable
solutIOn cannot be proposed In more favorable cases, palIsades or mechamcal
barriers should allow the creatIOn of an artificial dune, but thIS reqUires a
constant strategy of sand trappmg untIl contmuous vegetative cover IS obtamed
upwmd of the edifice
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It IS often cheaper and more effective to take measures that will prevent the
sand from bemg picked up m the source area than to fix the dunes formed m the
accumulatIOn area In the source areas, the ObjectIve IS to protect the sOil
partIcles from entraInment by

• ReducIng wmd speed through wmdbreaks of dry or preferably lIve
vegetatIOn, If raInfall or aVailable water permit, strategies differ accordmg
to the degree of andlty

• IncreasIng the cohesion of soIl particles by plantIng vegetation, here the
efficIency of tree plantation or rehabilItatIOn of a grass cover should be
considered

• Flxmg the soIl usmg chemIcal adhesives, or covenng the loose partIcles With
plastIc sheets, nets, or dead vegetatIOn

The strategies to control aeolIan damage lInked to dnftmg sand and mobile
dunes can be dIvIded mto two sets of actions

• Blockmg the shIftmg sand m the source area or at any step of transport by
palIsades or barners made of artIficIal matenal (plastic or orgamc), creatmg
an artificial dune, or fixmg the loose sand by chemIcal measures When the
source area does not allow bIOlogical rehabilItatIOn, blockmg the sand may
reqUIre repeated or permanent action

• StabllIzmg the loose sand by biologIcal measures

In the transport area, the objective IS to brmg about a reduction m wmd speed
by mcreasmg the roughness of the land, the resultmg turbulence causes the
airborne partICles to settle DepositIOn of sand m pre-selected areas will reduce
the threat to human settlements

The approaches employed to reduce dnftmg sand are

• Promotion of the depositIon of dnftlng sand by ditches and barners

• PlantatIon of vegetatIOn belts to trap sand moving away from source areas

• Enhancement of sand transportatIOn by shapmg the land surface and
treatmg the surface

• DeflectIOn of the sand stream

The objective IS to minimize the volume of particles transported to encourage
accumulatIOn upWind of the area requmng protectIOn Nevertheless, to trap
movmg sand IS a solution which reqUIres Indefimte maintenance The
excavatIOn of deep ditches upWind of human installatIOns IS based on sand
entrapment and can brmg temporary protectIOn against encroachmg sand To
be effectIve, ditches bUIlt at nght angles to the mam wmd direction must be
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wider than the length of the Jump of saltatmg grams (3-4 m) The ditch must
have a depth which prevents aeolian deflatIOn from the floor and must be
regularly cleared of entrapped sand or doubled by parallel ditches

When the area of transport IS underlam by unconsolidated matenal, techmques
to reduce deflatIOn should be apphed, such as

• Spreadmg coarse-gramed matenal over the surface to obtam a kmd of desert
pavement ProtectIOn must be contmuous to reduce the scounng of
underlymg matenal

• Mulchmg, to prevent excessive movement of particles ThIS mvolves the
even covermg of the sand, sand sheet, or dune with natural or man-made
matenals The objectIve of mulchmg IS to break up the smooth surface of a
bare field mto a rough surface which slows down the speed and stablhzes the
surface agamst wmd erosIOn ChemIcal mulchmg can be used, and combmed
With bIOlogICal methods If ramfall IS suffiCient The sand-fixmg layer
formed by chemicals should be mamtamed m good condItIOn until the
vegetatIOn IS well enough estabhshed to control wmd erosIOn

The accumulatIOn area IS charactenzed by sand sheets, transverse dunes or dune
fields, and sand seas The different shapes of dunes are related to sand supply,
wmd speed, the duratIOn of the wmd, wmd regIme, and local topography

Mechamcal stablhzatlOn IS based on the use of non-hvmg, orgamc, or morgamc
matenal to construct sand-bmdmg bafflers ThiS method IS not Ideal, because
the effective hfe span of these structures IS hmlted three to five years for the
checkerboards m the Tengger desert m Chma Sustamable stablhzatlOn of dunes
can only be achIeved by the development of a vegetatIOn cover Mechamcal
techmques used for sand stablhzatlOn are essentially deSIgned for the protectIOn
of human settlements and Villages, commumcatlOn hnes, transportatIOn routes,
and precIous agncultural land Sand-blockmg measures must be considered to
assIst sand stablhzatlOn measures

The alms of sand and sand-sheet mechamcal or chemICal stablhzatlOn are to fiX
the sand long enough to enable natural regeneratIOn of the vegetatIOn cover (or
planted vegetatIOn), which then estabhshes Itself WIthout waterlOg ThIS will
nulhfy the abraSive action of blowmg sand upon young seedhngs that have
germ mated durmg the ramy season, the burymg of seedlmgs by dnftmg sand,
deflatIOn, and exposure of the root system

Biological Stabilization of Sand, Sand Sheets, and Dunes

In areas where ramfall reaches 300 mm/y, bIOlogical stablhzatlOn IS favored,
followmg two steps

A checkerboard pattern of low fences (25-30 cm high) spaced I m apart
Vanous matenals can be used to construct fences WIth the checkerboard
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pattern bundles of millet stalks and other crop residues, plastic sheets, and
even cardboard

2 Development of a natural or planted vegetatIOn cover, the only sustamable
solution to permanently ImmobilIze any dune This method was mltlated by
the Institute of Desert Research AcademIa Smlca (IDRAS) In Shapotu,
South Tengger desert, Chma

BIOlogical methods are difficult to use when ramfallis lower than 300 mm/year
In areas of recent revegetatIOn, fencmg IS necessary to prevent ammals from
accessmg these areas Ammals participate m the scattenng of seed, but avoidIng
overgrazmg IS a baSIC reqUIrement FenCIng where sand has been reactivated can
also allow natural rehabilItatIOn to occur In areas of contInUOUS sand
depOSitIOn, such as the Chmese baSIn sand seas, the solutIOns are more
difficult-and more expenSive-because they are hnked to a mountaInOUS
geomorphology and a contmuous sand supply

StabilIzatIOn of sand, sand sheets, and dunes reqUIres development of a
permanent vegetatIOn cover There are three pOSSibIlitIes for rehabilItatIng the
dry areas

• Natural regeneratIOn of the vegetatIOn cover If raInfall IS suffiCient

• Semi-natural regeneratIOn of the vegetatIOn cover

• CreatIon of a vegetation cover

To these methods can be added bIOlogical shelter belts, WIndbreaks, and wmd
barners Ideally, a wmd barner made of trees must consist of at least three rows

• The central row contams the tallest trees, preferably a fast-growmg species

• The second row, upwmd, IS made up of a shorter species

• The aUXIlIary rows, downWInd, contaIn short trees or bushes

Greenbelts, formed of several rows of trees or bushes, are a claSSIC techmque In

ChIna The species are locally adapted, and selected for their drought reSistance,
speed of growth, and SUItabilIty to water potentIal and depth of underground
water In the Chmese oases, frUIt trees planted are nut, apncot, and mulberry In
the oasIs of Turfan (South TaklImakan), 16,000 ha of vmeyard are surrounded
and subdiVided by greenbelts 1,130 ha have been planted SInce 1964 SimIlar
greenbelts have been planted In HetIan to aVOid a bl-dlrectlOnal wmd regime

To obtaIn the maximum decrease m WInd speed, the Ideal porosity IS 50% The
Ideal spacmg of barners IS five times the height of the wmd barner However,
thiS optImum spacmg may not be compatible With agnculture or land tenure In

the area There IS no general rule to calculate the most effiCient spaCIng
Accordmg to wmd speed and topography, the recommended spacIng IS 5-25
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times the height of the wmd bamer If the wmd IS very turbulent (for example,
In areas with varymg topography, m valleys swept by local winds, or m
corridor-cuttmg escarpments) the spaCing must be reduced to 5 times the height
of the bamer The spacmg of wmd bamers depends on the topography of the
wmdward slope, where the wmd streams are compressed and the wmd speed
accelerated When the belts are aligned at 45 degrees to the eroding wmd, or are
on slopes exposed to the wmd, the distance between the shelter belts should be
reduced On the leeward slope, where the Wind streams are expanded and the
Wind speed IS slower, the density of the Wind bamer can be decreased

Other bIOlogical technIques Include mtercroppmg or micro-crop shelter belts
For example, three rows of tall-growmg pearl millet planted across the
prevallmg wmd directIOn by the Central And Zone Research Institute (CAZRI
1984), were found to be Instrumental m mcreasmg the water-use effiCiency and
productiVity of summer grown vegetables such as lady's finger and cowpea
Pearl millet as a micro-crop shelter belt must be sown about a fortnIght earlier
than the vegetable crop to provide a shelter effect

Control of Mobile Dunes

The problem of movmg dunes can be tackled m three ways removal,
dissipatIOn, and ImmobilIZatIOn However, all three technIques have their
negative aspects Removal of the dunes IS very expensive DIssipatIOn of a
mobile dune by trenchmg, surface treatment (complete or stnps), and
transformatIOn of the dune m shlftmg sand IS feasible only m areas were shlftmg
sand IS not a disturbance for human activities Reshaping of mobile dunes mto
mobile sand mounds IS temporary, the sand mounds Will evolve very qUickly
toward the optimum aerodynamiC form, to be permanent the surface of the
reshaped dune must be vegetated

Dlggmg ditches to the leeward of the edifices IS useless to stop the dunes,
phYSical barriers leeward of the edifices are also useless Vegetative stabilizatIOn
reqUires ramfall or IrngatlOn, and the questIOn of cost becomes a prIOrIty
TechnIques of reshapmg dunes (reducmg height or volume) can aggravate the
problem by mcreasmg the speed of the dunes

Free movement of sand IS a baSIC rule, the presence of human mstallatIOns
dlsruptmg the sand flow should be aVOided smce these stimulate sand
accumulatIOn If obstructIOns are unavOidable they should be aerodynamically
streamlmed A fundamental obligatIOn IS that all lmear mstallatlOns (roads,
railways, plpelmes, etc) should run parallel to the direction of the dommant
sand flow The facilities should be located m areas where the dommant sand­
movmg wmds blow over gently nsmg ground On a wmdward nsmg slope the
ground-level wmd speed IS mcreased and results m sand transport rather than m
accumulatIOn
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Conclusions

Vis-a-VIS aeolian actIOn, there IS no example of a reasonable preventIve
strategy PreventIOn IS often undertaken when therapy IS what IS needed
Because of mcreasmg populatIOn and the need to use more and more margmal
land north and south of the Sahara and tn the Middle East, sustamable
management reqUIres a good knowledge of the aeohan dynamIc and the laws
that rule sand accumulatIOn, sand exportatIon, fluctuatIons of the hmlts of the
sand sheets, and the dIrectIOn of sand transport to or from the sand seas
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Development
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ICARDA, P a Box 5466, Aleppo, Syna

Abstract

Vast areas of West ASIa and North AfrIca (WANA) are margmal, wIth fragIle
ecosystems HIgh populatIons exert pressures on the land, whIch paves the way
for senous land degradatIOn, such as sOIl erosIOn caused by wmd The scarcIty of
arable land m the regIOn IS a major cause of poverty Rural poverty mhlblts
mvestment mto more sustamable land use, and promotes explOItatIve use of
lImIted land resources Sustamable resource use IS not only dependent on
agncultural development but also on polIcy frameworks that are conducIve to
JudicIal land use, and on the development of alternatIve non-agrIcultural sources
of mcome for the growmg populatIon Research m sustamable land use must be
solutIOn-orIented and focused on technology Improvements that are dIrectly
benefiCIal to the land users Therefore, research needs to be people-centered
PartIcIpatory approaches to research mvolvmg all stakeholders-farmers,
researchers, extenslomsts, and other people and mstltutlons dIrectly or
mdlfectly mvolved m rural development-are promlsmg alternatives to
conventIOnal mono-directIonal researcher-farmer lInks

Introduction

The occurrence and seventy of wmd erosIOn m drylands IS baSIcally governed
by the mteractIOn of the prevaIlmg clImatIc conditIons and land-use practices
Where long dry perIods, assocIated with strong seasonal wmds, occur regularly,
where the vegetatIve cover of the land does not suffiCiently protect the sOIl,
and the sOil surface IS dIsturbed due to mappropnate management practices,
wmd erosIon IS usually a senous problem (Hudson 1986, Nlr 1974) These
condItIons are typIcal for large parts of WANA Wmd erosion IS one of the
major threats to the land m the regIOn (FAO 1986)

TradItIOnally, land use m the regIOn has been balanced wIth the environment
Therefore, cIvIlIzatIOns m these dry areas surVIved over long perIods However,
wIth mcreasmg pressure on the land, the eqUIlIbrIum between utilIzatIOn and
regeneratIon has been dIsturbed The lImIts of the system's reSIlIence have been
exceeded and the natural mechamsms of regeneratIon are faIlIng (Greenland et
al 1994) As a consequence, degradatIOn processes dommate, leadmg to soil
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exhaustion, reduced bIOmass production, and mcreased susceptibIlIty of sOIl to
wmd erosIon (Ryan 1982, Sperber 1994)

In the dner arable areas of the regIOn, large tracts of land are bemg cultIvated
without any wmd protectIOn measures such as wmdbreaks or vegetated buffer
strtps Durmg the hot and wmdy summers, this land IS partIcularly vulnerable to
wmd erosIOn Stubble or other crop resIdue could gIve some protectIOn and also
contnbute to the mamtenance of sOIl structure But It IS removed for fodder or
grazed by the ammals (Jones 199 I) In addItIon, the tramplmg of the grazmg
ammals destroys the structure of the topsoIl ThIs leads to puivenzatton and
compaction, and thus contnbutes to the susceptlblhty of the surface sOIl to
wmd erosIOn (Mulholland and Fullen 1991)

SlmJ!ar condItions prevaIl m the rangelands Due to persIstent overgrazmg and
firewood collectIOn, the perenmal natural vegetatIOn has been almost totally
destroyed, leavmg the SOIl exposed and unprotected (Wllhams and Bollmg
1996) The decreasmg avaIlabIlIty of range vegetatIOn for the ammals forces
the land users m many places to plow large areas of the land and plant barley
for grazmg (Jones 199 I, Nordblom et al 1997) ThIs, however, dIrectly
destroys the dry season cover prOVIded by the natural perenmal rangeland
vegetatIon that protects agamst the erodmg forces of the wmd

Pressure on the Region's Land Resources
WANA IS the mandate area of the InternatIOnal Center for Agncultural
Research m the Dry Areas (ICARDA) The regIOn IS vast and very dIverse,
extendmg to Morocco m the west, EthIOpIa, Sudan and Somaha m the south,
the ArabIan Penmsula m the southeast, PakIstan and Afghamstan m the east,
and Turkey m the north The newly mdependent Central ASIan Repubhcs were
recently added (FIg I)

After a long hIstory of food self-suffiCIency, WANA can no longer feed Itself
Food Imports per capIta are among the hIghest m the world (Nordblom and
Shomo 1995) The pressure on the land IS ever-mcreasmg, and WIth currently
practiced technologies, the soIls are bemg exhausted at alarmmg rates ThIS
apphes to arable land as well as to grazmg areas Severe soIl erosIon and
degradatIOn are Widespread LImIted water resources are bemg depleted rapidly
by expandmg and mtenslfied IrngatlOn of the drylands (Rodrfguez 1996)

PopulatIOn growth m the regIOn IS slgmficant, and It IS expected that the
population wIll more than double by the year 2020 The pressure on the land IS
already high, and only a few areas permit a substantial mcrease m productiVIty
Only where the limited ramfall IS supplemented WIth sUItable IrngatlOn water,
and nutnents are replemshed WIth commercIal fertIlIzer m an economIc
environment attractIve to the land user, can productiVIty be mcreased
slgmficantly However, the productiVIty of the land cannot be "squeezed"
mdeflmtely beyond ItS natural productive capacIty The balance between the
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avallable resources and theIr use must be mamtamed The sustamabillty of land
use and the concern for Its efficIent functIonmg far mto the future should be the
overrIdmg CrIterIa for future land-resource planmng and land use
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Figure 1. The West Asia and North Africa region (EI-Beltagy
1996).

In order to raIse the hvmg standard of the rural populatIOn while USIng the
avaIlable agrIcultural resources, the dImensIOn of quahty-and value-of
agncultural products must be recogmzed as more Important than the
conventIOnal productIOn goal of quantIty GIven the hmlted agrIcultural
resources and theIr state of exhaustIOn, more efficIent and sustamable ways to
use them must be found These must first address the degradatIOn and
conservatIon of land resources

Economic Diversity and Disparity

WANA IS extremely dIverse In statIstIcal studIes, poverty m the regIOn IS
frequently masked by averagmg rIch and poor countnes Wealthy countrIes,
such as LIbya and the Gulf States, should not be dIrectly compared WIth the
poorer countrIes of the regIOn The wealthy states of the regIon are the oI1­
exportmg countrIes WIth low populatIOns The agrIcultural sectors m these
countrIes cannot feed theIr populatIOns, but the 011 mcome permIts the Import
of food and mvestment m agrIculture and land-resource conservatIOn (El­
Beltagy 1996) These countrIes only have 7% of the regIOn's populatIOn, but
theIr average per capIta mcome of US$ 9,417 IS the hIghest m the regIOn
(Table 1) The remammg 93% of the WANA populatIOn IS much poorer Th e
four most dIsadvantaged countrIes of the regIOn, Sudan, EthIOpIa, ErItrea, and
Somaha, have an average per capIta mcome of only US$ 88, whIch IS less than
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1 2% of that of the oll-exportmg countries Seventy five percent of the
regIOn's populatIOn (421 mlllton people) has a per capIta mcome of less than
US$ 2 per day, and 235 mlilton people III the regIOn have a per capIta mcome
of less than US$ 1 per day These people are on the bottom rung of the
poverty ladder and thus have ltttle or no means or opportumty to mvest III the
Improvement of theIr ltves and theIr envIronment

Table 1. Income and population of seven groups of WANA
countries.

Average Population
per capita (millions)

GNP (1992)
US$ 1994 2020

all exporters With small popUlations (Libya, 9,417 29 58
Kuwait, Oman, Qatar, Saudi Arabia, Unites
Arab Emirates)

all-exporters With large populations (Algeria, 1,929 113 222
Iran, Iraq)

Fast population growth (SYria, Jordan) 1,000 20 41
TranSitional population growth I (Lebanon, 1,520 00 150

Morocco, TUniSia, Turkey)
TranSitional population growth II (Egypt) 586 62 89
East WANA (Afghanistan, Pakistan, Yemen) 379 146 313
South WANA (Ethiopia, Eritrea, Somalia, 88 00 19

Sudan)
Total popUlation 562 1,071

Source EI-Beltagy (1996)
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Table 2. ""Pol!\ll~tion and available per capita cropland in WANA.
Region Country Total 1960/1961 1990 2025 (UN Estimate)

Arable Land Total Per Capita Total Per Capita Total Per Capita
(x 1000 hal Population Cropland Population Cropland Population Cropland

(1,000) (ha) (1000) ha (><tOQQt (ha)

J:>.
....>.

North Africa

Middle East

Arabian Penn

West ASia

WANAAve

Mauritania
Morocco
A1gena
TuniSia
Libya
Egypt
Sudan
SYria
Lebanon
Jordan
Israel
Iraq
Kuwait
Saudi Arabia
Oman
UAE
Yemen
Turkey
Iran
Pakistan

205
9,327
7,644
4,851
2,155
2,648

12,900
5,626

298
607
436

5,450
5

2,365
61
39

1,609
27,677
15,050
21,100

991 0 27 2,003 0 10 4,239 0 05
11 ,626 0 60 24,334 0 38 36,342 0 26
10,800 065 24,935 031 40,347 0 19
4,221 1 01 8,080 060 11,802 041
1,349 1 46 4,545 047 12,406 017

27,840 0 09 56,312 a05 87,080 a03
11 ,165 a97 24,585 052 56,365 a23
4,561 1 40 12,348 046 30,871 0 18
1,857 014 2,555 012 3,991 007
1,695 028 4,259 014 11,496 005
2,114 019 4,660 009 7,088 006
6,847 0 69 18,078 a30 40,631 0 13

278 000 2,143 000 2,550 a
4,075 029 16,048 015 41,251 006

558 004 1,751 003 5,580 001
00 009 1,671 002 2,787 001

5,247 025 11,311 014 30,922 0 05
27,509 a91 56,098 049 82,583 a34
21 ,552 a71 58,946 a26 112,672 0 13
49,955 a34 121,933 0 17 270,915 a08

052 024 013



AvaIlabIlIty of croplands for food productIOn IS senously lImIted (Table 2) The
average per capIta area of avaIlable cropland In the regIOn dropped from 0 52
ha m 1961 to 0 24 ha In 1990 EstImates predIct a further reductIOn to 0 13 ha
by 2025 (FAG 1995) WIth these lImIted land resources, the pressure on the
SOIl IS not lIkely to decrease WIthout alternatIve developments of non­
agncultural enterpnses and Income generatIOn for the growmg rural populatIOn

Poverty III rural areas IS more prevalent and more pronounced than In urban
areas Rural Infrastructure and access to servIces has Improved consIderably
over the past two to three decades, but thIs has not resulted In suffiCIent
employment creatIOn and poverty alleVIatIOn WIthIn the affected countnes (EI­
Beltagy 1996) Large numbers of people (approxImately 9 mIllIon) are
employed In the wealthy OIl-exportIng countnes of the Gulf and In Europe
Pnvate Investment In agnculture IS largely financed by the earnIngs sent home
by these overseas workers However, thIS IS only a small fractIOn of the
unemployed populatIOn In WANA (Rodriguez 1995) Large numbers of the
populatIOn are stIll employed In agnculture, and the Increase In rural populatIOn
WIll further fuel mIgratIOn from rural to urban areas

The Region's Grain Gap
The dIet of the WANA populatIon IS based on cereals and pulses Although the
food supply has Improved over the past 20 years, the supply of adequate
amounts of proteIn IS stIll defICIent A conSIderable proportIOn of food graIn IS
stIll beIng Imported, and current trends show an ever-WIdenIng gap between
productIOn and consumptIOn of graIn In the regIon (El-Beltagy 1996, Nordblom
and Shomo 1995)

Usmg FAG data from 1970 to 1990, future trends In the productIOn and
consumptIOn of all graIns In 15 countnes of the regIOn can be prOjected (FIg
2) Assummg an annual Increase m productIOn of 2%, the gap between
productIOn and consumptIOn (the gram gap) WIll contmue to WIden If gram
productIOn does not drastIcally nse, IncreasIng amounts of graIn WIll have to be
Imported ThIS Immment pressure to mcrease productIon, however, may lead to
further over-explOItatIOn of the natural resources, further acceleratmg
degradatIon of the land IncreaSIng demand on graIns WIll contInue to force
states to generate non-agncultural revenue (mcome) for the purchase of gram
on the world market to feed thelf growIng populatIOns
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Figure 2. The grain gap in WANA.

Research and Technology Development
The causes and effects of land degradation are complex The fight agamst land
degradatIOn cannot be won at the land-user level alone Hohstlc approaches will
have to be developed that, besides Implementmg direct bIOphysical measures on
the land, take mto consideratIOn the hvmg conditions (the SOCIOeconomic
settmg) of the rural areas and all the external forces and constramts directly
and mdlrectly hnked to the pressure on the land and ItS use SolutIOns do not he
m the direct mfluence of the land user alone, but to a large extent m the general
framework wlthm which rural people hve and have to produce to survive This
framework IS largely determmed by the state and ItS pohcles General polIcy
frameworks should emphaSize and favor environmental conservatIon,
encourage good stewardship of the land, and provide scope and opportuOltles
for agncultural development

Research mto degradation processes, their underlymg causes and their long-term
effects (consequences) on the land and the environment should be solutIon­
onented The study of the processes of degradation (e g wmd erosion) should
not be a purpose unto Itself, maskmg the need to develop solutIOns that will
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lead to a resource-protectmg and sustamable land utIhzatiOn Therefore, withm
the context of the land-use system, the term "research" is more appropnately
replaced with the term "technology development" Technology development
encompasses packages of measures withm the context of the land-use system,
and has a spatial dimensiOn It mvolves components of traditiOnal research,
exchange of knowledge, and testmg under "real-world" conditiOns, and Imphes
the mvolvement of all stakeholders cruCial for the appropnate management of
the natural resources (m this case, soli)

Approaches to Technology Development
TraditiOnally, land management skills m WANA were developed through a
system of tnal and error Only systems whIch were compatible with the
enVironment survived As populatiOns mcreased, the need for mcreased
agncultural productiOn placed growmg pressure on the land ThiS has resulted m
a more mtensive use of land and the expanSiOn of agnculture mto margmal
areas With today's rapid populatiOn mcreases, time does not permit the
development and adaptatiOn of land-use and conservatiOn practices m the
traditional tnal-and-error method of the past Modern SCientific methods have
to be used to speed up the process of developmg and implementmg new and
more sustamable SOIl and land management practices However, expenence has
shown that many sCience-based and government-promoted improved
technologies for land management and SOIl conservatiOn have failed to be
adopted by the land users (Zobisch 1996)

Conventional Approach

In the conventiOnal approach to technology development, it is the role of the
researcher to identify and analyze the land users' problems Solutions are then
developed on research statiOns and transferred to the farmers Via the extenSIOn
serVice In thiS way, the extenSiOn service forms the hnk between the
researcher and the farmer, and helps the farmer put the new technologies mto
practice, usually wIth the aid of mcentIves m cash or kmd ThIS conventIOnal
approach clearly separates the three actors m the technology development
process-researcher, extensiOOlst, and land user-and puts them mto a
hierarchical relatiOnshIp The mformatiOn flow is m one directiOn, from
researcher to extensiOOlst to farmer Researchers tend to work m isolatiOn and
extensiOOlsts seldom have a good understandmg of the land users' enVironment
or constramts to changmg conditiOns ExtensiOn is often fragmented mto
separate speCiahzatiOns, and, consequently, each speciahzatiOn depIcts only a
narrow sectiOn of the overall SituatiOn Moreover, different speciahzatiOns may
be attached to different mstItutiOns, With httle or no mteractiOn
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People-centered Approach

If the concept becomes people-centered, tradItIOnal vertIcal hIerarchIes are
elImInated InformatIOn flow IS free and poly-dIrectional Farmers become equal
partners and have the opportUnIty to partIcIpate In technology development,
from problem IdentIficatIOn to ImplementatIOn Consequently, they are
consIdered not only recIpIents, but are expected to play a part In InItiatIng and
evaluatIng technology development

Land users do not subdIvIde or segment theIr farmIng actiVItIes as researchers
tradItIOnally do The whole farm enterpnse dIctates theIr thmkmg LInkages
WIthIn the farmIng system are understood WIth a wealth of tradItIOnal
knowledge, thIS can be used In the development and ImplementatIOn of
Improved or new technologIes

An Important outcome of the people-centered approach IS that, as pressure on
the land Increases, farmers recognIze the lImItatIons of theIr knowledge, and of
the tradItIonal technologIes to sustaIn productIOn Present condItions call for
partICIpatory research and development, WIth a changed and closer relatIOnshIp
between the tradItional InstItutIOns of research, extenSIOn, and farmmg The
concept of people-centered technology development also recognIzes that there
are other stakeholders In the process of rural development, such as local
leaders, schoolteachers, relIgIOUS leaders, rural bUSIness people, and government
officIals

These groups are VItal for rural development In general because they have theIr
own Interests and the means to Influence opInIons and deCISIons (Group for
Development and EnVIronment 1995, ZObIsch 1996) It IS these groups that
may be Instrumental In promotIng or hIndenng the development and
ImplementatIOn of Important aspects of technology, such as creatmg the nght
SOCIal enVIronment, prOVIdIng credIt faCIlItIes, and land-use nghts

A Perspective on People-participation in Technology
Development

Modern SOIl conservatIOn does not hIghlIght SOIl conservatIOn as a separate
actIVIty, but as a part of good land husbandry from WhICh the land user wIll
benefit dIrectly The need for conservatIOn and appropnate management of
land resources are of concern all over the regIOn It IS also clear that there are
no unIversal solutIOns TechnologIes have to be appropnate to local condItIOns,
and these can be very speCIfic Recent expenence has shown that technology
development does not seem to work effectIvely anywhere WIthout the
Involvement of the land user, from the InItial stage of Identr£YIng problems to
ImplementatIOn and adoptIOn by the land user

Many Important aspects of rural hfe cruCIal for the adoptIOn of technologIes
are eIther hIdden from the outSIder or are not comprehensIble to the modern
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SCIentIfic worker Through farmer partIcIpatIOn, these cIrcumstances are
automatIcally consIdered and can be mcorporated mto land conservatIon
strategIes and technologIes Farmer partIcIpatIOn has proven to be a key to
success Practices and technologIes can be developed whIch find general
acceptance and sustamable use (ZobIsch 1996)

In people-centered approaches to technology development, researchers,
extenslomsts, and land users are equally Important The extensIOn worker
occupIes a central role m technology development He IS the carner of
messages and feed-back m all dIrections, a center of mformatlOn exchange, and
a medIator between the stakeholders m the development process There has to
be a general understandmg that a focus on the bIophySIcal envIronment-such
as the soIl-alone, does not explam and solve SOlI-erOSIOn problems (Group for
Development and EnvIronment 1995) The WIder context, mcludmg the SOCIal
and economIc frame wIthm whIch the farmers operate and on whIch they are
largely dependent, must be conSIdered Only then WIll an understandmg of the
land users' behaVIOr be developed From thIS perspective, more realIstic
development optIons and avenues WIll be developed

Researchers have to be made aware of these cIrcumstances The translatIOn mto
"researcher language" IS equally Important People-centered approaches are
neIther top-down nor bottom-up approaches They are ways to Improve the
understandmg of all the stakeholders' mterests wlthm the context of
technology development, wIth the aIm of reachmg solutIOns that are acceptable
and sustamable
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Review of Major Research on Wind Erosion in
Arid and Desert Tunisia

Houcine Khatteli
IRA, Medenme, TUnisIa

Abstract

Large parts of TUnIsIa are arId, wIth sOIl and clImatIc condItIOns allowmg only a
sparse natural vegetatIon Overuse, due to hIgh populatIOn pressures, of these
fragIle areas has led to severe land degradatIOn Lands formerly used only for
seasonal and nomadIc grazmg have been converted to arable use The use of
heavy machmery permIts the c1earmg and clean-tIllage of large tracts of land
ThIS gIves way to severe WInd erosIOn The loss of grazIng reserves through
expandIng arable land, In connectIOn wIth the settltng of formerly nomadIC
people, leads to serIOUS overgraZIng of the remammg rangeland, and hence
denudatIOn and wmd erosIon

Research on soIl protectIOn agaInst WInd erosIOn m TUnIsIa focuses on
preventIve and curatIve measures Generally, good ground cover has been shown
to be the most effectIve measure agamst WInd erosIOn StrIp croppmg has
proven to be very effiCIent m cereal croppmg on sandy soIls Mulchmg IS very
effectIve, but mulchmg materIals cannot usually be produced locally III

sufficIent quantIty More realtstlc are natural vegetatIon strIpS across the mam
WInd dIrectIOn Good WInd protectIOn has been achIeved WIth strIp wIdths of
10-20 m The strIpS take up a lot of land but they can also be utIltzed as a
source of feed for anImals

ApproprIate SOIl tIllage can also protect the SOIl, but although narrow tmes and
sweeps were very effective In reducmg wmd eroSIOn, yIeld under the dIsk harrow
was hIgher

In olIve plantatIons vulnerable to sand encroachment by small sand dunes, the
flattenmg of the dunes and mulchmg of the ground surface WIth shrub and palm
leaves proved to be effectIve

MechanIcal fixatIon of sand dunes IS an effectIve but expensIve measure Local
materIals for dune fixatIOn are bemg tested FIrst results show that dune fixatIOn
also encourages the re-establtshment of natural vegetatIOn on the stablltzed
lands
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Geography of Tunisia Adjacent to the Sahara
The zone adjacent to the Sahara In TUnisia covers approximately 30,000 km2

The annual raInfall ranges between 100 and 200 mm (Fig 1) This ramfall,
which IS accentuated by dry wmds and IS highly vanable, prevatls mamly
between May and September, dunng the cold penod and the drought The
thermal regime IS qUite vanable The average maximum temperature of the
hottest month (July) vanes from 32 to 36°C AccordIng to the clasSificatIOn
of Emberger, a major part of the region IS located at the lower end of the
Mediterranean and chmate

Because of different sod types, the redlstnbutlOn of raInfall through runoff, and
the more or less strong demographic pressure (cultivatIOn, overgraZIng, etc) a
very hmlted steppe vegetatIOn prevails

Smce the begInnIng of thiS century and In particular durIng the last few decades,
rapid changes of the landscape 10 southern TUnISia have been observed, due
maInly to populatIon growth and human settlIng ChangIng styles of hVIng and
rural development are accompanIed by changes m the land tenure system and
the quantitatIve and quahtatlve use of natural resources (Floret and Pontamer
1982, Le Houerou 1969 and 1990, TaIbi 1993)

In the past, thiS area was used for extensive grazmg (by sheep, goat, and camel)
on communal rangelands, and for traditIOnal systems of cereal cultivatIOn,
maInly In the higher raInfall zones Due to the rapid settlement of nomadiC
populatIOns and the ownership of collectIve lands, new forms of natural
resource management have been developed ThiS IS Illustrated by the gradual
abandonment of transhumance systems, estabhshment of home gardens, and
the rapid extension of tree- and cereal-crop cultivatIOn at the expense of
pasture lands ThiS IS due mamly to the IntroductIOn and general use of
mechanizatIOn (dlskmg), which permits the rapid and less expensive cleanng of
large areas m the steppe (Khatteh 1981, 1984)

AdoptIOn of thiS aggressive technology for cultlvat10g the sandy steppe lands,
which are the most attractive for cereal- and tree-culture, promotes accelerated
w10d erosIOn ThiS rapid extensIOn of cultivatIOn at the expense of pasture land
has led to a decrease 10 the traditIOnal pasture zone Sheep, still found In

Significant numbers, are progressively pushed to graze on lands With reduced
numbers of hv10g species and low biomass, which also leads to land degradatIOn
ThiS process IS of senous concern, as the lands are particularly prone to wmd
erOSIOn, which removes the thIn topSOil and leads to the formatIOn of dunes
(Ben Dah 1987, Aknml et al 1988, Aknml and Abaab 1991)

Settlement IS leadmg to the loss or dispersal of huge flocks, which are replaced
by smaller Units that graze year-round close to Inhabited areas ThiS also
provokes locahzed overgrazmg and an accelerated degradatIOn of the
environment In the vlc10lty (Floret and PontanIer 1982)
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Sheep graz10g IS more or less a semi-nomadic practIce, eastly adapted to a
spatial and temporal vanablhty of ramfall and graz10g resources Thus, the
detenoratiOn of the ancient system of management of rural areas IS lead10g to
changes, sometImes Irreversible, 10 the ecological eqUllibnum that eXisted 10 the
traditIonal management systems of land and vegetatiOn Natural resource
management IS thus disturbed, and the degradatiOn process 10creased This IS
demonstrated by the decreased biOlogical productIvity of ecosystems, result10g
10 a lower standard of liv10g for the 10habltants (Floret et al 1976) Floret et
al have shown that If the current systems of explOitatIOn of marg10al lands
contmue until the year 2000, degraded lands will 10crease from 35 to 65% and
the productivity of the ecosystems will decrease by 35%

Fundamental Knowledge of Wind Erosion Processes
The research that we have undertaken has prOVided several useful results
concernmg the fundamental processes of w10d erosIOn and the ImplementatIOn
of practical solutIOns, both curatIve and preventIve, to counter wmd erosIOn

Studies carned out at different research statIons (Ben Gardane, Dar DhaoUl, Sidl
Makhlouf, Menzel El Habib, and Nouell) demonstrate that desertificatIOn,
where sand encroachment poses the most senous problem, should not be
conSidered as an unstoppable progresSiOn of sand masses from the Sahara In
fact, this IS a local phenomenon-<hscontmuous, diffuse, and non-generalized­
that occurs at all places m a vulnerable and margmal enVlfonment where the
dehcate eqUilibnum IS disturbed by excessive and 1Odlscnm1Oate use by human
populatIOns (Khatteh 1981, 1982)

In fact, the movable sand dunes that are encountered frequently near oases,
cultivated lands, and Villages are formed follow1Og the destructIOn of vegetative
cover due to multIple anthropogemc effects (eradicatIOn of woody speCies,
overgrazmg, crop cultivatIOn, etc) Their progressIOn 10 the directIOn of the
Sahara m general, and the Erg Onental 10 particular (and not the other way as
we preVIOusly beheved), IS due to the dommance of actIve w10ds that blow from
the east, southeast, and the north over the wmds that ongmate from the west
and the south (Khatteh 1981, Khatteh and Bel HaJ 1993)

At the plann10g level, the results of our study on wmd dynamiCs and sand
movement can proVide practIcal solutIOns for effiCient control of movement
of sand dunes on the local scale, or even 10 terms of movement of the dunes
Mechamcal wmdbreaks can be onented perpendicular to the aXIs of sand
displacement, and the ImplementatiOn of mechamcal stablhzatlOn of sand dunes
can be undertaken when wmds are relatively qUiet However, mamtenance
operations and the re-erectlOn of the fences 10stalled should be done durmg the
wmdy penods m order to aVOid their bunal under the mobile sands (Khatteh
1996)
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Low WInd breaks (maximum height of I m) with a homogeneous permeabilIty
and without an openIng at the base, are highly recommended to combat movmg
sand dunes

Combating Wind Erosion
In our research, we wanted to demonstrate that the WInd erosIOn In our zone IS
an anthropological phenomenon WhiCh, once Initiated, tends to become more
extensive and even encroach on the more stable environmental zones The
expenments carned out at the research statIOns have demonstrated that It IS
possible to combat thiS degradation, at the curative as well as the preventive
level

The Curative Control of Wind Erosion

Olive crops affected by sands
The sand encroachment of olive crops results from excessive cultivatIOn of soil
With a disk harrow, which pulvenzes the SOli and renders It more vulnerable to
wmd erosIOn ThiS IS mamfested by the disappearance of olive crops where the
deflatIOn and formatIOn of movable sand dunes occurs, or where sand depOSItion
occurs To combat thiS phenomenon, mulchmg was employed, conslstmg of
spreadmg plant reSIdue over the SOil surface after levelIng the dunes (Khatteh
1984) The erosIOn process has slowed down markedly, and no new dune
formatIOn has smce occurred at thiS SIte

Three types of plant reSidue were tested The twigs of Artemisia campestrzs
were found to be more SUItable for the fixation of the mobile dunes than the
other two (Rhanterzum suaveolens and palm leaves) ThiS was due to theIr
applIcatIOn effiCIency, pastoral and economic value, and avaIlability In

suffiCient quantities on the degraded lands and fallows In the study zone

It IS strongly recommended that the dISk harrow be replaced by a tooth-harrow,
plowshare, or blade-harrow, all of WhICh provoke less degradatIOn The
mamtenance of natural plant stnps between the olIve trees and their utilIzatIOn
as wmd breaks IS also hIghly recommended

Land covered by degradation
The research done at Menzel Al Habib on a degraded steppe covered by
Rhanterzum suaveolens under multiple anthropogemc effects (overgrazmg and
removal of woody species) Illustrates the pOSItive Impact of measures taken to
combat wmd erosIOn The ecologIcal evolutIOn of the study zone under the
effect of the protective measures IS demonstrated from a geomorphologIcal
stand pomt m terms of
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• A spatial extensIOn of nebkas at the expense of mobile dunes and the
denuded zone

• A decrease m the susceptibility of the land to wmd erosIOn

• A general tendency towards the establishment of an eco-pedomorphological
eqUilibnum

The protectIOn of degraded land subjected to mtense wmd erosIOn processes can
be envisaged as an efficient and less expenSIve method to combat wmd erOSIOn,
provIded the hmit of ItS irreversibIlity has not yet been reached

Mechanical fixation of mobile dunes
A tnal at the Sidi Makhlouf statIOn exammed the use of dry wattlmg (hvmg
brushwood) for rapid and effective stabihzatlOn of mobIle dunes FIve
treatments (mcludmg a control) were studied, and the followmg conclUSIOns
drawn

• Watthng arranged eIther m 20 10 squares (contmuous pattern) or m rows
spaced 20 10 apart (across the mam wmd direction) were the most effective
treatments m terms of the quantity of sand trapped and the stabIhty of soil
surface mSIde each plot The 40 10 squares were less effective, but stIll
resulted m Improvement Watthng rows planted 40 10 apart were the least
effiCient, although they were sIgmficantly supenor to the control (no
mterventIOn)

• In terms of costlbenefit, the 20 10 parallel rows were better than the 20 10

squares because they were only half as expenSIve ThIS allows us to evaluate
the actual cost of mechamcal stabilIzatIOn of dunes carned out by the
regional techmcal servIces of the General Directorate of Forestry

• The first SiX months of the tnal were charactenzed by mstabihty mSide the
different plots, which damaged the fixed plants It is thus adVisable not to
begm tree plantmg dunng thiS penod to aVOid the bunal of young plants due
to sand depOSit, or their removal due to deflatIOn Work durmg thiS penod
should be onented towards the cleamng and care of the fence Replantmg
should not be started untIl after the second year, or, at a mmImum, SIX
months after the mstallatlOn of the plot

• The dune SOil, espeCially when it is a little mobile, generally constitutes a
favorable atmosphere for the development of natural vegetatIOn, thanks to
itS capaCity to retam SOlI mOlsture at shallow depths It responds well to
protective measures and may be suffiCient for SOil-surface fixatIOn ThiS
procedure will prevent re-afforestatIOn, resultmg m reduced expenses for
the fixatIOn of the mobile dunes and the restoratIOn of the degraded lands
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Preventive Measures
The results of the expenments carned out m Dar DhaoUi on the tools for soil
cultIvatIOn, as well as natural plant stnps for the preventIOn of wmd erosIOn on
lands cropped to cereals, clearly pomt out the extreme fragilIty of and
ecosystems, notably those on sandy SOIls Inappropnate explOItatIOn of the
natural resources m thIS zone (water, SOIl, vegetatIOn) provokes wmd erOSIon,
WhIch, once mItiated, feeds on Itself and mtenslfies due to anthropogenIc as
well as clImatIc factors

Crop cultivatIOn can be regarded as a factor of SOlI degradatIOn m south TUnISia
because wmd erosIOn IS provoked on soils that are cultIvated ThIS erOSIOn IS at
ItS highest when the land IS cultivated by disk harrow Utilization of the disk
harrow on sandy soils cannot be tolerated unless the soil roughness IS Improved
by the addItion of plant reSIdues or by keepmg uncultivated natural vegetatIOn
stnps between the cultivated stnps If the first solutIOn cannot be achIeved,
because It reqUires an mvestment to prOVIde plant reSIdue (hay, straw, or any
other natural reSIdue aVailable locally), the second solutIOn of natural
vegetatIOn stnps IS attractive to the farmers because It does not reqUire any
mvestment It can be eaSIly Implemented on a large scale Stnps 10-20 m WIde
are more effiCIent than stnps 5 m WIde, because they are more effectIve In

decreasmg wmd eroSIon, and also help achIeve a small mcrease m barley yield
In addition to the ecologICal benefits (conservatIOn of natural vegetation whIch
IS nearmg extmctlOn because of land c1eanng), the uncultivated stnps also
proVide lIvestock feed, thanks to the pasture potentIalIty

The tooth harrow (tiller) and the blade (sweep), even though they SIgnIficantly
reduce wmd erosIOn m companson to the dISC harrow, cannot substItute for the
latter m the cereal zone because of the low yield of barley obtamed m fields
where they were used Therefore, theIr utIlIzatIon IS recommended In

hortIcultural fields (I e, for olive cultIvatIOn) The plowshare IS a przorz the
most appropnate tool because It results, on average, m a three-fold reductIOn In

soil loss compared to the dIsk harrow, while producmg an annual harvest closer
to the mean yield

Research results achIeved on wmd erosIOn m the and and desertlc TUnISia have
been utIlIzed at several locatIons

• The RegIOnal TechnIcal Services of the Directorate General of Forestry
made use of our results to select the most permeable mechamcal wmdbreaks
and theIr onentatIOn relatIve to the dommant actIve wmds These are bemg
Implemented at Medenme, Gabes, and Kebill

• The farmers at Ben Gardane and at ZarzIs used our results regardmg the
mamtenance of uncultIvated stnps between cultIvated lands and the
progressive replacement of the dIsk harrow by the tooth harrow,
particularly m olIve fields
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• Dune fixatIOn m ohve fields encroached by sand usmg the mulchmg
techmque has started to mterest some ohve farmers In the Zarzls regIOn
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Some Observations on Wind Erosion in Egypt

Mohamed M. Wassif
Deserl Research Center, Cairo, Egypt

Abstract

Egypt lIes m an and region, where the problems of wmd erOSIOn are considered
a real threat The current research was conducted under field conditIOns to
measure the quantity and properties of soil loss due to wmd erOSIOn durmg
certam penods m the Northwest Coast (NWC) and North SmaI Laboratory
study usmg a wmd tunnel was also carrIed out at the Desert Research Center to
evaluate the relatIOn between wmd velocity and sOIl loss

Three sites were selected for field study, the first m the NWC and the others m
North Smal Airborne matenal was collected from erodmg sOIl with a BSNE dust
sampler The quantity of aIrborne matenal vaned accordmg to samplmg penod,
location, sampler height, and sOil-surface conditions At each site the amount
of sod collected decreased with mcreased height and the percent of particles
<0 1 mm mcreased with height The relatIOn between the quantity of sOIl
collected and sampler height IS best descnbed with loganthmlc or power
equatIOns The amount of airborne matenal expressed as tilOO m wIdth was
o783, 3 161, and 86 192 for the bare sOIl of South Abou Lahu (NWC), EI
Shlekh ZowaIed, and EI Maghara (North Smal), over 93, 193, and 340 days,
respectively Vegetative cover reduced the wmd erosIOn rate m North Smal In
most cases, concentrations of N, P, K, and organIC matter m airborne matenal
were greater than that of the parent sOil, and the ennchment ratIOs were
greater than 1

Laboratory study usmg a wmd tunnel mdlcated that the quantity of soil loss
mcreased with mcreasmg wmd velOCity The threshold velOCity of Abou Lahu
sod was 5 mls Future research IS needed for the successful plannmg of SOIl
conservatIOn measures to control wmd erosIOn m Egypt

Introduction

Egypt lIes m an and regIOn, where the problems of wmd erosIOn are considered
a real threat for arable lands Wmd erOSIOn also causes severe losses to human
habitatIOn, commUnICatIOn, and transportatIOn, and Impenls human health
This IS especially true for the newly reclaimed areas m the vlcmlty of the Nile
Delta and Valley, as well as the arable lands of the desert areas, which are
charactenzed by unprotected erodible SOIls, low vanable precipitatIOn, and
erosive wmd especially durmg the sprmg and summer
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The Economic and Social Committee of Western ASia (ESCWA 1993) showed
that about 18 million ha m Egypt are affected by different levels of wmd
erosion Arroug (1995) used the wmd predictIOn equatIOn of Woodruff and
Siddaway (1965) to estimate sOlI loss by wmd erosIOn 10 EI-Omayed, Northwest
Coast He showed that sOlI loss by wmd erosIOn reached 100 tlha per year In
South Smal, Wasslf et al (1997) used the Big Sprmg Number Eight (BSNE) dust
sampler to measure sOlI loss by wmd erosion durmg 83 days begmnmg 10 March,
1994 They found that the quantity lost was 3 07 t/1 00 m width EI Maghraby
et al (1994) studied the effect of sand dune stabilizatIon on the amount of
shlftmg sands 10 Siwa OasIs They found that the dally amount of shlftmg sand
reached 28 5 glm width 10 the stabilized area, and 856 5 glm width m the
unstablhzed area However, quantitative mformatlOn about sOil loss and nutnent
loss due to wmd erosIOn under vanous conditIOns 10 Egypt IS stdl lackmg
Therefore, the purpose of this study was to measure the quantity and properties
of sOil loss by wmd erosIOn dunng certam penods 10 the Northwest Coast and
North SlOat Moreover, the relation between wmd velocity and sOlI loss was
determmed usmg the wmd tunnel at the DRC

Materials and Methods
The study was performed under field and laboratory conditIons Field studies
were carned out 10 two regIOns (the NWC and North Smal) Both regIOns
represent the malO areas of ramfed agnculture 10 Egypt Figure 1 shows the
locatIOn of the sites

In the NWC, the field work was conducted 10 South Abou Lahu (Site 1), located
40 km west of Marsa Matruh The mean annual precipitatIOn vanes from 100
to 150 mm The dry season lasts 6-7 months Mean annual maximum and
mmlmum air temperatures are 25°C and 15 °C, respectively Relative humidity
vanes from 50 to 70% Wmds blow strongly durmg wmter, early sprmg, and
certam summer months The average wmd speed IS 5 5-7 0 mls FAOIUNDP
(1970) estimate that velOCIties of more than 60 kmlhr occur 58 times m ten
years The site was cultivated with barley on ramfall 10 the wmter season, and
left fallow dunng summer The dommant sOil IS Lithic Tornpsamments, mixed,
Hyperthermic The field was nearly flat Table 1 shows some phYSical and
chemical properties of the upper 5 cm of the sOil surface

Particle size dlstnbutlon (%)

Table 1. Physical and
em) at Abou Lahu.

Coarse Fine
sand sand

Silt Clay

chemical properties of surface soil (0-5

Texture CaC03 Bulk Rough- pH of Total OM
class (%) density ness sOil N (%)

(g/cm3
) coeffiCient paste (%)

237 7765 1995 003 Loamy 1632
sand
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Figure 1. Field study locations.

Samples of soli matenal from erodmg sOIl were collected three tImes between 8
Apnl and 10 July 1994, at heIghts of 0 OS, 02, OS, and 1 m USIng the BSNE
dust sampler, as descnbed by Fryrear (1986) Three samplers were located m a
150 x 30 m field, placed 50 m apart m a Ime parallel to the dIrectIon of the
dommant wmd The field was surrounded by a non-erodIble area covered wIth
natural vegetatIOn

In Smal, the field work was conducted at two sItes EI SheIkh ZowaIed (SIte 2),
located 32 km east of EI Ansh, and EI Maghara (SIte 3), located 90 km
southwest of EI Ansh At EI Ansh the mean annual ramfall IS about 100 mm,
decreasmg southward MaXImum and mlmmum aIr temperatures are 306°C and
73°C, respectIvely RelatIve humIdIty reaches 75% m summer and wmds are
usually mlid
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At Site 2 the field work was carned out at EI Sheikh Zowaled Station, Desert
Research Center, m two fields one with bare sOil, and the other cultivated with
olive and palm seedlIngs The SOIl was an aeolIan sand deposit (TypiC
Tornpsamment) Table 2 shows some phySical and chemical properties of the
upper 5 cm of the sOil surface Two BSNE samplers were posItioned 50 m apart
m every field For both fields, samples of sOil materIal from erodmg SOIl were
collected durmg SIX penods from 25 January to 6 August 1996, at heights of
o 1, 05, 075, and 1 m from the soIl surface

Table 2. Physical and chemical properties of surface soil (0-5
em) at &1 Sheik Zowaied.

Particle size Texture CaC03 EC Bulk Rough- pH of Total OM
dlstnbutlon (%) class (%) (dS/m) density ness sOil N (%) (%)
Sand Silt Clay g/cm 3 factor paste
933 46 2 1 Sand 03 0522 1 65 089 8 14 0007 003

At Site 3 the field work was conducted at EI Maghara StatIOn, Desert Research
Center, m two fields the first bare SOIl and the second cultivated with five-year­
old pistachIO Two BSNE samplers were posItioned 50 m apart m each field
The dommant soli IS Typic Tornpsamment PhySical and chemical properties
of the upper 5 cm of the soli surface are shown m Table 3 Samples of SOIl
matenal from erodmg soli were collected from each field dunng eight perIods
from 9 January to 15 December 1996 at heights of 0 1, 0 5, 0 75, and 1 m
from the soli surface

Table 3. Physical and chemical properties of surface soil (0-5
em) at El Maghara.
Field Particle size Texture CaC03 pH of ECof Bulk Rough- 0v1 Total

dlstnbutlon (%) class (%) SOIl sOil denSIty ness (%) N
Sand Slit Clay paste paste (g/m3) factor (%)

extract
(dS/m)

Bare 771 7 16 15 71 Loamy 11 73 793 0567 1 75 037 009 0 009
sand

Cultl- 700 130 1700 Sandy 790 0569 1 60 625 007 002
vated loam

The samples of soli matenal from erodmg SOIl for every site were dned at 55°C
for 72 hours before welghmg, and then dry Sieved to determine the size
distrIbutIOn of dry undlspersed particles for each sample height (referred to In

thiS paper as particle size dlstnbutIon) Orgamc matter, total mtrogen, available
phosphorus, and exchangeable potassIUm were measured on composite samples
of airborne matenal or samples from the upper 5 cm of the sOil surface The
methods used are descnbed by Black (1965) Hourly Wind speed was measured by
a recordmg anemometer 25m above the sOil surface
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In the laboratory study, the WInd tunnel at the ORe was used to study the
relatIOn between WInd velocity and sOlI loss, and to estimate the threshold
velocity of Abou Lahu soIl The WInd tunnel is an open CircUit, blower type
with a vanable pitch-In-motIOn aXial flow fan A schematic side elevatiOn of
the tunnel IS shown In Figure 2 The test sectiOn was a rectangular duct 0 7 m
wide, 0 6 m high, and 3 m long A sample tray 500 mm x 700 mm x 70 mm
was used The tray was filled with sieved Abou Lahu soli surface <0 5 mm in

diameter Each weighted sOli tray was exposed to WInd velocities of 7 5, 8 3,
90, 103, 11 0, 120, 13 4, 142, and 147 mls The WInd velocity was
measured >30 cm from the sod surface by a traverse mechamsm system
eqUipped with ventenmeters After each velOCity the tray was weighed,
addItional sod was added then smoothed to a umform 70 mm depth, and the
tray was subjected to the given WInd speed Duplicate 10 mInute tests were run
for each velOCity The sod loss for every speed was determIned usmg a load cell
of accuracy +0 01 kg The relatiOnship between SOil loss and free stream
velOCity was determIned

Results

Field Studies

For Site 1, the mean velOCity of erosive WInd dunng the samplIng penods was
10 1 mls The maXimum wmd velOCity of 144 mls occurred In May Table 4
shows the quantity of airborne matenal (g/cm 2

) durIng the three penods at
005, 02, OS, and 1 m heights The quantities are dependent upon the
sampling penod and sampler height, where, for every penod, the quantity was
decreased by IncreaSIng height (Fig 3) The relatiOnship between the quantity
of airborne matenal and sampler height was tested USIng different models, i e
logarithmic, Imear, power, and exponential The data show that the loganthmlc
model was the best

Y = a + b in X

where y = mass of airborne matenal collected (g/cm\ X = height of sampler,
(m), and a, b = regressiOn coeffiCients

Table 4. Eroded soil (g/cm 2
) collected at four heights during

three periods at Abo Lahu.
Sampling Sampler height (m) a b f Q (g/cm
penod 005 020 050 10 Width)
4/8-4/28 0710 0670 0234 0174 0184 -0199 0832 334
4/26-6/8 0895 0601 0379 0185 0203 -0235 0996 389
6/8-7/10 0125 0114 0033 0028 0027 -0036 0837 688
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The total amount of airborne matenal (Q) collected by a 1 cm wide slot
extend109 from a heIght of 0 05 m to 1 m was estimated by mtegratmg the
regressIOn equations between the lImits of 0 05 m and I m The results are
given 10 Table 4 The greatest Q value was obtamed from the longest samplmg
penod From Q values, the total amount of airborne matenal durmg the
samplIng penods was estimated as 783 kgll00 m width

Figure 4 shows the partIcle SIze dlstnbutlOn of airborne matenal collected dunng
every penod The data for all samplIng penods mdIcate that particles smaller
than 0 1 mm Increased with mcreasmg height These particles reached about
92% at a heIght of 1 m for the first samplIng penod Table 5 shows the
chemical composItIOn of airborne matenal and parent sOil, as well as the
ennchment ratIO (ER) calculated accordIng to the follOWIng equatIOn

The amount of nutnent 10 the airborne matenal
ER = -------------------

The amount of nutnent In the parent soil

Table 5. Organic matter, total nitrogen, available phosphorus,
and exchangeable potassium content of airborne material and
parent soil as well as enrichment ratio at Abou Lahu.
Chemical compOSition Parent AIrborne matenal (1994)

SOil 4/8-4/28 4/28-6/8 6/8-7/10
Organic matter

%
ER

Total mtrogen
%
ER

Available P
ppm
ER

Exchangeable K
meq/100 g SOil
ER

na=Data not available

0276
na

0031
na

12
na

0857
na

231
83

0025
081

48
40

146
170

166
60

0025
081

34
28

144
17

na

0044
142

24
20

1 21
1 4

The data show that the orgamc matter, available phosphorus, and exchangeable
potaSSIUm of the aIrborne matenal aSSOCIated WIth the first samplIng penod
were greater than the other penods The ennchment ratios of orgamc matter,
avaIlable phosphorus, and exchangeable potaSSIUm were greater than 1

Table 6 shows the number of hours that the wmd speed was more than 6 1 mls
at a height of 25m for Site 2 ObVIously, the highest number was In March,
and the lowest 10 July Table 6 shows that there were 316 hours of WInd speed
greater than 5 5 mls from 6 June to 15 December 1996 at SIte 3 The greatest
number was obtaIned In October, and the lowest In November
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Table 6. Hours of erosive wind at EI Shiekh Zowaied and EI
Magllara (1996).
Month EI Shlekh Zowaled EI Maghara

wind speed (m/s) (wind speed more
<61 61-89 >89 than 55 m/s)

January 24 2) 4 na
February 50 47 3 na
March 85 71 14 na
Apnl 49 49 na
May 30 26 4 na
June 11 11 na
JUly 2 2 55
August 39
September na na na 00
October na na na 71
November na na na 27
December na na na 45 *
na=Data not available
*Data until 15 Dec

Figure 5 shows the amount of airborne matenal (g/cm2
) collected for each

samplIng penod at heIghts of 0 1, 0 5, 0 75, and 10m for bare and cultIvated
soils for SIte 2 The hIghest amount of airborne matenal was obtamed durmg
the samplIng penad from 12 February to 9 March 1996 ThIS IS In agreement
With the hours of wmd speed more than 6 1 mls In March For every penod, the
amount of airborne material decreased wIth IncreasIng height The same trend
was also seen at Site 3 (Fig 6)

The relatIOnship between the amount of aIrborne matenal and sampler height
for bare and cultIvated salls was tested USIng different models Power and
loganthmlc equatIOns were best for Sites 2 and 3, respectively

Total amounts of airborne material for both bare and cultivated salls at Sites 2
and 3 were obtaIned by vertical IntegratIOn of the data from the four heIghts
and calculated as kg/l 00 m Width These data are given In Table 7 ObVIOusly,
the values for the bare soil were greater than for the cultivated SOil at both
sites

The values for Site 3 were greater than for Site 2 When the soil was cultIvated,
soil loss (compared to bare SOli) was reduced to 127% at Site 2 and 946% at
Site 3
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Table 7. Total amount of soil collected at four heights during sampling periods for
bare and cultivated soil at EI Sheikh Zowaied and EI Maghara (Sites 2 and 3).
Srte Field Sampler height (m) a b f Regression Q Total

(g/cm2
) equation (g/cm amount

..... 01 05 075 10 width) (t/100 m.....
width)

2 Bare 382896 12674 04952 03466 03062 -20869 09977 y=a+bln x 3160929 3161
Cultivated 228805 17667 06879 06095 05317 -1 6314 09920 y=a+blnx27619617 276

3 Bare 248 9183 136 1195 15 1663 41623 130626 -1072909 09146 y= axb 86192485 86192
Cultivated 131701 48488 22747 18767 136257 -509227 099301 y= axb 463682 4637



Table 8 shows the partIcle SIze dIstributIOn of aIrborne materials at heIghts of
o }, 0 5, 0 75, and } 0 m above the sOlI surface for bare and cultIvated sOlIs at
SItes 2 and 3 PartIcles <0 } mm mcreased WIth mcreasmg heIght m all cases
For SIte 2, at heIghts of 0 } and 05 m, partIcles between 05 and 0 } mm were
dommant, however at heIghts of 0 75 and } 0 m partIcles <O} mm were
dommant At SIte 3, partIcles <O} mm were dommant at a heIght of } m,
partICularly for the cultIvated sOlI A more or less sImIlar trend was prevIOusly
obtamed at the Abou Lahu site

Table 8. Particle size distribution (%) of airborne material at
four heights for bare and cultivated soil at Sites 2 and 3.
Particle Bare 5011 Cultivated 5011

size (mm) Sampler height (m) Sampler height (m)
01 05 075 10 01 05 075 1 0

EI Sheikh Zowaied (Site 2)
2-1
1-05 239 195 006 005 131 1 19 042 009
05-01 9752 8495 3815 340 9727 8125 4394 2806
<01 009 1310 6179 6595 142 1756 5564 7185

EI Maghara (Site 3)
2-1
1-05 724 231 817 298 047 039 044 027
05-01 8686 9229 8177 4827 9558 8162 5861 3095
<01 590 54 1006 4875 395 1799 4095 6948

Table 9 summarizes the chemIca} composItIOn of parent sOIl and aIrborne
material at four heIghts of bare and cultIvated sOIls for SItes 2 and 3 It shows
that organic matter, total nitrogen, and avaIlable phosphorus contents of
aIrborne materials were greater than that of the parent soli for both SItes at
every heIght Organic matter content of aIrborne material collected from
cultIvated sol! wa~ greater than that of bare SOlI for both SItes The enrichment
ratIOs of organic matter, aval!able phosphorus, and total nitrogen were greater
than } for all cases Enrichment ratIOs of exchangeable potassIUm were greater
than } for bare and cultivated sol!s at SIte 2 The enrichment ratIOs for all
cases, regardless of sampler heIght, can be arranged m the followmg order
organic matter > total nitrogen > available phosphorus > exchangeable
potassIUm
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Table 9. Chemical composition and enrichment
soil at four heights for bare and cultivated
Zowaied (Site 2) and EI Maghara (Site 3).

ratio of collected
soil at EI-Sheikh

Site Chem Bare 5011

camp Parent Airborne material
5011 Sampler height (m)

a1 a5 075 1 a

Cultivated 5011

Parent Airborne material
5011 -----::S~a.;.;;m""""':pl-er"":-h.;.;.el~gh:"'-t'-:-'(m"":)--

01 05 075 1 0
Organic matter

2 % 003
ER

3 % 009
ER
Total nitrogen

2 % 0 007
ER

3 % 0 009
ER
Available P

2 ppm 0336
ER

3 ppm 04
ER
Exch K

2 meq/100 9 008
ER

3 meq/100 9 022
ER

na=Data not available

002
067
009
1 0

001
1 43
002
222

0464
1 38
0496
1 24

008
1 0

018
082

007
233
016
177

0018
257

0024
267

0312
093

0576
144

013
1 63
022
1 00

009
300
048
533

0007
1 0

0024
266

0648
1 93
0424
1 06

na

024
109

05
167
077
855

0028
40

0035
389

0856
255
0888
222

na

027
1 23

003

007

0007

002

0336

0384

008

067

009
30
089
1271

001
1 43

0039
1 95

048
143

0328
085

008
1 0
033
049

027
90

089
1271

0018
257
005
25

0504
1 50
0384
1 a

010
1 25
054
081

a27 030
90 10 0
093 091

13 29 130

0031 0 035
44 5 a

0044 0 059
22 295

0296 0496
088 1 48
a60 084
1 56 2 19

013 012
1 63 1 50
a54 054
a81 081

Laboratory Study

Figure 7 shows the relatiOn between solI loss and wmd speed The values over
10 mmutes ranged from 0 12 to 11 84 kgltray ObviOusly, the sOli loss was
correlated WIth the wmd velocity As velocity mcreases the solI loss mcreases
The solI began to move at a wmd velocity of 5 lOis Therefore, the threshold
velocity of Abou Lahu sod is 5 lOis Above the threshold velOCIty, sod loss
mcreases gradually up to 12 mis, then mcreased rapIdly At low velocIty, the
power equatton descnbes the relatIOn between wmd velocity and SOil loss (FIg
8), however, the Imear model is better at velocities> 12 lOis
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Discussion

The quantity of airborne matenal vaned considerably among the sites In this
study The amounts of sOlI loss were 784, 3,161, and 86,192 kgllOO m width
for bare sOli at the Abou Lahu, EI Shlekh Zowaled, and EI Maghara sites durIng
93, 193, and 340 days, respectively At each site the amount of collected soIl
decreased with IncreaSIng height, and the percentage of particles >0 1 mm
mcreased with Increasmg height The highest amount was obtaIned from bare
sOil at Site 3 Moreover, the amount of airborne matenal collected from bare
sOil was greater than from cultivated SOli at both sites This result IS expected,
because the vegetative cover protects the soIl surface from wmd actIOn by
reducmg wmd speed and by preventmg much of the direct wmd force from
reachmg erodible soIl particles It also reduces rates of erosIOn by trappIng soIl
particles, which m turn, prevent the normal avalanchmg of soIl matenal
downwmd (Woodruff et al 1977) This result IS m agreement With Dlkkeh
(1990), who showed that a protective plant cover decreases the rate of SOlI loss
for vanous SOil types by 60-70% compared to a bare smooth surface
Moreover, the cultivated SOil was Irrigated With a dnp IrrigatIOn system that
mcreases SOil mOisture, thereby mfluencmg the susceptibilIty of SOlI to wmd
eroSIOn Saleh and Fryrear (1995) found that With a small mcrease In mOisture
content, a substantial Increase m WInd velOCity IS reqUIred to Initiate SOlI
movement It IS also clear that the reductIOn percentage of airborne matenal of
cultivated soIl at Site 3 was greater than that of cultivated soIl at Site 2 This
may be due to the roughness factor of cultivated SOli at Site 3, which was
greater than that at Site 2 (Tables 2 and 3) At all Sites, the amount of airborne
matenal (g/cm2

) decreased With mcreaSIng height Such a relatIOnship IS In

accordance With a loganthmlc or power equatIOn The first was acceptable at
Abou Lahu and EI Maghara, and the second one was acceptable at El Shlekh
Zowaled However, Zobeck and Fryrear (1986) show that the relation between
height and quantity of airborne matenal IS best descnbed by the equatIOn Y = a
xb

The particle size dlstnbutlOn of airborne matenal vanes accordmg to sampler
height FIne particles <0 I mm were the biggest size at the I m height ThiS
difference may be due to the type of particle movement, where the transport
of fine particles <0 2 mm takes place In suspension (Morgan 1988) However,
particles >0 I mm decreased With IncreaSIng height as a result of the transport
of these particles In saltatIOn

Nutnent and organIC matter loss IS one of the major hazards of wmd erosIOn
OrganIc matter, total nItrogen, aVailable phosphorus, and exchangeable
potassIUm content m airborne matenal vaned conSiderably among sites and
heights (Tables 5 and 9) In all cases, the organIC matter ennchment ratIOs
Increased With Increasmg sampler height (rangIng from I to 16) ThiS may be
due to the small size and low denSity of such matenal SimIlar results were
obtaIned by GIle and Grossman (1979) In thiS respect, Woodruff et al (1977)
Indicates that the most senous damage from wmd erosIOn IS the separation and
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gradual removal of organIc matter from surface sOils The ennchment ratIOs of
total nItrogen, avaIlable phosphorus, and exchangeable potassIUm were 0 8-5,
085-40, and 05-1 7, respectively Hagen and Lyles (1985) report average
ennchment ratIOs of 3 1, 23, and I 7 for N, P, and K, respectively In most
cases, the ennchment ratIO exceeds I, mdlcatmg a greater amount of N, P, K,
and organIC matter m airborne matenal than m the parent sOIl Therefore, wmd
eroSIOn causes considerable losses m sOIl nutnents and organIC matter, affectmg
soIl productiVity

The results of laboratory wmd tunnel studies show that sOIl loss IS correlated
WIth wmd velocity SImIlar results were obtamed by Van de Ven et al (1989)
The low threshold velocIty of the Abou Lahu soil indIcates that the rate of
WInd eroSIOn at the SIte IS hIgh

Conclusions

The results obtaIned In thIS study POInt to the selectIve removal of fine
partIcles, orgamc matter, and nutnents In airborne matenal, and show that the
relatIve rate of removal depends upon soil surface conditIOns Moreover, the
hIgh percentage of partIcles <0 I mm and the high concentrations of N, P, K,
and orgamc matter In airborne matenal lead to degraded soil over a penod of
several years

Future research IS necessary for the successful planning of soil conservatIOn
measures to control wmd erosIOn In Egypt
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Extent and Severity of Wind Erosion in West and
Central Africa

s. Koala and C.L. Bielders
ICRISAT Sahelran Center, BP 12404, NIamey, Nrger

Abstract

The West Afncan Sahel (WAS) IS the transItion zone between the Sahara desert
m the north of Afnca and the more humid SudanIan zones m the south
Although diverse m many ways, the WAS countnes have m common a fragile
agncultural sector, brought about by poor soil, limited ramfall, frequent drought,
and wmd erosIOn that accelerates SOIl degradatIOn and desertificatIOn,
compounded by rapidly growmg populatIOns Erosive Winds occur dunng two
dlstmct seasons Dunng the dry season (October-Apnl) the region IS mvaded by
strong northeasterly wmds, known as harmattan, resultmg m moderate Wind
erosIOn The second and most Important wmd-eroslOn penod IS the early ramy
season (May-July), when ramfall comes With heavy thunderstorms that move
westward through the Sahel Wmd erosIOn can be controlled by soil cover, such
as a mulch of crop reSidue, soil roughenmg, and the reduction of Wind speed by
annual or perennial grass barrIers, artifiCial barrIers, stnp croppmg, and
wmdbreaks Based on the strong relatIOnship between the mCldence of wmd
erosIOn and soil properties, It may be pOSSible to map the mCldence of potential
wmd erosIOn m the West Afncan Sahel, and hence tell farmers where
ameliorative measures can be used to best advantage

Introduction

146
41
08

195
500
695
305

1000

Total dryland (%)

757
216
43

1,016
2,576
3,592
1,580
5,172

Area (million halClaSSification
Rangelands With SOil degradation
Ralnfed croplands With SOil degradation
Irngated lands With SOil degradation
Total drylands With degradation (GLASGD)
Rangelands With vegetation degradation only
Total degraded lands (ICASALS)
Non-degraded drylands
Total dryland (excluding hyper-and deserts)

And, semi-and, and dry sub-humid drylands (defined by andlty mdex cntenon)
cover 40% of the earth's land surface Vast areas of drylands, perhaps as much
as 70% (3 6 billion ha), suffer from some degree of degradation (Table 1), and
roughly 30% (Fig 1) are located m the West Afncan Sahel (Gramger 1990)

1992).Table 1. Worldwide status of
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Figure 1. Soil degradation severity in sub-Saharan Africa.

The Sahel, located between the 100 mm and 600 mm Isohyets (Le Houerou
1989), covers an area 400-600 km wide from north to south, and nearly 6,000
km from east to west across the Afncan contInent It touches eIght countnes
Senegal, Mauntama, Mall, BurkIna Faso, NIger, Chad, Sudan, and EthIopia
More specifically, the West Afncan Sahel (WAS) IS the transItIOn zone
between the Sahara desert In the north of Afnca and the more humid Sudaman
Zones m the south (Lamers 1995) Although dIverse m many ways, the WAS
countnes have m common the problem of a fragtle agncultural sector (Table
2) This predicament IS caused maInly by poor SOIls, hmlted raInfall, frequent
drought, and wmd erosion that accelerates SOIl degradatIOn and desertIficatIOn,
compounded by rapidly growmg populatIons (Table 2) The gross domestIc
product per capita IS lower than US$ 500, except for Senegal (Table 2) The
contnbutIon of the agncultural sector to the GDP ranges from 31 to 43%, WIth
Senegal (22%) as the only exceptIOn (FAO 1995)
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Table 2. Area, population, per capita income, and agricultural
statistics in the nine countries participating in the DMI.

321
160
268
480
262
632

Per
capita
Income
(US$)

43089

Country Total Population Fertilizer Millet Sorghum Agncul-
Area use yield yield tural

(million (kg/ha) (tlha) (Uha) contn-
hal butlon

Number Denslt~rowth to GNP
(million) (km2) (%) (%)

Burkina Faso 27,420 100 34 31 29 064 089 41
Chad 128,400 5 8 0 45
Mall 124,000 87 7 24 57 071
Mauntanla 102,600 2 1 0 19
Niger 126,700 87 6 34 08 035 018 31
Senegal 19,619 85 41 31 46 059 093 22
Sources Crop Production and Area (FAD 1995), Fertilizers (Mokwunye and Vlek 1986)

The SahelIan sods consist of many dIfferent SOil types About 22% of the total
area m the Sudano-Sahehan zone IS occupied by arenosols (Slvakumar 1989)
Most SOIls are sandy, often With low fertilIty (partIcularly phosphorus and
nItrogen), humus content, and water retentIOn capacities Contmuous croppmg
causes sod organIC matter and plant-avadable nutrIents to decline Low fertilIty
IS often the major constramt for productIOn of both food grams and natural
vegetation, and there IS mcreasmg eVidence for the use of phosphorus fertIlizer
to enhance agrIcultural development Soils are very susceptIble to wmd and
water eroSIOn, and this forms an additIonal constramt to food productIOn

To restore SOil fertility, farmers have tradItIonally kept land under bush fallow
for 10-20 years However, rapid populatIOn growth, at an annual rate of 3% In

recent decades, has mcreased food demand Instead of mtenslfymg farmmg
systems (for example, by usmg mmeral fertilizers), farmers have tned to
enhance production by expandmg the cropped area The preVIOusly sustamable
fallow system has broken down, yields have declIned, and margmal land, once
used for communal grazmg, IS now cropped Over-explOItatIOn has resulted In

land degradatIOn, or desertificatIOn, on a large scale Land degradatIOn Implies a
reductIOn of resource potentIal by a smgle process or a combmatIOn of
processes actmg on the land These processes mclude erosIon by water and
wmd, crustmg and hardsettmg of sods, salmlzatlon and alkalinIzatIOn, and long­
term reduction m amount and diversity of natural vegetatIon (Valentm 1995)

The traditIonally livestock-based rural productIOn systems m the Sahelian zone
have come under mtense pressure through an mteractlOn of factors mcludIng
drought, population growth, and lIvestock herd dynamiCs (Sumberg and Burke
1991) In most of these countrIes, the forests has declIned, and the arable land
has also decreased durIng the past IS years Enhanced agrIcultural productiVity
reqUires Improvements m Input and product markets, rural InstItutIOns, and
poliCies creatmg mcentlves at the farm level, together With new nsk-reducmg
farmmg practIces that also relieve seasonal labor demands
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Another great constramt for crop productIOn IS low and erratIc ramfall
(MIchels 1994) The Sahehan regIOn has a monomodal precIpItatIon pattern,
wIth ramfall between May and September, provoked by monsoon wmds commg
from the Gulf of Gumea and the northern movement of the mtertroplcal
convergence zone (ITCZ, Le Houerou 1989) The ITCZ represents the
boundary between the hot, dry aIr from the Sahara of antIcyciomc ongm, and
the cooler, mOIster aIr from the south, of marItIme OrIgm (Trewartha 1981)
The front of the ITCZ slopes upwards towards the south at a very low
mchnatlOn angle, smce the slope IS determmed by the denSIty contrast between
both aIr masses

At the northernmost reaches of the ITCZ, assocIated thunderstorms occur on
an average of 10 days In the year ThIS number mcreases southwards, from 20­
40 days In the west to 80 days m the Sudan (Martyn 1992 cIted m MIchels
1994) WInd storms In the Sudano-Sahehan zone are of short duratIon, less
than one hour DurIng the dry season from November to AprIl, contmental
northeastern wmds, called harmattan, domInate The average annual WInd speed
for Dakar IS 7 mis, and for NIamey It IS less than 2 mls (SIvakumar 1986) AIr
temperatures In the Sahehan zone vary between a mean annual mlmmum of
18°C for and a mean annual maXImum of 38 °C (Le Houerou 1989)

About 90% of the Sahehan populatIOn lIves m VIllages, and IS largely dependent
on SubsIstence agrIculture (SIvakumar 1989) InsufficIent food productIOn
threatens the hvehhood of the people m thIS regIOn due to IncreaSIng SOIl
degradatIOn, whIch IS often assOCIated WIth wmd erosIOn (GraInger 1990)
Chromc hunger saps people's productIVIty and mcreases vulnerabIlIty to
dIsease Food securIty has deterIorated SInce Independence m sub-Saharan
Afnca, and severe food shortages are now WIdespread Food securIty at the
household level IS dIrectly mfluenced by agncultural performance In many
countnes, malnutrItIOn IS seasonal and Increases before the harvest, when food
supphes have dwmdled The gap In food mtake WIdens further m years of
drought Recurrent fammes m the 1980s graphIcally Illustrate the hIgh degree
of food msecurIty m the regIOn (World Bank 1989)

In terms of energy value, food consumptIOn In sub-Saharan AfrIca between
1965 and 1986 averaged 2,100 calOrIes per person per day, or about 85 percent
of recommended reqUIrements However, averaged over good and bad crop
years, one quarter of the populatIon obtams less than 80% of the daIly calone
supply recommended by FAO and WHO In drought and other bad years the
undernOUrIshed populatIOn IS even larger

The SahelIan countnes form a core area of food Insecunty To proVIde
unIversal food secunty by 2020, actIOn WIll be needed on both the demand and
supply SIdes On the demand SIde, publIc actIOn WIll be necessary, espeCIally for
households WIth low or fluctuatIng Incomes or purchaSIng power On the supply
SIde, ImprOVIng agncultural productIOn IS ImperatIve, because WIdespread access
to food cannot be adequately ensured WIthout agncultural growth
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Given the magmtude of the food gap, the West AfrIcan Sahel IS far from
reachmg that goal Assessmg the food needs of AfrIcan countnes up to 2020
for long-term plannmg IS dIfficult Such projectIons are based on assumptIOns
about the prevaIhng levels of calone consumptIOn, future populatIOn growth
rates, and future productIOn performance Projected food needs were estImated
m a World Bank report (1989) under three alternative sets of assumptIOns

• ProductIOn grows at 4% a year, and populatIon growth gradually declmes to
2 75% between 1990 and 2020

• DomestIc productIon grows at 4% a year and populatIOn at 3 3%

• DomestIc food productIon and populatIOn grow at 2 and 3 3%, respectively

These alternatives are shown m Table 3 The sharp wldenmg of the food
Imbalance m the latter two cases (Fig 2) shows how cruCial It IS to mamtam a
productIOn growth of 4% a year and reduce populatIon growth m order to
ensure long-term food secunty throughout the regIOn In order to feed the
growmg populatIon m these countrIes (even at a reduced growth rate), an
mcrease m food productIOn IS necessary ThIS, however, can only be achieved
through yIeld mcreases on land already under cultIvation and thus, by protectmg
and conservmg thIS natural resource, espeCIally from wmd erosIOn

Table 3. Population and food security in Sub-Saharan Africa,
1990-2020.

1990 200J 2010 2020
Case I
1 Population (millions) (constant fertility) 500 700 1,010 1,500
2 Food production (mtme) (at current 00 11 135 165

trend growth rate of 2% a year)
3 Food requirement (mtme for universal 100 100 250 410

food secunty by 2020)
4 Food gap (mtme) 10 50 115 245
Case /I
1 Population (as In Case I) 500 700 1,010 1,500
2 Food production (4% annual 00 135 200 300

growth)
3 Food reqUirement (as In Case I) 100 100 250 410
4 Food gap (mtme) 10 25 50 110
Case 11/
1 Population (millions) total fertility 500 680 800 1,110

rate declining by 50% to 3 3 by 2020)
2 Food production (mtme at 4% 00 135 200 300

annual growth)
3 Food requirement (mtme) 100 150 220 305
4 Food gap (mtme) 10 15 2) 5

mtme=mlliions of tons of maize eqUivalent
Source World Bank data

85



Millions of tons of maize equivalent
260 -F~~------------------------'

Case I

Case III_... -------- ... - ........... ---

..
Case II

.... ' ..... ' ..' .20

40

60

80

100

140

120

180

160

200

220

240

o
1,990 1,995 2,000 2,005 2,010 2,015 2,020

Note Case I a 2 percent annual growth rate In agncultural producllon and a constant ferllhty
Case II a 4 percent annual growth rate In agncultural produclJon and conslllnt fertility ra
Case III a 4 percent growth rate In agricultural production and a dechnlng fertIlity rate
Source Word Bank data

Figure 2. Projected food gap: alternative scenarios for sub­
Saharan Africa (1990-2020).

Soil Transport
Wmd erOSIOn can become a problem whenever the sOlI IS loose, dry, bare, or
nearly bare, and the wmd velOCIty exceeds the threshold velOCIty for InitIatIOn
of sOlI partIcle movement (Fryrear and SkIdmore 1985) In the Sahel, the
farmmg systems and sOlI condItIOns are very favorable for wmd erOSIOn Wmd
erOSIOn IS a set of processes that contrIbute to the motion of soIl from ItS
mitIation untIl its final depOSItIOn
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The most comprehensIve summanes on the movement of surface matenal by
wmd actIOn were prepared by Bagnol (1941) for desert sands and by ChepIl and
Woodruff (1963) for agncultura1 lands Wmd erOSIOn consists of InItIatIOn,
transport (suspensIOn, saltatIon, surface creep), abrasIOn, sortIng, avalanchIng,
and finally depOSitIOn of SOIl aggregates/particles (A/P) SOIl transport by wmd
(Lyles et al 1974) IS commonly descnbed In three dIStInct modes suspenSIOn,
saltatIOn, and surface creep (Fig 3)
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Figure 3. Three modes of wind-blown particle transport.

Particles transported by creep are too heavy to be hfted from the surface, and
so they roll or slide along the ground Particles transported by saltatIOn are
smaller than particles transported by creep They move In a senes of short
hops at heights generally well below 1 m The smallest partICles move III

suspensIOn These partIcles may be carned WIth vertical wmds to great heIghts
and are subject to long-range transport

Under typical condItIons, Hudson (1973) suggests that partIcle diameter vanes
from 0 5 to 2 mm for creep, from 0 05 to 0 5 mm for saltatIOn, and IS smaller
than 0 I mm for suspenSIOn The overlap In diameters for suspenSIOn and
saltatIOn Indicates that certaIn partIcles may be moved by different transport
modes, dependmg on the partIcle denSity and the WInd speed So, the amount of
matenal transported by the three modes depends on wmd speed, particle
denSity, and the texture of the topsoIl Accordmg to an estImate of ChepIl
(1945), the proportIOns vary from 50 to 75% m saltatIOn, 3 to 40% III

suspenSIOn, and 5 to 25% m surface creep The smallest and shghtest partIcles
become suspended In the air stream and may be transported hundreds or
thousands of kIlometers
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Erosive wmds that exceed the threshold wmd-speed may occur dunng two
dlstmct seasons (Sterk 1996) Dunng the dry season (October-Apnl), the area
IS mvaded by dry and rather strong northeasterly wmds, locally known as
harmattan, that may result m moderate wmd erosIOn (Michels et al 1995a)
The harmattan wmds ongmate over the Sahara desert, and from January to
March they usually carry large amounts of dust from remote sources Part of
the transported dust IS deposited m the Sahel, ennchmg soIls With nutrIents
Dust deposits are particularly nch m sodIUm, potassIUm, magnesIUm, and
calCIUm, but poor m phosphorus (Herrmann et al 1996)

The second and most Important wmd erosIOn perIod IS the early ramy season
(May-July), when ramfall comes With heavy thunderstorms that move
westward through the Sahel (Sterk 1996) Wlthm a fully-developed
thunderstorm, strong vertical downdrafts occur, causmg a forward outflow of
cold air that creates the typical dust storms of the Sahel These events are
usually short-lIved, approxImately 10-30 mmutes, but the storms may result In

mtense SOil movement (Michels et al 1995a)

The major sources of present-day dust emISSIOns are the subtropical desert
regIOns and the semI-and and sub-humid regIOns, where dry, exposed soIl IS
subject to severe wmds at certam times of the year The major world dust­
producmg regIOns are located m the broad band of and and semi-and lands
stretchmg from West Afnca to North Chma, With the maJonty bemg m the
Northern HemIsphere (Middleton et al 1986) The Sahara Desert IS the world's
most Important source of dust The world-Wide annual productIOn of dust by
deflation of SOlis and sedIments has been estimated at 61-366 millIon tonnes
(Hldy and Brock 1971) For Africa alone, It IS estimated that more than 100
millIon tonnes of dust per annum IS blown westward over the AtlantiC
(MIddleton et al 1986) The frequency of dust storms reaches a peak m regIOns
recelvmg 100-200 mm of ram per year As ramfall mcreases, the frequency of
dust storms tends to decrease (Goudie 1978) Dust transported over long
distances IS composed of partIcles <16 llm m Size, as only particles of that size
can remam m suspensIOn for long penods Dust greatly decreases atmospherIc
VISibility and may reduce the amount of mcommg solar radiatIOn by up to half
that normally received at the ground surface when the air IS clear A persistent
dust haze may therefore serve to reduce evapotranspiratIOn rates

Aeolian Dynamics
The volume of sand moved by creep and saltatIOn IS a power functIOn of wmd
velOCity (Bagnol 1941) It IS therefore highly sensItive to surface roughness and
the presence or absence of vegetatIOn or other obstacles, as well as antecedent
precipitatIOn

The combmatlOn of areas of sand deflatIOn, sand transport, and sand depOSits
detectable on satellite Imagery allows for the concept of a Global Wmd Action
System (GWAS) m the Sahel (Mamgret 1994) A GWAS IS a dynamiC aeolIan
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system where, m a defimte area, particles are Imported and accumulated or re­
exported as a consequence of wmd activity A GWAS can be an open or a
closed system

A closed GWAS IS an area where particles are Imported and accumulated but
where export IS neghglble An open GWAS IS defined as a system where, after
Import and accumulatIOn, partICles can be re-exported out of the system The
Sahara, which exports ItS aerosols towards the north as far as Greenland,
towards the east as far as Kazakstan, towards the south as far as the tropical
forest of the Gulf of Gumea, and towards the west over the Atlantic Ocean as
far as Bermuda and the Nordeste (BrazIl), IS the best example of an open WAS

The whole Sahara IS one aeolIan umt which cannot be separated from the Sahel
Studied on a synoptic scale, the Sahara-Sahel IS conSidered as an open WAS,
which delIvers sand by saltatIOn from the Sahara to the Sahel, and airborne dust,
known as aerosol, m suspensIOn throughout the world Western Afnca IS the
actual southern hmlt of this WAS The system IS open and ItS deflatIOn effects
are VISible m cultivated land to 13° 50' N

Wind-erosion Control Measures
The two flow charts (Figs 4 and 5) Illustrate the processes and feedback
mvolved m the natural stabilIzatIOn of active sand dunes and the moblhzatlOn
of dunes followmg destructIOn of their vegetatIOn cover (Tsoar and Moller
1986) Any attempt at ecological restoratIOn of degraded dune fields (Wolfe
and Nlcklmg 1993) w1ll need to take account of these feedback loops

Wmd erosIOn IS most effectively controlled by reducmg the wmd velOCity at
the SOlI surface or creatmg a non-erosive SOli surface Wmd velOCities over
large land masses cannot be controlled, but It IS pOSSible to reduce the wmd
velOCity at the SOil surface With standmg vegetatIOn, wmd bamers, or non­
erodible matenals on the s01l surface

Standmg vegetatIOn IS several times more effective m reducmg wmd erosIOn
losses than the same quantity of vegetatIOn lymg flat on the s01l surface
(Slddoway et al 1965) However, weeds must be controlled, and m many
developmg countnes crop reSidues are utilIzed by lIvestock, so It IS not always
pOSSible to leave vegetatIOn standmg for extended penods In many croppmg
systems, the entire plant IS harvested and no reSidue IS ava1lable for controllIng
wmd erosion m the field

The major objective of a wmd bamer IS to reduce wmd velOCity over the
greatest distance from the lee of the bamer The effectiveness of wmd bamers
depends on the porosity and shape of the bamer to the prevallmg wmd The
bamer should have about 40% porosity (Chep1l et al 1963) to protect a
distance about 10 times the height of the barner and to reduce wmd erosIOn
along the wmd directIOn for a distance about 20 times the height of the bamer
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(Hagen 1976) Dense barners have the greatest wind reductIOn adjacent to the
barner but shorter protected distance

Non-erodible elements are materIal on the soIl surface that will not be moved
or transported by erosive winds These Include stable soIl aggregates, gravel,
rock fragments larger than the maximum size that can be transported by wind,
and even large sectIOns of un-decomposed plant materIal If 30% of the soIl
surface is covered with non-erodible materIal, sOIl loss IS reduced by 80%

+ AccumulatIOn of sand

I
+ SoIl mOisture I

content r

1+ Vcgetdtlon density r

I
- Area of exposed

Isand

+ Formation of algae
crust .I + AeolIan fines 111 the I

'I soIl I

Saltation

Figure 4. Flow chart of the processes and positive feedback of
the natural stabilization of desert sand dunes. (+) indicates an
increase and (-) indicates a reduction (Tsoar and Moller 1986).

A rIdged sOIl surface reduces wmd erosIOn losses on most sOIls The larger the
rIdge the greater the reductIOn m sOIl loss, except for deep sands Tillage wIll
not control wmd erosIOn on deep sands because the ndges are unstable after
ramfall or Irngation

Wmd erosIOn durmg crop establIshment can destroy young seedlIngs, reduce
crop qualIty, or delay crop growth All crops are not equally susceptible to wind
damage As crops mature, their susceptibilIty to wmd damage decreases
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Conclusions

Aeoltan translocatIOn of sOIl matenal and sedIments IS a natural process m the
and and semI-and regIons of West Afnca It affects the properties,
productIVIty, and constramts of the SOIls and ecosystems m the regIOn

Wmd eroSIOn IS a major form of land degradation m the West Afncan Sahel It
can be controlled by sOIl cover, such as a mulch of crop resIdues, sOIl
roughenmg, or by the reductIOn of wmd speed by annual or perenmal grass
barrIers, artifiCial barners, stnp croppmg, and wmdbreaks The vanous control
techmques can be used accordmg to the scope of the problem TheIr relatIve
efficIency depends on the susceptlblltty of the sOIl to wmd erOSIOn, drought,
whIch can cause a reductIOn m vegetatIOn, the prevatlmg wmd duectIOn, whIch
IS partIcularly Important when establtshmg barrIers, and the physIcal propertIes
of the SOIl, whIch determme the susceptlblltty to wmd erosIOn and sUItable SOIl
tIllage techmques Therefore the strong relatIOnshIp between the mCIdence of
wmd erosIOn and soIl propertIes suggests that It IS pOSSIble to map the mCIdence
of potentIal wmd erosIOn m West Afnca, and hence mdlcate to farmers where
amelIorative measures can be used to best advantage
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Abstract

In the Sahehan zone of NIger, wmd erosIOn constItutes one of the major causes
of land degradatIOn This results from low vegetatIOn cover at a time when the
most erosive wmds are blowmg m combmatIon with sandy, easily erodible soIls
Through their effect on SOlI cover, overgrazmg by cattle and the rapId
expansIOn of agnculturaI land have further enhanced the Impact of wmd
erosion on the Sahehan agro-ecosystem Wmd-eroston-mduced damage mcludes
dIrect damage to crops through sandblastmg, seedhng bUrIal followmg sand
depositIOn, and topsOIl loss Although seedhng bUrIal can substantially Impact
crop yield m mdlvldual years, the loss of topsOIl IS by far the more worrymg
consequence ofwmd erosIOn because of ItS potentially long-term effect on the
soIl resource base AvaIlable data mdlcate that several tens of tonnes of topsOIl
and tens of kIlograms of plant-essential nutnents per hectare can be lost to the
wmd m Just a few storms under favorable conditions However, simple and
effective wmd-eroslon control techmques have been developed to reduce or
even arrest wmd-mduced land degradatIOn The extent of wmd erosion m Niger,
as well as the effiCIency of varIOUS control techmques such as rIdgmg, surface
mulch, and wmd breaks, are discussed here

Introduction

Wmd erosIOn IS one of the mam factors contnbutmg to land degradatIOn m the
semi-and tropics It has been estimated that m the arId and semi-and zones of
the world, 24% of cultivated land and 41 % of pasture land are affected by
moderate to severe land degradatIOn from wmd erosion (Rozanov 1990)
Wlthm these chmatlc zones, the Sahel IS consIdered to suffer from particularly
acute wmd erosion problems (UNEP 1992)

In the Sahehan zone of West Afnca, the rapid populatIOn growth of recent
decades has lead to a rapId mcrease m cultivated area, the expansIOn of
agnculture mto more margmal areas, and an mcreased pressure on land as a
result of grazmg and deforestation Consequently, the area of SOli left bare, and
therefore directly exposed to wmd, has mcreased considerably In the case of
NIger m particular, the effect of these changes m land use on wmd erosIOn IS
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aggravated by the very nature of the soIl, whIch IS frequently poorly aggregated
and sandy, offenng httle resIstance to wmd erosIve forces

Wmd-eroslOn-mduced damage mcludes dIrect damage to crops through
sandblastmg, bunal of seedlmgs under sand deposIts, and loss of topsOIl (see,
e g, Fryrear 1971, Ambrust 1984, Fryrear 1990) The first two types of
damage have an ImmedIate effect on crop yIeld However, the loss of topsoIl IS
partIcularly worrymg, smce It potentIally affects the sOIl resource base and
hence crop productIvIty on a long-term basIs, by removmg the layer of sOIl
that IS mherently nch m nutnents and organIc matter AnalysIs based on the
nature of sand formatIOns m the Sahara and ItS Sahehan fnnge mdlCates that
most of the Sahel IS presently a zone of net deposItIOn of wmd-transported
matenal (Mamguet 1990) However, because of the dIffuse nature of the
phenomenon, accurate mass balances on a regIOnal scale are dIfficult to
estImate Furthermore, as the degradatIOn process proceeds, these balances may
be reversed Mamguet (1990) and Mamguet and Chemm (1991) observed local
changes m sand formatIOns and m the partIcle sIze dlstnbutlOn of the sand
fractIOn, mdlcatmg a ShIft from net depOSItIOn to net sOIl loss by wmd erosIOn

Although regIOnal estImates of wmd erosIOn provIde valuable mformatlOn for
the global assessment of degradatIon and the evaluatIOn of off-sIte Impact, such
large-scale approaches do not provIde mformatlOn on wmd-medIated transfers
of sOIl on the field scale These transfers of sOIl wlthm fields or between fields
and surroundmg land over dIstances rangmg from a few meters to a few
kIlometers have Important repercussIOns for crop productIOn and for the
subsIstence farmers hvmg off the land (Sterk et al 1996) Indeed, these
processes may not only result m more rapIdly dechnmg yIelds, but also enhance
field-scale vanablhty through the redlstnbutIOn of sod matenal (Scott-Wendt et
al 1988), or promote other land degradatIOn processes such as water erosLOn by
mcreasmg the aenal extent of surface crusts

The Importance of wmd erosIOn m the process of land degradatIOn m the
Sahehan zone of West Afnca was recognIzed early by the InternatIOnal Crops
Research InstItute for the SemI-And TropICS (lCRISAT) Startmg m 1985, a
long senes of studIes on wmd erosIOn and control measures was mltIated,
frequently m collaboratIOn WIth other advanced research organIzatIOns, at the
ICRISAT Sahehan Center (ISC) m Sadore, Niger ThIS paper prOVIdes an
overview of past collaborative research at ISC, and ongomg research projects 10

wmd erosIOn by SCIentists from ICRISAT and other mternatlOnal mstItutes

Physical Environment

Rainfall

The chmate m the Sahehan zone of Niger IS to a large extent regulated by the
seasonal fluctuatIOns of the IntertropIcal Convergence Zone (ITCZ) The
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and maximum wind speed registered for wind
1992 rainy season (Michels et al. 1995a).

ITCZ travels north and south m response to the apparent movement of the
sun Ramfall generally follows the passage of the ITCZ, wIth most ramfall
falhng m a 75-90 day period from June to September Ramfall ranges from 300
mm m the northern Sahehan zone to 600 mm at Its southern hmlt Ramfall IS
hIghly vanable m time and space (Slvakumar et al 1993) and often comes III

the form of convective storms In Niamey, the average monthly maximum
(daytime) temperature ranges from 33 DC m January to 41 DC m Apnl PET at
Niamey amounts to 2,294 mm per year and exceeds ramfall m all months
except August (Slvakumar et al 1993)

Ramfall IS frequently preceded by strong wmds lastmg from a few mmutes to an
hour, wIth maxImum wmd speeds seldom exceedmg 15 mls (Table I, Michels et
al 1995b) A prolonged dry season lasts from October to May Penods of dry
easterly harmattan wmds loaded with fine dust dommate from October to
March Harmattan wmd speeds are lower than for the convective storms,
usually less than 7 mls (Michels et al 1995b) From Apnl to the start of th e
ramy season, one observes a mixture of easterly harmattan wmds and
southwesterly monsoon-type wmds Total sand flux durmg the dry season,
measured at 0 1 m above the sOIl surface, constitutes less than 15% of the total
annual sand flux (Michels et al 1995b)

Table 1. Duration
storms during the
Date DAE

6 May
12 May
24 May
25 May
28 May
1 June 2
4 June 5
13 June 14
14 June 15
20 June 21
24 June 25
2 July 33
18 July 49
27 July 58
31 July 62

Soil and Vegetation

Duration
(min)

na
35
56

4
19
00
64
42
12
41
na
28
75
18

154

Wind storms
Duration >6 m/s

(min)
na

9
7
3

16
fj1

37
11
7

37
o

25
47
18
34

Maximum speed
(m/s)
na
70
95
67

136
196
113
78
72
89
58

103
81
97

133

A wide diverSity of sOIls IS found m Niger However, arenosols-deep sandy
sOlls--occupy by themselves 43% of the land used for agro-sylvo-pastoral
actiVIties m the Sahel of Niger (100-600 mm, FAO 1973) These soIls

97



typICally contam >85% sand, have a particulate structure, especially m the
surface hortzon, and low organIc matter content Water-holdmg capacity IS
low, and the mfiltratIon rate IS high m the absence of surface crust As a result,
the sOIl surface drtes out rapidly, rendermg It sensItive agam to wmd erosIOn
very soon after ramfall At ISC, sOils belong to the order of arenosols They
have developed from aeolian sandy deposits In the A-hortzon, they typically
contam 3% clay and 90% sand, of which 95% IS between 005 and 05 mm
(West et al 1984) OrgaOic C IS generally less than 03% The ramfall and
temperature of the Sahel lead to the development of an open savanna of
grasses and low bushes, scattered with mdlvldual trees At the end of the dry
season, the vegetatIOn cover IS often very low, as a result of the prolonged dry
season and grazmg by cattle

Farming Systems

In Niger, as m most of the Sahel, deCISion makmg by farmers concernmg the
management of their agrtcultural land IS largely governed by the need to ensure
short-term food sufficiency at the household level Agrtculture has therefore
remamed extensive m nature, with low levels of external mputs Fertility
mamtenance relIes heavJly on the practice of fallowmg, With additional mputs
of nutrients from cattle feces

Millet or mJllet-based mtercroppmg occupies 90% of the agncultural land Yield
m Niger over the 1989-1991 penod averaged 340 kg gram/ha and
approximately 1,200 kg straw/ha (Baldu-Forson and WillIams 1996) Land
preparation IS mmlmal, other than the cleanng of vegetatIOn and sometimes
the burnmg of crop reSidue At the start of the ramy season, reSidue levels
seldom exceed 500 kg/ha as a result of grazmg, decomposItion by termites, or
their use as constructIOn or fencmg matenal (Lamers and Buentrup 1996)
However, farmers sometimes conscIOusly concentrate crop reSidues m order to
reclaim low productiVity areas m then fields The trappmg of wmd-blown
sediment by reSidue IS thought to contrtbute to the reclamatIOn process (Chase
and Boudouresque 1987, Lamers and Fell 1995, Leonard and RaJot, 1997)

Millet IS generally sown With the first good ram The low plantmg density
(3,000-5,000 hills/ha) and low levels of surface reSidue mean that the SOIl IS
left With lIttle or no protectIOn agamst wmd erosion for several months before
plantmg and for at least 6-8 weeks after the start of the ramy season Manual
weedmg IS practiced 1-3 times per season, which further reduces surface
roughness and accelerates surface drymg The traditIOnal sowmg practice, which
consists of throwmg 20-40 seeds mto a shallow hole dug With a hand-held hoe
before c10smg It With the foot, leaves behmd small depressIOns which favor sand
accumulatIOn and bunal of the seedlings
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Research Highlights

Soil and Nutrient Loss and Deposition

Research on the extent of sOli and nutnent transfers through wmd-blown
sediment m NIger has focused on two mam areas 1) the quantification of
vertIcal partIcle flux, mainly dust deposItIOn, and 2) the measurement of
honzontal soIl flux across fields by the combmed processes of saltatIOn and
suspensIOn

Dust transport
Dust refers to particles <60 mm In eqUivalent diameter ThIS fine fractIOn IS
often nch In mmeral elements Because of theIr small sIze, dust particles are
transported by suspensIOn m the air and are susceptible to bemg carned by wmd
over considerable distances The quantIficatIon of dust uphftmg, transport, and
depOSItIon In areas prone to dust storms IS therefore Important In view of the
potentially slgmficant contnbutIOn of this Sized fractIOn to the nutnent balance
of the agro-ecosystems

Two studies on dust depOSItIon have been reported In NIger SInce 1985 (Drees
et al 1993, Herrmann et al 1996) An additIonal study was InitIated In 1995 by
ORSTOM In Bamzoumbou, Niger, 60 km east of NIamey All three studies
made use of passive dust catchers to quantifY dust depOSitIOn rates The
catchers compnse boxes (that open honzontally) placed a few meters above
the ground The measured total annual depOSition of dust particles In the regIOn
of NIamey ranges from 740 to 1,640 kg/ha/yr (Table 2) There was a tendency
towards a decrease In the annual deposition rate over the 1985-1996 penod

Table 2. Annual deposition rate of dust in the region of Niamey,
Niger, and percentage deposited between mid.April and mid·July
(early Monsoon period).
Year

1985-1986t

1992'
1993*
1994*
1~

tlSC (Drees et al 1993)
*ISC (Herrmann 1996)
§Bamzoumbou, unpublished

Annual deposition
(kg/ha) per year

1,640
1,250

820
760
740

Early monsoon
(% of annual)

50
58
50
59
49

Between 21 and 40% of the annual dust depOSItIon occurs between mid-October
and mld-Apnl The maIn depOSItIon events during thiS penod result from the
passage of dust clouds carned by harmattan Winds, which often last for several
days Forty nine to fifty nine percent of the annual dust depOSitIOn occurs
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between mId-AprIl and mId-July, as a result of monsoon wmds and the passage
of convective storms (Table 2) As opposed to the harmattan dust storms,
these deposItIOn events last for less than one day Herrmann et al (1996)
found that, on average, over 11 storms, 60% of dust deposItIOn durmg the ramy
season, occurs as ramout, Ie, as a result of dust trappmg by ramdrops

On the basIs of the mmeraloglcal composItion of dust samples, Herrmann et al
(1996) conclude that airborne dust durmg the harmattan events ongmates In

Tchad, south of the Tlbestl mountams Furthermore, he observes that the <63
mm fraction (potential dust fractIOn) of the top 3 cm of the SOlI has a SImilar
mmeralogy and SIlt/clay ratIO to the harmattan dust, and IS markedly dIfferent
from the fine fractIon of the B-honzon ThIS slmllanty between the potential
dust fractIon of the sot! and the harmattan dust proVIdes eVIdence for the
occurrence of net deposItIOn of dust durmg the harmattan season (Herrmann et
al 1996) Total elemental chemIcal analySIS shows that the nutnent content of
the potentIal dust fractIOn of the top 3 cm of the SOIl IS comparable to the dust
fractIon collected after the passage of convective storms (Table 3) It IS,
however, poorer m nutnents than the dust deposIted durmg harmattan dust
storms, probably as a result of weathermg and leachmg durmg the ramy season
These findmgs suggest that most of the dust caught dunng the ramy season IS
remobIltzed locally dunng the convective storms

Table 3. Element content of dust and clay + silt fraction «63
f.lm) of soil at Sadore, Niger (Herrmann et al. 11996).

Na K Ca Mg P
(%) (%) (%) (%) (mgjkg)

Harmattan dust Jan 1992 046 158 1 91 077 638
Convective storm dust June 1992 013 103 038 03 389
Surface SOil 0-3 cmt 011 1 15 025 032 600
SubSOil 38-60 cmt 015 055 005 012 377
tSampllng depth

Herrmann (1996) demonstrates the eXIstence of a strong north-south gradIent
m dust deposItIon rates, from 1,560 kg/ha per year at Ouallam (I4° 19' N) to
620 kg/ha per year at Tara (II ° 55' N), I e a southward gradIent of
approximately -3 kg/ha per year per kIlometer The author attrIbutes the
decrease In dust load to the gradual depOSItIOn of dust parttcles by gravItatIOnal
settling as the dIstance from the dust source Increases ThIS process IS mostly
appltcable during the harmattan season, when the dust travels over large
dIstances In addItion, during the ramy season, the mtenslty of depOSItion IS
closely hnked to the number and seventy of convectIve storms, both of whIch
decrease southward

On the baSIS of the total elemental chemIcal analySIS of dust and rainwater, It
was estImated that an average of 12 7, 163, 53, and 07 kg/ha of K, Ca, Mg,
and P, respectIvely, could be deposIted annually as a result of dust depOSItion at
Sadore, NIger (13° 15' N) Most of thIs IS deposIted as soltds, except for Ca, for
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which 58% of the depositIOn occurs m dissolved form By companson, a millet
crop of 2,000 kg/ha straw and 600 kg/ha gram reqUIres approximately 60 kg
Klha and 5 kg P/ha (Buerkert 1995) Hence, If all dust trapped m the passive
dust catchers were effectively deposIted at the SOlI surface wIthout further re­
entramment, the mput of nutnents through dust would amount to about 20% of
the mmeral reqUIrement for the productIOn of a good millet crop

Little data eXists on the extent of re-entramment of fine partICles by wmd
RaJot et al (1996) measured vertical fluxes of dust partIcles from a bare field
dUrIng a smgle monsoon wmd event pnor to the start of the ramy season They
estimated losses at 2 kg dust/ha In the absence of subsequent ram, thIS fine
sediment can potentially be transported over long distances Furthermore, smce
no ram occurred prIor to the measurement, one may assume that a large
fractIOn of thiS entramed sedIment corresponds to recently deposited dust
Although the calculated value would mdicate rather low rates of re-entramment,
further measurements are reqUIred for a better evaluatIOn of thiS term

The studies of Herrmann et al (1994) pomt to the eXistence of close
mteractIons between the processes of dust depOSitIOn and crust formatIOn
Indeed, the authors observe hIgher sIlt contents m the top 3 cm than m the
Immediately underlymg layers On these sandy SOlIs, crust formatIOn IS very
sensItive to small changes m Silt + clay content Hence, dust depOSItion may
enhance crust formatIOn on these coarse-textured soIls At the same time, crust
formatIOn leads, m ItS mltIal stage, to a segregation of particles m the top few
mIllImeters of the SOli, leavmg the sand particles at the surface (Blelders and
Baveye 1996) ThIS particle segregatIOn process mduced by drop Impact can 10

tum favor the subsequent entramment of sand particles by wmd

Soil transport
In thiS sectIOn, we dISCUSS the transport of soIl Irrespective of particle SIze, by
the combmed processes of creep, saltatIOn, and suspensIOn However, because
of the texture of the soIl considered here, the bulk of the mass transport relates
to particles >60 mm In all cases the data presented refers to honzontal fluxes
of sedIment

Earlier studIes on wmd eroSIOn were restncted to measurement of the mtenslty
of honzontal flux of aIrborne sediment as affected by specific surface
conditions (see, e g, Banzhaf et al 1992, Buerkert et al 1995, MIchels et al
1995b) Smce the expenmental setup did not allow for any mass balance
calculatIOns to be made, such data cannot be used to calculate actual soIl losses
by wmd erosIOn More quantitative data has been obtamed from measurements
of changes m surface elevation of plots exposed to wmd actIOn After a four
year penod, Renard and Vandenbeldt (1990) found a difference III elevatIOn of
150 mm between adjacent bare mIllet plots and plots planted WIth the perenmal
grass Andropogon gayanus SImIlarly, Geiger et al (1992) observed height
differences of 150 mm between bare mIllet plots and plots that received 2 t/ha
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of millet stover over five years For both these studies, one cannot dlstmgUlsh
between the respective contnbutton of erosIOn and deposItion to the measured
changes 10 elevatIOn, smce only relative height difference was measured
Michels et al (1995b) and Buerkert et al (1996) carned out repeated
measurements of surface topography over time on the same plots Michels et
al (1995b) reports an average decrease 10 surface elevatIon of 33 mm 10 bare
millet plots after 1 year The data need to be mterpreted with cautIOn,
however, as the number of elevatIOn measurement polOtS was very low
Between mid-September and the end of July 1994, Buerkert et al (1996)
measured a change 10 elevatiOn on bare millet plots of 12 mm, eqUIvalent to a
SOIl loss of about 190 t/ha The measured sod losses are, however, the result of
the combmed actiOn of wmd and water erOSiOn, the control plots havmg
developed extensive erOSiOn crusts over tIme

Probably the most accurate estImates of sod loss by wmd erosiOn for Sahehan
conditIons have been reported by Sterk and Stem (1997), followmg mtenslve
momtormg of SOIl mass flux at 21 locatIons 10 a 40 x 60 m expenmental plot
covered With a 0 8 t/ha mdlet stover mulch Usmg geostatIstIcal procedures,
they denved precise estImates of mcommg and outgomg hOrizontal mass
transport rates Mass balance calculatiOns revealed a total SOIl loss of 45 9 t/ha
durmg four convectIve storms (Table 4) Sod losses of Similar magmtude were
measured 10 an on-farm experiment at Bamzoumbou, Niger Based on measured
sOil fluxes between 0 and 35 cm above ground on bare plots, we have estImated
from mass balance calculatiOns that at least 55 t s0I1/ha were lost dunng the
1995 ramy season (Fig 1) and 24 t sOIlIha durmg the 1996 season Usmg the
132Cs techOlque, Chappell et al (1996) estImated soll erOSiOn losses on sandy
plams close to BaOlzoumbou at 503 t/ha per year over the last 30 years
Although wmd erOSiOn may have contnbuted slgOlficantly to the total soIl loss,
one cannot estImate ItS contribution precisely, smce the 132Cs techOlque does
not dlscnmmate between losses by wmd or water erOSiOn

Table 4. Calculated soil and nutrient losses during four storms in
1993 (Sterk et al. 1996).
Date SOil loss N loss Ploss Kloss

(t/ha) (kg/ha) (kg/ha) (kg/ha)
13 June 125 49 09 112
27 June 20 na na na
30 June 46 na na na
1 July 268 134 52 459
Total 459 183 61 571
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Figure 1. Total soil loss or deposition during the 1995 and 1996
rainy seasons at Banizoumbou, Niger, on bare plots and plots
with 2 t/ha of millet stover mulch applied either in strips 0 r
broadcast (1996 only). Stover was applied at the start of the
season.

The above data provIde strong eVIdence of extensIve losses of soil for bare
fields directly exposed to the erosive actlOn of wmd However, the reported
rates of sod erOSlOn by Wind may represent extremes, since they were measured
on bare plots devOld of any crop residue In practice, m farmer fields, resIdue
levels at the start of the ramy season are generally of the order of 0 3 to 0 5
t/ha However, such low levels of crop resIdue may have very lIttle Impact on
the mtensIty of sod erOSlOn by wmd, espeCIally at hIgh wmd veloclttes (MIchels
et al 1995b, Sterk 1997)

For the sandy sods consIdered here, one can assume that most of the mass
transport by wmd occurs through creep and saltatIOn Such processes are
effectIve only over relattvely short dIstances Changes m surface roughness
such as a tranSItIon from cultIvated to fallow land, or vanattons m the surface
mulch, could have a large effect on mass transport and even ShIft the mass
balance from erOSlOn to deposItIOn Reports on the occurrence of soil
deposItIon are mamly lImited to cases With high levels of crop reSIdue mulch
For Instance, Leonard and RaJot (1996) observed sand accumulatlOn of up to
50 mm over two years In small degraded plots covered With 10 t/ha of grass
straw and small branches Recent measurements on fallow land at Bamzoumbou,
Niger confirm the very low honzontal soil flux compared to mJllet fields
(Bielders, unpublIshed data) These observatlOns emphaSize that, on a mass
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basIs, wind erosIOn on sandy sOlIs consists In a local redIstrIbution of s01l
materIal on the field scale DespIte the short-range transport, thIS process
cannot be consIdered neghglble because of the strong Impact such s01l loss may
have on field-scale crop productivIty Once degraded, It may be VIrtually
ImpoSSIble, wlthm the means accessible to farmers, to reclaim degraded land
Furthermore, as opposed to sOlI, nutrIent transport IS not restrIcted to local
redIstrIbutIOn, smce a large fractIOn of the total nutrIents IS present m the fine
sediment, which can travel m suspensIOn over large dIstances

Sterk et al (1996) prOVIde the only estimates of nutnent loss by wmd erosIOn
for NIger For the expenment descnbed above, they calculated nutnent flux
based on the nutnent content of the trapped sedIment for the two largest
storms The results show a total loss of 57 1 and 6 I kg/ha of K and P,
respectIvely (Table 4) These amounts are roughly eqUIvalent to the quantIty of
K and P reqUIred to produce a mtllet yIeld of 2,000 kg straw and 600 kg of
gram/ha They also correspond to approxImately 3% of the nutrIents contamed
m the top 10 cm of the SOlI Over the same penod, Sterk et al (1997)
measured nutnent mputs of 2 5 and 02 kg/ha of K and P, respectIvely, from
dust depOSItIOn ThIS study emphasIzes the potentIally dramatIc negatIve
Impact of wmd erOSIOn on s01l prodUCtIVIty

Crop Damage

DIrect damage to crops durmg sand storms can result m the loss of plant tIssue
and reduced photosynthetIc actIVIty as a result of sandblastmg, or m the bUrIal
of seedlmgs by deposIted sand These aspects were studIed for mIllet under field
conditIons at ISC and m Wind tunnel experIments at the USDA W10d ErosIOn
Laboratory III Manhattan, Kansas

Michels et al (1995a) report on the effect of wmd speeds rangmg from 8 to 14
mis, and sand fluxes rangmg from 0 to 42 g/m per second on mIllet growth and
photosynthetic activity 10 a w10d tunnel expenment Plants were exposed for
15 mmutes at 8 days after emergence (DAE), 16 DAE, or on both dates The
authors observed that mIllet survIval was 100% In all cases, mdlcatmg a much
higher tolerance of millet agamst sandblastmg damage than for other crops
(Fryrear 1971, Fryrear and Downes 1975) However, sandblasted plants saw
their VIable leaf area reduced by an average of 19% across all treatments at 21
DAE, compared to the control New leaves were observed to grow rapIdly after
exposure, and at 57 DAE no slgmficant difference could be found between
twice-exposed plants and the controls In addition to the loss of viable leaf
area, sandblasting affected photosynthesIs m the vIable parts of the leaves
(Michels et al 1995a) The photosynthetIc activity of vIable leaves for plants
exposed 8 DAE was reduced by an average of 55% one hour after exposure, and
was still reduced by 28% four days later Exposure to sandblastmg also reduced
millet dry weight at the early stages of development At 57 DAE, the dry
weight of plants exposed once was not sIgmficantly dIfferent from the control
Plants exposed twIce had 5% less dry matter than once-exposed plants
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No final harvest data are avaIlable for the above expenment However, the data
mdicate that, under optimal recovery conditions, millet has a good abIlity to
recover from losses m VIable leaf area and reduced photosynthetIc actiVIty
mduced by sandblastmg Brenner (1991) sImIlarly reports reduced leaf area and
dry matter production of young mIllet plants as a result of sandblastmg durmg
VIOlent storms However, at 46 days after sowmg the crop had entIrely
recovered from these stresses

As a result of the tradItIOnal sowmg techmque, whIch leaves behmd small
depreSSIOns, bunal of seedlings under deposIted wmd-blown sand frequently
occurs durmg convective storms, sometimes necessitatmg partIal or total
resowmg of the crop In a 1990 field expenment sown m the tradItIOnal way,
90% of mIllet hIlls were covered by sand 23 DAE, whIch necessItated re-sowmg
and therefore mcreased the nsk of exposure of the crop to an end-of-season
drought (FIg 2, MIchels et al 1993) Hence, the most extenSIve damage to
crops m that expenment resulted from bunal However, for those hIlls that
were not entirely covered by sand, the number of leaves per plant and LAI were
sIgmficantIy hIgher throughout the season for unbUrIed plants than for plants
that had been partially covered Fmal gram yIeld was reduced by half for
parttally covered hIlls, from 0 57 to 0 3 t/ha (FIg 3), WhICh was largely
attnbutable to a lower average number of grams per pamcle
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Figure 2. Coverage of millet pockets with soil during the 1990
rainy season at ISC (Michels 1994).
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Figure 3. Effect of partial seedling burial by sand on millet grain
and straw yields (Michels 1994).

It IS commonly argued that plantmg In tufts, as practiced by Nlgenan farmers,
Improves emergence by reducmg sandblastmg damage to seedlIngs For mstance,
KlalJ and Hoogmoed (1989) observed that seedlIng survival under field
conditIons was better With hIli plantIng of 20-30 seeds per hili than With direct
drIllmg Michels et al (1995a) InvestIgated the effect of the seedIng system (3
or 15 seeds per pot) and bUrIal under 15 mm of sand on potted plants exposed
to a WInd tunnel sandstorm at 2, 5, and 8 DAE Non-bUrIed plants showed 100%
survival, correspondIng to the presence of at least three plants per pot For
bUrIed plants, the highest survival rate was observed for mIllet planted In tufts
Similarly, dry matter at 70 DAE was nearly five times larger for bUrIed plants
sown In tufts than for SIngle plants However, dry matter productIOn for
unbuned millet planted In tufts was 5% lower than for smgle-planted seed at 70
DAE, perhaps as a result of Increased competItIon for nutrIents at the higher
SOWIng density These results show that the advantage of plantIng In tufts seems
to lIe In the better recovery of buned plants rather than reduced mJury MIChels
et al (1995a) also found that survival was higher for plants bUrIed 2 DAE than
at later dates, which they attribute to the higher seed reserves available to
younger seedlIngs for growth through the added sand layer Dry matter
productIOn followed the same trend

In additIon to direct effects of partial bunal on yield-determInIng factors, such
as number of tillers and pamcle length, partially-buried plants show delayed
development compared to unbUrIed plants Michels et al (1993) found that
panIcle development was delayed approximately two weeks after partial bunal
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The results of MIchels et al (l995a) mdIcate that mIllet shows a remarkable
abIhty to recover from wmd-eroston-Induced damage under optImal recovery
condItIOns SInce damage to mIllet strongly depends on plant age, the fisk posed
by sandblastIng and bunal wIll, to a large extend, depend on the strength and
timIng of sand storms WIth respect to the time of SOWIng Furthermore, the
eVIdence IndIcates that deCISIve damage may occur when several sources of
stress are combmed, as may frequently be the case under field conditions For
Instance, although It had no effect on unbuned plants, exposure of seedlmgs to
sandblastmg pflor to bunal reduced dry matter production at 70 DAE by 47%
compared to unexposed bUfled plants (Fig 4, Michels et al 1995a) The
delayed development resultmg from bunal of seedhngs may further Increase the
fisk of an end-of-season drought stress to mIllet by extendIng the crop cycle
beyond the usual grOWIng season More generally, bunal of seedlmgs may
accentuate the effect of hIgh surface temperatures by brIngIng the menstems of
young seedhngs dIrectly mto contact WIth the hot soIl surface Nutnent and
water defiCienCIes at thIS cntical stage may further hamper seedhng recovery
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Figure 4. Effect of sandblasting and burial on millet dry matter
at 70 DAE (Michels 1994) .

Wind-erosion Control Measures

WInd-erOSIOn control measures can generally be fitted withm one of three
categones mechamcal tIllage operatIOns, reSIdue management, and vegetatIve
barners These methods aIm at decreasmg wmd speed at the SOli surface by
mcreasmg surface roughness and/or mcreasmg the threshold fnctIOn velOCIty
needed to Imtiate partIcle movement by wmd BeSides theIr use for soil
conservatIOn, erOSIOn control methods can also reduce dIrect damage to crops,
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as dIscussed 10 the preVIOUS sectIon ExtensIve research has been carned out at
ISC on all three types of wmd-erosiOn control measures

Crop residue management
From a technIcal polOt of VIew, crop resIdue management IS probably one of
the sImplest alternatIves for wmd-erosiOn control 10 a resource-poor
envIronment such as the Sahel Although farmers occasIOnally use branches
from bushes or trees, or other sources of organIC mulches for the reclamatIon
of degraded spots (Lamers and Fell 1995), the most wIdespread source of mulch
IS mIllet stover Because of ItS value as feed for cattle as well as for other
household purposes, the quantItIes of mIllet stover avat!able at the start of the
ramy season are generally low and thIs lImIts the wIdespread use of crop resIdue
for mulchmg

Nevertheless, the potentIal of crop reSIdue mulches as a cheap and effective
means of controllmg wmd erOSIOn IS wIdely recognIzed, even among farmer
commUnItIes Research has therefore been carned out at ISC on the use of
mIllet stover mulches for Improv1Og plant stand establIshment and reduc10g sot!
loss under SahelIan condItIons, to define optImal quantItIes and approprIate
crop reSIdue management practIces

The effectIveness of vanous levels of crop reSIdue for reduc10g SOIl loss has
been studIed by MIchels et al (1995b), Buerkert et al (1995) and Sterk (1997)
Over a two year penod, MIchels et al (1995b) observed that the applIcatIOn of
2 t/ha of mIllet stover reduced sOIl flux at a 0 1 m heIght by an average of 47%
dunng the ramy season (FIg 5) No SIgnIficant reductiOn 10 SOIl flux could be
measured wIth a 0 5 t/ha applIcatIOn In a dIfferent experIment, 1OvolvIng
seven w10dbreak speCIes, MIchels (1994) reported an average reductiOn IS sot!
mass flux of 56% over three years follow1Og the applIcatiOn of 2 t/ha of crop
reSIdue, IrrespectIve of the w10dbreak specIes

Buerkert et al (1995) measured an average decrease 10 mass transport of 42%
over two years 10 the presence of a 2 t/ha mIllet stover mulch, a reductIOn
sImIlar to that found by MIchels et al (1995b) Whereas bare plots lost 190
t/ha (12 mm) of topSOIl between mId-September 1993 and the end of July
1994, topographIcal measurements on the mulched plots mdlcated a net soIl
deposItIOn of 270 t/ha (17 mm) over the same tIme penod (Buerkert et al
1995) Of thIs 270 t/ha, 107 t/ha was depOSIted dunng the late dry season,
probably mamly due to Monsoon-type wmds In accordance wIth the data of
Buerkert et al (1995), GeIger et al (1992) found that relatIve heIght
dIfferences of ISO mm developed over five years between the surface of bare
plots and mulched plots In thIS latter case, however, one cannot dlst10gUIsh
between the respectIve contnbutIOns of losses on bare plots and depOSItIon on
mulched plots
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Figure 5. Average annual soil flux (1991/92) at a height of 0.1 m
as affected by mulching rate during the rainy season and the dry
harmattan season (Michels 1994).

Followmg upon the work of Michels et al (1995b), Sterk (1997) tested two
mtermedlate mulch applIcatIon rates, namely 1 and 1 5 t/ha This author
observed a tendency for the effectIveness of crop residue mulches to decrease
wIth mcreasmg wmd velocity For wmd velOCIties mcreasmg from 8 3 to 10 6
mis, mass flux reductIOn efficIency dropped from 80 to 50% at the mulchmg
rate of 1 5 t1ha MIchels et al (l995b) observed sImilarly that the efficIency of
mIllet stover for reducIng soIl flux was hIgher durIng the dry season than durIng
the raIny season (53% and 92% for the 05 and 2 t/ha applIcatIOn rate
respectIvely), which was attnbuted pnmanly to the lower average WInd speeds
that charactenze the harmattan WInds (Fig 5) These authors also observed
that the effectiveness of crop residue seemed to mcrease as the seventy of the
sand storm decreased The overall higher flux reductIOn effiCienCies found by
Sterk (1997), compared to Michels et al (l995b), are hkely to be the result 0 f
a dIfferent expenmental set-up as well as to dIfferences In the type of sand trap
used and In the procedure for calculatIng the flux reductIOn

At a WInd velOCity exceedIng 11 m/s the presence of I t1ha millet stover
actually enhanced WInd erosIOn (Sterk, 1997), although thIS observatIOn was
lImited to a smgle storm ThiS was ascnbed to the Increased turbulence near the
SOIl surface due to the roughness created by the mIllet stems Whether the same
effect also occurs for the 1 5 t1ha rate and at what WInd speed could not be
assessed from the data

109



600 -

In an ongomg expenment at Bamzoumbou, 60 km northeast of Niamey m a
farmer's field, we tested the effect of applIcation mode of a 2 t/ha millet stover
mulch on sOil loss by wmd erosIOn (unpublIshed data) In 1995, It was estimated,
from the difference m mput and output sand flux between 0 and 35 cm height,
that bare plots lost an average of 55 t/ha, whereas deposItion occurred m plots
with residue placed m 30 cm Wide stnps amountmg to 40t/ha (Fig 1) Actual
soIl loss/depositIOn IS hkely to have been higher because the mass balance
calculatIOns were restncted to events with approximately easterly wmds as a
result of the expenmental layout Although the convective storms frequently
ongmate from the east, erosive events with different wmd directIOns are also
observed durmg the ramy season Net sOil loss on bare plots and depOSItion on
residue plots was consistent over the entire season In 1996, an estimated 37 t
sOll/ha was deposited on the mulched plots, compared to a net erosIOn of 24
t/ha on bare plots In thiS second year, stnp residue was compared with
broadcast residue at the same applIcatIOn rate CalculatIOns mdlcate that the
broadcast applIcatIOn trapped approximately 60% less sOil than banded residue
It IS beheved that thiS effect IS largely related to the greater "dead volume"
wlthm the stnps, which IS capable of trappmg and protectmg from further
erosIOn large quantities of sand For reSidue broadcast at a rate of 2 t/ha, which
corresponds to a surface coverage of approximately 7% (Michels et al 1995b),
such trappmg occurs mamly m the Immediate vlclmty of the millet stems

As a result of the degradatIOn that took place followmg wmd erosIOn on bare
plots at Bamzoumbou, millet yield dropped from 328 kg gram/ha m the first
year to 78 kg/ha m the second year (Fig 6) Millet gram yield m the reSidue
plots remamed stable at about 500 kg/ha, mdlcatmg relatively comparable
environmental conditions m the two years of the expenment Although
nutnent depletIOn may contnbute to degradation, It IS hkely that rapid declIne
III sod productiVity results from large losses of topSOil by wmd erosIOn
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I III Bare 0 ReSIdue ;
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Figure 6. Effect of strip application of millet stover on millet
yield at Banizoumbou, Niger.
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The applIcatIOn of 2 t/ha of crop resIdue sIgmficantly modIfies the surface
properties of the sOlI MIchels et al (l995b) found an mcrease m fine sand and
clay and a decrease m the coarse sand fractIon m the top 1 cm The absence of
mulch seems to have favored the dIsappearance of the 63-200 J.1m fractIOn, a
fractIOn that IS hIghly sensItIve to transport by wmd Changes m sOli chemIcal
properties were found only m plots with the 2 t/ha applIcatiOn rate, with
signIficant mcreases mpH, orgamc C, and ECEC The respective contnbutIOns
of wmd erosIOn/deposItIon and decompositIOn of crop residue m these observed
changes could not, however, be evaluated

Buerkert et al (1995) attempted to separate the physIcal "sOli conservIng"
functIOns of crop resIdue from the chemical and the physIcal effects due to
resIdue decomposItIon and the stImulatiOn of soil fauna durmg a three year
experIment They compared a millet stover mulch at a rate of 2 t/ha with a
synthetIc mulch of comparable physical properties The synthetic mulch was
equally effectIve at reducmg wmd blown sand flux, yet SOIl depositIOn was more
than doubled on the millet stover plots compared to the synthetic mulch This
may have been caused by the gradual decay of the synthetIc mulch, whIch was
not renewed durmg the course of the expenment, and by a difference m the
effectIveness m the control of water erosIOn rather than wmd erOSiOn These
two degradatIOn processes were largely confounded m this expenment In the
first year the synthetic mulch did not mcrease millet yield over the bare
control, whereas It did Improve millet gram and dry matter m the second year
This probably reflects the faster degradatIOn takmg place on the bare plots
The posItive effect of the synthetic mulch cannot be attrIbuted solely to soil
conservatIOn, however, smce It was shown that the mulch also slgmficantly
reduced soil mechamcal resistance

The effect of millet stover mulchmg on millet stand establIshment was studied
by Michels et al (l995c), who observed that, m agreement with soli flux data,
the number of hills not covered by sand m the first weeks followmg sowmg was
hIghest for the 2 t/ha applIcatIOn rate No slgmficant difference m terms of
seedlIng bunal could be found between the 05 t/ha rate and the bare controls
over the two years of the study Fmal yield mcreased with the applIcatiOn rate
of crop residue, which IS lIkely to be the result of the combmed effects of the
physical, chemIcal, and bIOlogical changes m SOIl properties mduced by crop
reSidues However, based on the earher-dlscussed findmg that total dry matter of
millet from uncovered hills was higher than for partially covered hills, It may
be concluded that the yield mcrease at the higher apphcatIOn rate could be
partly due to the physIcal protectIOn of seedlmgs agamst bUrIal by sand

Based on the soil flux and seedlmg bUrIal data presented above, It IS clear that an
applIcatIOn rate of 0 5 t/ha of mIllet stover provIdes msufficlent protectIOn
agamst wmd erOSiOn Because of the overall higher effiCiency m SOli mass flux
reductiOn of the 1 5 t/ha apphcatIOn compared to 1 t/ha, Sterk (1997)
recommends the use of the higher applIcatIon rate for wmd-eroslOn control
This rate IS somewhat more accessible to farmers than the 2 t/ha rate tested by
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Michels et al (I995c) It IS not known whether thiS rate would also provide
sUitable protectIOn of seedlmgs agamst bunal The data of Michels et al
(I 995c) mdlcate that even at a rate of 2 t/ha, the protection agamst bunal IS
only partIal However, whether at a rate of I 5 or 2 t/ha, It IS eVident that the
wIdespread use of mulchmg Will reqUire substantial mcreases m dry matter YIeld,
whIch can only be achieved through Improved management practices, mcludmg
the use of morgamc fertIlizers

Mechanical measures
As opposed to crop reSidue, the use of tt!lage operatIOns to control wmd
erosIOn damage IS, 10 prmclple, not constramed by the present levels of
productiVity 10 the Sahel However, because of the need for ammal tractIOn, the
weakness of ammals at the end of the dry season, and the detrImental effects of
delayed sowmg on mIllet yIeld, tIllage IS not Widely practIced on the sandy SOils
of the Sahelian zone TIllage nevertheless constitutes a potential alternative for
wmd-eroslon control where reSIdue management IS constramed by avallablhty

The benefiCial effects of plowmg and rIdgmg on mIllet-stand establishment
have been well documented In a three year experIment Klalj and Hoogmoed
(1993) showed that early plant establishment was hIghest for plowed SOIl,
followed by rIdgmg and no-till plots (Fig 7) The effect of tillage on
establishment was strongest m the two years when sowmg was followed by
strongly erosIve events However, particularly 10 the case of rIdgmg, the
positive early effect of tt!lage was lost later dUrIng the season In two years out
of three the final stands at 80-90 days after sowmg were essentially Identical
for rIdged and no-till plots On the contrary, plowed plots consistently
mamtamed a higher populatIOn denSity than the other treatments In the first
year (1984), no gram was harvested because of a severe end-of-season drought
Over the last two years of the experIment, rIdgmg and plowmg Improved mIllet
yield on unfertilIzed plots by 30 and 83%, respectively, over the no-tll1 plots
SImilar trends were reported by Klalj and Hoogmoed (1993) for another
experIment

On the weakly-structured sandy soIls typical of the regIOn, the effect of
plowmg on surface roughness IS rather short-lived The benefiCial effect of
plowmg on plant stand establIshment IS therefore lIkely to have been caused by
Improved root growth due to sot! loosenmg rather than any protectIOn agamst
wmd erosIOn The same probably applIes, to some extent, to the rIdged
treatments, although the rugosity created by rIdges Will last for at least a few
weeks, dependmg on climatic conditIOns, and therefore wll1 be more effectIve at
reducmg wmd velOCity In addition to the lower sand flux occurring over rIdged
plots, It IS likely that plantmg on top of the rIdge also prevents seedlIng bUrIal
from occurrmg, although no firm data eXIst on thiS aspect In a 12 year
experIment at a site that IS sheltered agamst the effect of wmd, ndgmg and
plowmg consistently Improved mIllet gram and straw yields (Klalj, unpublIshed
data), but the yield advantage of rIdgmg 111 thiS case was on the order of 10%
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only It IS possible that the yield advantage of ndgmg IS higher on plots exposed
to the erosive actIOn of wmd than on protected plots, although msufficlent data
IS avaIlable to support this assertion
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Figure 7. Hill survival as affected by primary tillage (Klaij and
Hoogmoed 1993).

In a three year study, Lelhner et al (1993) did not find any yield response of
mIllet to ndgmg compared to a no-tIll control m a low-wmdbreak system with
spacmg up to 90 m On the contrary, cowpea produced slgmficantly more dry
matter and gram on ndged plots m two years out of three The authors did not
detect slgmficant differences between ndged and no-till plots m terms of wmd
speed or total amount of wmd-blown sand between 0 05 and 0 5 m above the
ground As the wmdbreak spacmg was reduced from 90 to 6 m, larger reductIOns
m SOli flux were measured on no-till plots than on ndged plots The absence of
response to ndgmg m thiS expenment was attnbuted pnmarIly to the low
c10ddmess of the sandy soIl and weak coheSIOn of the ndges, makmg the ndges
meffectlve for erosIOn control It IS lIkely that the response of cowpea to
ndgmg was not the result of better wmd-eroslOn control but of Improved SOIl
phySical conditions The lack of response of millet to rIdgmg went unexplamed

In an experIment conducted over three years to test the effectiveness of crop
reSidue applIcatIOn and ndgmg on mIllet productiVity and sand flux (Klal],
unpublIshed data), ndgmg was found to have consistently Improved mIllet gram
yield by an average of 80% No posItive effect of rIdgmg on early millet stands
was observed m two years out of three, but analySIS did reveal that ndgmg
slgmficantly decreased sand flux at a 0 1 m height by an average of 26% over
three years (Fig 8) In the ongomg expenment at Bamzoumbou, we measured a
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net sOIl loss of 16 t/ha In ndged plots In 1995, compared to a loss of 19 t/ha In

bare plots for the penod folloWIng ndge constructIOn RIdges were bUilt
perpendIcular to the dommant easterly monsoon wmds In 1996, SOIl loss was
19 and 8 t/ha on bare and ndged plots, respecttvely DespIte the sIgmficant loss
of topsOIl, no overall declIne m cowpea yIeld was observed over the two years
ThIs IS attnbuted to the partIcularly poor establIshment of cowpea m 1995,
Irrespecttve of the treatment
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Figure 8. Annual sand transport measured at a height of 0.1 m as
affected by ridging (Klaij, unpublished).

The use of a sandfighter-a shallow tIllage operatIOn used to mcrease surface
roughness after each ramfall-dld not Improve plant establIshment m one
expenment and actually reduced early plant stands m another (FIg 7, KlalJ and
Hoogmoed 1993) Fmal yIeld dIrectly reflected thIs observatIOn The use of a
sandfighter can therefore not be recommended for the weakly-structured sandy
sOIls of the Sahel

The results of the studIes carned out at ISC over the last decade IndIcate large
dIfferences m response to ndgIng between expenments ThIs cannot be
attnbuted solely to mterannual vanabllIty In a long-term expenment, ndged
plot~ outylelded no-ttlI plots In eIght out of the last nme years (Klalj,
unpublIshed data) Only m the first two years of thIs 11 year expenment was
yIeld In the rIdged plots lower than In the controls Hence, some of the
observed varIabIlIty must come from sIte-specIfic condItIOns, whIch may be
related to dIfferences In the way the expenment was conducted or to external
factors such as the degree of sheltenng from WInd effects In order to clanfY
these observed dIfferences, there IS a need for a carefully deSIgned expenment
m whIch all relevant clImatIC, sand flux, and agronomIc data are collected
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Vegetative barriers
To compensate for the fast-dlsappearmg natural vegetation, It IS a logical step
to try to re-establIsh vegetative stnps that can serve the purpose of reducmg
environmental degradatIOn, mcreasmg crop Yield, and provldmg farmers wIth
useful and sometimes marketable products ThIs lme of thought has been
pursued actIvely at ISC smce the InceptIOn of wmd erosIOn research at
ICRISAT

One can Identify essentially three categorIes of wmdbreaks WIndbreaks made up
of perenmal woody specIes (bushes or trees), WIndbreaks composed of perenmal
grasses, and mIxed wmdbreaks Banzhaf et al (1992) and Lelhner et al (1993)
report on the effectIveness of a wmdbreak made up of natural savanna
vegetatIOn, 1 e, annual grasses approxImately 06 m hIgh, mterspersed WIth
scattered GUlera senegalensls bushes and the perenmal grass Andropogon
gayanus, 25 to 3m hIgh Compared to plots WIth wmdbreaks spaced 90 m
apart, SOlI flux mIdway between WIndbreaks was reduced by 70% WIth 6 m
spacmg and by 53% With 20 m spacmg (Banzhaf et al 1992) WInd speed was
reduced by more than 20% up to 10m from the wmdbreak, Ie, up to 17 tImes
the heIght of the grassy vegetatIOn In the last year of the expenment, early
millet growth at the five leaf stage was Increased by 90% when wmdbreak
spacIng was decreased from 90 to 6 m (LeIhner et al 1993) Data on thIS factor
was not avaIlable for the first two years ThIS may mdIcate a benefiCIal effect
ofwmdbreak on yIeld through plant damage control, despIte some eVIdence of
mcreased competItIOn for water at the narrower wmdbreak spacmg However,
for all spacmgs, there was no sIgmficant effect of the wmdbreak on final mIllet
yIeld m any of the three years of the expenment ThIS reflects the abIlIty of
mIllet to recover followmg ImtIaI poor growth

MIchels (1994) tested seven wmdbreak speCIes durmg a two year study All
specIes were pruned to a heIght of 2 m and planted m double rows Wmdbreak
spacmg was 30m Sand flux was measured only m plots WIth Andropogon
gayanus and Bauhznla rufescens wmdbreaks Sand flux was reduced by 25 and
58% over the two years for A gayanus and B rufescens wmdbreaks,
respectIvely A sIgmficant reductIOn In sand flux was measured, up to seven
tImes the wmdbreak heIght for B rufescens For A gayanus wmdbreaks, thIS
effect was extended up to five tImes the heIght Brenner et al (1994) found
that, m order to compensate for the loss of land allocated to the wmdbreak, and
reduced yIeld close to the wmdbreak as a result of competItIOn, the optImal
spacmg IS 10-15 tImes the wmdbreak heIght Hence, If thIS recommendatIOn
were to be followed, neIther A gayanus nor B rufescens would prOVIde
adequate erosIOn control over the entIre field The dIfference between the
results of Banzhaf et al (1993) and MIchels (1994), WIth respect to th e
wmdbreak zone of mfluence, IS probably due to the use of dIfferent cntena for
estlmatmg the dIstance of mfluence

For the two years of study, wmdbreak speCIes dId not have any effect on the
number of hills bUrIed under depOSited sand, nor dId MIchels (1994) detect any
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effect of the dIstance from the wmdbreak on thIS factor The authors argue that
thIs may have been due to favorable chmatlc condItIons related to the
occurrence of sandstorms wIth respect to sowmg No consIstent effect of
wmdbreak on mIllet yIeld was observed over the two years Some specIes tended
to sttmulate crop growth, whIle others depressed yIeld MIllet yIeld 1-3 m away
from the wmdbreak was depressed by all specIes except Fazdherbza a/blda,
whIch IS leafless dunng the ramy season In accordance wIth the results of
Banzhaf et al (1992) and Lelhner et al (1993), the results of MIchels' studIes
mdIcate that wmdbreaks are an effecttve means of controlhng SOlI degradatton
through wmd erosIOn However, theIr effect on mIllet producttvIty IS less clear­
cut and subject to substantIal VarIatIOn In terms of mIllet productton, F a/blda
wmdbreaks were by far the most successful at mcreasmg YIeld, even though the
leafless nature of the tree 10 the ramy season probably makes It a poor
wmdbreak, per se The pOSItIve effect of thIS tree on ItS ImmedIate surroundmgs
IS WIdely recogmzed, and can be attnbuted to changes 10 mlcrochmatIc
condItIOns as well as 10 SOli chemIcal fertIltty

It has been shown that the profitablltty of wmdbreaks comes pnmanly from
mcreases m mIllet yIeld Nevertheless, the value of products denved from the
wmdbreak specIes IS an Important determmant for then adoptton Data on the
establtshment, growth, and nutntIOnal and calonfic value of the seven speCIes
tested by MIchels have been reported by Lamers et al (1994) and WIll not be
dIscussed here

Andropogon gayanus IS a grassy perenmal specIes commonly found at the
borders of farmers' fields and used for fodder and constructton purposes The
value of thIS specIes for wmd-erosIOn control was studIed by Renard and
Vandenbelt (1990) 10 a four year study Ten meter WIde stnps of A gayanus
alternated WIth equally WIde stnps of mIllet No data on sand flux were
collected, but the authors measured a 15-20% reductton 10 wmd speed 10 plots
protected by A gayanus After a three year penod, topographIc measurements
revealed a heIght dIfference of 150 mm between the A gayanus stnps and the
unprotected plots, eqUIvalent to 2,250 t sotl/ha Except 10 the first year, mIllet
gram yIeld 10 protected plots tended to be depressed compared to unprotected
plots ThIS may have been caused to some extent by competttIOn for water, of
whIch Renard and Vandenbelt (1990) showed some eVIdence The authors
recogmzed that the area of land dedIcated to the A gayanus borders 10 theIr
expenment could not be recommended 10 practtce Nevertheless, they reckoned
that, 10 vIew of the large amount of SOIl trapped by the grass, promotmg the
use of A gayanus for field borders may prOVIde an effecttve means of
allevlatmg the sotl degradatIOn process 10 the Sahel

Conclusions

A study carned out by Baldu-Forson and Ibro (1995) shows that farmers favor
those wmd-eroslOn control mterventlOns that are low cost, SImple to
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Implement, and rely on local skills and Inputs On this basIs, crop residue
management probably comes closest to farmer expectatIOn Millet stover
mulches are Indeed occasIOnally used by SahelIan farmers for wInd-erosIOn
control, which can probably not be said for wIndbreaks and tillage Based on the
results presented earlIer, the minImum rate under SahelIan conditions probably
lIes around 1 5-2 t/ha of mIllet stover In order to achieve effective soIl loss and
crop damage control The widespread applIcatIOn of millet stover mulches at
such rates IS presently constramed by the low levels of productiVity In Niger
Effective preventIOn of sOil degradatIOn through surface mulches Will therefore
reqUIre substantial productivity Increases, achieved through the JudiCIOUS
mtegratlOn of soIl conservatIOn measures with recommended management
practices of organIC and InorganIC amendments, lIvestock, trees, and bushes

As has been shown, WIndbreaks and tillage constitute effective alternatives for
WInd-erOSIOn control under certaIn circumstances However, as opposed to crop
residue, the positive effect of these practices on millet productivity remaInS
open to debate, and seems highly dependent on clImatic and site conditions
ElucidatIng the reason for the large differences In response to tillage and
WIndbreaks between expenments may reqUIre additional, carefully controlled
expenments with comprehensive mOnItonng of all relevant factors
Nevertheless, under favorable circumstances, the establIshment of WIndbreaks
may help control WInd erosIOn and therefore allow the use of lower levels of
crop residue for mulchIng Based on eXistIng data, It IS less eVident that the
combmatlOn of residue and ndgIng, or ndgIng and WIndbreaks, would enhance
the effectiveness of either technIque alone

Several researchers have descnbed the effect of sandblastIng and bunal on early
millet growth and establIshment Except In the most severe cases, the studies
show the remarkable abilIty of millet to recover from Initial damage Only
seedlIng bunal at specific early stages of mIllet development seems to
signIficantly affect final yield, but the recurrence of such events IS not known
Although Interannual vanabllIty IS high, the loss of topsOIl by wmd erosIOn IS a
contInUOUS process which IS much less sensItive to the timIng of occurrence of
the storm As with water erosIOn, most soIl IS lost through a few Intense storms
Although natural environments certaInly show a slgmficant reSIlIence, It may
take decades to restore the fertilIty of SOIl degraded by Just a few sand storms
Soil degradatIOn from WInd erosIOn therefore constitutes a much stronger
Incentive for the large-scale ImplementatIOn of erosIOn control techmques than
the preventIOn of direct damage to crops

Research Needs

Extensive research on WInd erosion has been camed out by ICRISAT and
advanced InternatIOnal research Institutes at ISC and other parts of Niger
Although not reported here, a fair number of studies has also been dedicated to
the understandIng of constraInts for ImplementatIOn of WInd-erOSIOn control
technIques as well as theIr financial evaluatIOn (e g , Buerkert et al 1997) It IS
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clear from these studIes that none of the proposed technIques are qUIte sUItable
for ImmedIate large-scale adoptIOn under the prevaIlIng SOCIOeconomIc
condItIons In NIger Although Improvements In thIs aspect may come from a
shIft In subsIstence agnculture to a more market-onented agnculture, there IS
scope for ImprovIng the technIcal aspects as well In partIcular, there IS a need
to better Integrate soIl conservatIon technologIes wIth sOIl fertIlIty
management practIces Into the current farmIng systems to make them more
attractIve to farmers One optIon that deserves further InvestIgatIon IS the use
of natural vegetatIOn strIpS to trap wInd-blown sedIment and reduce wmd
erosIOn In adjacent fields Even though natural vegetatIOn may not be as
effectIve as a dedIcated wIndbreak, the establIshment of natural vegetatIon
stnps would, In pnnclple, answer some of the farmers' concerns In terms of low
cost, ease of ImplementatIOn, and local avaIlabIlIty

The data presented In the sectIOn on sOIl and nutnent loss clearly shows that
there IS a lack of relIable quantItatIve data on the seventy of WInd erosIOn In

the Sahel Only recently have there been attempts to quantIfy soIl loss and
deposItIOn resultIng from WInd erosIOn IndIcatIOns are that sOIl loss could be
even more substantIal than sometImes expected, and by far exceed loss by water
erosIon CollInet and ValentIn (1985) show that the potentIal soIl loss by water
erosIOn of bare sOIl In sub-Saharan Afnca steadIly decreases from
approxImately 80 t/ha per year for the 2,000 mm raInfall zone In Cote
d'IvOlre to 2 t/ha per year at the northern edge of the Sahel (150 mm raInfall)
Perhaps the most relIable data so far presented on SOIl loss by WInd erosIon In

the Sahel IS by Sterk and SteIn (1997), who measured losses of the order of 45
t/ha In Just four storms SImIlar results were obtaIned on-farm at BanIzoumbou,
NIger, In 1995/96 Even hIgher values have been reported by Buerkert et al
(1994), on the order of several hundreds of t/ha per year Although some
cautIOn IS reqUIred In USIng thIs latter data to estImate the extent of wmd
erOSIOn, It POInts to the fact that WInd erosIOn constItutes a much larger threat
to the sOIl resource than water erosIon In the SahelIan zone There IS thus an
urgent need to better quantIfy sOIl and nutnent flux resultIng from the erosIve
actIOn of WInd under on-farm condItIOns BeSIdes more IntensIve mOnItonng,
the quantIficatIOn of the Impact of WInd erosIOn on soIl and nutnent budgets
wIll reqUIre methodologIcal developments for more accurate measurement of
wInd-blown sedIment, partIcularly wIth respect to the dust fractIOn, whIch IS
Inherently nchest In nutrIents, and transport by surface creep, whIch may
contrIbute SIgnIficantly to the development of field-scale vanabIlIty

In addItIOn to the evaluatIOn of present mass and nutnent transfer by WInd, the
effect of changes In land use on SOIl and nutnent budgets, and on long-term
productIvIty, must be quantIfied One first step IS the establIshment of a
potentIal wInd-erosIOn rIsk map based on sOIl propertIes, and, wherever
possIble, WInd charactenstlcs Steps have already been taken towards thIs goal
EstImates of actual WInd erosIOn wIll reqUIre IntegratIOn of InformatIon on
vegetation and land use After appropnate calIbratIOn, models could be used to
predict sOil loss by WInd erosIOn for certaIn combInatIOns of sOIl, vegetatIOn,
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and land use The same approach could then be used to estimate the effect of
changes m land use, or of the andIficatlOn of the chmate observed over the last
two decades (Slvakumar et al 1993)

In the Sahehan zone, land degradatIOn does not only take place through wmd
erosIOn Overgrazmg, nutnent mmmg, and water erosIOn all contnbute to the
overall ImpoverIshment of the enVIronment At present, to the authors'
knowledge, there have been no attempts to study the mteractIOns between
these major soli degradatIOn processes For mstance, It IS readIly apparent In
eXlstmg trIals that wmd erOSIOn mcreases the aerIal extent of erOSIOn crust by
removmg the loose sandy materIal that forms the surface of structural crusts
ErOSIon crusts are the least permeable of the crust types Identified by Casenave
and Valentm (1989) Herrmann et al (1994) present eVIdence that crust
formatIOn may actually be enhanced by the depOSitIOn of dust partIcles dUrIng
the harmattan and early wet season By mducmg a segregatIOn of partIcles at
the surface, ramdrop Impact dunng storms leads to the accumulatIOn of the
sand fractIOn at the soIl surface (Bleiders and Baveye 1996), a fractIOn that IS
hIghly senSItive to wmd eroSIOn One can already see close mteractIOns between
the processes of crust formatIOn, wmd eroSIOn, and water erosIOn BeSides the
effects of water erOSIOn, we need to be able to separate the effects of nutnent
mmmg and wmd eroSIOn on nutnent depletIOn m the soil InteractIOns between
overgraZIng and wmd erosion occur mamly through the changes In vegetatIOn
Induced by hIgh grazIng actIVity and the disturbance of the soli surface Hence,
there IS a clear need to begm studymg the InteractIOns between vanous
degradatIOn processes to better quantrf)' present and future land degradatIOn and
Identrf)' approprIate means to halt desertIficatIOn
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Wind Erosion in Niger: Extent, Current
Research, and Ongoing Soil Conservation

Activities

Abdelkrim Ben Mohamed
Umverslte Abdou Moumoum,

Instltut des RadIo-Isotopes, B P 10727, NIamey, NIGER

Abstract

NIger, a typIcal Sahehan country, has always been concerned wIth WInd erosIon
and ItS consequences The present paper deals wIth the phenomenon as It
occurs and ItS consequences The phySIcal mechanIsms underlyIng the
phenomenon and ItS relatIonshIp wIth the atmosphere and clImate are
quantIfied Food productIOn quahty IS dIscussed OngoIng actIvItIes to combat
WInd erosIon In NIger are presented, along wIth proposals for development
research

Introduction

All levels of today's InternatIOnal communIty (SCIentIfic, polItIcal, and medIa)
devote a lot of attentIOn to envIronmental problems and clImate change In our
OpInIOn, because of a drought lastIng some 30 years, there IS no place In the
world where clImatIc vanablhty IS as pronounced as It IS In the Sahel It seems
that In thIS case we are no longer dealmg WIth Inter-annual vanabIllty, but WIth
long-term trends, and we do not as yet know the causes, penodlclty, and
reverslblhty or otherwIse of the phenomenon In the medIUm term

The most eVIdent manIfestatIOn of WInd erosIOn In West Afnca IS unusual dust
loadIng of the atmosphere durIng the so-called dry season ThIS IS IncreaSIng
WIth tIme, and suggests that the Sahel IS the area WIth the hIghest atmosphenc
turbIdIty values In the world (Ben Mohamed et al 1983, 1986, 1992) ThIS
dustIness appears to be both the cause and the consequence of the
desertIficatIOn process The Sahara desert and ItS surroundIngs are nowadays
conSIdered the most Important source of aeohan dust m the world When the
IntertropIcal Convergence Zone (ITCZ) reaches ItS lowest latItude, the dust
over the Sahel can reach equatonal zones m wmter
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Generation Mechanism, Spatial Extent, Climatology and
Climatic Consequences of Aeolian Dust in the Sahel

The two mam mechamsms of the orlgm of aeolIan dust mobIlIzatIOn and
loadmg m the atmosphere m the SahelIan regIon are

• The strengthenIng of the LIbyan subtropIcal hIghs (MaghrebIan-LIbyan
wedge), whIch causes a tIghtenIng of the pressure gradIent (dIsplacement of
the 1,015 hpa lIne at a rate of 5° latItude per day)

• The occurrence of a trough over the Maghreb regIon and Its prolongatIOn
to the Sahel, wIth low pressure mlmma over the Sahara desert

Due to aeolIan dust durmg such events, hOrizontal vIsIbIlIty IS less than 5 km
MIllIons of tons of dust lIe m quasI-permanent suspenSIOn over mIllIons of
square kIlometers from November to April, between °and 20° N latItude From
a clImatologIcal pomt of VIew, negatIve ramfall anomalIes, as defined by Lamb
(1982), are correlated WIth posItIve anomalIes of dustmess (Iag=I), as shown In

FIgure 1 From 1970 to 1974, and agam from 1983 to 1987, the number of
hours of vIsIbIlIty less than 5 km was 3 5 tImes hIgher than normal (NtchaYI
1992)

Wmd erosIOn therefore effects the West Afncan clImate due to the quasl­
permanent status of aeolIan dust m the atmospheric lower layers The effects
are a lowermg of surface maxImum temperatures and a heatmg of lower
atmospheric layers These two effects can combme to result m lower
convectIOn and hence cloud formatIOn ThIS could be the orlgm of the negatIve
feedback mechamsm (NIcholson 1989), droughts leadmg to mcreased aeolIan
dust productIOn, and du~tmess-enhancmg drought (FIg 1)

Chemical Composition and Mineralogy of Aeolian Dust
Recent studIes carned out m thIS sub-regIOn (Herrmann et al 1996, Coude­
Gaussen et al 1994, ModI et al 1995), dealIng WIth the chemIcal charactenstlcs
of aeolIan dust collected m NIger and the AtlantIC Ocean, provIde good
examples of the Impact of wmd erosIOn on crop productIOn m the area

It IS well establIshed that thIS dust contams a large quantIty of clay (2 /lID) and
fine SIlt (2-20 /lm) The dust mmeralogy IS charactenzed by the presence of
quartz, feldspar, and often calcIte, and the clay fractIOn contams compounds of
kaolInIte, IllIte, and chlorite The presence of major elements (N, K, Ca, Mg,
Na, and P), cIted by these authors, along WIth the dry and humId depOSItIon
rates, gIves eVIdence of the long-term Impact of dust on soIl surface hOflzon
Management practIces that retam the aeolIan dust wIll probably cause a more
rapid growth of plants and mcreased yIeld due to soIl surface enrichment
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Figure 1. Total rainfall and dustiness anomalies between 1925
and 1995 in Niger.
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Measures to Combat Wind Erosion and Sand
Encroachment in Niger

In NIger, these activIties are usually conducted withm the framework of rural
development projects The malO projects are the RegIOnal Program on Sod
Conservation and ReforestatIOn of CILSS for NIger, the project for combatmg
sand encroachment of cultivated lands, the project on sand dune fixation 10

Zinder and Diffa, the Keita proJect, etc

The Mimstnes of Hydrauhcs and EnvIronment, Agnculture and Husbandry,
Transport and EqUipment, Internal AffaIrs and Land Management are
responsIble for field operatIOns

Wmd erOSIon IS partIcularly severe 10 the northern and eastern parts of the
country, espeCIally 10 the Diffa area, whIch IS the most concerned wIth sand
encroachment Water erOSIOn is also present and causes damage 10 all of Niger
below 14° latItude durmg the monsoon ram season ThIS IS turn enhances wmd
erosIon durmg the dry season

Conservation Measures

Conservation measures 10 Niger have been undertaken smce the early 1960s
Before 1990, only 3,000-4,000 ha/year were protected Overall, less than
100,000 ha has been protected over the last 20-25 years

The malO conservatIOn techmques used are (ToudJam 1997)

• Wmdbreaks consIstmg of hnear plantmg of trees 10 alternate rows around
valleys, fields, orchards, etc The speCIes currently used are Prosopis
}uliflora, Azadlrachta mdlca, AcaCia holoserlcea, and Eucalyptus
camaldulensls

e Shelter belts hnear plantatIOns around orchards, valleys, cultivated fields,
etc The speCies used are Prosop's }uliflora, Prosopis chliens IS, AcaCIa
holosercea, and Morznga oleifera at a hIgh-densIty plantmg (0 5 m
spacmg)

• Fallow thiS IS be109 reduced because of mcreasmg population pressures
Traditionally, fallow mvolves a cultivated field, WhICh has lost itS fertIltty,
be109 left unused for many years 10 order to combat wmd erOSIon by
modIfication of surface roughness

• Area protectIOn used mostly 10 pastoral zones by development projects In

order to regulate cattle movement Degraded areas are fenced and guarded,
and sometimes used for cultivatIOn of forage speCies However, thiS kmd of
operatIOn means mvestment by farmers and for thIS reason IS less used
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Figure 2. Examples of mechanical and/or biological fixation of
sand dunes in Niger.
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Sand Dune Fixation

The followmg technIques are used for sand dune fixatIOn

• MechanIcal and bIOlogIcal technIques (FIg 2) consIstmg of mstallIng
closely-netted pahsades on top of the dune and plantmg speCIes InsIde to
permanently fix the dune Fast-growmg species are chosen to qUIckly cover
the dune These are usually Prosopls Juliflora, Prosopls chllensls,
Parkmsoma aculaeta, and AcaCIa holoceracIa Local speCIes such as
AcaCIa, Leptadema pyrotechmca, Balamtes aegyptIa, etc, are also used,
mostly m between the dunes

• Straw spraymg trash IS sprayed over lIght dunes and nebkas On top of
movmg dunes agrIcultural reSIdues are often used successfully

Diffa and Zinder Project

Durmg the five years of the project to combat sand encroachment of
agrIcultural areas m Dlffa and Zmder, the local populatIOn produced 1,274,000
seedmgs, bUllt over 300,000 lInear square meters of palIsades, and planted a
total of 842,223 trees on 912 ha of movmg dunes In additIOn, 197 ha was also
protected and planted Agroforestry actIVItIes were carned out on 130 ha
PartICIpatIOn totaled 426,532 man-days, and, as a result of the project, 28
vIllage communItIes were created to manage the protected areas Women's
partiCipatIOn was cruCIal and contrIbuted m a decIsive way to accomplIshments

The project shed lIght on the psycho-socIOlogIcal Impact of fatalIsm on the
local populatIOn, the technological Impact of local technology and know-how
to fix dunes, and the economic Impact of tOUrIsm m terms of the reappearance
of wIldhfe, and mcreased yIeld of agrIcultural products and forestry

Cultural and psychologIcal dIfficulties (SOCIal mores and customs demand
diVISIOn of dutIes accordmg to sex) were overcome wIth approprIate measures
to mfluence the local populations and by dIrect contact The major result of
such projects IS the knowledge gamed on utIlIzatIOn of local species for dune
fixatIOn, aSSOCIatIOn of trees accordmg to dune pattern, and protectIOn
measures for the trees

Keita Integrated Project

ImtIated m 1984, thIS project covers a PrIOrIty ImplementatIOn area of 2,250
km2

, mcludmg a set of dramage basms for the three valleys located m the area
There are also 153 km2 of plateaux, 2,165 km 2 of watersheds and 252 km 2 of
allUVIal plams (CaruccI 1989)
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The techniques used for wmdbreaks were

• Three-row plantmg at 60 m mtervals on sand dunes, alternatmg rows of
Aeaeza mlotlea var adansom (facmg the wmd), with two rows of Prosopis
ehllenslS and Acaeza olorzeea A total of 420 km was planted

• On active dunes, Aeacza senegal and Prosopis chzlensls, sometimes doubled
with ZlZlphus maurztzaca or Bauhmza rufeseens were densely planted
(4x4m) These plantatIOns were generally protected by rows of millet
ApproXimately 600 ha of active dunes were fixed thiS way

• In valleys, Azadlraehta mdlca and Prosopis Juliflora at 60 m mtervals
covenng a total of 170 km were double-row planted

In production systems, straw IS used for wmd-eroslOn control, although thiS
technique depends heavily on bIOmass aVailability The reSidue IS often used for
other purposes

Research Proposals

In Niger, most SOils are sources and smks of fine dust partIcles (aerosols)
Hence, It IS Important to establIsh a method for dust mobIlIzatIOn ThIS can be
done as a regular activity of the Afncan Center of MeteorologIcal ApplIcatIOns
for Development (ACMAD) m Niamey, NIger It WIll be very useful to quantify
outputs and IllputS m relation to SOli fertIlIty Follow-up can be carned out by
means of remote sensmg for spatial mtegratlOn and checkmg results III the
field

The followmg cooperative activIties are necessary to tackle wmd erosIOn III

terms of particle mobilizatIOn, transport, sedImentatIOn, and control measures

Study of Wind Erosion

The goal IS to calculate, m a realIstic manner, SOli loss by wmd erosIOn by
means of the followmg equatIOn

Ep = f(P, C, R, L, V)

where Ep IS soIl loss III t/ha per year, P IS SOlI erodIbIlity, C takes mto account
atmosphenc factors (1 e wmd speed and turbulence, thermal mstability of lower
atmospheriC layers), R IS the surface roughness, L IS the length of the area
subject to wllld erosion m the dIrection of the wmd, and V IS the vegetatIve
cover which mfluences erodIbility and roughness

ThIS equatIOn should be applied on different scales, hence It IS Important to
determme the vanous parameters On a large scale, remote sensmg should play
an Important role m the determmatlOn of surface parameters and m estlmatmg
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quantItIes of transported matenal (dust) To achieve thiS, It IS Important to
obtam ground truth data, mamly atmosphenc optical parameters, by means of
an adequate area network

Study of Sedimentation

It wIll be necessary for such studies to have a network of dust-collectmg devices
to determme the quantItIes of dry and humid deposits, the elemental and
mmeraloglcal composItion of deposited matenal, and the size dlstnbutIOn of
the particles The relatIOnships among these parameters must be studied

Remote Sensing

FIrst, It wIll be necessary to establIsh a specific methodology, as m the case of
precipitatIOn studies, by establIshIng a satellIte Image routme analysIs scheme
which wIll provide tools for charactenzatIOn of the suspended dust ThiS m
return will allow correctIOn of satellIte Images, takmg mto account the change
In optical properties of the atmosphere due to high dust concentratIOn
(typically around 800 /lg per m3

) when retnevmg surface parameters Another
challenge IS to forecast dust mobilIzatIOn usmg pressure fields, surface wmd
fields, and soIl surface parameters These two approaches should help locate
potential source areas and hence, areas for which wmd-erosIOn control measures
should be a pnonty

Wind-erosion Control Actions

Combating sand encroachment
QUIte a number of studies m thiS area have been conducted m the regIOn With
satIsfactory results As a first step, an Inventory of all these studies should be
taken, With the results for different socioeconomic and clImatiC conditIOns
publIshed

Combating agricultural land degradation
In order to achieve self-sufficiency In food productIOn m the SahelIan regIOn,
thiS actIvity should be given the highest pnonty It should directly benefit from
the output of the research activities descnbed above However, success wIll
depend upon theIr Integration With the knowledge of local farmers

Conclusions

It IS clear that wmd erosIOn should be given the highest pnonty among the
envIronmental problems In Niger Besides sCientific research that must be
conducted to better understand the vanous mechamsms Involved, senslbllIzatIOn
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and organIzatIon of the local populatIon on specIfic actIOns should also be
carned out The key challenge IS to ratIOnally manage envIronmental resources
m thIS area to achIeve sustamable economIC and socml development
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Wind Erosion Processes
E.L. Skidmore

USDA-ARS Wmd ErosIOn Research Umt, Kansas State Umverslty,
Manhattan, Kansas, USA

Abstract

Research aimed at developmg a processed-based Wmd ErosIOn Prediction
System, the purpose of which was to Improve wmd-eroslOn technology for
sustammg agncuIture, protectmg the environment, and conservmg natural
resources agamst the ravages of wmd erosIOn This emergmg processed-based
technology mcludes the capability of slmulatmg weather, field soil and crop
conditions, and wmd erosIOn on a dally basIs It provides new capabIlities for
assessmg plant damage, calculatmg suspensIOn loss, and estlmatmg pm-l0
emiSSIOns from the field This paper gIves an overview and IdentIficatIOn of
some of the assocIated processes

Developing a Prediction System
Soil erosIOn by wmd IS essentially a flow process where SOlI IS detached from an
erodIble surface and transported by varIOus modes (creep, saltatIOn, and
suspension) m response to wmd-shear stress and bombardment of SOlI particles
already entramed m the wmd, followed by the redepOSItion of wmd-bome
sedIments The rate of erosIOn for many condItIOns has been observed to be
proportIOnal to wmd speed cubed (Bagnold 1943, Lettau and Lettau 1978,
Skidmore 1986, Greeley and Iverson 1985) Wmd speed cubed multiplied by air
denSIty gIves umts of power Wmd power multiplied by tIme and mtegrated
over the dIstnbutlOn of wmd speeds, exceedmg the threshold durmg the
accountmg penod, gives total erosive wmd energy Wmd erosIOn IS thus
proportIOnal to wmd energy

The relatIOnshIp between mass flow rate and the dnvmg force of wmd-power
density IS Illustrated by the results of a study now bemg analyzed (SkIdmore and
Fryrear, personal commumcatlOn) Data were obtamed from a modIficatIOn of
the Fryrear et al (1991) field measurement procedure Measurements mclude
particle Impacts on a pizeo-electnc quartz crystal near the surface (Gillette and
Stockton 1986), wmd speed at four heights, and total mass movement at five
heights (Fryrear 1986)

The threshold wmd-speed was determmed by fittmg a Imear equatIOn to the
rate-of-partlcle count greater than background vs wmd speed cubed, then
solvmg for wmd speed at a count rate equal to zero Wmd-power density was
found usmg the followmg equatIon
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WPD = P (U,2 _ U;) 3/2

where WPD IS wmd-power densIty (watts/m2
), P IS aIr densIty (kg/m2

), U/ IS
threshold wmd-speed (9 8 m/s), and u, IS observed wmd speed (m/s) at the
reference heIght

The relatIonshIp between partIcle count rate, whIch closely approxImates mass
flow rate, and wmd-power denSIty (FIg I) Illustrates the near-lmear dependence
of wmd erosIOn on wmd speed cubed after the threshold wmd-speed IS reached
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Fig. 1. Particle count (mass flow rate) as influenced by wind­
power density. The wind erosion event took place on 1 April
1996, in Meade County, Kansas.

The many factors that mfluence not only the threshold wmd-speed but also the
sensItIvIty of mass flow rate to wmd-power denSIty change frequently m time
and space Hence we need to understand the processes, theIr dnvmg forces, and
how they change to better predIct erosIOn and develop appropnate control
practIces (SkIdmore et al 1994)

Changmg factors mclude dIstance from a non-erodIble boundary (Woodruff and
Sldoway 1965, Stout 1990) and wetness of the surface matenal (Cheptl 1956,
Saleh and Fryrear 1995, Durar et al 1995) Obstacles that shIeld the erodIble
partIcles from expenencmg the full brunt of the wmd forces mclude crop, flat
and standmg crop reSIdues, non-erodIble SOIl aggregates and crusts, wmd barners,
snow cover, and mIscellaneous non-erodIble elements SImIlarly, the
susceptIbIlIty of the surface to erosIOn IS subject to change from tIllage,
compactIon, wettmg/drymg, freezmg/thawmg, freeze-drymg, etc
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Submodels

To properly account for the various factors mfluencmg wmd erosIOn, the
predIctIOn system was dIvIded mto the submodels of WEATHER,
HYDROLOGY, SOIL, CROP, DECOMPOSITION, MANAGEMENT, and
EROSION (Hagen 1991, Wagner 1996) For each of these submodels, theories
were developed and field and laboratory experiments conducted to conftrm
theories, determme functton coefficIents, calIbrate between observed and
SImulated variables, and evaluate empmcal adequacy

WEATHER generates variables necessary not only to dnve EROSION per se
but also processes wlthm other submodels Wind speed and dIrectIOn dIstributIOn
parameters are determmed from hIstorical weather summaries accordmg to
procedures outlmed elsewhere (SkIdmore 1965, 1987, SkIdmore and Tatarko
1990, SkIdmore et al 1997) These are used m conjunctIOn wIth weather
variables generated by CLIGEN (NIcks et al 1987)

HYDROLOGY predIcts soIl water status and how It changes m ttme and space
as a functton of SOIl hydraulIc propertIes, potentIal evaporatton, and
precIpItatIOn (Durar and SkIdmore 1995, Dural et al 1995) SpeCIal emphasIs IS
gIven to predlctmg the wetness of SOIl partIcles at the SOIl-atmosphere mterface
because of ItS large mfluence on detachment of sOIl partIcles SoIl hydraulIc
propertIes are eIther measured or esttmated from baSIC SOIl propertIes PotentIal
evaporatIOn IS calculated from solar radIatIOn, WInd speed, temperature, and
humIdIty furnIshed by WEATHER RaInfall mformatlOn IS also obtamed from
WEATHER A finIte-dIfference technIque redlstnbutes SOIl water wIth the
Darcy equatIOn for water flow

SOIL SImulates temporal sOIl properttes, whIch control WInd erodlblltty of SOIl
m response to vanous drIvmg processes and mtrmslc soIl propertIes (Hagen et
al 1995) Temporal sOIl propertIes affected by tIllage, wettIngidrymg,
freezIng/thawmg, freezIng/freeze-drymg, preclpltatton, etc mclude roughness
(both Oriented and random), crust (Zobeck 1991, Zobeck and Popham 1990,
Zobeck and Popham 1992), and aggregate status (Hagen et al 1992, SkIdmore
and Layton 1992)

CROP was adapted from the EPIC crop growth model (WIllIams et al 1989)
AddItIOnal capabIllttes and modIficatIOns were developed and mcorporated to
meet the need to predIct effects of a growmg crop on WInd erosIOn (Retta and
Armbrust 1995) It calculates daIly productIOn of roots, leaves, stems,
reproductIve organs, and leaf and stem areas Crop growth varIables are adjusted
for water and nutrient stresses

DECOMPOSITION accounts for the bIOmass reSIdues In standmg, flat, and
bUried categones (Stemer et al 1995) Carbon-nItrogen ratIOs, temperature,
and mOIsture drIve the rates of decomposItIOn
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MANAGEMENT reflects the effect of vanous practices upon wmd erosIOn
(Wagner and Dmg 1995) All major classes are represented, such as pnmary and
secondary tillage, cultivation, plantmg/seedmg, harvestmg, irngatlOn, burnmg,
and grazmg Each operatIOn IS Simulated as a physical process These processes
mclude soIl mass mampulatlOn (changes m aggregate size dlstnbutlOn and layer
mverslOn), surface modificatIOn, bIOmass mampulatlOn (burymg, flattenmg
standmg reSidues, cuttmg, and removal), and soIl amendments

EROSION predicts the dlstnbutlOn of sOli loss and deposItion on a dally basis
over a simulatIOn regIon (Hagen 1995) It determmes threshold fnctlOn
velocity based on surface conditions, random and onented roughness, flat
bIOmass, crust, and rock cover, loose, erodible grams restmg on the crust,
aggregate size dlstnbutlOn and denSity, and surface wetness For each sub-hourly
penod when fnctlOn velOCity exceeds the threshold, SOli loss and depOSitIOn are
calculated To aid 10 the evaluatIOn of off-Site Impacts, SOli losses are further
subdivided mto components, and the loss reported as saltatIOn/creep, total
suspenSIOn, and fine particle matter (pm-IO)

Work needs to contmue to further our understandmg of the many processes
contnbutmg to a sCience-based wmd erosIOn technology and to create
supportmg databases for combatmg the ravages of wmd erosIOn and developmg
a more environmentally, economically, and SOCially sustamable agnculture
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Modeling Wind Erosion
D.W. Fryrear

Agncultural Research ServIce, USDA, BIg Spnngs, Texas, USA

Abstract

Humamty has ltved wIth the hazards of wmd erosIOn for centunes Efforts to
accurately model wmd erosIOn span almost 40 years FIeld-erosIOn measurmg
eqUIpment was developed to test a new WInd-erOSIon model on a vanety of
weather, crop, sOlI, and farmmg systems WIth the measurement of field
erOSIon, establtshmg base-hne condItIons for future compansons IS possIble
FIeld measurements venfied that mass transport vanes as the cube of the wmd
velOCIty Mass transport mcreases wIth field length untIl the wmd stream
cannot transport addItIOnal matenal MaxImum transport IS sufficIent to
destroy most crop seedlmgs wlthm 15 mmutes SOIl loss from a smgle storm was
8 03 kg/m2 from a 2 5 ha CIrcular field SoIl loss from an entIre erosIOn season
vaned from 0 1 to 309 kg/m2 FIeld sIze ranged from 25 to 145 ha Effective
and effiCIent wmd erosIon control systems can be evaluated WIth RWEQ
because of ItS flexlblhty More complex models, Includmg WEAM and TEAM,
are avaIlable, but may reqUIre mput data not readIly avaIlable Attempts to
Improve wmd erosIon predIctIOns are underway m the WEPS, WEAM, and
TEAM efforts

Introduction

When the SOIl surface IS bare and dry and wmd velOCItIes are hIgh, wmd erosIOn
can be a major problem Clouds of dust generated from erodIng SOIl may obscure
the sun, damage crops, abrade pamt, and Impede aIr and automotIve traffIC
Wmd eroSIOn IS one of the baSIC geomorphologIcal processes that have shaped
aeohan features on every contment Deep depOSIts of loess SOIls are eVIdence
that wmd has played a major role m shapmg the landscape of the earth

The seventy of wmd erosIOn IS more pronounced 10 and regIOns, whIch
constItute 31 5% (46 I mllhon ha) of the total land of thIS world (Dregne
1976) Afnca has the hIghest concentratIOn of and SOIl (17 7 mIllIon ha or
592% of total land area) The hIghest percentage of and land (82 I%) IS III

Australta ASIa has 144 mllhon ha and North Amenca 44 mllhon ha of arId
lands

Processes

Wmd IS the baSIC dnvmg force m the WInd-eroSIon process To model wmd
eroSIOn, the mteractlon between aIr flow over rough SOIl surfaces and forces on
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sOil particles must be descnbed Non-erodible elements reduce wmd velocity at
the soil surface Wmd erOSiOn is pOSSible when the wmd velocity at the soli
surface exceeds the threshold velOCIty reqUired to move the least stable soli
particle The detached particle may move a few mllhmeters before findmg a
more protected SIte on the landscape The wmd velocity reqUired to move thiS
least stable particle is called the static threshold (Bagnold 1941) If wmd
velOCity mcreases, soli movement begms, and If the velOCity IS sufficient, soli
movement is sustamed ThiS velOCIty is called the dynamic threshold

The larger the sOil partIcle, the greater the wmd velOCity reqUired to dIslodge
and transport the particle The velOCity and turbulence of the wmd dictate the
largest SOlI particle that can be eroded (Chepil and Woodruff 1963) The
coheSIve forces between micron and submicron particles cause them to coalesce
mto larger, less erodible, particles

When SOil movement is sustamed, the quantity of soli that can be transported
by the wmd vanes as the cube of the velOCity (Bagnold 1941, Chepll and
Woodruff 1963) Many transport equations have been reported that mclude a
term for wmd velOCity or fnctiOn velOCity (Greeley and Iverson 1985,
Sorensen 1991) SOlI roughness, SOil erodibihty, soli wetness, and quantity and
onentatiOn of crop reSidues are some of the parameters that impact transport
of eroded SOil If the erodIble SOil surface is covered With vegetatiOn, or reSidues
from a preViOUS crop, the surface is protected from the force of the wmd and
erOSIon is controlled Unfortunately, ramfall m and and semmnd regiOns may
not be suffiCient to grow enough vegetatiOn to protect the SOil Soli m these
regiOns may erode until a desert pavement is formed With deep sand, the
surface may never stabIlize, and active sand dunes Will dommate the landscape

As the wmd velOCity, or any of the above factors are modified, SOlI eroSion
may mcrease or be controlled FIeld measurements of wmd velOCity durmg
severe wmd erOSiOn events mdlCate that computmg fnctiOn velOCity from wind
profiles is difficult because of the mfluence of airborne SOil matenal m the
saltatiOn zone Anderson et al (1991) also reports that the presence 0 f
sediment transport mfluences near-bed wmd velOCity

Wind Erosion Models

To descnbe the mteractiOns between the numerous factors mvolved m the wmd
erOSiOn process reqUires the development of functiOnal models Wmd eroSion
models can be phySically, empmcally, or theoretically based PhYSically-based
models reqUire expreSSiOns for all the processes mvolved, therefore, many
phySically-based models have some empmcally-denved coeffiCients Descnbmg
air flow over a rough SOil surface presents a challenge to SCientists Many air
flow and detachment processes are dynamiC and complex durmg an erOSiOn
event The appltcatlOn of empmcally-based models is hmited to the range of
conditions under which the model was developed Also, empmcally-based
models reqUire carefully controlled expenments to develop the essential
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coefficients Theoretically-based models may be widely adapted but depend
upon the fact that the theory and assumptions Imbedded wlthm the model are
correct For example, an analytical model developed by Sorensen (1991)
utilizes processes for particle trajectory, wmd modification, and gram-bed
collisIOn Formulae were denved for transport rate and sand gram flux from the
surface mto the air McEwan and Willetts (1993) cautIOn wmd-eroslOn
sCientists that extrapolatmg sand-transport-rate formulae from laboratory
wmd-tunnel conditIOns to field conditions may not be Justified

An empmcally denved differential equatIOn of dust concentratIOns m a thlO
layer near the ground to predict dust concentratIOns at the top of the surface
layer was developed by Berkofsky and McEwan (1994) Unfortunately, It
neglects honzontal transport, which IS a major component of the wmd erosIOn
process However, they did recogOlze that detachment plus a source term was
mversely proportIOnal to surface roughness ThiS relatIOnship has been
reported from field studies (Fryrear 1984)

While the above studies prOVide a solid foundation of mformation on the wmd
erosIOn process, they have not been combmed WIth other IOput parameters to
develop a complete wmd-eroslOn model EssentIally, all the models developed
to date are combmatlOns of all three approaches The user must determme
which model will produce the desired output WIth the available mput data

Wind Erosion Equation

The Wmd ErosIOn EquatIOn (WEQ, Woodruff and Siddoway 1965) has been
Widely used to plan conservation systems and estimate annual SOil erosIOn ThiS
model assumes that the wmd erosIOn process IS Similar to an avalanche of snow
and debns rollmg down a mountam (Chepil 1957) As an avalanche rolls down
the Side of a mountam the quantIty of movmg snow may mcrease as long as
there IS a source of snow and the slope IS long and uOlform Unlike the mass 10

the avalanche, the quantity of matenal bemg transported by the wmd can
mcrease until the total capacity of the wmd to detach and transport SOli has
been reached WEQ was one of the first models to estimate soIl erosIOn m the
field usmg smgle-mput values for weather, soil erodIbility, soIl roughness, field
length, and crop reSidue The WEQ was developed from wmd tunnel studies
With lImited field erosIOn measurements Concerns that the climatic factor did
not deSCribe wmd erosIOn m hIgh or low ramfall regIons were addressed, and a
new climatic factor was developed (SkIdmore 1986)

The WEQ conSIsts of a functIOnal relatIOnship among five factors

E=!(lKCLV) [1]

where E=annual soil erosIOn m t/acre, j=functIOnal relatIOnshIp, I=SOlI
erodIbility m t/acre, K=soll roughness factor, C=chmatlc factor, L=unprotected
field length m feet, and V=small gram eqUIvalent
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WEQ estImates SOIl loss (note UOltS of E and l) for an unprotected field length
(L) If soIl loss IS dIvIded by field length, the uOlt is mass per UOlt WIdth or an
expressIon of transport mass

The WEQ was modIfied for shorter tIme penods (Woodruff and Armburst
1968, Bondy et al 1980), but concerns remam As stated by Bondy et al (1980
P 176) "No experImental data base eXIsts for US109 the wmd eroSiOn equatIon
for perIods of less than one year"

WEQ was coupled WIth the ErOSiOn ProductIvIty Impact Calculator (EPIC,
(Wilhams et al 1984) to estImate dally wmd eroSiOn soIl loss (Cole et al
1983) The C, I, K, and V factors 10 WEQ are annual values, but 10 the EPIC
daily wmd eroSiOn model they are conSidered constant for a smgle day LimIted
compansons were made assummg WEQ was correct With field erOSiOn
measurmg eqUipment to measure mass bemg transported, it IS pOSSIble to
deSCrIbe the wmd eroSiOn process correctly FIeld measurements of transport
mass and a CrItIcal assessment of the phYSICS of WEQ reveal that the
avalanchmg prmcIple does not descnbe the wmd eroSiOn process 10 fields
hundreds of meters long

Pasak

A SOlI loss model reported by Pasak (1973) was mtended as a smgle event
model

E =2202 -0 72P-1.69V =2 64Rr [2]

where E=erodIbIhty 10 kg/ha, P=percent of nonerodIble partIcles, V=relatIve soIl
mOIsture, and Rr=wmd velOCIty 10 km/hr

The lack of mputs for crop reSIdue and SOlI roughness lImIts the use of thIS
model Also, wmd velOCIty and SOlI mOIsture are not constant dunng an erOSiOn
event

Texas Erosion Analysis Model (TEAM)

TEAM, developed by Gregory et al (1988) is a computer program developed
to SImulate wmd profile development and SOlI movement over multIple field
lengths The baSIC equatiOn IS

[3 ]

where X=rate of soIl movement at length Lf (MILT), C(SU/­
U./) U.=maxImum rate of SOlI movement whIch occurs when the surface is
covered With fine non-cohesive matenal, C=a constant whIch depends on Width
sampled and UOltS used for U., Lf =length of unprotected field 10 the wmd
dIrectiOn, Aa=abrasiOn adjustment factor, l=sOlI erodIbIhtIy factor mvolvmg soIl
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shear strength and angle, S=surface cover factor whIch expresses the amount of
detachment energy at the top of the cover WhICh IS transferred to the sOIl,
U.=shear velocIty, and U.t=threshold shear velocIty The abraSIOn adjustment
factor IS computed usmg the equatIOn

[4]

where Al=lower hmIt of abraSIOn effect (assumed 023)

The output from TEAM was compared wIth the output from WEQ

Wind Erosion Assessment Model (WEAM)

ThIS process-based model, developed m Austraha, IS a combmatlOn of
estabhshed and theoretical results (Shao et al 1996) It syntheSIzes research
results on sand drIft and dust entramment, approxImated quantitative
assessment of wmd erOSIOn, and evaluates the current hmlts to our knowledge
of wmd erOSIOn processes The WEAM model does not predIct the evolutIOn of
soIl surface propertIes due to wmd erosIon, natural weatherIng processes, or
management mterventIOns WEAM treats erosIOn of a dry, bare sOIl m a gIven
wmd To model total erosIOn from an entIre erosIOn perIod, It IS essentIal that
the model reflects the Impact of weatherIng and management practIces When
coupled wIth large computers, WEAM does have the capablhty of estlmatmg
the movement of large dust clouds across complex landscapes Input
reqUIrements are such that GIS or other mformatIOn databases are essential to
utlhze thIS model effectively

Wind Erosion Prediction System (WEPS)

WEPS IS deSIgned to use a weather generator wIth submodels that SImulate soIl,
crop, and field condItIOns usmg a dally time step (Hagen 1991) Durmg hIgh
wmd condItions, erOSIOn may be calculated on a sub-hourly baSIS Descnbmg
changes m SOIl surface and reSIdue condItIOns on a dally tIme step IS challengmg
Descnbmg changes dunng erosIOn events IS a formIdable task Development of
WEPS IS contmumg

Revised Wind Erosion Equation (RWEQ)

The WEQ dId not descnbe wmd erosIOn m hIgh ramfall areas or m extremely
dry regIOns As eroslOn-measunng eqUIpment and procedures were developed It
became apparent that there were senous problems WIth WEQ, and new
technology was needed for mcorporatlOn mto a dIfferent model To expedIte
the use of new technology, the RWEQ effort was suggested The RWEQ model
uses SImple mputs to compute SOIl loss from agncultural land RWEQ has been
field tested agamst measured wmd erosIOn for a broad range of condItIOns
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A physically-based mass transport equatIOn was denved by Stout (1990) ThiS
equatIOn IS based on the concept that a self-balancmg mechamsm controls wmd
erosion and IS the major relatIOnship m RWEQ With the self-balancmg
concept, momentum IS transferred from the wmd to the soIl surface (Owens
1964) The equation denved by Stout (1990) IS

[5]

where Qx=mass bemg transported by wmd at field length x m kg/m, Qrnax=
maximum transport capacity of wmd over that field surface m kg/m, x=field
length m m, b= field length where wmd attams 63 2% of Qrnax m m

EquatIOn 5 assumes If the wmd velOCity IS above threshold, the erosIOn process
detaches and picks up soIl particles at an mcreasmg rate until the wmd has
attamed 63 2% of ItS capacity EquatIOn 5 IS a negative exponential decay
curve With the highest soIl loss per umt area Immediately downwmd of the non­
erodible upwmd boundary, assummg Qx = 0 at x = 0 The exponential decay does
not descnbe conditIOns observed m fields where lIttle or no erosIOn occurs for a
distance downwmd from the upwmd edge of the field EquatIOn 5 was modified
to the form

[6]

where s=mflectlOn pomt where the slope changes from posItive to negative

ThiS assumes that at s, Qx IS 63 2% of Qrnax m Equation 6 While developed for
flow layers close to the SOil surface, thiS mass transport equatIOn IS used to
descnbe the total mass bemg transported from the SOli surface to a height of 2
meters The mput data reqUIred by RWEQ mclude factors for weather, soIl,
crop, field, tIllage, and, where applIcable, IrrIgatIOn

Least square analySIS was used to determme the regressIOn coeffiCients Qrnax and
s values for each erosIOn event EquatIOn 6 IS a SigmOid curve where the mass
bemg transported IS zero at the upwmd boundary, then rapidly mcreases until
the wmd attams 63 2% of ItS capacity Beyond field length s the rate of
mcrease m soIl mass IS lImited by the capacity of the wmd to detach and
transport additional soIl Therefore, beyond the cntlcal field length the
capacity of the wmd to transport additional matenal dlmlmshes untIl the
maximum transport capacity has been achieved

Collectmg samples of mass bemg transported from natural wmd events IS
pOSSible With the BSNE field samplIng eqUIpment (Fryrear 1986) With the
BSNE sampler dally SOil losses as small as 0 001 kg/m2 have been measured
These data are used to venfy EquatIOn 6 and test complete wmd erosIOn
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models Procedures have been developed to analyze the data (Fryrear and Saleh
1993) and Interpret the results (Fryrear et al 1991)

UnlIke WEQ, the basIc relatIOnshIp between field length and transport mass III

RWEQ reflects that as the wmd becomes saturated, any addItIonal matenal
pIcked up by the wmd results m the deposItIOn of a portIOn of the ongmal load
The rate of mcrease m suspensIOn IS a functIOn of wmd velOCIty, turbulence,
sot! texture, and field length The field length reqUIred for the wmd to become
saturated vanes WIth sotl surface condItIons and WInd velocIty Rarely does the
wmd become totally saturated before surface condItIOns or wmd velOCIty
changes

EmpIrIcal equations for estImatmg Qrnax and s were developed usmg selected
erOSIOn events (Table I) ThIs analysIs shows that the relatIOnshIp between the
mput parameters and Qrnax are

Qrnax =107 8(WFxEFxSCFxK'xCOG) [7]

where Qrnax=maxImum transport capacIty m kg/m, WF=weather factor In kg,
EF=soll erodIble fractIOn, SCF=sotl crust factor, K'=sOlI roughness, and
COG=vegetatlon factor mcludmg flat reSIdues, standmg reSIdues, and canopy

The slope s of the empmcal relatIOnshIp m EquatIOn 6 IS also computed from
the mput factor usmg the equation

s =146 86(WFx EFx SCFx K' x COG)-o413 [8]

where s = cntlcal field length where Qx IS 63 2% of Qrnax m m

When good mput data are avatlable, the estimated erosIOn for smgle storms IS
close to the measured values (Table 1) WIth the coefficIents from Equations 7
and 8 as mput for EquatIOn 6, soIl eroSIOn can be computed for CIrcular fields up
to 60 ha and for square or rectangular fields up to 145 ha The WF IS ttme­
based, so erosIOn can be computed for any time mterval when the remammg
parameters are constant Wlthm the RWEQ computer program, the WF IS
adjusted for ramfall and snow cover, crop reSIdues are decomposed by water and
temperatures (Stemer and Shomberg 1994), and SOIl roughness IS decayed by
ramfall amount and mtenslty (Saleh 1997)

The same coeffiCIents used to estimate SOIl erosIOn for a smgle event are also
used to estimate erosIOn from the entIre eroSIOn season WIth the RWEQ
computer program, erosIOn IS computed for field length along the dommant
wmd dIrectIOn The transport mass from EquatIon 7 IS Important m evaluatIng
potential plant mJury from bloWIng sand The cntlcal field length from
EquatIOn 8 IS used to plan field-barner systems or field WIdths that WIll
mmImlze SOli erosIOn
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Table 1. Maximum transport capacity and critical field length for
10 sites.
Site Date Factors SOil loss (kg/m2) Omax s

WF EF SCF K' COG MSL EST (kg/m) (m)
BS 04/17/95 142 072 077 1 00 080 443 532 644 33
BS 01/27/90r 23 064 077 095 090 055 059 112 123
BS 01/29/90 28 064 077 095 090 080 071 133 88
BS 02/08/90 06 064 077 095 090 015 015 96 289
BS 03/06/90 28 064 077 095 090 093 071 226 149
BS 03/29/93t 36 077 077 1 00 096 246 124 402 84
MW 04/02/91 84 079 091 082 043 1 14 1 29 168 43
EK 03/09/92 41 9 070 065 091 065 803 682 1,403 98
~ 03/13/93 153 085 090 085 1 00 405 602 751 109
EC 03/12/91 1799 026 021 080 048 214 228 648 179

r Includes 27, 28 January 1993 wind data
*Includes 28, 29 March 1993 wind data
s=cntlcal field length WF=wlnd factor, EF=soll erodible fraction, SCF=soll crust factor, K'

soli roughness, COG=flat and standing residues, MSL=measured soli loss, EST= estimated
sOil loss, Qmax=maxlmum transport capacity, s= cntlcal field length for selected erosion
events Sites are coded Big Spring, Texas, (BS), Mabton, Washington, (MW), Elkhart,
Kansas, (EK), Kennett, MISSOUri, (KM), and Eads, Colorado, (EC)

RWEQ estimates of erosIOn were tested agamst measured erOSIOn data from
fields much larger than the ongmal test sites and for different shapes
Agreement between measured and estimated SOli losses m Table 2 Illustrates
that RWEQ can proVide accurate estimates of soIl erosIOn from time mtervals
of 2 5 months to one year The data m Table 2 are from soIl textures that
mclude sand and clay loam soIl, average ramfall amounts of 100-1200 mm, and
crops mcludmg cotton, corn, small grams, vegetables, peanuts and sorghum All
SOlis, crops, weather, and management systems used by farmers are not
represented The data do represent typical conditions m the major wmd-eroslOn
regions m the UnIted States Total SOli loss dunng the entire erOSIOn penod
vaned from zero at Fargo, North Dakota to 3094 kg/m2 at Crown Pomt,
Indiana At Big Sprmg, Texas the same field IS mstrumented between January
and June SOli losses from a flat smooth surface of sandy loam SOli vaned from
2629 m 1995 to 399 kg/m2 m 1996 In 1991 the field was roughened at the
begmnIng of the erosion penod and SOli loss was 0 10 kg/m2 Companson of
both measured and estimated erosIOn were highly SignIficant (r 2=0 95)

This analySIS supports the view that when RWEQ IS used With good weather,
SOli, crop, and management mput data, accurate estimates of erosIOn are
pOSSible For smgle events, average soli loss of 9 44 kg/m2 from a 2 5 ha field
was measured Soli loss of 309 kg/m2 was measured for the entlfe erosIOn
season
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Table 2.
Site

Comparison of measured and estimated soil erosion.
Start tIme Stop time SOil erosion (kg/m2

)

Measured EstImated
Mabton, WA
Prosser, WA #1
Prosser, WA #2
Sidney, NE
Sidney, NE
Sidney, NE
Elkhart, KS
Elkhart, KS
Elkhart, KS
Elkhart, KS
LIndsey, MT
Lindsey, MT
Eads, CO
Eads,CO
Akron, CO
Akron, CO
Portales, NM
Martln-C, TX #1
Martln-C, TX #2
Martln-C, TX #3
PlaIns E, TX
Plains VB, TX
Fargo, ND
Fargo, ND
Big Spnng, TX
Big Spnng, TX
Big Spnng, TX
Big Spnng, TX
Big Spnng, TX
Big Spnng, TX
Big Spnng, TX
Crown POint, IN
Crown POint, IN
Crown POint, IN
Havre, MT
Havre, MT
Kennett, MO
Kennett, MO
Scobey, MT
Scobey, MTF
Scobey, MTS
PlaIns, TX E
Plains, TX B (800m)
Plains, TX B (1600m)

12/12/90
12/03/91
06/10/92
10/25/88
10/25/89
10/31/90
02/27/90
01/01/91
01/01/92
01/01/93
10/18/90
10/08/91
10/30/90
12/05/91
10/27/88
10/25/89
11/24/94
01/24/95
01/24/95
01/24/95
12/13/94
12/13/94
12/06/94
10/24/95
01/12/89
01/10/90
01/28/91
03/16/93
01/06/94
01/11/95
01/12/96
01/10/90
01/01/91
01/01/92
10/28/92
10/19/93
12/02/92
11/18/93
10/03/88
10/04/89
10/04/89
12/12/95
12/12/95
12/12/95

04/28/91
03/25/92
10/01/92
OS/24/89
04/24/90
05/07/91
12/30/90
12/31/91
12/30/62
OS/25/93
OS/21/91
04/07/92
OS/21/91
04/13/92
OS/26/89
04/29/90
04/06/95
07/05/95
07/05/95
04/05/95
OS/24/95
OS/24/95
04/22/95
05/06/96
05/02/89
06/04/90
05/13/91
06/01/93
06/18/94
05/15/95
OS/21/96
12/31/90
12/30/91
06/04/92
05/05/93
03/30/94
06/15/93
05/03/94
04/17/89
05/04/90
05/04/90
06/04/96
06/04/96
06/04/96
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372 260
0004 029
033 074
052 146
037 054
168 468
029 112
1 32 515

1286 1466
206 583
003 348
008 302
245 186
074 007
083 472
1 08 1 27
019 011
030 043
080 063
030 1 10
220 285
160 226
000 000
000 000

21 54 1840
2096 1804
010 1 82

2878 2690
1716 1300
2629 2429
399 840

3094 3200
2341 2470

035 289
002 019
001 012

1356 1082
064 280
547 509
134 250
039 168
383 329
202 194
155 066



Conclusions

Field erosIOn measurmg eqUIpment has been developed to test a new wmd
erosIOn model on a vanety of weather, crop, sod, and farmmg systems With
the measurement of field eroSIOn, estabhshmg base-hne conditIons for future
compansons IS possible Field measurements venry that mass transport vanes
as the cube of the wmd velocIty Transport mass mcreases With field length
until the wmd cannot transport additIonal matenal MaXImum transport rates
of 1,403 kg/m-width have been measured at field sites ThIS level of transport IS
suffiCient to destroy most crop seedhngs wlthm 15 mmutes Sod loss from a
smgle storm was 8 03 kg/m2 from a 2 5 ha circular field Sod loss from an entIre
erosIOn season vaned from 0 1 to 309 kg/m2 Field size ranged from 25 to 145
ha

Field measurements of wmd erosion from 43 site/erosion penods venry that
RWEQ IS SUItable for a vanety of SOil, weather, crop and management
conditIOns Because of ItS flexlblhty, effective and effiCIent wmd-eroslOn
control systems can be evaluated WIth RWEQ More complex models mcludmg
WEAM and TEAM are avadable, but may reqUIre mput data not readdy
avadable Efforts to Improve wmd erosIOn predictIOn are underway m the
WEPS, WEAM, and TEAM efforts
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Abstract

QuantIficatIOn of aeolIan sedIment balance reqUIres detaIled measurements of
soIl partIcle transport For that purpose, several techmques and mstruments
eXIst that work on dIfferent spatIal and temporal scales The objectIves of thIs
paper are 1) to descnbe two dIfferent devIces for SOIl partIcle transport
measurement, the saltlphone and the ModIfied WIlson and Cooke (MWAC)
sedIment catcher, and 2) to show how sedIment balance can be quantIfied on
dIfferent spatIal scales The saltIphone IS an acoustIc saltatIOn sampler that
contmuously records the Impact of saltatmg sand grams wIth a mICrophone
The output, m counts per umt of tIme, shows the temporal vanabllIty m
saltatIon flux, and can be used to asses the number, duratIon, and mtenslty of
stonns The MWAC sedIment catcher traps aeolIan matenal at seven heIghts
between 005 and 1 00 m For each storm, the MWAC catcher prOVIdes the
total partIcle mass transport value at the pomt of observatIon Durmg a
SahelIan field expenment, 21 of these catchers were mstalled m one 40 x 60 m
plot, and four stonns were sampled Stonn-based maps of partIcle mass
transport were produced by applymg geostatIstIcs These maps were used to
calculate the sedIment balance for the plot QuantIficatIOn of sedIment balance
on larger scales than the plot or field scale reqUIres mtegratlOn of dIfferent
techmques m the same area A method IS descnbed that combmes ground-based
expenments, wmd-eroslOn modelmg, remote sensmg, and a geographIcal
mformatIon system to quantIfy sedIment balances on scales of tens to hundreds
of square kIlometers

Introduction

Wmd erosIOn and sedImentatIOn are the result of aeolIan transport processes
Wmd erosIOn IS the removal of soIl matenal (sOIl partIcles, nutnents, and
organIC matter), whereas sedImentatIOn IS the deposItIOn of wmd-blown
matenal Between erosIon and sedImentatIOn, the matenal IS transported by
three dIfferent transport processes saltatIOn, creep, and suspenSIOn Saltatmg
partIcles Jump and bounce over the surface, reachmg a maxImum heIght of
approxImately 1 m, but the mam partIcle mass moves Just above the sOIl
surface SaltatIon transports SOIl partIcles wIth sIzes roughly between 50 and
500 !lm When saltatmg partIcles fall to the SOIl surface they not only eject
other saltatmg partIcles but also mduce creep, the rollIng and slIdmg of larger



partIcles (>500 Ilm), and suspenSIon, the raIsIng and transport of dust partIcles
«100 Ilm) The overlap In dIameters for suspensIon and saltatIon IndIcates that
certaIn partIcles may be moved by dIfferent transport modes, dependIng on
partIcle denSIty and WInd speed The three transport processes move partIcles
over a wIde range of dIstances DurIng a storm, creep can move partIcles over
dIstances from a few centImeters to several meters, saltatIng partIcles travel
from a few meters to a few hundred meters, and suspenSIOn transport ranges
from tens of meters to thousands of kIlometers

QuantIficatIOn of wInd-blown-partIcle transport In the field IS dIfficult because
of large temporal and spatIal varIabIlIty In partIcle mass flux (WIlson and
Cooke 1980) At a certaIn locatIon, the number of WInd eroSIOn events dIffers
from year to year, and durIng a partIcular year, storms are dIfferent In duratIOn,
WInd speed, and WInd dlfectIOn ThIS results In a WIde range of partIcle mass
fluxes Moreover, SOIl erodIbIlIty IS determIned by several vanables lIke soIl
texture, surface roughness, and topography These vanables usually show spatIal
vanabllIty, resultIng In spatIal vanabllIty In soIl erodIbIlIty and thus In partIcle
mass flux as well (Sterk and SteIn 1997)

Measurement technIques of WInd-blown-partIcle transport can be dIVIded
roughly Into dIrect and IndIrect technIques, and are scale-dependent IndIrect
technIques such as repeatedly measunng soIl-surface elevatIOn (e g, WIlson and
Cooke 1980, GIbbens et al 1983) or the 137Cs Isotope technIque (e g, Chappell
et al 1996) do not quantIfy SOIl-partIcle transport Itself, but determIne the
erosIon or sedImentatIOn rate from changes In SOIl surface elevatIOn or 137Cs
concentratIOn These technIques prOVIde pomt observatIOns WIth a temporal
resolutIOn varymg from days to several decades A problem, however, IS that In

many areas where WInd erosion occurs, the soIl IS also subject to water erOSIOn,
whIch makes It difficult to determme the rate of WInd eroSIOn only Other
mdlrect technIques that work on larger spatIal scales and on SImIlar or larger
temporal scales are the use of remote sensmg, for Instance tracmg sand and dust
movement In the Saharan desert (e g, Mamguet 1984), and the descnptlOn of
WInd erosIon features In geomorphologIcal studIes (e g, CornIsh 1900, Jawad
All and AI-AnI 1983)

DIrect measurement technIques sample fluxes of wmd-blown partIcles at a fixed
pOSitIOn ErOSIOn and sedimentatIOn m a certaIn area can only be determmed
from the spatIal dIstrIbutIOn of a number of these transport observatIOns by
calculatIng a sedIment balance, whIch IS the mass balance between mput and
output of soIl particles (Mamguet 1996)

The dIfferent deVices can roughly be dIVIded mto two groups The first group
consIsts of catcher-type and filter-type samplers, whIch are charactenzed by a
relatively low temporal resolutIon For mstance, sedIment catchers
contmuously trap partIcles durIng storms, but the total partIcle mass flux can
only be determmed after the storm by welghmg the trapped matenal The same
holds for filter-type dust samplers (e g, RaJot et al 1996), whIch suck dust-

156



laden aIr through a filter After a perIod of operatIOn, the filter IS replaced and,
hence, the mass of dust on the filter represents the total mass flux for that
perIod

The second group of direct samplers IS characterIzed by a high temporal
resolutIOn These samplers contmuously record sOli-partIcle transport Two
devIces have been developed that measure saltatIOn transport by detectmg
particle Impacts, With a mIcrophone (Spaan and Van den Abeele 1991), or a
pIezoelectrIc crystal (Stockton and Gillette 1990) A slightly different
techmque was used by Janssen and Tetzlaff (1990), who developed a catcher
that contInuously weighs the mass of trapped saltatIOn particles Several
mstruments eXIst for contmuous recordmg of dust transport For mstance,
Koch et al (1997) developed a device that momtors contmuously the light
scattered by three dust-Size fractions It also collects the materIal on a filter for
final gravimetrIc analySIS

The purpose of thIS paper IS to descnbe the use of the two samplers, a
contmuous recordmg saltatIOn sampler and a sediment catcher, for the study of
soil partIcle transport m the field These deVices operate at heights between 0
and 1 m, and therefore, fine suspended dust movmg above 1 m IS not conSidered
here In particular, the Issue of upscalmg IS discussed First, It IS shown how
maps of partIcle mass transport are created and used to calculate the sediment
balance for the expenmental plot Fmally, a method IS presented that can be
apphed to quantIfy aeolian sedIment balances at spatIal scales of tens to
hundreds of square kilometers

Materials and Methods

Site Description

A field experIment was conducted m the West AfrIcan Sahel, at the
InternatIOnal Crops Research Institute for the Semi-And TropiCS (lCRlSAT)
Sahehan Center The SIte IS located at Sadore m southwest Niger, 45 km south
of the capItal, Niamey In thIS regIOn, farmmg practices, SOli, and climate are
favorable for WInd erOSIOn Except for a few months m the growmg season, the
soil surface IS mostly bare, and no adequate soil conservatIOn measures are
taken Moreover, the sandy textures and dry climatIC conditions make the SOli
erodIble for most of the year WInds that exceed the threshold wmd-speed for
SOil-partIcle movement may occur durmg two dIstmct seasons Durmg the dry
season (October-AprIl), the area IS mvaded by dry and rather strong
northeasterly wmds, locally known as harmattan, that may result m moderate
soil-partIcle transport These wmds ongmate over the Sahara desert, and from
January to March they usually carry much dust from remote sources Part of
the transported dust IS depOSited m the Sahel, ennchmg SOlIs With fine particles
and nutrIents (Drees et al 1993)
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The second and most Important wmd erosIOn penod IS the early ramy season
(May-July), when raInfall comes wIth heavy thunderstorms that move
westward through the Sahel WIthIn a fully-developed thunderstorm, strong
vertIcal down drafts occur, causmg a forward outflow of cold atr that results In
Intense SOlI particle movement The wmd storms are often followed by hlgh­
Intensity raInfall that usually creates much splash erosIOn

Quantification of Soil Particle Transport

WInd charactenstlcs and SOlI particle transport were measured durmg the raIny
seasons of 1993, 1994, and 1995 The eqUIpment was Installed In a field of 170
x 90 m on a sandy alfisol With 922% sand, 3 0% sIlt, and 48% clay WInd
speed was measured at a height of 2 m WIth an ordmary cup anemometer dunng
the 1993 season, and With a fast response cup anemometer durIng In 1994 and
1995 seasons WInd directIOn was measured With a wmd vane The
measurements of honzontal particle mass transport were made With two
devices, the saltlphone and the MWAC sediment catcher

The saltlphone (Spaan and Van den Abeele 1991) IS an acoustic saltatIOn sensor
that records the Impact of saltatmg sand graIns With a microphone (Fig 1) The
microphone IS placed mSlde a steel tube (0 05 m In dIameter, 0 13 m long) that
protects It from severe weather conditions The tube IS mounted on a ball
bearIng and has two vanes at the back to keep It onented mto the WInd

c

Side-View

a = vanes
d = ball bearing

•
a

b = microphone
e = connection cable

a

front-View

c = tube

a

Figure 1. The saltiphone.
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Durmg a storm, some of the saltatmg sand grams movmg through the tube hit
the microphone and create high frequency signals By amplifymg these signals
and filtermg low-frequency signals, saltatmg sand can be dlstmgUlshed from
other nOise such as that created by wmd and ram Every amplified signal, or
pulse, IS cut off after 1 ms, so, theoretically, a maximum of 1,000 grams per
second can be recorded The actual number of Impacts may be higher due to the
overlap of particle Impacts durmg the 1 ms pulse

The saltlphones were mstalled With the center of the microphones posItioned
at a height of 0 10m Pulses were recorded With a data logger A one mmute
sampling penod was used m 1993 season, and one second penod m 1994 and
1995 The output, m counts per Ullit of time, was used to determme the
number, duratIOn, and mtenslty of storms The threshold willd-speed for sOlI­
particle movement was also determmed

The MWAC sediment catcher (Sterk and Raats 1996) has seven sediment traps
attached at heights between 0 05 and 1 00 m (Fig 2), which means that trapped
matenal IS a mixture of saltatIOn and suspensIOn particles Creep particles are
not trapped After a storm, the sediment III each trap IS collected and weighed
For each catcher and storm, a model IS fitted through seven observatIOns of the
honzontal particle mass flux (Sterk and Raats 1996)

q(z)=a(>'f +cexp(-~)
where q(z) IS the honzontal particle mass flux (kg/m2 per second) at height z
(m), and a, a, b, C, and f3 are regressIOn coeffiCients The model descnbes the
vertical profile of honzontal mass flux from the SOIl surface (z=0) to any
height z, but IS usually not extended to heights >1 m, smce It cannot be
calibrated at that height

Integration of the mass flux profile over heights from z=0 to 1 m and
correctIOn for the trappmg effiCiency of the MWAC catcher (0 49) result III a
total particle mass transport rate (kg/m per second) at the pomt of samplmg
When multiplied by the storm duratIOn, a total particle mass transport value
(kg/m) IS obtamed ThiS value represents the total mass of sediment below 1 m
that passes a stnp 1 m Wide perpendicular to the mean willd directIOn of the
storm It IS assumed that the contnbutlOn of the sediment movmg above 1 m to
the total mass transport can be Ignored

Durmg the 1993 season, 21 MWAC catchers were used to study the spatial
vanabllity m wmd-blown mass transport by applymg geostatlstlcs (Sterk and
Stem 1997) The catchers were mstalled III an expenmental plot (40 x 60 m)
wlthm the measurement field They were regularly dlstnbuted over the plot III

three rows of SIX catchers, With the three remammg catchers placed between
two rows Four storms were sampled durmg the 1993 ramy season
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Figure 2. The Modified Wilson and Cooke sediment catcher.

ObservatIOns of total partIcle mass transport were used for geostatIstIcal
analysIs GeostatIstlcal theory uses the concept of spatIal correlatIOn, whIch
means that observatIOns of a spatIally dlstnbuted vanable at any two pomts
close to each other are more sImIlar than observatIOns at two pomts at a larger
dIstance (Journel and HUlJbregts 1978) By modelmg the spatIal correlatIOn
between observatIOns as a functIOn of dIstance (vanogram), good qualIty maps
of the vanable are made wIth the spatIal mterpolatlOn techmque of kngmg

Smce 21 observatIons are not suffiCIent to relIably estimate a vanogram for
each storm, the analysIs was extended from the space domam mto the space­
tIme domaIn by poolIng the four storms Full detatls about this procedure are
not gIven here, but can be found In Sterk and SteIn (1997) The data and results
of thIs study are bnefly descnbed In thIs paper Dunng the 1994 and 1995
seasons, 20 MWAC catchers were used to test the effectIveness of different
mulch applIcatIon rates m redUCIng SOli partIcle transport (Sterk and Spaan
1997) Two plots of 55 x 70 m were both eqUlpped wIth 10 catchers One plot
was covered wIth mulch, whIle the other remamed bare durmg the two seasons
Only the meteorological and partIcle mass transport data from the plot without
mulch are presented here
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Results and Discussion

Temporal Variability in Soil Particle Transport

In total, 24 wmd storms were recorded durmg three field seasons (Table 1)
Only four storms were recorded dunng the first, whIch IS an exceptIonally small
number for thIs regIOn Durmg the prevIOus three seasons, 21, 13, and 15
events, respectIvely, were recorded at the ICRISAT Sahehan Center (MIchels
1994) The average number ofwmd storms per season dunng SIX years was 12

Table 1. Characteristics of wind storms during the 1993, 1994,
and 1995 rainy seasons at the ICRISAT Sahelian Center, Sadore.

Year Date u (m/s) W dlr (0) Dur (s) M kg/m CV (%) n

1993 13June 103 1350 1481 1027 359 2J
27 June 76 1799 1320 155 335 21
30 June 89 123 4 1321 31 8 466 21
1 July 92 1593 3004 1498 345 21

1994 7 June 77 1800 3835 675 391 10
10June 123 378 464 714 252 10
14June 74 1075 2007 140 292 10
15 June 158 474 942 nd nd 10
18June 107 944 1209 614 210 10
27 June 94 1181 515 370 248 10
1 July 84 1509 584 419 277 10
4 July 106 812 838 654 165 10
9 July 83 945 822 178 272 10
12July 94 757 902 364 185 10

1995 28 May 86 160 4 1983 271 9 164 10
5 June 90 1752 2157 1137 151 10
13June 91 1538 600 717 144 10
14June 111 376 1086 1171 141 10
17 June 94 1733 1893 1874 184 10
20 June 88 1604 1662 1743 183 10
25 June 96 869 415 307 227 10
8 July 93 1311 1092 710 168 10
13July 113 917 723 895 161 10
16July 89 1756 1034 558 286 10

U =average Wind speed, Wdlr=average wind direction (0°= north), Dur=storm duration,

M = average total mass transport value, CV=coefflclent of Variation, n=number of MWAC
catchers, nd=not determined
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The storms were very different m terms of wmd speed, wmd directIOn, and
duration (Table I) This varIabilIty can be explamed by the local character of
the thunderstorms The most severe conditIOns are expected near the center of
the thunderstorm, where a forward, I e easterly, outflow of cold air occurs
Away from the center, conditions are less severe, with lower wmd speeds and
wmd directIOn shifted either northward or southward Furthermore, the duratIOn
of wmd storms IS lIkely to change positIOn relative to the center of the cloud
The probabilIty of ram decreases away from the center, which may cause a
longer duratIOn at the northern and southern lImits (compared with the center)
Hence, the characterIstics of a storm at a certam locatIOn depend on the
distance to the center of the cloud

The simultaneous recordmg of wmd speed and saltation flux with one
saltIphone durmg a typical SahelIan storm (Fig 3) clearly Illustrates the
temporal varIabilIty m saltatIOn transport QUIet perIods, with lIttle activity,
alternate with mtense bursts of saltatIOn transport A good correlatIOn between
mstantaneous wmd speed and saltatIOn flux eXists (r=O 65) The best
correlatIOn, however, IS obtamed If a time lag of one second between saltation
flux and wmd speed (r=O 71) IS assumed, mdICatmg that the response time of
saltatmg sand grams to wmd speed fluctuation IS m the order of one second
(Sterk et al 1997)
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Figure 3. Graph of instantaneous wind speed (U) and saltation
flux (S) vs time for a typical Sahelian wind storm (27 June
1994).
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By plottmg the saltatIOn count rate as a functIOn of wmd speed, the threshold
wmd-speed for soIl partIcle movement can be determmed ThIs was done for
the four storms m 1993 (FIg 4), when saltatIOn transport and wmd speed were
recorded at one mmute mtervals The threshold wmd-speed at a heIght of 2 m
was approxImately 8 mls for thIS sandy SahelIan soIl
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Figure 4. Relationship between wind speed at 2 m and saltation
flux at 0.10 m, both sampled at one minute intervals.

Spatial Variability in Soil Particle Transport

For all storms but one, Equation 1 was fitted through the measured mass fluxes
of each catcher Data from the storm of 15 June 1994 were not used for the
analysIs ThIS storm was ImmedIately followed by 25 mm of ram m only 35
mm Although the average ram mtensIty was moderately hIgh (429 mm/h), the
mstantaneous value exceeded 100 mmlh several times, and created much splash
erOSIOn, whIle the mstantaneous wmd speed exceeded 20 mls Part of the splash
matenal entered the sedIment traps and got mIxed WIth wmd-blown matenal
ThIS problem dId not occur dunng the other events, although several wmd
storms were ImmedIately followed by ram Durmg some of those events, splash
matenal clogged the mlet tubes of the lowest traps, but It was not observed to
have entered the bottles (Sterk and Spaan 1997)
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ThIS relatIve msensItIvIty to splash erOSIOn IS an Important advantage of the
MWAC catcher compared with other sedtment catchers For mstance, m 1993,
10 Big Spring Number Eight (BSNE) traps (Fryrear 1986) were mstalled m the
field at a heIght of 10 cm Durmg one storm, wIthout any wmd-blown-partIcle
transport prIor to ram, between 17 and 50 g of splash materIal was collected by
the BSNE traps, whereas the MWAC traps were stIlI empty (Sterk, unpublIshed
data) Therefore, traps lIke the BSNE may cause severe overestImatIOn of
wmd-blown partIcle transport durmg early ramy season storms, and should not
be used

FIgure 5 shows a fitted partIcle mass flux profile for one sedIment catcher
dUrIng the storm of 1 July 1993 The profile has a maXImum at the SOlI surface
and decreases sharply WIth mcreasmg heIght In general, the fitted profiles show
good agreement WIth observatIons Average deVIatIons between measured and
calculated mass flux for the four storms of 1993 mcreased from 0 1% at the
lowest samplIng level to 380% at the hIghest The larger deVIatIOns at the
hIgher samplIng levels were caused by bIgger measurement errors due to the
very small quantItIes trapped at those heIghts (Sterk and Raats 1996)
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Figure 5. A fitted profile through measured particle mass flux
with one MWAC sediment catcher during the storm of 13 June
1993.
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Figure 6. Maps of total particle mass transport produced by
kriging. Storm dates are (A) 13 June, (B) 27 June, (C) 30 June,
and (D) 1 July 1993.

Total mass transport values were calculated for each catcher and storm from
the vertIcal mass flux profiles In Table I the average values and coeffiCIents of
varIatIon are gIven IndIVIdual pomt observatIOns of partIcle mass transport do
not gIve any mformatlOn about erosIOn or sedImentatIon For that purpose, the
sedIment balance for a defined area needs to be determmed A negatIve balance
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mdIcates erOSIOn, a posItIve balance mdicates sedImentatIOn, and a zero balance
mdICates transport only (Mamguet 1996)

Data from the four storms 10 1993 were used to produce storm-based maps of
wmd-blown-partlCle mass transport wIth kngmg (Sterk and Stem 1997) The
maps (FIg 6) provIde the best lmear unbIased predIctIons (Stem and Corsten
1991) of total partIcle mass transport at each unsampled locatIOn, and are
therefore well sUIted for calculatmg net SOIl losses from the expenmental plot
For all four storms, sediment balances (Table 2) were determmed by averagmg
the kngmg predictIOns along the four plot boundanes (Sterk and Stem 1997)
Two boundatIes contnbuted to mput and two to output of sediment,
respectIvely Durmg the first, third, and fourth stonns, the matenal moved mto
the plot across the southern and eastern boundanes and left the plot VIa the
northern and western boundanes Durmg the second storm, when the wmd
directIOn was from the south, only the southern and northern boundanes
contnbuted to mput and output, respectIvely

Remote
Ground
based

sensing experiments
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Su~key Unit

d,st";l'O"
r

Sa~ Sat Sut
Wind

GIS - erosion- - model

l'
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balance

Figure 7. Integrated system for the quantification of aeolian
sediment balances at spatial scales varying from tens to hundreds
of square kilometers.
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Table 2. Sediment balances for the experimental plot during four
storms at the ICRISAT Sahelian Center, 1993 rainy

Storm date Input (kg/m2
) Output (kg/m2

)

13June 47 59
27 June 02 04
30 June 14 19
1 July 62 89
Total 125 171

Sediment balance=sedlment input-sediment output

season.
Balance (kg/m2

)

-1 2
-02
-05
-27
-46

The maps clearly show that particle mass transport IS charactenzed by a large
spatial vanabIllty Because of thiS vanatlOn, the traditIOnal method of
descrIbmg SOlI loss per umt area (Table 2) IS not the best erosIOn mdlcator
(WIlson and Cooke 1980) It IS more useful to dIstmgUlsh erosIon and
depOSItIOn areas m the plot from downwmd gradIents m gray values Positive
gradients (from lIght to dark) are assocIated wIth erosIOn, negative gradIents
(from dark to lIght) wIth depOSItion, and zero gradIents wIth transport only
Combmmg thIS mformation WIth maps for SOli charactenstics, surface
roughness, crop characterIstIcs, and topography may lead to a better
understandmg of SOlI partIcle transport processes

The pattern of partIcle mass transport IS not constant, but rather changes from
storm to storm PredIctIOn of these patterns WIth a wmd erosion model reqUires
detaIled mput of SOlI characterIstics, crop characterIstIcs, and wmd field m
many pOSItIOns, whIch makes modelIng at such a level Virtually ImpOSSIble

Upscaring

The applIcatIOn of geostatistIcs IS, m fact, an example of upscalmg A lImited
number of pomt observatIOns of partIcle mass transport was used to determme
mass transport at every pomt m the experImental plot, hence the geostatIstIcal
analySIS mvolved an upscalmg from pomt scale to plot scale The maps
produced are useful to dlstmgUIsh erosIOn and depOSItIOn areas wlthm the plot,
and to calculate soIl loss from the plot (Table 2) Although thIS loss IS dramatic,
It IS from one small and unprotected plot only Smce the mam mass of matenal
was moved by saltatIOn, which IS a short-range transport process, much of thiS
materIal may be trapped agam m nearby fields WIth SOlI conservatIOn measures
or good vegetatIOn cover (Sterk et al 1996) So, when studymg the effects of
wmd erosIOn on entire farmmg systems, It IS necessary to quantifY soil partIcle
transport on scales larger than that of an mdividual field

Herrmann and Sterk (1996) propose a method for quantIfYmg storm-based
sedIment balances ofwmd-blown materIal at spatial scales on the order of 100
km 2 ThIS method consists of 1) selectIOn of key umts, 2) quantificatIOn of the
sedIment balance m each key umt, and 3) quantIficatIOn of the sediment
balance for the total area based on the contrIbutIOns of separate key umts
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Selection of key units
Key umts are areas which are more or less equal In erodibilIty SelectiOn of key
umts IS based on surface characterIstics lIke sOli type, sOil surface roughness, and
vegetatIOn

Quantification of the sediment balance in each key unit
SOli-partIcle transport can take place In anyone of the three transport modes
creep, saltatIOn, or suspenSiOn It IS assumed that creep transport can be
Included In the saltatIOn component (Fryrear and Saleh 1993) The sediment
balance IS then equal to

[2]

where ~S IS the sediment balance (kg/m2
), the subSCrIpts a and u denote

saltatiOn and suspenSIOn, and the arrows J- and I Indicate Input and output,
respectively For each key umt and storm, the four components need to be
determIned by experImentatiOn at selected sites The data are used to develop
and calIbrate a WInd erosIOn model

Quantification of the Sediment Balance for the Total Area

A storm-based sediment balance for the defined regIOn IS calculated from the
distrIbutIOn of the key umts WithIn the regIOn, meteorological data, and the
calIbrated WInd erosIOn model

In Figure 7, a scheme IS shown that Illustrates how different techmques can be
Integrated to estImate storm-based sediment balances on spatial scales of
several tens to hundreds of square kIlometers Remote sensIng proVides data on
vegetatIon and SOli-surface characterIstics Based on these data, different key
umts are selected and the boundaries of the SIngle key umt areas determmed
The data are stored In a geographical InformatIOn system (GIS) The ground­
based experIments Include meteorological measurements for the WInd-erOSiOn
model, and dust depositiOn measurements, SInce Input of dust (SuJ-) from
remote areas cannot be calculated With storm-based WInd-eroSiOn models The
model calculates the components SaJ-, Sal, and Sui on the basIs of the
meteorological data (WInd speed, WInd directIOn, raInfall, etc) and geometrIcal
InformatIOn of the SIngle key umt areas Based on the sediment balances for
each separate key umt area, the total sediment balance for the regiOn IS
calculated by the GIS In additIon, the GIS provides the possibIlity of producmg
maps that show the spatial dlstnbutlOn of particle mass transport In the regIOn
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Conclusions

Several mstruments and techmques for the measurement of soIl-particle
transport under natural conditIOns eXist These techmques quantifY soIl-particle
transport either dIrectly or mdirectly, and work on different spatial and
temporal scales Of the two deVices used m this study, the saltIphone has the
higher temporal resolution It quantifies the temporal vanabIlity m saltatIOn
flux at a certam positIOn The number, duratIOn, and mtensity of stonns can be
determmed from the output When combmed With wmd-speed measurements,
the threshold wmd-speed for sOlI particle movement can also be determmed

The MWAC sediment catcher gives pomt observatIOns of particle mass
transport at a maximum temporal resolution of the storm duration By
mstallmg many of these catchers m one field or plot, a high spatial resolutIOn IS
obtamed, which makes It possible to create storm-based maps of particle mass
transport by applymg geostatlstlcs From these maps, sediment balances for th e
expenmental area, which show the spatial vanability m particle mass transport,
can be calculated ThiS kmd of mformatlOn IS Important when the Impact of
wmd-blown particle transport on SOlIs and crops IS studied on the field scale

For studymg the Impact of wmd actIOn on soIl and crops at larger spatial scales,
It IS necessary to mtegrate different techmques such as a geographical
mformatlOn system, wmd-eroslOn modeling, remote sensmg, and field
measurements m the same area However, such a procedure mherently leads to
a loss of accuracy, smce wmd-eroslOn models are not able to Simulate the
complIcated spatial patterns of particle mass transport denved from the
geostatIstIcal analySIS
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Wind Erosion in Niger: Farmer Perceptions,
Traditional Techniques to Prevent and Combat
Wind Erosion, and Farmer Adoption of Modern

Soil Conservation Technologies
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PACT Consulting, Brabantstr 28, 0-52070 Aachen, Germany

Abstract

Farmers m Niger have theIr own opmlons about the causes and problems of
wind erosIOn TheIr views are based on experIence and observatIOn, gamed In

theIr own enVIronment Farmers mentioned sOlI loss and plant damage as the
most Important nUisances of wind erosion They have theIr own methods for
controllmg wmd erosIOn, such as mulchIng with organIc matter, fallow, manure
applicatIOns (pit holes), herdIng strategies, and cover croppmg These are based
on their available resources Without additIOnal financial and human resources,
local practices cannot be Implemented on a large scale InsuffiCient resources,
and SOCIOeconomic and institutIOnal constraints such as cattle ownership, land
tenure, labor reqUirements, and mput prIces, restrIct the application of wmd­
erosIOn-control technIques New technologies must fit mto the SOCIOeconomic
environment, because without farmer Involvement, wmd erosIOn and sOil
degradatIOn Will not be offset Subsidlanty and complementarIty of local and
researcher knowledge demand the development of mstItutIOnal pluralism wIthm
research organIzatIOns to the final benefit of farmers and the agrIcultural sector
as a whole This may first reqUire instItutIOnal reform, but, perhaps more
Important, an attItudinal change m the research communIty must occur Future
research should mclude farmmg systems and analySIS of costs and benefits of
subSidy levels reqUired to mcrease the ImplementatIOn of wmd-erosIOn control

Introduction

Most soils m the West AfrIcan Sahel (WAS) are fragile and defiCIent In

nutnents and organIC matter (Slvakumar 1989) In the absence of approprIate
conservatIOn practices, the sandy soils are prone to Wind erosIOn and depletIOn
of nutnents (BatIOno and Mokwunye 1991) Durmg the last three decades, SOlI
degradatIOn has grown worse because of decreaSing ramfall, overstocking of the
natural pasture With livestock, and the rapid growth of populatIOn to crItIcal
levels (Slvakumar 1989) The ongomg process of decreaSing SOlI fertility and
advancmg SOlI degradation must be reversed to encourage agncultural
development m the WAS Agncultural research and technology transfer are
cruCial In this process This IS highlighted by the case of Niger, West AfrIca



Wmd erosIOn events and soil degradation m Niger have been observed for
several decades (Raulm 1965) Often, wmd erosIOn IS most promment m areas
with low bIOmass productIOn potential (Michels 1994, Sivakumar 1989) Sod­
conservatiOn technIques have found lIttle acceptance m SahelIan farmmg
systems (Deuson and Sanders 1990) Frequently, there IS a conflict between
long-term SOli-conservatIOn and short-term productlOn-mcreasmg technIques
In makmg land-use deCISions, farm households need to conSider both agro­
ecological and economic consequences EVidence from Afnca reveals that the
reluctance of farmers to adopt soil conservatIOn technologies has a logical base
(Scoones et al 1996) Promlsmg technologies to control wmd erosIOn m Niger
have been studied mtenslvely (Banzhaf et al 1992, Michels et al 1995a,
1995b, Renard and Vandenbeldt 1990) A recurnng questiOn IS whether or not
new mnovatlOns are acceptable to farmers, for example, If they are supenor to
local practices

SahelIan farmers combme a range of exogenously and endogenously developed
mnovatlOns (Lamers and Fed 1995, Scoones et al 1996) Most local practices
have their ongm elsewhere and are not necessanly generated m the regIOn
where they are practiced, but they are adapted by and further developed wlthm
the communIty Knowledge IS obtamed mostly Via traditional commUnICatIOn
channels, such as migratIOn, VISitS dunng Journeys and celebratIOns of the
extended family, and market VISitS Furthermore, local knowledge develops
over time (Fell 1995, Scoones et al 1996) Increasmg eVidence confirms that
eXlstmg farmmg systems are a result of expenence, knowledge, tradition,
available resources, pnontles, enVironment, technology level, polItical, and
economic and market conditIOns (Fell 1995) Farmmg systems change not only
from regIOn to regiOn, but also from Village to Village, and between farmer
groups wlthm a Village It IS not only Vital to know what farmers do, but equally
enlightenmg to understand why farmers do not do thmgs Local knowledge has
some analogy With a dnftmg Iceberg most of It IS not directly VISible ThiS
paper summanzes vanous Views, current practices, and future potential With
respect to wmd eroSIOn and ItS control measures m west Niger

Farming Systems in West Niger
The amount of ramfall and ItS dlstnbutIOn are the farmer's two prmclpal
gUidelmes for cultivation m Niger Even though thiS appears straightforward,
farmers operate complex productIOn systems and combme subSistence and
commercial activIties that mvolve a range of crops and ammals under diverse
SOCIOeconomic conditions (McIntire et al 1989) The mlxed-farmmg systems
m western Niger, With a mean farm size of about 10 ha (McIntire et al 1989),
are based on lImited family labor and low cash mputs Agnculture IS dommated
by pearl millet (Penmsetum glaucum) and to a lesser extent by sorghum
(Sorghum blc%r), both of which are usually associated With cowpea (Vlgna
ungUlculata) Millet gram yield IS 250-400 kg/ha, whereas stover yield IS 800­
1,500 Most of the croppmg budget IS spent hmng manpower for weedmg
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AddItional cash mcome IS earned wIth off-farm activIties, partIcularly durmg
the dry season (BaIdu-Forson 1988) All croppmg activItIes are usually done
manually Most households own sheep, goats, and/or cattle Hay from pulses
and grasses ennch the mIllet-stover dIet of lIvestock m the dry season (Lamers
et al 1996b) AnImal traction IS lImited to bulky carts The SahelIan farmmg
systems have many goals and undertake a vanety of activIties to achIeve these
goals (Lamers and Bruentrup 1996) Agnculture, lIvestock, commerce, art, and
off-season labor abroad are some of these activIties, which are dispersed over
the year and may have long-, medlUm- and short-term effects (Lamers and FeIl
1995) Any new technology must fit mto these farmmg systems The effects of
farmmg practices, lIvestock overgrazmg, meffectlve land-use, absence of
transparent laws, and populatIOn growth have accelerated land degradatIOn at
alarmmg rates But how do farmers perceive soIl degradation caused by wmd
erOSIOn, smce they are often held, m part, responsible for the phenomenon?

Farmer Perception of Wind Erosion

Household surveys have been conducted m western NIger to learn about the
awareness and knowledge farmers have concernmg wmd erosIOn and control
technIques (FeIl and Lamers 1996, Lamers et al 1995a) Farmers mentioned
sOlI loss and plant damage as the most Important nUIsances of wmd erosIOn
ThiS occurred on the fields of 66% of the farmers surveyed m 1982-1992 (Fig
1) Damage was perceived as removal of the top layer by 45% of the farmers,
whIle 21 % mentIOned the subsequent formatIOn of a surface crust Farmers
observed SOlI loss due to wmd each year and on most fields, but soIl erosIOn IS
consIdered harmful on specific patches wlthm a field only One-third said they
had no wmd erosIOn problem on theIr SOlIs

Subsequent surface crust
210% --

Loss of productive top layer
450%

No sand erosion
340%

Figure 1. Wind erosion effects on the soil as mentioned by
farmers.
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ConcernIng crops, most farmers (69%) mentIoned a damage to m111et caused by
hIgh wmd speed or by bunal (Fig 2) WIthIn thIs group, 17% of the farmers
were most concerned WIth aIr-blown sand burymg young seedlIngs at the onset
of the growmg season Mechamcal damage of mIllet development was often
observed by the farmers, but the subsequent retarded development was not
consIdered a major concern More than half of the farmers (52%) mentIOned
stem lodgmg as a possIble dIrect effect of Intensive wmds, especIally at the end
of the growmg season LodgIng retards gram npemng, whereas termItes and
rodents cause the actual losses Nearly one third (31%) mentIOned no crop
damage due to hIgh WInd speeds

Wind causes millet burying

17 O~OAIOliiii
No crop damage by wmd

310%

Wind causes millet burymg and lodgmg
520%

Figure 2. Wind erosion effects on plants as mentioned by farmers.

Farmer fields are charactenzed by small elevatIOns and depressIOns wlthm short
dIstances Because of the deposItIOn of aIr-blown matenal, farmers consIder
mIcro-hIghs to contam a more sandy top layer than mIcro-lows wIth thmner
top layers In addItIOn, farmers observed that mIcro-hIghs concur wIth more
IntensIve plant growth, such as trees and bushes, whIch contInue to trap sand
(FeIl and Lamers 1996) The decomposItIOn of orgamc matenal IS consIdered
responsIble for the Increased fertIlIty on the mIcro-hIghs

Farmers vIew wmd erosIOn as a VICIOUS cycle ongInally InItiated by decreasmg
yIelds due to low SOli fertIlIty or Inadequate ramfall (Fell and Lamers 1996)
Reduced stover yIeld means less mulchIng materIal, whIch leaves the topSOIl
layer prone to wmd erosIOn resultmg m soIl bemg carned onto the slopes to
mIcro-lows and mIcro-hIghs After 3-4 years, the end stage of the erosIOn
process IS a mIcro-low WIth a surface crust

The accuracy of farmer perceptIOn of wmd erOSIOn and SOIl and plant damage
has been confirmed by on-farm and on-statIOn studIes (Lamers and Fell 1995)
For Instance, farmers know that the surface crust mhlblts the InfiltratIOn of
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ram and thus renders these spots unsUItable for plant growth, as was concluded
by Hoogmoed and StroosnIJder (1984) Furthermore, the sensItIVIty of young
mIllet seedlmgs to bUrIal and the delay of millet growth after exposure to wmd
and sand has been confirmed by wmd-tunnel expenments (MIchels 1994) Yet,
farmers specIfied that mIllet plants would only perIsh when bunal was
ImmedIately succeeded by drought and hIgh temperatures No research results
could be found on yIeld losses due to lodgmg GeIger and Manu (1993) report on
the relatIOnshIp between SOIl fertIlIty and mIcro-elevatIOn MIllet gram yIeld In

sItes wIth mIcro-hIghs was 120% hIgher than on sItes wIthout mIcro-hIghs

Farmers surveyed consIder wmd eroSIOn a mmor problem They recognIze that
wmd erOSIOn undermmes theIr productIOn capacIty, but the degree of thIS
nUIsance IS consIdered tolerable Whereas the farmers' VIew IS based on
expenence and observatIOns lImIted to theIr surroundmg, the researchers'
knowledge on the degree of WInd eroSIOn denves from plot-based measurements
whIch are extrapolated to assess total SOli loss per hectare or even per regIOn
(Herrmann and Sterk 1994) and aerIal photography The conclusIOns are
conSIstently dramatIc, and call for ImmedIate actIon However, recent research
results also conclude that wmd erOSIOn In one part of the field leads to soil
enrIchment m another part through deposItIon (Drees et al 1993, Herrmann
and Sterk 1994) In contrast to K, Ca, and Mg, SOli P concentratIons cannot be
compensated for by dust deposItIOn (Herrmann and Sterk 1994) What
eVIdence bears more truth? Farmers' observatIOn and expenence, whIch makes
them conclude that wmd eroSIOn IS a mmor problem (whIch explams theIr
reactIOn towards preventIOn and combat of wmd erOSIon), or researchers'
measurements, whIch mdlcate on the one hand that soil loss IS tremendous and
damage to plants severe, but also that much SOli IS redlstnbuted rather than
bemg lost permanently? The Impact of WInd erOSIOn on nutnent balance needs
to be quantIfied, partIcularly on a regIOnal scale

Traditional Techniques to Combat Wind Erosion
Farmers comprehend that vegetatIve cover IS most effectIve to prevent wmd
eroSIOn For mstance, the perennIal grass Andropogon gayanus IS used to mark
borders between fields and, at the same tIme, functIOns as a wmdbreak (Lamers
et al 1996b) Some farmers manage the natural regeneratIOn of scattered tree
vegetatIOn, whIch helps reduce wmd erOSIOn and prOVIdes food, feed, and wood
(Fed and Lamers 1996) Tree speCIes, such as Combretum glutznosum,
PzllOstlgma retlculatum, Guzera senegalensls, and Annona senegalensls, are
effectIve agaInst wmd erOSIOn and also catch aeolIan materIal, whIch Improves
SOIl fertIlIty Farmers observe mcreased wmd erOSIOn underneath other tree
speCIes, whIch are nevertheless tolerated because they produce palatable and
nutrItIve frUIts and leaves (Feil and Lamers 1996)

ASIde from such practIces, farmers prefer multIpurpose management strategIes
WIth the pnnclpal aIm of mamtammg soil fertIlIty, rather than a strategy to
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prevent WInd erOSIOn only MultIpurpose strategIes not only reduce wmd
erosIOn but also, for example, stnga InfestatIOn, to mentIOn an addItIonal key
problem of Sahehan farmers (FeIl and Lamers 1996, Lamers and Fed 1995) To
maIntaIn sOli fertIlIty, farmers In many WAS countnes use techmques such as
mulchIng, cover croppIng, IncorporatIOn of organIc matter, ammal manure,
crop rotatIOn, legumInous crops, and herdIng strategIes (HaIlu and Runge­
Metzger 1992, Vlaar 1992) Although these practices are not effectIve In

establIshIng sustaInable agro-ecosystems on a large scale (HaIlu and Runge­
Metzger 1992), they do show farmer awareness of problems and pOSSIble
solutIOns The pnncIpal problem of most farmers is that they are unable to
Implement these technologIes on a large scale ThiS is due to InSUffiCIent
resources, and SOCIOeconomIC and InstItutIOnal constraInts such as cattle
ownershIp, land tenure, labor reqUIrements, and Input pnces For Instance, the
tradItIOnal methods for soIl fertIlIty management are fallow and manurIng (Feil
and Lamers 1995) The duratIOn of fallow penods is declInIng under IncreaSIng
demographic pressure A drop In manurIng is caused by declInIng stocks and
reduced access to nomadiC herds

Farmer remedIes to restore wInd-erosIOn damage are based on the lImIted
resources available (Lamers et al 1994a, Lamers et al 1995a) For Instance,
surface crusts created by WInd erOSIOn can be tIlled With hoes, but farmers prefer
an alternatIve solutIOn over thIS labor-Intensive actIVity They know that a
mulch protects the SOli agaInst WInd erOSIon and improves soIl fertIlIty at the
same time because it is decomposed by termites They restore crusted spots by
transfernng mIllet stalks from more producted Sites (Lamers and Feil 1995),
twigS from trees and shrubs (Baldu-Forson and Igbo 1996), household refuse,
and any other mulchIng matenal (Lamers et al 1995b) to such patches After
1-2 years, a sandy topsoIl is regaIned and SOli structure and soIl fertilIty are
Improved (Chase and Boudouresque 1987) GeIger and Manu (1993) conclude
that the management of mIcro-sItes should be adapted to their productIOn
potentials

Other soIl conservatIOn practIces In Niger and BurkIna Faso, such as by the use
of zays (planted pit-holes), half-moons, and earth or rock bunds, are also based
on tradItIonal knowledge (Scoones et al 1996, Vlaar 1992) These technologies
are implemented on degraded (latente) soIls Most preferred is the use of zays
In cOmbInatIOn With manure or P fertIlIzers, which ensures short-term
improvement, and, when used WIth stone bunds, long-term effects

CharactenstIcs of Indigenous knowledge of soIl conservatIOn technologies are
summanzed In Table I Local practIces often have multIple functIOns they are
adapted to the enVironment and the farmIng systems, fleXible, and have short­
term returns to labor (Scoones et al 1996)
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Charactenstlcs of Externally developed
technology

Table 1. Characteristics of externally and
water conservation technologies.

Researchers and engineers
SOil conservation

Designer
Purpose

Design features

Construction

Labor demand
Return

After Scoones et al (1996)

Standardized

One-time

High
Long-term (environmental

Investment)

locally derived soil and

Locally developed

Local farmers
Multiple, dependmg on

setting
Flexible and adapted to

local mlcro-vanatlon
Incremental (fitting with

household labor supply)
Vanable, generally low

Immediate return,
particularly to labor

Farmer Adoption of Modern Soil Conservation
Technologies

Wmd erosion m the Sahel can be controlled by sOIl cover such as cover crops or
crop reSidue (Michels et al 1995a, 1995b), sOIl roughenmg through tillage
(Banzhaf et al 1992, Lelhner et al 1993), and the reductIOn of wmd speed
through annual or perenmal grass barners (Renard and Vandenbeldt 1990) or
wmdbreaks (Lamers et al 1994a, 1994b, 1994c, Michels 1994) Such control
measures have the potential to estabhsh sustamable agro-ecosystems, but they
have found httle acceptance m local farmmg systems on a large scale Several
studies mdlcate that Improved sOli conservatIOn technologies, mcludmg wmd­
erosIOn control, are only profitable under speCific conditions (Bruentrup et al
1996, Lamers and Bruentrup 1996, Vlaar 1992) Controversially discussed
dunng the debate on adoptIOn of soIl conservatIOn mnovatlOns are population
denSity, access to capital markets, financial returns to mvestments, the
presence of functlonmg mput-outputs markets, land tenure, and access to
mformatlOn and technology (Table 2)

The most appropnate technology IS the one that best fits the farmmg system
ErOSIOn-control technologies adopted m the past were Simple, mexpenslve,
often based on local practices, and demanded few external mputs (Baldu-Forson
and Ibro, 1995, Lamers and Fell 1995) They produced short-term benefits and
reqUired a mmlmum of community orgamzatlOn Thus, for the purpose of
adoptIOn, It IS Imperative to pre-examme the consequences for the farmmg
system, soclo-cultural compatlblhty, and labor mput, as well as costs for
environmental mnovatlOns (Table 3)
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Table 2. Most mentioned characteristics
of environmental innovations.

influencing the adoption

Charactenstlc Pros Cons
High population denSity IS
also associated with low

Investment In sOil
conservation measures

Non-farm Income IS a key­
substitute for credit

Short-term return IS
unimportant, but long-term

return off-sets Increasing
costs

Higher output pnces Will
encourage sOil mining

Land ownership does not
automatically guarantee

Investment Land-user nghts
should be assured

New Innovations should be
based on local practices and

eXisting knowledge

IncreaSing knowledge on
Innovations and their
availability Will Increase

adoption of new innovations

Farmers'lnvestment
motivation nses with the nse

In value of outputs
Farmers Will Invest If benefits

are obtained In the future

(1996)

Access to
information and
technology

Secuntyand
land tenure

Market and
Infrastructure

Return to sOil
conservation
Investment

Population High population density
density provokes land shortages

and motivates the use of
technology

Investment and Without access to capital
access to capital markets, limited Investment

Incentives
Capital return to sOil

conservation methods IS low

After Scoones et al

The results Illustrate that many of these technologIes mgram constramts for
spontaneous adoptIon (Table 3) A controversIal Issue m relatIOn to soIl
conservatIOn IS land ownershIp, whIch m NIger IS regulated by both customary
laws and state legIslatIOn Customary tenure does not allow non-land-owners to
plant trees, whIch constrams the development of agroforestry systems, whereas
forest legIslatIOn lImIts the land owners' nght to plant trees on theIr own land
(Neef et al 1995) However, general statements concermng land ownershIp
should be made cautIously, because mdlvldual ownershIp does not automatICally
mean that soIl Improvement measures are Implemented (NapIer 1994) The
low reputatIOn of agncultural work, low return to addItIonal mvested labor, and
more profitable off-farm actIvItIes playa role as well (Lamers and Fell 1995)

Many resources have been expended to generate techmcal knowledge and
develop envIronmental mnovatlons WIth the emphaSIS on detatls such as
dImenSIon, deSIgn, and ImplementatIOn procedures, as well as momtormg,
mamtenance, and evaluatIOn schedules (Scoones et al 1996, Vlaar 1992) ThIs
has resulted m standardIzed solutIOns that can be transferred mto extensIOn
messages SUItable for extensIOn manuals and trammg The research commumty
used to focus on SOIl loss as one m a senes of major Issues Other Important
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productIOn constraInts received separate attentIOn and did, sometImes, lead to
contradictIng recommendatIOns (Fed et al 1995) Yet SahelIan farmers have to
cope concurrently with short growmg seasons, low mherent soIl fertilIty
(particularly phosphorus), lImited and erratIc raInfall, deep groundwater levels,
frequent drought, and wmd erosIOn (BatlOno and Mokwunye 1991, SIvakumar
1987) ObvIOusly, the development of standardized technologies for a smgle
component of the croppIng system without affect on other parts IS Virtually
ImpOSSible It IS not enough to know the mcrease In yield or the decrease m soil
loss If, for mstance, the economic and SOCial SignIficance of the technologies
are unknown

Table 3. Assessment of the most important research and
extension recommendations for soil conservation in Niger.
Technology Consequences Soclo-cultural Labor

for the farming compatibility Inputs
system and costs

+++

+
a

++ ++
a ++
+ ++
a ++

Broadcast (2,000 kg CR/ha)
Banded (1,000 kg CR/ha)
Ridging
Breaking up crusts
Planted/natural Windbreaks,

vegetation striPS
Managed natural regeneration,

parkland, fallow ++
Half-moon, earth/rock bunds + 0/- ++

CR=mlliet crop reSidue, H very low, (-) low, (0) indifferent, (+) medium, and (++) high
Consequences for the farmmg system Indicates If the technology fits the current farming

practices "High" means a profound change can be awaited Socia-cultural compatibility
indicates If use of the technology fits the eXisting soclo-cultural norms and rules "High"
means that It fits well With land tenure, ranging practices, work dlstnbutlon, or goal setting
Labor mputs and costs compnse the direct as well as Indirect costs and the need for
liqUidity "High" slgmfles that the use of the technology IS associated With Important
additional Investments

Because agronomic research alms to transfer ItS outcome Into
recommendatIOns for users, solutIOns should be agronomically and
economically supenor to local practices, fit the SOCioeconomiC environment of
the farmmg systems, and be sustamable This reqUires not one smgle,
standardized technology, but recommendatIOns that are fleXible enough to deal
With the diversity and vanabllIty of the farmmg communIty Thus, any
research concept reqUires a perspectIve of the whole farmmg system and a
broader view than that of any smgle dlsclplme Expenence from extensIOn
services m Afnca shows that It IS easier to brmg different messages to one
communIty than It IS to brmg different commUnIties to one message (Duevel
1995)
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Millet gram prIces m Niger are fixed by the government m favor of urban
households Consequently, the low short-term return to millet productIOn limits
mvestment m technology For mstance, the need for land, as well as soil
degradatIOn, can be reduced by the use of mmeral fertIlizers (Bruentrup et al
1996) The unattractive prIce ratIO between crop and fertilizer, the hqUldlty
constramts of farmers, and the unpredIctable agro-chmatlc conditIOns do not
motivate NigerIan farmers to mvest m millet productIOn In the short-run, the
economic feaSibility of several sOil-conservatIOn technologIes IS not ensured
(Lamers and Bruentrup 1996, Vlaar 1992) Moreover, recommendmg SOIl
conservatIOn techOlques alone IS not sufficient to sustam productivity To
obtam maximum benefit, soil conservation techOlques need to be supplemented
with plant nutrIent mputs (Lamers 1995, Vlaar 1992) The additional cost
comes on top of the mltlal mvestment farmers need to pay, and thiS reduces
the chances of adoption (Lamers 1995, Lamers et al 1996a)

Conclusion

Sahehan farmers face mcreasmg wmd erosIOn and are aware that theIr local
technologies to prevent and combat erosIOn are becommg mcreasmgly
madequate However, they cannot Implement developed technologies because
of overwhelmmg constramts EVIdence from the AfrIcan contment reveals that
the reluctance of farmers to adopt environmental mnovatlOns has a logical
base ASide from site-speCific condItIOns, the farmer's chOice IS mfluenced by
management, hIgh 100tIal cost, and labor demands, as well as land ownership,
SOCial, and perceptIOnal aspects Furthermore, on-statIOn research focuses on
the generatIOn of knowledge about a speCIfic component of a farmmg system
with WIde adaptability across a broad range of enVIronments The disadvantages
of these standardIzed mnovatlOns outweigh the advantages The development
of envIronmental mnovatlOns for Sahehan farmmg systems reqUires that
agronomic research be re-orIented towards greater mteractlOn with farmers
ThiS farmer-orIented, demand-drIven research approach should focus on
technology development that Improves the overall productiVity of a farmmg
system wlthm a speCific environment

Future research strategies on soil conservatIOn should take mto account local
knowledge It IS less a questIOn of choosmg between local and researcher
knowledge, and more of ensurmg that researchers conSIder local knowledge
whIle contmumg to proceed With their objectives There IS no myth mvolved m
local knowledge, neither will It prOVIde the solutIOn for the future, but It should
be part of It SubSIdiarity and complementarIty of local and researcher
knowledge demand the development of mstitutional plurahsm wlthm research
orgaOlzatlOns to the final benefit of farmers and the agrIcultural sector as a
whole ThIS will reqUire mstitutional reform, and, perhaps more Importantly, an
attitudmal change wlthm the research commuOlty
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It IS necessary to convince decIsion makers that the use of any soIl­
conservatIOn technology must be made less risky for farmers Future research
must Include the integratIOn of technologies within a given farming system
Many farmers, as well as researchers and extensIOn agencies, know how to
Increase yield, but do not know how to mcrease farmer Income The key
questIOn IS not how farmers can make optimal use of the avaIlable resources,
which has been the mam objective In the past The questIOn now IS how farmers
can benefit from new technologies, smce more risk IS mvolved when
Implementmg soIl conservatIOn technologies Research should analyze the cost
and benefit of the subSidy levels that are reqUired to Implement control
measures leadmg to more agronomically and economically appropnate levels
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Workshop Outcomes

The presentatIOn of the precedmg artIcles was followed by two days of
bramstormmg to IdentIfy major problems and pnonty areas These sessIOns
sought dIvergent vIews from the Group, engaged the Group m dISCUSSIOn, and
arnved at a consensus vIew on research needs and development applIcatIOns for
each of the pnonty areas IdentIfied

Major Problems of Wind Erosion in West and Central
Africa, and West Asia and North Africa

The partIcIpants IdentIfied the followmg as major problems (m no partIcular
order) assocIated WIth wmd erosIOn m West and Central Afnca (WCA), and
West ASIa and North Afnca (WANA)

Land Degradation

• Decreasmg soIl fertIlIty and loss of topsoIl through nutnent and orgalllc
matter loss

• Sot! crustmg

• Reduced soIl qualIty

• Reduced mOIsture retentIon

• DeflatIOn and sand movement

• Dune formatIon and movement

• DIfferent degrees of mfluence on and loss of bIOdIverSIty

Climate

• Impact on atmosphenc cIrculatIOn

• Effect on tropICal convectIOn

• Impact of Increased dust pollutIon on regIOnal clImate

• Drought and ItS effects

Environment

• PollutIOn

• Decreasmg qualIty of lIfe
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Farming Systems

• Increased pressure on arable land and rangeland for mcreased food and
fodder production

• ExplOItatIOn of margmal areas

• ReductIOn of agncultural productivIty

• ReductIOn of grazmg capacIty and reduced fodder avaIlabIlIty for lIvestock

• Crop damage through bunal, abrasIOn, and uprootmg

• Problems of crop establIshment

• Delayed crop development followmg sand blastmg or bunal of seedlIngs

• HIgher productIOn costs

• LImIted mformatlOn on sOli and land use

• Inadequate understandmg of farmmg systems and mdigenous practices of
wmd-eroslOn control

• ConflIctmg farmer pnonties for crop reSIdue use (conservatIOn vs
domestic)

Socioeconomic Conditions

• InsufficIent awareness of farmer perceptIOns

• MIgratIOn, mcludmg to urban centers

• Inadequate mvestment/coordmatlon

• Development constramts m the areas affected by wmd erosIOn

• Lack of commumty partIcIpatIOn

• Loss of mcome

• HIgh cost of preventIve actions and restoratIve programs

• Problem of food secunty m margmal areas

Policies and Institutions

• InsufficIent numbers of tramed personnel, mcludmg SCIentists, techmcIans,
and extensIOn staff

• Lack of wmd erosIOn hazard assessment
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• PoliCIes not conducIve to good stewardshIp of farmland

• Inadequate polIcIes for land tenure and property fights

• Inadequate mvestment and coordmatIOn

• MargmalIzatIOn of resource users

• Inadequate sOlI conservatIOn and resource use

• Lack of sustamed fundmg from donors

• InsuffiCIent momtormg of the resource base

• Lack of mterdIsclplmary and partiCIpatory research approaches

• Inadequate attentIOn to lessons learned from past experIences of wmd­
erOSIOn control projects

• Lack of sustamable management of conservatIon schemes

Off-site Consequences of Airborne Sediment and Related
Chemicals

• Decreased VISIbIlity

• Reduced air qualIty

• Effects on human health

• Poor water qualIty

• Damagmg effects on mfrastructure (IrrIgation canals, railroads, etc ,) and
human settlements

• Household nUIsance

• Insufficient knowledge of potential contrIbutIOn to soil fertIlIty

Prioritization of Problems Based on Participant
Evaluation (Percentage of Participants Recognizing the

Problem as a Priority)
Loss of fertile topSOIl and assocIated declme m productiVity (64%)

2 Inadequate polICies addressmg land carrymg capaCIty, land tenure, soIl
conservatIOn polICIes, etc (57%)

3 Lack of awareness of farmer perceptIOns and madequate understandmg of
local knowledge (43%)
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4 Impact of mcreased dust pollutIOn on the regIOnal clImate (36%)

5 Lack of mterdlsciplInary and partIcIpatory research approaches (29%)

6 Increased crop damage (21 %)

7 Lack of sustamed fundmg from donors (21 %)

8 InsufficIent attentIOn to lessons learned from past expenences of wmd­
erOSIOn control projects (21 %)

9 Loss of bIodIversIty (14%)

10 Poor qualIty of lIfe (14%)

Control Strategies
Followmg the pnOrItIzatIOn of problems, partIcIpants dIscussed the followmg
control strategIes m close dialogue WIth farmers and WIth a partIcIpatIve mode
to address each of the problems

Decreasing Soil Fertility and loss of topsoil

• Encourage the collectIOn of baselme data for soIl-loss estImatIon, land­
capabIlIty claSSIficatIOn, and degradatIOn-hazard surveys and promote
dissemmatIOn of mformatIOn on areas prone to wmd-erosIOn damage for
preventIve actIOn

• Promote approprIate SOlI-fertIlIty management technIques, mcludmg
organIC and morganIC amendments and avaIlable agrommerals to mamtam
adequate vegetatIve cover and enhance socIal mvestment m external mputs

• Adopt approprIate sOli-conservatIon measures mcludmg on-farm crop
reSIdue management, Improved fallows, agroforestry, natural vegetatIon
StrIpS, mulches, and lIve fences

• Integrate sOlI conservatIOn measures WIth sOlI fertIlIty management

Inadequate Policies Addressing land Carrying Capacities, land
Tenure, Soil Conservation, etc.

• Assess the land carrymg capacIty of areas prone to wmd erOSIOn and
promote polICIes to proVIde mcentIves to local populatIOns to manage thetr
resources m accordance With thIS capacIty

• FaCIlItate the partIcIpatIOn of the CIvIl SOCIety m polIcy makmg and
promote polICIes to empower local people at all levels of resource
management
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• Develop appropnate land-tenure pohcles to ensure ownershIp or long-term
access nghts to land users over the resources they use and enhance more
efficIent resource use

• Encourage resource-use legIslatIOn at the natIOnal level and promote
pnvate and pubhc mvestment m sOIl conservatIOn

• Promote incentives, mcludmg crop Insurance schemes to encourage farmers
to adopt appropnate conservatIOn-effectIve wind-erosIOn control
strategIes

Lack of Awareness of Farmer Perceptions and Inadequate
Understanding of Local Knowledge

• Conduct base-hne surveys and document informatIOn on farmer perceptIOns
of wmd erosIOn as a problem, theIr indIgenous control strategIes, and theIr
vIews on long-term wind-erosIOn control strategIes

• Encourage the estabhshment of farmer and herder assocIatIOns to promote
the exchange of knowledge and negotIatIOn of control strategy chOIces

• Promote dIalogue between development partners

Impact of Increased Dust Pollution on Regional Climate

• Promote basIc research on the relatIOnshIps among regIonal changes m the
atmosphenc cIrculation, wind erOSIOn, and dust and sand transport and
deposItion

• Study the effect of Increasmg andlty and drought on wmd actIvIty,
decreasIng roughness, and Increased export of sand partIcles

• Promote forecasts of chmatlc events causing dust moblhzatlOn and wmd
erosIOn

• Encourage regIOnal cooperatIOn In chmatlc data collection, exchange, and
use, and develop regIOnal modehng and chmate predIctIOn techmques

• StandardIze procedures to collect data on sand flux as a part of the
meteorologIcal data collectIOn and promote such collectIOn on a regular
basIs m areas prone to wmd erosIOn

Lack of Participatory and Interdisciplinary Approaches

• Stimulate multi-mstltutlOnal, mterdlsclpllnary research approaches for
devIsing wmd-eroslon control strategIes involVing researchers
(meteorologIsts, agronomIsts, SOIl SCIentIsts, phYSIOlogIsts, economIsts
etc ), extensIon agencIes, farmers and theIr representatIves, NGOs, etc
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• Encourage partIcIpation of resource users m desIgnmg research and
extensIon agendas based on flexIbIhty, partnership, and shared
responsIbIhty

Increased Crop Damage

• Understand the physIcal and phySIOlogical processes governmg the damage
to vanous crop and forage species caused by sand blastmg to reduce the
damage caused by wmd erOSIon

• Evaluate traditional and Improved agronomIc techmques such as ndgmg,
mulchmg, StriP croppmg, wmd breaks, and shelter belts to combat wmd
erosion

• Promote the development and use of speCIes and vanetles more adapted
and/or tolerant to the conditIOns of wmd erOSIOn

• Develop SImulatIOn models for mcorporatlOn m deCISIOn-support systems
for preventIOn and restoratIOn of damage caused by wmd erOSIOn m a range
of sOiI-crop-chmatic conditIOns

Lack of Sustained Funding from Donors

• Emphasize I) the ImphcatIons of wmd-erosIOn damage to sustamable
agnculture and food secunty by Improvmg the quahty and quantity of
mformatIOn, and ItS exchange, and 2) the need for long-term donor fundmg
to devIse appropnate solutIOns over a broad range

• Promote awareness at the natIOnal level to mclude wmd-erosIOn control
amongst development pnontles, and seek greater commItment from
natIonal governments

• Promote campaigns to draw donor attentIOn to extreme wmd-erOSIon
events and the need for research and development to minImize losses

• Develop regIOnal, multi-natIOnal cost-effective projects With defillltive
tIme- and result-onentatlOn to attract fundmg and hlghhght the role of
mter-governmental agencies m wmd-erosIOn control projects

• Encourage m-country donor coordmatlOn and more donor-eiVII society
cooperatIOn

Insufficient Attention to Lessons Learned from Past Experiences
of Wind-erosion Control Projects

• Recoglllze that wmd eroSIOn IS not Just a local problem, but has regIOnal and
even global ImphcatIOns
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• Survey, document, and dissemmate mformatlOn on the non-adoptIOn and/or
discontmuatlOn of recommended wmd-eroslOn control strategIes at the
fann level

• Collect mformatlOn from national and mter-governmental agencIes
concermng past successes at the natIonal and regIOnal levels, and hIghhght
the condltlons/cntena conducIve to ensure the success of future projects

• Ensure the use of a partIcIpatory, bottom-up approach wIth adequate
SOCIOeconomIC mput m future projects

• Incorporate appropnate assessment cntena and promote a networkmg
approach mvolvmg multIple actors

Loss of Biodiversity

• As loss of bIodIversIty can be due to a number of factors, estabhsh Imkages
between wmd erosIOn and loss of genetIc potentIal or bIOdIversIty

• Usmg a partIcIpatory approach and tradItIOnal knowledge, assess the loss of
bIOdIversIty due to wmd eroslOn

• Establtsh hnkages wIth natlOnal bIodIversIty-assessment programs and
momtor ecosystem behavlOr

• Recommend utlltzatlOn of adapted specIes for the restoratlOn of grazmg
areas and reforestatlOn projects, takmg mto account the Impact on wmd­
erOSIon control

Poor Quality of Life

• Evaluate Imkages between wmd erOSIon and human health, m partIcular
dIsease transmlSSlOn by aIrborne dust, m affected areas m the drylands 10

collaboratlOn wIth the medIcal commumty

• IdentIfY the on- and off-sIte effects of wmd erosIon to assess the short- and
long-term Impact of wmd erOSlOn on quahty of hfe

• Conduct case studIes on the mfluence of wmd eroslOn on aIr and water
quahty and on assessment of the cost of cleanup

• Promote clean hvmg envIronments m cIties and vIllages
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Conclusions

The Cairo MeetIng concludes that

• WInd erosIOn, an InSidIOUS process, IS on the Increase In the dryland areas of
WCA and WANA, and more awareness IS needed of the serIousness of the
problem

• As this IS the first time that researchers from WCA and WANA have been
brought together to share theIr experIences, major gaps In understandIng of
the problem were Identified The meetIng helped Identify major problems
and strategies for wInd-erosIOn control In these two regIOns

• In view of Agenda 21 and, In particular, the ConventIOns on ClImate
Change, BIOdiversity, and DesertificatIOn, wmd erosIOn deserves greater
attention from the research and development efforts of nations affected by
It and from the International commumty

• WInd erosIOn Impacts people, sOlIs, crops, ammals, and clImate, decreases
crop Yield and mcome, and affects food securIty and qualIty of lIfe

• WInd erosIOn IS a process of land degradatIOn and ItS control must start with
the most effective use of local resources

• WInd erosIOn reqUIres a multi-scale approach that conSiders other natural
and human factors

• The current InteractIOn between natIOnal governments on the one hand and
donors and the civIl society on the other IS Inadequate

Recommendations

To enhance global, regIOnal, and natIOnal awareness of wInd-erosIOn problems
and develop approprIate control strategies, the Cairo meetIng recommends
that'

• EmphasIs should be placed on participatory, Inter-disciplInary, multI­
InstitutIOnal approaches to research and technology adoptIOn

• DeSign of WInd erosion strategies should be approached on different spatial
and temporal scales

• InternatIOnal cooperatIOn should be stimulated In WInd-erOSIOn programs
and Implementation of control measures

• A multi-stakeholder, actIOn-orIented research proposal should be developed
to complement current eco-reglOnal Initiatives, address the pnorIty Issues
Identified In the InternatIOnal conventIOns and lInked to eXistIng networks
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and natIOnal actIOn programs of the UllIted NatIOns ConventIOn to Combat
Desertification

• To Improve the qualIty of lIfe, emphasIs should be placed on the
development of polICies that encourage JudiCIOUS and adequate land use and
resource conservatIOn

• PrIOrIty should be given to developmg methodologies of land-degradatIOn
assessment as It relates to wmd erosIOn and assOCiated rIsk evaluatIOn
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