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The united Nations Confer-

ence on Desertitication 
(UNCOD) was held in Nai-
robi from 2 9 August to 9 Sep-
imber 1977. This was ihe first 
worIdviile elfort initiated to 
consider the global problem 
and responsibilities posed by 
the spreading menace of 
deserlificution. Ninety-five 
Staes. 50 United Nations of-
flues and bodies. 9 intergov-
ernrnerttal oranisimorss and 
65 non-governmental organ i-

sations participated. The 
United NationsConfcrcnceon 
Deseriitication prepared and 
adopted a worldwide Plan 

01 Action to Combat Deserti-
fication (PACD) with 28 spe-

cific recommendations. The 
PACD was approved by the 
United Nations General As-
sembly as its 27th session on 
9 December 1977. 

Recomiiieisdtion 23 of 
the PACD invited aU relevant 
United Nations bodies to sup-
port in their respective fields. 
international action to combat 
dcxc rtificat ion and to make ap-
propriute provisions and allo-
cations in their programmes. 
Recomrnendatiori 27 gave the 
responsibility for following up 
and coordinating the iniple-
mentation of the PACD to the 
United Naiions Environment 
Prograrniiie (UNEP) with its 
Governing Council ((IC) and 

Adniinisrrarive Comminee on 
Coordination (ACC). 

imniediately after ap-
proval 01 the PACD. the 
Desertification Unit was es-
tablished within UNEP to as-
sist the Executive Director and 
ACC incam/ing nuttheirtasks 
to implement it. 

In 1985 the Desen i ficat ion 
Control Pi'ogr-arnme Activity 

Centre (DC/PAC) wascreated 
on the basis of the 

Desertification Unit by 
UNEPs Executive IJirector 

with approval from the Gov-

erning Council. DC/PAC is a 

semi-4u1000i11 otis office with 

increased tiex ibility to respond 
to the demands of following 

up and implementing the 
PACD. 

One ofthc main lunctains required 
by the PACI) from the [kscrti-
flcationlJtiit is toprepare. compile. 
edit and publish at si.'c-inniithly its-
tcrvals a bulletin to dissciiiiisatc in-
lormatiori on. and knowledge of. 
desertification problems and to 
present news on the programmes, 
activities and achievements in the 
implementation of the PACD 
around the world. Articles pub] jshcd 
in Dc.st'rdflratio#i (.nittrol Bullefill  
do not imply expression olany opin-
jolt on thepartolUNEPconccnting 
the legal status oI any country. icr-
ritor .cityorarea,or its authorities. 
orconcemingihe delimitation of its 
Frontiers or boundaries. 

Material not copyrighted may 
be reprinted with credit to 
Deseiiijicanori Con triif Ba/kiln, 
UNEP. Enquiries should he ad-
dressed to: 

The Editor 

Deserdficotion Contra! Bulkthr 

UNEP 
P0 Box 30552 
Nairobi, KENYA. 

Cover 

Photographs 
The Editor of De.wrti anon Con-
ti'uIflulfef In isseekiiig iIiotographs 
for consideration as bulletin cov-
ers. All submissions should be ad-
dressed to the editor at the above 
address. 

Technical requirements 
Photographs must be colour trans-
pareiiciesolsuhjccts related directly 
to desert iii cation. land, an in] als, b u-
man beings. structures aFFected by 
deserti ficatiots. corttrol of 
dcscrtjl'icatioii, reclantalion of 
desenified lands. etc. Submissions 
must he of high quality to be en-
larged to aL- comtilodatc a square I 
cm s Itt cm (8 in x S in). 

Captions 
A brief caption must accompany 
each photograph giving a descrip-
tion oF the subject. place and coun-
try. date of photograph and name 
and address oF ph ot og rap her. 

Copyright 
It is assumed that all submissions 
arc the original oFthe photographer 

and all the rights are owned by the 
photographer. De.ceii ific orion ('on-
rroiBiilletiiigives tall credit to pho-
tographers for the covers selected 
hut does tint provide remuneration. 

Articles 
Desi'i-ti/karion Cojarol Thdlk!in its-
vites articles from the world's xci-
etitists -and specialists interested in 
he problems arising From or asso-
ciated with the spread of 
deserlil'icatiori. 

Audience 
The bulletin addresses a large audi-
ence which includes decision mak-
ers. planners, administrators, spe-
cial isIs and tech ii icians ot'coumries 
facing desenification problems, as 
well as all others interested in ar-
rcstingthe spread ofdcsertificat ton, 

Language 
The hultctiii is published in Eng-
lish. All manuscripts for publica-
tion must be in Ftsglish. 

Manuscript preparation 
Manuscripts should be clearly type -
written with double spacing and 
wide margins, on one side of the 
page only, The title of the manu-
script, with Ific authors name and 
address, should be given in I lie up-
per half of the first page and the 
number of words in the main text 
should appear in The upper right 
corner. Subsequent pages should 
have only the author's name in the 
upper right hand corner. Users of 
word-processors are welcome to 
sut,mii their articles on diskeile in 
xIS- [)OS lonsiat, iisd ical i tic the pro-
grarisine used 

Metric system 
All nicasurenients should be in the 
metric systcnl, 

l'aliles 
Each table should be typed on a 
separate page. should have a title 
and should be numbered to corre-
spond to its point iii the text. Only 
essential tables should be included 
and all should be identified as to 
source. 

Illustrations and photographs 
Line drawings oh any kind should 
cacti be on a separate page drawis itt 
black china ink artddoub]e or larger 
than the sic to appear in the bulle- 

till. They should never be pasted in 
the text, They should beaselearand 
as simple si. possible. 

Photographs in the bulletin are 
printed black and white. For satis-
factory results, high quality black 
and white prints tcm x 24cni(8 in 
x It) iii i on glossy paper ale essen-
tial. Dia-positiveslidcsoFhighqual-
ity may be accepted: however, their 
quality when printed black and 
white in the bulletin cannot heguar-
anteed. 

All line drawings and photo-
graphs should he tic inhered in one 
sequence to correspond totheirpoint 
of reFerence in the text, atid their 
descriptions should be listed on a 
separate page. 

Footnotes and references 
Footnotes and rekrences should be 
listed on separate pages at the end 
oftlse manuscript. Footnotes should 
be kept to an absolute minimum. 
References should he strictly rd. 
evant to the article and should also 
be kept nra minimum. Thestyleol' 
reFerences should follow the for-
mat coin nson for scicntific and tech-
nical puhlications: the last nanse(s) 
oFthcautliur(s)(each). followed by 
his/her initials. yearofpublicatiori, 
iitl, publisher (Or journah, serial 
number and number of pages, 

Other requiremenis 
Desertijirritirm ('offirol Ba1Irin 
publishes original articles which 
have not appeared in other publica-
tions. I-however, reprints providing 
the possibility ol'exchangeoFviews 
and developments of basic impor-
tance in desertifleation control 
among the developing regions of 
the world, or translations Frotis lan-
guages of limited audietices. are 
not ruled out. Short reviews intro-
ducing recently published hooks in 
the subjects relevant to 
dcsertiFication atidoiintercsttothe 
readers of the bulletin are also ac -
cepted. Medium-length articles of 
about 3.(1(X) words are preFerred. 

Editors: 
Marti Colley 
Sliune Cave 

Technical advisor: 
Lconid Kt'oumkatchev 

Layout 
francisco Visque. IPA/UNEP 
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Good News in the Fight Against 
Desertification 

Three major steps were taketi towards glo-
bal action against desenification last year. 
"Good news; but there is still a long way to 
go and much to be done," says Franklin 
Cardy, new Director of DC/PAC at the UN 
Environment Programme headquarters. 
Nairobi. Kenya. 

Significant progress was made last year 
in the long-running effort to get the battle 
againstdeseriification on the global agenda. 
The international effort began with the UN 
Conference on Desertification (UNCOD) 
held in Nairobi in 1977, instigated by Dr 
Mustafa K. Tolba. Executive Director of 
UNEP since 1975, who has just retired and 
has had a special interest in seeing the issue 
tackled effectively. 

UNCOD established the UN Plan of 
Action to Combat Desertification to stimu-
late international action on the subject. Much 
progress has been made since then but the 
efforts to implement fully the plan have 
fallen well short of what is required, partly 
because the issue has never been firmly 
placed on the international political agenda. 
In 1992, this began tochange as three major 
steps were taken towards global awareness 
of the need for an effective implementation 
programme. 

The first step came in May, when the 
Global Environment Facility (an interna-
tional environment fund managed jointly 
by the World Bank, UNEP and the UN 
Development Programme) agreed to fi-
nance anti-desertification programmes 
where they relate to one of the already 
existing GEF local points - ozone deple-
tion, climate change, loss of biodiversity 
and degradation of international waters. 
This was an important step towards recog-
nition of the global significance of this 
problem of dryland degradation although  

the grant money likely to be available will 
be modest in relation to the need. 

The second step forward was taken at 
the UN Conference on Environment and 
Development (UNCED), held in Rio de 
Janeiro, Brazil. in June. Heads of State 
from more than 100 countries adopted 
Agenda 21 - a programme for international 
action on the environment. Chapter 12 of 
Agenda 21 is devoted exclusively to 
desertification and drought and is repro-
duced in full in this Dese,'rfic'arion Control 
Bulletin. Further recommendations con-
cerning land degradation are also included 
in other chapters of Agenda 21 (see page 9 
of thisBulletin). Chapter 12 contains spe-
cific recommendations for action covering 
all areas of desertification and drought and 
also contains the only internationally nego-
tiated definition of desertification which, 
we hope, will be acceptable to all as the 
standard operational definition: Deserti-
ficarion is land degradation in arid, semi-
a,id and div sub-humid areas resulting 
ji om i'arious factors, including climatic 
variar ions and human acrivities 

The third major step forward, a specific 
recommendation of Chapter 12, is the pro-
posal to prepare an International Conven-
tion on Desertification and Drought by June 
1994. During November in New York. a 
Resolution to thiseffect was prepared which 
was adopted by the UN General Assembly 
in December. This Resolution calls for the 
establishment of an Inter-Governmental 
Negotiating Committee (INC) and for a 
secretariat in Geneva to prepare the Con-
vention. The INC will be headed by Am-
bassador Bo Kjellén of Sweden, an expe-
rienced diplomat who was an active 
participant in the preparation of the LJNCED 
conference. The Secretariat is to be led by 

Ambassador Arba Diallo who was also on 
the staffofUNCEDfollowthgadist-inguished 
diplomatic service career. The INC faces a 
formidable task in the prepamlion of this 
complicated convention in such a short time. 

We are greatly encouraged that such 
progress was made last year in bringing 
about international recognition of the need 
for action on desertification. We feel, how-
ever, that there is still much more to be 
done. We need to focus world-wide public 
attention on the global consequences of 
allowing desertification to continue una-
bated. Recent events in Somalia show what 
can happen - mass starvation, migration, 
environmental refugees, economic and so-
cial unrest Food aid and even international 
military intervention may be required to 
maintain law and order for humanitarian 
reasons. The Costs and impacts of this are 
global in their extent. 

We need to rekindle the enthusiasm for 
action that was demonstrated at Rio and. in 
particular, fight back against "donor fa-
tigue". We must spread the word about 
successful, anti-desertification activities that 
do exist and show that they can be repeated 
elsewhere. We must convince both donor 
and recipient governments to devote their 
energies to community-based, local-level 
actions which is where the most successful 
initiatives have been achieved. We must 
demonstrate ways in which thiscan be done 
in practice in many different institutional, 
legal and cultural contexts. Above all, we 
must publicize the fact that prevention is 
better than cure, that poverty, starvation 
and hunger are the symptoms but that 
desertification itself is the disease that must 
be treated if we seriously hope to make 
progress against increasing social and eco-
nomic crises in the dry lands of the world. 
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Desertification = A fresh approach 

By Franklin Cardy 
Dejairv Assiswnt Eu'euiive Direezor, 
Ei'i,nnic;itA4wzagenie,itu,id/nsillutio,ia! 
Suppi.nt, and 
Director, DeseitiJieation Conliol Pro-
gram/ne At livit Centre, 
United Nations Environment Pro ç'rwnme 
Nairobi, Ken vu 

More than one hundred countries are 
affected by the consequences of 

dewriiJicution: degradation of their dry 
lands resulting from climatic variationsand 
human activities. The dry lands referred to 
are productive lands with harsh climates. 
but not including hyper-arid deserts. As 
many as 9(K) million people live in these 
areas and are at risk from the effects of this 
loss of productivity. 

Populations of the drylands. struggling 
daily with persistent and alniost universal 
pover-Ly. have limited means to nlaintain or 
improve their lands and so continue to 
degrade them further. Traditional tech-
nologies have not kept up with the present 
rate of populanon growth and t h e increased 
demands for food, fuelwood and shelter. 
Eventually the land becomes exhausted 
and stops producing the people must mi-
grate to richer lands, get food from else-
where, or die. 

Famine relief in the form of food aid 
treats the symptoms but not the disease 
itself. which island degradation. The prob-
lem iscompoundedwhendrought increases  

the stress on drylands. Widespread nialnu-
tritiuri may be followed by starvation and 
the death of thousands of people, as has 
happened in Somalia and Ethiopia during 
recent years. Mass migration, civil strife. 
political disturbances, regional unrest and 
even military intervention are the result 
these are now recognised as global con-
cerns. 

A global issue 
The world is becoming interdependent sta-
bility. security. humanitarian and economic 
concerns are all contributing to the recugni 
tion of the Earth as a "global village" or. 
more specificallv.aglobalecosystem made 
up of interdependent states. This was dern-
onstrated in June 1992 at the UN Confer-
erice on Environment and Development 
(UNCED) when over 100 Heads of State 
met and adopted Agenda2l, a blueprint for 
international action to protect the environ-
ment. Land degradation is highlighted in 
several Chapters. most notably Chapter 12 
which is devoted specifically to the prob-
lems of desertification and drought (see 
below). 

World food markets 

Desectification directly aftècts the balance 
of global food supply, increasing the pies-
sure oldemand from the ever-growing popli-

lation, Some of the surplus commercial 
food produced under subsidies is not dis- 

trihuted through normal market channels 
but rather through food aid programmes. 
disrnrting the world food market. 

Few citizens of the planet are unaf-
fected by desertificafion: inhabitants of the 
drylands who are directly affected must 
receive regular food aid in order to survive 
those who are living in prosperity, outside 
affected areas, contribute this aid in order to 
helpihe peoples affected and, ultimately. to 
ensure their own security and prosperity. 
The whole interriafional community is in-
volved. 

In 199 (a relatively good year) 10 
millioii tonnes of cereals were exported in 
the form of aid from the producing coun-
tries to those in need. This was about 3% of 
their production. Every year the world 
donor community spends several billion 
dollars on food relief. 90-95 of which 
goes to drylands. The costs are increasing 
annually while desertification continues 
unabated and is coupled with recurrent 
drought. Confident expansion of agricul-
lure in marginal lands during wet periods 
leads to increased hardships when the dry 
periods return. The costs will Continue to 
increase as long as the poductivity of the 

world's land. especially the drylands. is 
allowed to decline through degradation. 
The situation is still more aggravated by 
political strife and civil wars which often 

result from the shortage of resources. 
The distorted world food market also 

contributes to the decline in the rate offi.rnd 

production percapita among the ever-grow- 
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ing population. Governments of donor 
countries provide higher and higher subsi-
dies to their agricultural sector. yet subsi-
slized production of agricultural surpluses 
using Iargequantiiicsof inpuisdistoris world 
produce markets and deprives the South of 
the benefitoffreertrade.Thedift'icult neeo-
tiations on the GATT Uruguay round are 
critical in this area. Subsidies in the North 
undennine the agricultural sectorofdevel-
nping coulitries. wlieihcr they are aIfcctcd 
h rksertific:iiioii or noi They also put 
heavy pressure on the land and water re-
sources of the North, resulting in extensive 
agricultural pollution. This increases land 
dccr:rdatioii i it humid lands and reduces its 
productive capability. A 1985 estimate by 
Environment Canada suegested that Canada 
was losing $I billion-worth of production 
per year because of lurid degradation. 

Migration and 
environmental refugees 

Before food aid is delivered there is often 
large scale migration. Millions of people 
(at least 10 million by oneestiniale in 1988) 
have become environmental refugees from 
their exhausted lands. In the first half of 
1992 alone, some 300.0(X) Somalis and 
100,000 Sudanese are estimated to have 
moved to Northern Kenya because ofterri-
tonal battles and hunger. But Kenya is not 
well-equipped to handle this influx, espe-
cially when its own food-producing capac-
ity is being i'educed by drought. Other 
rnajortransboundary migrations occurelse-
where - over a million people are said to 
have left Burkina Faso in the decade be-
iweenthemid 1970sand 1980s. Mierution 
also occurs to much more distant places - 
for example. Somalis have moved in Fin-
land through Russia and there are now 
"African Boat People" who are trying to 
cross the StraitsofOibrattartoenter Europe 
illegally. This adds extra cosis and social 
tensions to the northern nations. 

Urbanization 
Throughout the developing countries, land 
degradation and drought are a major factor 
in the migration of subsistence farmers to 
the cities. In the rv,o decades helwcL'Il tIre 
mid I 060S and the mid 1980s the urban 
populatioti of the Sahel countries quadru- 

pled. Urbanization in the dry land countries 
of Africa is running at 7 17k per annum or 
more: this places enormous stress on urban 
infrastructures here they exia i and on 
the people. both residents and immigrants. 
All of them still require food. Inadequate 
imifrastructure leads to health and security 
problems and demands for massive info-
sionsofforeigneapital to pay for infrastruc-
ture improvements. Urbanization has a 
major impact on other resources, notably 
water and biomass. which often resalts in 
further degradation of the land. 

What is desertification? 
Land degradation is worldwide in its geo-
graphical spread, leaving no continent un-
altcted: it is alobal in its environmental 
and socio-economie impacts. Over I(X) 
countries, including more than 80 develop-
ing countries, are alThcted by land degrada-
tion in their drylands. Drylands.exeluding 
hyper-urid dse..eover over one third of 
the land area of the Earth. At present 40 
million people are said to be suffering from 
niulnutnition inthedrylandsofAfticaalone. 
Of these, some 2 million are believed to be 
sul'ferirmg from starvation and are on the 
verge ofdeath. Hundreds die daily because 
of their inability to feed themselves from 
exhausted desertilied drvlaiid soils. 

Unfortunately, there has been much 
confusion over the meaning of 
dc'wrtifl ar/on. The largely in valid comicept 
of expanding deserts and advancing sand 
dunes has becomean -  ture pernianeni image 
in the public eye than the less visib'e and 
much more serious phenomenon of land 
degradation in drylands which is addressed 
here. This is the issue that affects so many 
people and is largely man-made. If fully 
recognized and tackled, it should be resolv-
able by man. 

Desertification. as defined by UNEP. is 
land degradation in arid, semi-arid and dry 
sub-humid areas resulting mainly from 
human activities. Thisdefinition was iiiodi-
fled by the 1992 UN Conference on Envi-
ronment and Development (UNCED), to 
read as follows: 

Desettiju.ation is land degmilation iii 
ajjd, semi-rii'jd atid dry suh-laoiud c'!ecis 
,eszdtiiit frntn iC,i',(nL /ackns, inc1i/in' 
climatic 1101aoirs and Iinmwi a(arrtfes. 

This definition has been i nternational ly 
negotiated and approved at UNCEDas the  

operational standard for Agenda 21 Unfor-
tunately. however, it does include the three 
separate elerneii Is of short-term drought, 
long term climate fluctuations and land 
degradation induced by human beings. Each 
of these is different and needs to be ad-
dressed in different ways. although there 
are interactions. 

Droughts are natural phenoniena which 
recur periodically and can he prepared for. 
Severe and prolonged drought in degraded 
drylands results in increased demands on 
the production of humid lands (see above). 
In case of prolonged drought in certain key 
areas, global food securit\ is already at a 
precarious state and this situation will be-
come critical if desertitication continues 
unabated 

Costs of desertification 

and drought 

Unfortunately, there are no exact and reli-
able figures available for global losses in-
duced by desertification and drought, nor 
are there many for specific local conditions 
where accurate data are most needed for 
practical management purposes. Existing 
data have been obtained through various 
estimates and indicate only the general 
magnitude of the problem. However, evi-
dence is accuniulating on soil loss at several 
localities where there have been attempts to 
evaluate these losses in economic terms. 

One unpublished World Bank study 
estimated that the eqLmivalent of 20% of the 
aitnual G D P of one Sahelian country could 
be lost through capital depletion of natural 
resources. That is why new knowledge and 
directly measured hard data must be ac -
quired: this is essential for any programme 

that aims to combat desertification and 
manage drought. However, this is costly 
and cannot be camed out without the in-
volvement of the whole international com-
munity. Estimates that have already been 
made of the average income foregone 
through dry lands degradation atnount to 
approximately US 542 billion it year. 

The economic factors 

The global signi ticaiice of the dc.scrtification 
problem isecononlie hut it has not yet beemi 
recognizedas such. Global resotirceecono-
mists are only now beginning to recognize 
that we can not continue relentlessly to cx- 
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ploitciur land resourcecapital base forever, 
even thoueh. at present, it is regarded as a 
(relatively) free commodity that is rarely 
taken into account in cost-benefit equa-
tions. 

Many economists still do not take into 
account the depletion of capital resources 
for which there is no eftctive active mar-
ket. Natural resources are not shown as 
capital assets in national accounts and ap-
pear only as contributions to GDP when 
they are exploited. However, common sense 
- the foundation of economics - clearly 
indicates that if you pull down your house 
to use the wood for firewood so as to keep 
yourself warm, you are on a path to disaster. 
Common sense must equally show that an 
ever-increasing global population cannot 
go on degradiiig the soil to the point of total 
exhaustion. 

Desertification depresses the economy 
of countries in which it occurs. In poor 
countries, depressed economies lead to 
political destablization and social unrest. 
Such economies are not good markets and 
thus the market potential ofdesertification-
prone regions is greatly reduced. Existing 
foreign investments in these countries be-
come increasingly at risk; the risks for new 
investments increase, the perception of 
hopelessness expands and a downward spi-
ral commences. Past civilizations have 
disappeared forever as the result of similar 
events. 

Dese rtifi cat ion iscloseiy linked in other 
ways to the economies of both North and 
South. Actions by the North, in the North, 
can actually result in the over.-exploitation 
of land resources in the South. For exam-
ple, rangeland degradation is occurring in 
Botswana due to increased meat exports to 
the European Economic Community at sub-
sidized prices. In this way. Northern eco-
nomnic policies lead to desertiflcation in the 
South. If the farmers of some of the most 
productive agricultural land in the world in 
Europe and North America need subsidies 
from their Governments. how can the farm-
ers of the least-productive lands in harsh 

climates be expected to compete or even 
survive without greater support? 

Biological diversity 
Desertification entails the desftuction of 
vegetation and loss of many dryland plant 
and animal species. Many crops (wheat, 

barley, sorghum. millet, etc) and fodder 
plants that form the backbone of world 
agriculture and animal husbandry originate 
and are related to wild species in and and 
semi-arid territories. Hundreds of wild 
plant species that are native to drylands are 
sources of valuablemedical materials. Loss 
of these plants through desert if ic at io n rep-
resents loss of valuable and irreplaceable 
genetic material. The loss of germplasm 
resources through desertification may be, 
from an economic point of view, no less 

severe than that through deforestation. A 
large indigenous pharmaceutical industry 
is dependent on local biodiversity. and t h i s 
is already seriously endangered. 

International waters 
The loss of vegetation in watersheds leads 
to erosion and siltation which create par-
ticularly difficult problems in international 
waterways. The result i the siliation and 
pollulion of inland waterways and ofserisi-
tive mangrove habitats and coral reefs in 
coastal areas. The problems of degradation 
of international waters will only be re-
solved through improved management prac -
tices of the watershed lands. It is clear that, 
unless the unsustainable management prac-
tices that lead todesertification are arrested, 
continued degradation of international wa-
ters is inevitable. 

Climate 

Desertification also affects and is affected 
by climate. Deprived of their natural veg-
etation, degraded dryland areas modify the 
energy balance in the lower atmospheric 
layers through changes in radiation absorp-
tion, reflection and emission properties 
(albedo). Similarly, changes in evaporation 
rates and rainfallretention potential have an 
impact on the water balance of areas suffer-
ing from desertification processes. In-
creased dustemissions from uncovered soil 
can modify the scattering and absorption of 
solar radiation in the atmosphere. Exten-
sive areas of low or nil productivity will 
provide little or no capacity for absorption 
of carbon dioxide - the most important 

"green-house gas". The enormous extent 
of the dzylands affected by land degrada-
tion is indicative of the impact that 
desertification processes have on global 
climate change mechanisms. 

So what has to be done? 

A comprehensive programme to combat 
desertification should include all of the 
following: 

Preventive measures 
Implement programmes of direct 
preventive measures in productive 
drylands that are not desertifled or 
only slightly desertifled (about 30 
per cent of productive dry lands). 
Corrective Measures 
Implement a programme of direct 
corrective measures in productive 
drylands that are moderately 
deserlified (areas with 10 to 25 per 
cent loss of productivity incroplands 
and 25 to 50 percent in rangelands). 

(C) Rehabilitation Measures 
Implement a comprehensive pro-
gramme of direct rehabilitation 
measures to combat desertificat ion 
in all productive drylands. 

These options may be considered as 
priority actions that could be adopted both 
globally and nationally; they could be modi-
fled as appropriate within the areas con-
cerned. Coordination of effort should also 
be encouraged by promoting cooperation 
between industrialized and developing 
countries within the regions. Plans for 
combatting desertification should be inte-
grated with plans to develop other natural 
resources in a comprehensive sustainable 
environmental management framework. 

Costs of action 

Pa st e x pe rien c e has shown that the amount 
spentby the worldcommunity during 1978-
1991 (approximately US $0.5-0.85 billion 
a year) on direct or supportive actions to 
combat desertification was far below the 
amount needed to implement the UN Plan 
of Action to Combat Desertification 
(PACD). Financial assistance to the devel - 
oping countries that are most seriously 
stricken by desertification and do not have 
the resources to cope with the problem was 
particularly inadequate. Likewise, existing 
mechanisms for mobilizing resources and 
financing to implement the Plan of Action 
to Combat Desertification (such as 
DESCON and the Special Account) are 
also inadequate. 

Financial assistance to developingcoun-
tries struggling against desertification 
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should he over and above regLilar budgets 
and con venuonal e xira-hudectary resources. 
Such assistance must be predictable. sus-
taitiable and prompt. Net  additional inane-
ing and technical assistance to developing 
countries for combaiiiig desertificition 
should be provided by the donor comniu-
nity and international jnStiIUtiOfls on terms 
that neither exacerbate debt nor aecravate 
lurtherthetrade problemsofrecipientcouii-
tries, Rallier. ii should enhance iheirdevel-
opment process. It illust be re-emphasized 
that the highest estimated annual costs of 
implementing all aiiti-desertitication meas-
ures are less than half the estimated annual 
costs of losses resulting from deserlilication. 

The need for global 
action 

The 'iced to address the global problem of 
ctesertificatioit is urgent: it is a major cause 
and mechaitisrit of global loss of productive 
land resources. Deseiiifjcation contributes 
to loss of ekthal hiodiversity, loss of the 
earth's bioniass and hioproductivity.andlo 
lobal climate change. It can lead to ecu-

noniic instability and political unrest in 
afkcted areas: it puts pressures on the 
economy and the stability of societies out-
side the affected areas, and it prevents the 
achievementof sustainable development in 
affected areas and coumitries. Current esti-
mates for Llobal. direct, on-site financial 

losses (ie, income foregone) due to 
desertilication amount to about US $42 
billion annually. Indirect off-site and social 
costs of desertificatiun are even greater. A 
coin pre hensive. world- wide progm'an line to 
combat desertilication would cost only a 
fraction of (his, 

With 900 million people potentially 
aFfected, there isan enormous pool oftalemit 
and effort available to reverse the seem-
ingly inev ersi ble trend towards a deserti tied 
and deoraded world. Buteven ifiheGlobal 
Environment Facility and the proposed 
Conventioiion Deseiiilication and Drought 
provide the financing. there is still much to 
be donc to motivate enthusiasm at the local 
level. Successes do exist and can he repli-
cated. It is known that success can he 
achieved, that progress can he made at the 
community level, and that the global de-
dine towards a degraded world can be 
prevented and reversed. 

The UNCEL) 
Programme 
Chapter 12 of Agenda 2 I emphasizes the 

ilobaI nature Of desertilication and is :i 
major step forwani in gaining international 

ieeogmtiOn oft he need fr concerted ac t i on 
world-wide. It contains detailed recoili-
mendalions for action at national, regional 
and iiiteniatinnal levels in six specific (hut 
intem'-rela(ed) progm'amme areas. These ale: 

A Strengthening the knowledge base 
and ile eloping ssiemiis for assess-
IIIC111. 111011ilMtLilC WiLL Entoinlati011: 

B Intensifying soil conservation. al -
l'oreslation and reforestation activi-

ties: 
C Eradicating poverty and promoting 

alteni:itive life-styles through intO-
giated development programmes: 

D Integrating compreiensive 'anti-
desertification programmes into 
national emivii'onment and develop-
ment plans: 

E Setting up thought-preparedness 
schemes for drought relief and to 
assist environmental refugees: 

F Promoting popular participation aiid 
education, with a focus on 
desert i ficat ion control and manage - 
ment of the effects of drought. 

Chapter 12, Paragraph 12.40 also rec-
omnmcndstheGemieral Assembly at its forty-
seventh session toestablish. undcrtheaegis 
of the General Assembly. an intergovern-
iuental mtegotiating conlniittee (INC for 
the elaboration of an international conven-
tion toconi hat desem'tiflcat ion, in t hosecoun-
tries experiencing serious di'ought and/or 
desertification. particularly in Africa, with 
a view to finalizitig such a convention by 
June 1994. This has now been done and 
the Conimrmittee started its work with an 
organizational meeting in ,lanuary. 

Immediate actions 
Time challenge for the INC and for all those 
agencies and individuals involved in the 
battle against deseriification is to find the 
means to iiiiplenicmlt Agenda 21. The Plan 
ol'Action to Combat Desertification adopted 
in 1977 has had less success than necessary 
because ofa lack of awareness of the social 
diniensiomi of the probleni. lack of political 
will, insufficient resources. and uncertain-
ties about effective uleans of implemerita- 

tiun. The resulting emphasis omm phamimiitig 
rather than action now has to be reversed. 
Much data has been collected and millions 
have been spent on agricLmltural research: 
the challenge now is no tind practical ways 

of impletiieming the grand platis of the 
I'ACD and the tasks of Agenda 21. 

In order to do this, in addition to th 
ongoing programmes of planning. pilot 
projects, tilonitoring and research, the fol-
lowing need no be addressed now so that 
the way will be clear towards imuplementa-
tion of a truly global anti-desertification 
effort. 

I. First is to niake the world coninitt-
nity realize that this is a inn jor glo-
bal problem. Its effects are happen-
imig now and growing worse non'. 
900 million people may already be 
at risk and much of the rest of the 
world's population is indirectly af-
fected. Forty million individuals are 
believed to be affected by malntitri-
tion in Africa alone and peihaps 2 
million are on the verge of death 
from starvation. Asia contains as 
much dryland as Africa (about one 
third of the world total). 

2. Second is the need to more thor-
oughly expose the economic costs 
of hand degm'adationldesertitication 
- the economic costs of opportunity 
loss, prodrmctisity loss and1 the world 
wide economic implications and 
Linkages. immvolv i ng trade, subsidies. 
commodities. Fiscal policies etc. 

i. Third is to thom'oLmgllIy expose the 
social costs of laud degradatiomi/ 
desernificajion: the suffering, the 
famine, the niigratiuti. the temisiumis 
and strife, the social and political 
dismuptions. time civil and intenla-
ttonal wars. the deaths, the despair, 
the disruption of markets. the relief 
efforts that result. 

4. Fourth, dtmring the 15 years since 
UNCOD miiuch has been learnt from 
many failtires but, most iniportantly. 
there have also been successes. 
Mmv of these have reeeied little 
publicity and these must now he 
shared with awideraudiemice. They 
not only show what can be done but 
can also help create arermewed mood 
of confidence that the problem of 

dcsertit'ication can be tackled sac-
cessfu I hy. The common theme 
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throughout is individual and corn-
munity effort. 

5. Fifth,thefundamental.practicaland 
administrative difficulties inherent 
in the development and implemen-
tation of successful anti-
desert ification projects niust be tar-
geted and effective solutions 
identified, drawing on the accumu-
lated experience. The challenge of 
delivering the needed services 
through sectoral orga n i zat ion s at the 
international, regional and national 
levels, in a coordinated and effec-
tive fashion to those that actually 
need them on the ground, in the 
field, has to be directly and effec-
tively addressed. What is needed 
are effective mechanisms capable 
of delivering these services to the 
field activities. 

With these ideas and others in mind, all 
those involved in desertification control, need 
to focus particularly on the problems of: 

Bringing about world wide realiza-
tion of the nature, scope and irnpor-
tance of the problem of 
deset-tification and of the need at the 
political, social and technical level 
to support it: 
Improving theeconomicevaluation 
of all aspects of deseriification and 
its control, including the costs of 
inaction and of necessary actions; 
Improving the assessment of the 
social implications and costs of 
desertificat ion and its control: 
Identifying successes and dissemi-
nating information and reconhrnen-
dalions on successful replicable ap-
proaches; 
Making practical recommendations 
on how funding provided interna-
tionally can be applied successfully 
at the local level where the action is 
needed. 

Conclusion 
For those who have worked on 
desert ification control for many years. it is 
gratifying to see such an increase in recog-
nition of this problem in the last year. There 
isfartogo. however.and the resourcesof all 
interested parties will be stretched to the 
full. There is a well known catch-phrase 
circulating now that says "Think Globally. 
Act Locally". All those working on 
desertification control must do exactly this. 

Combaiting desertification is a very 
special challenge because the problem has 
global impact and will only be solved 
through a global effort and approach: yet 
the solutions will have to be found at the 
forefront of the battle on the ground, in the 
field. The front-line troops in the battle are 
frequently extremely inipoverished. func-
tionally illiterate and most often female. 
overworked and undersecured. peasant-
farmers. The challenge to provirte real sup-
port to them in the way they need it. is a 
major one. It is essential that practical 
measures be developed to enable action to 
be taken in the field. 

Fifteen years of work have provided 
much ex perience, bu t much more still needs 
to be done Ittruly requires the imagination 
and support of all the globe to bring about 
the effective actions that are needed locally 
across more than one third of the land 
surface of the world, in order to reverse this 
suicidal degradation and its increasing glo-
bal impact. 
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Combating Desertification and 
Drought: Agenda 21, Chapter 12 

What is Agenda 21? 
Agenda 21 is a blueprint for intenialional 
action to protect the environment. it was 
adopted by tunic than 100 Heads of Sttne at 
the UN Conference on Environment and 
Development in Rio de Janeiro. Brazil. in 
June 1992. 

Agenda2l aims[osliarpenlhe Focusot 
global efforts to protect the environment, it 
is being used by inteniationalagcnciesasa 
guideline (Or rev iewing their environmen-
tal activities. In particular. Agenda 21 calls 
For a Sustainable Development Comni is-
sion to he set up to ensure that its recorn-
mendatjoiis are iniplenlentcd I'ullv. 

Chapter 12 of Agenda 21 
Chapter 12 of Agenda 21 is devoted to 
Desertilkation and Drought. Other recom-
niendations concerning land degradation 
are also included in other chapters. 

Chapter 12 and UNEP 
Chapter 12 of Agenda 21 einphasiies the 
global nature of desertiIcation and is a 
major step forward in gaining international 
rcconirionoVthe i iced forconcerted action 
world-wide. It contains detailed reconi- 
mendations for action at national, regional 
and internaiioiml lvIs in six speciFic (but 
iruer-relateW programme areas. These are: 

A Strengthening the knowledge base 
and developing systems for assess- 

rueni, monitoring and information; 

B Intensifying soil conservation. at'-
!'ijrestalion arid reforestation achy i - 

ties: 
C Eradicating poverty and promoting 

alternative life-styles through inte- 

desertilication progranimes into 
national environnient and develop-
ment plans: 

E Setting tip drought-preparedness 
schemes for drought relief and to 
assist environmental refugees: 

F Pmomotingpopularparticipalion and 
education, with a locus on 
desertification control and manage- 
rnenl of the effects of drought. 

IJNEP is already playing a central role 
in strenihening the knowledge base and 
developing systems for assessment. 
monitoring and in l'onnation (programme 
area A) and promoiilig popular partiL'pa-
tion and education, with a locus on 
desert ification cunt 'ol and riianageriient of 
the effects of drought (programme area F). 
In the future. DC-PAC will put increased 
emphasis on these two areas through closer 
collaboration with UNEP's Global Envi-
ronment Management System GEMS and 
Global Resou ice in formation Database 
(GRID). 

UNEP also acts as a catalyst in setting 
up soil conservation. alforestation and 'c-
forestation projects (programme area B): 
eradicating poverty and promoting alterna-
tive life-styles through integrated develop- 

rlenl programnies (prograninle area C): 
and integrating comprehensive anti-
desertificalion programmes into national 
environment and development plans (pro-
granime area D).These are core areas in the 

and financial resources are needed, together 
with greater political will and community 
involvement, so that effective. ontheground. 
practical and sustainable projects can beset 
up. 

There remains much work to be done in 
seuiiig up drought-preparedness schemes 
lordroughtrelieiamid to assist envirorinien-
tal refugees (programme area E): and pro-
moting popular participation and educa-

11011. with a focus on desertification control 
and management of the effects of drought 
(programme area F). Several UN agencies 
are active in early warning schemes and in 
droLiglir rel ief piogramnics but more could 
be done to minimise the itupact of drought 
and to investigate more fully the extent and 
social and economic cost ofenvirorimental 
refugees. 

DC-PAC's future role will be to im-
prove management of its existing pro-
grammes and to make every effort to 
catalyze a world-wide approach to 
desertification control, with particular em-
phasis on publicising successful Initiatives 
at a local level. Research must also be 
undertaken to identify clearly and in detail 
the real economic and social costs that are 
incurred by allowing the world's drylands 

grated development programmes; 	battle against desertificatioti and much work 
D integrating comprehensive anti- remains to be done. However, more human 
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to deteriorate further. Some work has al-
ready been carried out (see L)esertiUication 
Control Bulletin No, 21) and plans are 
being made for cooperative efforts to ad-
dress these issues. 

Finally, there is a need to develop im-
proved mechanisms for implementing suc-
cessful. t'ielcl-hased activities. In the past it 
has proved difficult to channel funds and 
technical expertise through international 
agencies and national governments to pro-
videthesecurityandsupportwhich isiteeded 
on the ground. Smaller agencies have had 
much more success. What is needed is 
combined political will,technical skills and 
willing participation by the poorest 
pastoralists and farmers concerned. 

The version 0,/Chapter 12 i'eproduced 
here will hefin'ther edited. n'aicdau'd iota 
the official LW lwigiiaes and pith//shed h 
the UNfiui'theGencra(Asscnibh in autumn 
1992. 

Fragile ecosystems are important eco-
systems, with unique featurcsand resources. 
Fragile ecosystems include deserts, semi-
arid lands, mountains, wetlands, small is-
lands and certain coastal areas. Most of 
these ecosystems are regional in scope. as 
they transcend national boundaries. Chap-
ter 12ofAgenda21 addresses land resource 
issues in deserts, as well as arid, semi-arid 
and dry sub-humid areas. 

Desertilication is land degradation in 
arid. senii-arid and dry sub-humid areas 
resulting from various factors, including 
climatic variations and human activities. 
Desertification affects about one sixth of 
the world's population. 7() per cent of all 
drylands. amounting to 16 billion hectares. 
and one quarter ui the total land area of the 
world. The most obvious impact of 
desertification, in addition to widespread 
poverty, is the degradation of 3.3 billion 
hectares of the total area of rangcland. 
constituting 73 per ceiit of the rangeland 
with a low potential for human and animal 
carrying capacity; decline in soil fertility 

and soil strucrereon ahout47 percent of the 
dry land areas constituting marginal raint'ed 
cropland: and the degradation of irrigated 
eropland. amounting to 30 per cent of the 
drylancl areas with a high population den-
Sit) and agricu Ittiral potential. 

The priority in combating desertification 
should be the implementation of preventive 
measures for lands that are not yet de-
graded. orwhich are only slightly degraded. 

However, the severely degraded areas 
should not be neglected. Iii combating 
desertification and drought. the participa-
tion of local communities, rural Organiza-
tions. national Govemitients, non-govern-
mental organ i zat i on s and international and 
regional organizations is essential. 

The following progl'amnle areas are 
included in this chapter: 

Strengthening the knowledge base 
and developing information and 
monitoring systems for regions 
prone todesertificatiun and drought. 
includinc the economic and social 
aspects 01 these ecosystems: 
Combating land degradation 
through. inter alia. intensified soil 
conservation. alforestation and re-
forestation act is ities: 

(C) Developing and strengthening inte-
grated development proglammes for 
the eradicatiomi of poverty and pro-
motionolalleniative livelihood sys-
lenisiri areas pi'one rodesertification; 

(d) Developing comprehensive anti-
deserrification progranmies arid in-
tegrating theni into national devel-
opment plans and national 
environmental planning: 

e Developingconiprehensivedrought 
prepam'edne.ss and drought-relief 
schemes, including self-help ar-
rangements, for drought-prone ar-
eas and designing programmes to 
cope with environmental refugees: 

(1) Encouraging and promoting popu-
lar participation and envimnmerital 
education, focusing on deserti-
fication control and management of 
the elfects of drought. 

Programme Areas 

A. Strengthening the 
knowledge base and 
developing information 
and monitoring systems 
for regions prone to 
desertification and 
drought, including the 
economic and social 

aspects of these 
ecosystems 

Basis for action 
The global assessniemits of the status arid 
rate of desertificat ion conducted by the 
UNEP in 1977, 194 and 1991 have re-
vealed insufficient basic knowledge of 
desertif'rcation pmcesses. Adequate world-
wide systematic observation systems are 
helpful forthe development and implemen-
tation of effective anti-desertificatioii pro-
gramrnes. The capacity of existing interna-
tional, regional and national institutions. 
particularly in developingcounrries, togen-
crate and exchange relevant information is 
limited. An integrated and coordinated 
information and systematic observation 
system based on appropriate technology 
and embracing global, regional, national 
and local levels isessential for understand-
ilig the dynamics of desertification and 
drought processes. It is also important for 
developing adequate measures to deal with 
desertification and drought and improving 
socio-cconomic conditions. 

Objectives 

The objectives of (his programme area are: 
To promote the establishment and/ 
or sn'erigtlieiiing of national envi-
ron mental i nfomniat ion coordination 
centres that will act as focal points 
within Governments for secoral 
riiinistries arid provide the neces-
sary standardization and hack-up 
services; toensure also that national 
cnvironmeiital inl'ormarion Systems 
on desertifleation and drought are 
linked together through a network 
at subregional. regional and 
interregional levels; 
To strengthen regional and global 
systematic observation networks 
linked to the development of na-
tional systems for the observation 
of land degradation and 
desertification caused both by cli-
mate fluctuations and by human 
impact. and to identify priority ar-

eas for action: 
c) To establish a permanent system at 

both national and international 1ev-

els for monitoring desertil'ication 
and land degradation with the aini 
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of improving living conditions in 
the affected areas. 

Activities 

(a) Management-related activities 
Governments at the appropriate 
level, with the support of the rel-
evant international and regioiial or-
Canizations. should: 
Establish and/or strengtheii envi-
ronmental information systems at 
the national level: 
Strengthen national, state/piovincial 
and local assessment and ensure 
cooperatiori/rtetworking between 
e x i sti ng environmental information 
and monitoring systems, such as 
Earthwatch and the Sahai'aamlSahel 
Ohservatoiy: 
Strengthen the capacity of national 
institutions to analyse environmen-
tal data so that ecological change 
can be monitored and environmen-
tal infornmtion obtained on a con-
tinuing basis at the national level. 

(bI Data and information 
Governments at the appropriate 
level, with the support of the rel-
evant international and regional or-
ganizations. should: 

(a) Review and study the means for 
measuring the ecological, economic 
and social consequences of 
desert ification and land degrada-
tion and introduce the results of 
these studies internationally into 
desertificution and land degrada-
tion assessment practices: 

(h) Review and study the interactions 
between the socio-econoniic im-
pacts of climate, drought and 
desertification and utilize the re-
sults of these studies to secure con-
crete action. 

Governments at the appropriate level. 
with the support of the televant intema-
tional and regional organizations, should: 

Support the integrated data collec-
tion and research work of pro-
grammes related to desertification 
and drought problems: 
Support national, regional and glo-
bal programmes for integrated data 
collcctioii and research networks 
carrying out assessment of soil and 
land degradation; 

(e) Strenetlien national and tevional 
inetcorological and hydrological 
iiiworks and monitoring system'. 
[uclistire a(tcqklale collectioii ofEasic 
Lulorniation and communication 
among national, regional and liter-
national centres. 
Internatiotial and Regional Cu-
uperation and Coordination 
Governnieiits at the appropriate 
level, with the support of the rel-
evant international and regional or-
ganizations. should: 

a) Strengthen regional progranimes 
a n d international cooperation. such 
as the Permanent inter-State Com-
mittee on Drought Control in the 
Sahel(CILSS).lhelntergovernrncn-
tal Authority for Drought mid De-
velopment (lGADDt. the Southern 
African Development Coordination 
Conference (SADCC), the Arab 
Maglireb Union and other regional 
organizations, as well as such or-
cailizations as the Sahara and Sahel 
Observatory: 

(bi Establish and/or develop acompre-
herisive desertification. land degra-
dation and human condition data-
base component that incorporates 
both physical and socio-economic 
parameters. This should be based 
on existing and, where necessary. 
additional facilities, such as those of 
Earthwaich and other information 
systems of international, regional 
and national institutions strength-
ened for this purpose: 

(c) Determine benchmarks and define 
indicators of progress that facilitate 
the work of local and regional or-
ganizations in tracking progress in 
the fight for anti-desertiflcition. 
Particular attention shoutd be drawn 
to indicators of local participation. 

Means of implementation 

(a) hnancing and Cost esa1uaiun 
The Conference secretariat ha'. esti-
mated the average total annual cost 
(1993-2(X)O) of implementing the 
activities of this programme to be 
about $350 million including 
about $I 75 million from the in-
ternational community on grant or 
concessional terms. These are in- 

dicative arid order of magnitude esti-
mates onIv and have not been re-
viewed by Govenimeiits. Act ual costs 
and financial terms. inctudiiig any that 
are non -concessioiuil. will depend 
upon. jjr,lia. the specific stnnegies 
and programme'. Governments de-
cide upon for implementation. 

I Scientificand technological means 
Governments at the appropriate 
level, with the support of the el-
evam international and regional or-
gan izati ons working on the issue of 
desert ificat ion and drought, should: 

(a) Undertake and update esisting in-
yen tones of natural resources, such 
asenerny. water, soil, minerals, plant 
and animal access to food, as wellas 
other resources. such as liousin. 
employment, health. education and 
demographic distribution in time 
and space: 

b) Develop integrated information sys-
tenis forenv iron men tal nioni tori ng. 
accounting and impact assessment; 
International bodies shoukicooper-
ate with national Governments to 
facilitate the acquisition and devel-
opinent of appropriate tec li no logy 
for monitoring and combating 
drought and deseriificanioit. 

(ci Human resource deelopnient 
Governments at the appropriate 
level, with the support of the tel-
evant international and regional or-
ganizations working cii the issue of 
desert ificatk,n and drought. should 
develop the technical and profes-
sional Skills of people engaged in 
monitoring and assessing the issue 
of desertii'ication and drought. 
Capacity-building 
Governments at the appropriate 
level, with the support of the rel-
evant international and regional or-
ganizations working on the issue of 
desert ificat ion and drought. should: 
Strengthen national and local insli-
tutions by providing adequate staff 
equipnlcnt and finance for assess-
ing desertificatiort: 
Promote the involvement of the lo-
cal population, particularly women 
and youth. in the collection and 
utilization of environmental infor-
mat on throu g h education and 
awareness-building. 
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B. Combating land 
degradation through, 
inter/qua, intensified soil 
co nserv a t it) fl 
afforestation and 
reforestation activities 
Basis for action 
Desertification affects about 3.6 billion 
hectarL's, which is about 70 per cent of the 
total area of the worlds drylands or nearly 
one quarter of the global land area. In 
combating desertification on rangeland, 
rainfed cropland and inigatecl land, pre-
ventative measures should be launched in 
areas which are not yet affected or are only 
slightly affected by desertification: conec-
live measures should be implemented to 
sustain the productivity of moderately 
desertified land; and rehabilitative meas-
ures should be taken to recover severely or 
very severely desert ified drylands. 

An increasing vegetation cover would 
promote and stabilize the hydrological bal-
ance in the dryland areas and maintain land 
quality and land productivity. Prevention 
of not yet degraded land and application of 
corrective measures and rehabilitation of 
moderate and severely degraded drylands, 
incl tiding areas affected by sand dune MMI c-
ments. through the introduction of enviro ii-
mentally sound, socially acceptable, liir 
and economically feasible land-use sys-
tems. This will enhance the land carrying 
capacity and maintenance ofhiotic resources 
in fragile ecosystems. 

Objectives 
The objectives of this programme area are; 

(a) As regards areas not yet affected or 
only slightly affected by desert- 
ificat ion, to ensure appropriate man- 
agemem of existing natural forma- 
lions (including forests) for the 
conservation of biodiversity, water- 
shed protection. sustainability of 
their production and agricultural 
developnicnt. and other purposes. 
with the full participation of indig- 
enous people; 

(b To rehabilitate moderately to se-
verely deserlitied drylunds for pro-
ductive utilization and sustain their 

productivity for agropastorall 
agroforestry development through, 
inter alia. soil and water conserva-
tian; 

let To increase the vegetation cover 
and support management of biotic 
resources in regions affected or 
prone to desertification and drought. 
notably through such activilies as 
affores tatia n/re forestation. 
agroforestry. community forestry 
and vegetation retention schemes; 

(d) To improve nianagenient of forest 
resources. includinc oodiuet. and 
to reduce woodfuel consumption 
through more efficient utilization, 
conservation and the enhancement, 
development and use of other 
sources of energy. including alter -
native sources of energ\ 

Activities 

I) Management-related activities 
Governments at the appropriate 
level, and with the support of the 
relevant international and regional 
rirganizalions, should: 

(a) lntplenient urgent direct preventive 
measures in drylands that are vul-
nerable but not yet affected, or only 
slightly desertiiiecl drvlands, by in-
troduciiig 
improved land-use policies and prac-
tides for more sustainable land pro-
ductivity; 

liii appropnare.enviionntemally sound 
and economically feasible agricul-
(ural and pastoral technologies; and 

(iii i improved nianagement of soil and 
water resources; 

(h) Carry out accelerated afforesiation 
and refuiestat ion programmes. us-
ing drought-resistant. fast-growing 
species, in particular native ones, 
including legumes and other spe-
cies. combined with community-
based agroforestry schemes. In this 
regard. creation of large-scale re-
forestation and afforestation 
schemes, particularly through the 
establishmentof green belts, should 
be considered. bearing in mind the 
multiple benefits of such measures; 

(C) Implement urgent direct corrective 
measures in moderately to severely 
desertified drylands. in addition to 

the measures listed above, with a 
View to restoring and sustaining their 
pioductivity; 
Promote improved land/water/crop-
nianagernent sstenis, making it 
possible to combat salintzation in 
existing irrigated croplands; and to 
stabilize rainfed ciuplands and in-
troduce improved soil/crop-man-
agement systems into land-use prac-
tice; 
Promoteparlicipatorynianagernent 
of natural resources, including 
rangeland. to meet both the needs of 
rural populations and conservation 
purposes, based on innovative or 
adapted indigenous technologies; 
Promote jmjtu protection and con-
servation of special ecological ar-
eas through legislation and other 
means for the purpose ofcomhating 
desertitIcation while ensuring the 
protection of biodiversity: 
Promote and encourage investment 
in forestry development in drylands 
through various incentives. includ-
ne legislative mea'.uies; 

(li) Promote Hie developnteiii and use 
of sources of energy which will 
lessen pressure on ligneous re-
sources, including alternative 
SOurces of energy and improved 
stoves. 

(b) Data and information 
Governments at the appropriate 
level, with the support of the rel-
evant international and regional or-
ganizatiotis. should: 

(a) tvelop and-use models based on 
local practices tot the it'nptovcnment 
of such practices, with a focus on 
preventing land ilegradation. The 
models should give a better under-
standing of the variety of natural 
and human-induced factorsthat may 
contribute to desertitication. Mod-
els should incorporate the interac-
tion of both new and traditional 
practices to prevent land degrada-
tion and reflect the resilience of the 
whole ecological and social system: 

)b) Develop, test and introduce, with 
due regard to environmental secu-
rity considerations, drought resist-
ant. fast-growing and productive 
plant species appropriate to the en-
v ironinentof the regions concenied. 
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)e) Intui-national and regional coop- 
eration and coordination 
The appropriate United Nations 
agencies.international and regional 
urganttmns. non-governrneiflal 
orgaiiizationsand bilateral agencies 
should: 

xirdinatc their roles in combating 
land degiadation and promoting re-
forestation. agroforestry and land-
nianageineitt systems in affected 
countries: 

(h) Support regional and subregional 
activities in technology develop-
ment and disseniinaiion. training 
and programme implementation to 
arrest dryland degradation. 

The national Guvenimetits concenied. 
the appropriate United Nations agencies 
and hil ate rui agencies should strengthen the 
coordinating role in di -yland degradation of 
subregional hi tergovernmental organ i za-
thins set up to cover these activities, such as 
CILSS, IGADU. SADCC and the Arab 
Maghreh Union. 

Means of implementation 
(a) Financing and cost evaluation 

The Ccinlcrciice secretariat has esti-
mated the average total anti ual Cost 
(1993-2(X)O) of implementing the 
aCtivities of this programme to be 
about $6 billion includin about 
$3 billion from the international 
Community on grant or concessional 
teniis. These are indicative and 
order of magnitude estimates only 
and have not been reviewed by 
Governments. Actual costs and fi-
nancialtenns. includinganythatare 
noii-concessional, will depend upon. 
inter alia. the specific strategies and 
programmes Governments decide 
upon for implementation. 

bi Scientificand technological means 
Govemiiients at the appropriate level 
and local communities, with the 
supporrof the relevant international 
and regional organizations. should: 
Integrate indigenous knowledge re-
lated to forests. forest lands, 
rangelandand natural vegetation into 
research activities on desertitication 

and drought: 
Promote integrated research pro-
grammes on the protect inn. restora- 

non and conservation of water and 
and resources and land-use mail-
agement based on traditional zip-
proaches. where feasible. 
Human resource development 
Governmentsattheappropriate level 
and local communities, with the 
support of the relevant international 
and regional organizations, should: 

a) Establish mechanisnistoensure that 
land users, particularly women. are 
the main actors in implementing 
improved land use. including 
agroforesrry systems. in combining 
land degradation: 

(h) Promote efficient exteflsion-sei -v-
ice facilities in areas prone to 
desertification anddrought.particu-
larly for training farmers and 
pastora lists in the improved man-
agementof land and water resources 
in Urviands. 
Capacity-building 
Governments at the appropriate level 
and local communities, with the 
support of the relevant inteniational 
and regional organizations, should: 
Develop and adopt. thmugh appro-
priate national legislation. and in-
trodiice institutionally, new and en-
vironmentally 	 sound 
development-oriented land-use poli-
cies: 
Supportcornmunity-based people's 
organizations, especially farmers 
and pastoralists. 

ards. In most ot the arid and semi-arid 
areas, the traditional livelihood systems 
based on 'agropastoral s\'stems are otlen 
inadequate and unsustainable. lartieutarly 
in view of the effects of drought and in-
creasing demographic pressure. Poverty is 
a major factor in accelerating the rate of 
degradation and desertitication. Action is 
therefore needed to rehabilitate and ni-
prove the agropastoral systems for sustain-
able nianagenient of rangeIand. as well as 
alternative livlihoud systems. 

Objectives 
The objectives ot this programme area aic: 

(a) To create the capacity of village 
coiiimunities and pastoral groups to 
take charge of their dcvelopnicni 
and the niaiiagement of their land 
resources on a socially equitable 
and ecologically sound basis: 

(hI To improve production systems in 
order to achieve greater productiv-
ity within approved programmes 
for conservation of national re-
sources and in die fiamework of an 
integrated approach to rural devel-
opment: 

tci To provide opportunities for alter-
native livelihoods as it basis for re-
ducing pressure on land resources 
while at the same time providing 
additional soui'ces of income, par-
ticularly for rural popLi linions. 
thereby improving their standard of 
living. 

Activities 

(a) Management-related activities 
Governments at the appropriate 
level. with tho support of the rel-
evant international and regional or-
gtmi?atinn%. should: 

(a) Adopt l0hi'ieS  at the national level 
regarding adeceiitralized approach 
to laud-resource management. del-
egating responsibiliw to rural iii-
ganizat ions: 

(h) Create 11 strengthen rural organiza-
tions in charge of village and pasto-
ral land niatiagetnent: 

tel Esiahlishzinddevelopbocal.national 
and intersectoral meclianisnis to 
hantllcenviionmental and develop-
mental consequences of land tenure 
expi'essed in terms of land use and 

C. Developing and 
strengthening integrated 
development 
programmes for the 
eradication of poverty 
and promotion of 
alternative livelihood 
systems in areas prone to 
desertification 

Basis for action 
In areas prone todesertification and drought. 
cun'ent livelihood and resource-use sys- 
tems are not able to maintain living stand- 
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land ownership. Particular atten-
tion should be given to protecting 
the property rights of women and 
pastoral and nomadic groups living 
in rural areas: 
Create or streiigtheii village asso-

ciations focused on economic ac-
tivities of eoninioii pastoral interest 
(market gardening. transformation 
of a(wrk'ultural producta. livestock. 
herding. etc.): 	1 
Promote rural credit and mohiliza-
tion of rural savings through the 
estahlishrneiitotrural banking sys-
tems: 
Develop inIrasiructure, as well as 
local production and marketing ca-
pacity. by involving the local peo-

ple to 1J 1 OIflOte alternative liveli-
hood svstemsaiida]lcviate poverty: 
Establish a revolving fund lureredit 
to rural entrepreneurs and local 
groups to fitcilitate the establish-
ment of cottage industries/business 
ventuIc and credit for input to 
agropaslora! activities. 
Data and information 
Governments at the appropriate 
level, with the support of the rel-
evant international and regional or-
ganizations. should: 

(a) Conduct socio-ec000rnic baseline 
studies in order to have a good Un-

derstanding of the situation in the 
programme area regarding. particu-
larly, resource and land tenure is-
sues. traditional land-management 
practices and characteristics of pro-
duction systems: 

Ib) Conduct inventory of natural re-
sources (soil, water and vegetation) 
and their state of degradation. based 
primarily on the knowledge of the 
local population (e.g.. rapid rural 
appraisal I: 
Disseminate intorniationontechni-
cal packages adapted to the social, 
economicandecologicalconditions 
of each: 
Promote exchange and sharing 
of information concerning the de-
velopment of alternative liveli-
hoods with other agro-ecological 
regions. 

(c) International and regional coop-
eration and coordination 
Governments at the appropriate 

leveL and with the support of the 
relevant international and regional 
organizations, should: 

(a) Promote cooperation and exchange 
of information among the and and 
semi-arid land research institutions 
concerning techniques and tech no! o-
gies to improve land and labour 
productivity, as well as viable pro-
duction systems; 

(b) Coordinate and harmonize the im-
plementation of programmes and 
projects funded by the international 
organization communities and non-
governmental org an i zat i on s that are 
directed towards the alleviation of 
poverty and promotion of an alter-
native livelihood system. 

Means of implementation 

Financing and cost evaluation 
The Conference secretariat has esti-
mated the costs for this programme 
area in chapter 3."Cornbatting pov -
erty". and chapter 14, 'Promot-
ing sustainableagriculture and rural 
development" (of Agenda 21). 
Scientific and technutogical means 
Governments at the appropriate 
level, and with the support of the 
relevant international and regional 
organizations, should: 

(a) Undertake applied research in land 
use with the support of local re-
search institutions; 

(bi Facilitate regular nat ional. regional 
and interregional communication on 
and exchange of information and 
experience between extension of-
ficers and researchers: 
Support and encourage the intro-
duction and use of technologies for 
the generation of a! ternative sources 
of incomes. 

(c) Human resource development 
Governments at the appropriate 
level, with the support of the rel-
evant international and regional or-
ganizations. should: 

(a) Train members of rural organiza-
tions in nianagement skills and train 
agropastoralists in .uch special tech-
tliques as soiL and water conserva-
tion. ater harvesting. agiofoiestr 
and small-scale irrication: 

)h) T]aiil estei1iu:: ,isi1ts mid officers 

in the participatory approach to in- 
tegrated land management. 

(d) Capacity-building 
Governments at the appropriate 
level, with the support of the rel-
evant international aiid regional or-
ganizations, should establish and 
maintain mechanisms to ensure the 
integration intosectoral and national 
development plans and programmes 
of strategies for poverty alleviation 
anlong the inhabitants of lands prone 
to desertification. 

D. Developing 
comprehensive anti-
desertification 
programmes and 
integrating them into 
national development 
plans and national 
environmental planning 
Basis for action 
In a number of developing countries af-
fected by desertification. the natural re-
sourceb-ase isthe main resource upon which 
the development process must rely. The 
social systems interacting with land re-
sources make the problem much more com-
plex, requiring an integrated approach to 
the planning and management of land re-
sources. Action plans to combat 
desertification and drought should include 
nianagenlent aspects ul the en v iron ment 
and development, thus conforming with 
the approach of inlegiating national devel-
opment plans and national environmental 
action plans. 

Objectives 

The objectives of this programme area are: 
To strengthen national institutional 
capabilities to develop appropriate 
anii-desertifkation programmes and 
to integrate theni into national de-
velopment planning 
To develop and integrate strategic 
planning frameworks for the devel-
opment. protection and management 
of natural resources indrylandareas 
into national development plans. 
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includiiw national plans to combat 
desertiflcation. and environmental 
action plans in Countries most prone 
to deseficatioii 

(C) To initiate a Iong4crm process for 
implementing and monitoring strat-
egies related to natural resources 
ma ii age men t: 

(d) To strengthen regional and interna-
tionial coo pera! ion for combating 
desertilication through, mEet alia. 
the acloptioii of legal and other in-
struments. 

Activities 

(a) Management-related activities 
Governments at the appropriate 
level, and with the support of the 
relevant international and regional 
organizations. should: 
Establishorstrengtlien. national and 
local anti-desert i ficat ion authorities 
within ecivemnient and local execu-
tive bodies, as well as local commit-
tees/associationsof land Lisers. iii all 
rural coniniunities affected, with a 
view to Organizing working coop-
elation between all actors concerned. 
from the crass-roots level (lamiers 
arid pastoialists) to the higher levels 
of government: 

(h) Develop national plans of action to 
combat desertificatioti and as ap-
propriate. make them integral parts 
of national development plans and 
nationalenvironmental action plans; 

(C) lmplemeiitpoliciesdirected towards 
improving land use, riianagingcom-
mon lands appropriately, providing 
incentives to small farmers and 
pastoralists. involving women and 
encouraging private invcstmciit in 
the development of drylands: 

tdj Ensure coordination among minis-
tries and nistitulions working on 
anti -desertificatiori prograninies at 
national and local levels. 
Data and information 
Gnvernnienis at the appropriate 
level, and with the support of the 
relevant international and regional 
organizations, should piotnote in-
funiat ion exchange and coopera-
lion with respect to national plan-
ning and programming among 
affected countries, inter alia. through 

titwuikinti 
Internatiunat and regional coop-
eration and coordination 
The relevant international organri-
zatiuns, multilateral financial insti-
tutions, non-governmental organi-
zatioiis and bilateral agencies should 
stiengthcii their cooperation in as-
sisting with the preparation of 
desert i tic at km control programmes 
and their integration into national 
planning sirategies. with the estab-
lishment of national coordinating 
and systematic observation tnecha-
nisms and with the regional and 
global netwoiking of these plans 
and mechanistiis. 
To request the General Assenihly at 
its foriy-seventh session to estab-
lish. under the aegis ot the General 
Assembly. an  intergovernmental lie-
gotiatirig committee for the elabo-
ration of an iiitenialional conven-
[ion to combat desertification. in 
those countries experiencing seri-
otts drought andlor desertilication. 
particularly inAlricawithaview to 
lirtalizing such a convention by 
June 1994. 

Means of implementation 

tat Financing and cost evaluation 
The Conference secretariat has esti-
mated the average total annuat cost 
1993-2(X)i of iiiçlementing the 

activities of this ptograliilne to be 
about $180 million including 
about $90 million From the intet-
national coninlunity on grant or 
concessional terms These are in-
dicative and order of magnitude esti-
mates only and have not been ic-
viewed byGovemnients. Actual costs 
and financial teniis. including any that 
are non-coiieessiorial. will depend 
upon. inter ahia, the specific strategies 
and progranimes Govenmnients tie-
cide upon for iiuplementation. 

(b) Scientilkand technological means 
Governments at the appropriate 
level, with the support of the Fe]-

evailt international and regional or-
ganizations. should: 

(at Develop and introduce appropriate 
improved sustainable agricultural 
and pastoral technologies that are 

socially and environmentally ac-
ceptable and economically feasi-
ble: 
Undertake applied study on the in-
teeration of environmental and de-
velopnicntal activities into national 
development plans 
Human resource development 
Governnieiits at the appropriate 
level. Willi the support of the rel-
evant intenmation;il and regional or-
gaimizations, should uimdenlake na-
tionwide major anti-desertilication 
awareness/training campaigns 
within countries affected through 
existing national mass media hicili-
ties.educational net works and newly 
created or strengthened extension 
services. This should ensure peo-
plc's access to knowledge of 
desertilication and drought and to 
national plans of action to combat 
deseltifiLalion. 
Capacity-building 
Governments at the appropriate 
level, with the support of the rel-
evant international and regional or-
ganizations. should establish and 
maintain mechanisms to ensure co-
ordinationofsectoral niinistriesand 
institLitions. including local-level in-
stitutions and appropriate non-guy-
enimental organizations, iii integrat-
iimganti.desertification programmes 
intonational development plans and 
national environmental action plans. 

E. Developing 
comprehensive drought 
preparedness and 
drought-relief schemes, 
including self-help 
arrangements, for 
drought-prone areas and 
designing programmes 
to cope with 
environmental refugees 

Basis for action 
Drought, in differing slegiecs of frequency 
and severity, is a recurring phenomenon 
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throughout much of the developing world. 
especially Africa. Apart from the luiman 
toll - an estimated 3 million people died in 
the mid- I 980s because of drought in sub-
Saharan Africa - the economic Costs of 
drouht-related disasters are also hich in 
terms ot lost production, misused inputs 
and diversion of development resources. 

Early-warning systenis to forecast 
drought will make possible the implemen-
tation of drought-preparediiess schemes. 
Integrated packages at the fani i a n d v , ater-
shed level, such as alternative cropping 
stratecies, soil and water conservation and 
promotion of water harvesting techniques. 
could enhance the capacity of lund in cope 
sitli drought and provide basic necessities. 
thereby nlinimizing the numberofenviron-
mental refugees and the need for enter-
gency drought relief. At the same time. 
contingency arrangements for relief are 
needed tbr periods of acute scarcity. 

Objectives 
The objectives of t h i s programme area are; 

(a) To develop national strategies for 
drought preparedness in both the 
short and long term, aimed at reduc- 
ing the vulnerability of production 
systems to drought: 

(h) To strengthen the flow of early-
warning information to decision 
makers and land users to enable 
nations to implement strategies for 
drought intervention; 

(C) To develop and integrate drought-
relief schemes and means of coping 
with environmental refugees into 

national and regional development 
planning. 

Activities 
(a) Management-related activities 

In drought-prone areas, Govern-
ments at the appropriate level, w i t h 
the support of the relevant interna-
tional and regional organizations. 
should: 

(a) Design strategies to deal with na-
tional food deficiencies in periods 
of production shortfall. These strat-
egies should deal with issues of 
storage and stocks, imports. port 
facilities, food storage. transport and 
distribution; 

(h) Improve national and regional ca- 

pac ity for agronieteorolecv and con-
tingency ciop planning. Agroniete-
urology links the frequency. con-
tent and regional coverage of 
weather forecasts with the require-
ments of crop planning and agilcul-
tural extension: 

Ic Prepare rural projects for providing 
sliort-terni rural employment to 
drouglit-aftcted households. The 
loss of iriconie and entitlement to 
food isacumnioii source ofdistress 
in times of drought. Rural works 
help to generate the income icquired 
to buy food for poor huLl seliolds; 

Id Establish contingency arrange-
nlents. wliei'e necessars, for food 
and fodder distrihurloit and water 
suppk; 

(e) Estahl i sit budgetary mechan i sins for 
pray i ding. at shui -1 notice, resources 
for drought relief; 

(I) Establish salt\ Tiets for the most 
vulnerable households, 

(h) Data and information 
Governments ol'atTected countries, 
at the appropriate level, with the 
support of the relevant international 
and regional organizations, should: 

(a) lniplemeiit iesearch on seasonal fore-
casts to improve contingency plan-
niilg and relict operations and allow 
preventive measures to be take a at the 
I'arni level, such as the selecliori of 
appropriate vw'ieties;uid farming prac-
tices, in times of drought; 

(h) Support applied research on ways 
ofi'educing water loss from soils, on 

ways of increasing the water ab-
sorption capacities of soils and on 
water harvesting techniques in 
drought-prone areas; 

(c) Strengrheii national earlv-waniing 
systems. with particular emphasis 
on the area of risk-mappin, re-
rilote-sensing, agrometeorological 
tiiodelliitg. integrated 
multidisciplinary crop-forecasting 

teL'hniquesansl computerized food 
supply/demand anat six. 

id International and regional coop-
eration and coordination 
Governments at the appropriate 
level, with the support of the rel-
evant international and regional or-
ganizatiolls. should: 

(a) Establish asystemof stand-by capaci- 

ties in terms of foodstock. logistical 
support. personnel and litiance for a 
speedN international response to 
drotight-related emergencies: 
Support programmes of the World 
Meteorological Organization 

(WMO) on agrohydrologv and 
agrometenro logy. the Programme 
of the Regiotial Training Centre for 
Agromeieorologv and Opeiational 
Hvcti'ulogy and their Applications 
(AGRH YM E1).di'uuglit-moiiitoiing 
centres and the Aftican ('entre of Me-
teorological Applications for I)vel-
oprnent (ACMAD). as well as the 
eforts of the Permunein Inter-State 
Committee on Drought Control in the 
Sahel (CILSS) and the Intergovcrn-
ritental Authority for Drought and 
I)evelopnient (1GADD: 
Support FAO pi'ogramnies arid other 
programmes for the development of 
national early-warning systems and 
food sccuriiy assistance schemes; 
Strengthen and expand the scope of 
existing regional progi'animes and 
the activities ul appropriate United 
Nations organs and organizations, 
such as the World Food Prograiime 
(WFP). the Office of the United 
Nations Disaster Relict' Coordina-
tor (UNDRO( and the United Na-
tions Sudano-Saheh ian Office as well 
as of,  non-governmental organ ia-
tions. aiiried at mitigating the ef -
fcts ol drought and emergencies. 

Means of implementation 

(a) Financing and cost evaluation 
The Con lerence seL'retanat has esti-
tnated the average total annual cost 
I 993-2(X)i of implementing the 

achy ties of this progranrirlie to he 
abaLitS 1.2 	billion including about 
S 1.1 	billion from the inteniationah 
conimuii ityon grant or concessionial 
terms, These are indicative and or-
deroi'magiiitudeestitniatesonly and 
have not been reviewed hyGovern-
ments. Actual costs and financial 
teflhis. including any that are ion-
concessional, will depend upon. jj 
ter alia. the specilic strategies and 
programrites Governments decide 
upoti for implementation. 

(h) Scientific and technological means 
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(ioveriinieiils at tile appropri ate level 
and drought-prone communities. 
with I]1e support of the relevant in-
ternational and regional organiia-
lions. should: 

(a) use iraditional iiicchanisnis to cope 
with hutierasaiiieansoicIuuineIIine 
icliet and dcvelopnient assistance; 

h Strengthen and develop naiionai. 
eciunal and local interdisciplinary 
research and training capabilities 
for drough-preserition stragies. 

tel Human resource development 
Go crniiients at the appropriate 
level with the support of the rel-
evafl( international and regioiial or-
ganh/ations, should: 

tat Promote the training of decision 
inakens and larid users in the eiUc-
live utilization of ,  intomiation Ironi 
early-wziniing systenis; 

(h) Strenethen research aiid national 
training capabilities to assess the 
impact of drought amid to develop 
methudulotties to lorecast droueht. 

(d) Capacity-building 
Governments at the appropriate 
level, with the support of the 'ci-
eVant international and regional or-
gaiii/alions_ should: 

Iii liiiprove and niaintaiii mechanisms 
with adequate statt equipment and 
inances For monitoring drought pa-
tunleters to take preventive measures 
at teeiomml. national and local levels: 

ft Establish interrninisteriiil linkanesand 
Lootdinutilig tin its for drought fli011i-

tonng. impact assessnierit and Juan-
;tgernenl o f drought-relief schemes. 

F. Encouraging and 
promoting popular 
participation and 
environmental 
education, focusing on 
desertification control 
and management of the 
effects of drought 
Basis for action 
The experience to date on the successes and 
lathuies 01 programmes and pmiects points 

to the need for popular support to sustain 
activities related to deserffl'ication and 
drotight control. But it is necessary to go 
beyoiid the theoretical ideal olpopular pal-
ticipation and to locus on obtaining ac-
tual active popular itivolvemeni. rooted iii 
the concept oip;irtnership. This implies the 
sharing ol responsibilities and the mutual 
involvement oh all parties In ihis coniext. 
this programme area should he considered 
an essential supporting component of all 
desertificuüon-control and drouht-related 
aCliVitiCs. 

Objectives 
The objectives of this programme area ale: 

tnt To develop and increase public 
awarenessand knowledgecuncern- 
ittg desertification and drought, in- 
cluding the integration of environ- 
mental education in the curnetiluni 
of primary and secondary schools: 

(b) To establish and promote true part-
nership between guveinnient nu-
iliomities. at both the national and 
local levels, other execLitimig agen-
c:es. non-governmental oIgallizLi-

tions and land users stricken by 
drought and desertitication. givimig 
land ttsers :1 responsible role in the 
planning and execution piocesses 
in order to betieflt lu I lv from devel - 
opinent projects; 

c) To ensui'e that the parttiers under-
siatid one another's needs. objec-
lives and points of view by provid-
imig a variety of means such as 
training public awaremiess and open 
dialogue; 

(d) To support local comniLinities in 
their own eblumis in combating 
desertification. and to draw on the 
kiiusvledc and experience of the 
p ipulatiomis concerned. ensuring the 
full part ic i pat ion of women and in-
digenotis populations 

Activities 
tat MaIlaL'ement-related activities 

Governments at the appropriate 
level, with the support of the re]-
evant international and regional or-
gani/atiomis. should: 

a Adopt policiesaiidesiahlisliadinin-
istralive structures hut more dcccii-
tinlized decision-making and im- 

piernentation; 
I hi Establish and urilize mechani sms 

for the consultation and involve-
nient of land users and for enhanc-
ingcapahihilyat the grass-ioots level 
to identity and/or contribute to the 
identilication and planning of ac-
tiimn: 

(c) DeFine specific pi -ogranime/projeet 
objectives in cooperation with local 
communities; design local manage-
ment plans to include such I1L'as-

ures ob ilogress. thereby providing 
a means of altering protect design or 
changing management practices. as 
;ippiopi -iate: 

Wi Introduce legislative, institutional/ 
organizational and linancial meas-
ures to sectire user involvement and 
access to land resoumces; 

(c) Establish and/orexpand favourable 
conditions iorthe prmisionoiserv-
ices, such as credit facilities and 
marketing outlets for rural 
populations: 

(I) Develop training programmes to 
increase the level of education and 
participation ol'people. particularly 
women and indigenous groups, 
through, inter alia. literacy and the 
development of technical skills; 

tg) Create rural banking systems to fa-
cilitate access to credit for rural 
popula! i oim.particttlarl y won iemi and 
indigenous groups. and to promote 
mural savings; 

(h) Adoptappropriatepoliciestostimu-
late private and public investment. 

(hi Data and infOrmation 
Governments at the appropriate 
level, with the support oh' the rel-
evant international and regional or-
ganizations. should; 

(a) Review, develop and disseminate 
gendem-disaggregated inl'ormation, 
skills and know-how atall levelson 
ways of orgamlizing and promoting 
popular paiticipatioti; 

(h) Accelerate thedevelopmentoltech-
nohogical know-how, focusing on 
appropriate and intermediate tech-

nology; 
(c) Disseminate knowledge about ap-

plied research results on soil and 
water issues, appropriate species, 
agricultural techniques and techno-
hoicai know-how 
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(c) International and regional coop- 
eration and coordination 
Goveriimeiits at the appropriate 
leveL and with the support of the 
relevant international and regional 
organizations, should: 
Develop progranimes of support to 
regional organizations such as 
C1LSS. IGADD. SADCC and the 
Arab Maghreb Union and other 
intergovenimental organizations in 
Africa and other pails of the world. 
to strengthen outreach programmes 
and increase the participation of non-
eovernmental organizations to-
gether with rural populations; 
Develop mechanisms lbr l'acilitatiiig 
cooperation in technology and pro-
niote such cooperation as an element 
of all external assistance and activities 
related to technical assistance projects 
in the public or private sectoc 
Promote collaboration among dif-
ferent actors in environment and 
development programmes: 
Encourage lheemei'genceofrepi'e-
sentative organizational structures 
to foster and sustain interorgani-
zational cooperation. 

Means of implementation 
(a) Financing and cost evaluation 

Th e Conference secretariat has esti-
mated the average total annual cost 
(1993-2()fl of implementing the 
activities of this programme to be 
ahoutS! .0 billion includinabout 
$500 million from the international 
community on grant or concessional 
terms. These are indicative and order 
of magnitude estimates only and have 
not been reviewed by GovemnienLs. 
Acitinl costs and financial tenris, in-
cluding any that are non-concessionat. 
will depend upon. inter alia, the spe-
cific strategies and programmes Gov-
enlments decide upon for impleinen-
tation. 

(bI Scientific and technological means 
Governments at the appropriate 
level, and with the support of the 
relevant international and regional 
organizations, should promote the 
development of indigenous know - 
how and rechnology transfer. 

(c) Human resource development 
Governments, at the appropriate 

level, and with the support of the 
relevant international and regional 
organizations, should: 

(at Support and/or strengthen institu-
lions involved in public education. 
including the local media, schools 
and community groups: 

(b) Increase the level of public education, 
(d) Capacity-building 

Governments at the appropriate 
level, and with the support of the 
relevant international and regional 
organizations. should promote 
members of local rural organiza-
tions and train and appoint more 
extension officers working at the 
local level. 

Further Extracts from 
Agenda-21 related to 
Desertification 
Paragraph 4.3 
Poverty and eriv ironmental degradation are 
closeI' imci -related. While poverty results 
incerlaiti kinds uIenvironnient;il stress, the 
major cause of the continued deterioration 
of the global environment is the 
unsustainable pattern of consumption and 
production. particularly in iridtisirialized 
countries, which is a matter of grave cnn-
cern. aggravating poverty and imbalances. 

Paragraph 4.4 
Measures to be undertaken at the interna-
tional level for the protection and enhance-
ment of the environment must take fully 
into account the current imbalances in the 
global patterns of consumption and pro-
duction. 

Paragraph 4.5 
Special attention should be paid to the de-
mand for natural resources generated by 
unsustainable consumption and to the effi-
cient use of those resources consistent with 
the goal of minimizing depletion and re-
ducing pollution. 

Paragraph 4.6 
Growing recognition of the importance of 
addressiiig consumption has also not yet 
been matched by an understanding of its 
implications. Some economists are ques- 

tioning traditional concepts of economic 
growth and underlining the importance of 
pursuing economic objectives that lakeac-
count of the full value of natural resource 
capital. More needs lobe known about the 
role of consumption in relation toeconomic 
growth and population dynamics inorderto 
lOiTnUlate coherent international and na-
tional policies. 

Paragraph 14.34 
inappropriate and uncontrolled land tises 
area major cause of degradation and deple-
tion of land resources. Present land use 
often disregards the actual potentials. car-
rying capacities and limitations of land 
resources.ns wellastheirdiversity in space. 
It is estimated that the world's population. 
now at 5.4 billion. will be 6.25 billion by the 
turn of the century. The need to increase food 
production to meet the expandi rig needs of the 
population will put ennmous pressure on all 
nattimi resources, including land. 

Paragraph 14.35 
Poverty and malnutrition are already en-
demic in many regions. The destruction 
and degradation of agricultural and envi-
i'onmental resources is a major issue. Tee h-
niques for increasing production and con-
serving  soil and wateri'esources are already 
available but are not widely or systemati-
cally applied. A systematic approach is 
needed for identifying land uses and pro-
duction systems that are sustainable in each 
land and climate zone, including the eco-
nomic, social and institutional mechanisms 
necessary for their implenientation. 

Paragraph 14.44 

Land degradation is the most important 
environmental probleni afThciing extensive 
areas of land in both developed and devel-
oping countries. The problem of soil ero-
sion is particularly acute indevelopingcoun-
tries, while problems of salinization, 
waterlogging.soil pollution and loss of soil 
fertility are increasing inallcauntries. Land 
degradation is serious because the produc-
tivity of huge areas of land is declining just 
when populations are increasing rapidly 
and the demand on the land is growing to 
produce more food, fibre and fuel. Eft&ts 
to control land degradation, particularly in 
developingcountries. have had limited suc-
cess to date. 
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International Convention on 
Desertification and Drought 

Chapter 12 of Agenda 21 calls for an international Convention on Desertification and Drought 
to be drawn up by June 1994. An International Negotiating Committee (INC) headed by Mr 
Bo Kjelling from Sweden was established in December 1992, following approval by the UN 
General Assembly (resolution A14717 19 adopted 22/12/92). Mr Kjelldn was an active 
participant in the preparations for UNCED. Mr Kjellén will be assisted by three vice-chairmen 
and a rapporteur who will represent each of the five UN regional groups. 

The INC will hold an organisational session in New York and five further substantive 
sessions, each of two weeks duration, in Geneva, Nairobi, New York and France. The dares 
of these meetings will be decided at the organizational session. The first substantive session 
of the INC will be held in Nairobi and the first week will be devoted to sharing technical 
information and assessments of drought and desertifi cation. 

The Secretariat for the Convention will be at UN headquarters in Geneva, Switzerland. It 
will be headed by Ambassador Arba Diallo from Burkina Faso, who was also a leading 
participant in the UNCED preparatory process following a distinguished diplomatic service 
career. The Secretariat will be assisted by a multi-disciplinary panel of experts to provide the 
necessary expertise in the scientific, technicaL legal and other related fields. 

The INC will be funded through existing UN budgetary resources and through a voluntary 
trust fund. All UN agencies, governments and relevant international, non-governmental and 
interested organisations are invited to contribute to the INC process. A special voluntary fund 
has been set up to assist developing countries to participate. 
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Introduction 
Deserti fic,ition v, OflC ol tlic most serious 
resource managenient problems lacing the 
world today (World Resources institute. 
199(1). It is a global issue that manifests 
itself and must be attacked at the local and 
national level (Kassas ci al. 1991). How-
ever. niostgovemmeflls have failed to give 
adequate policy attention and funds to con-
trol the deeradation. One of the major 
reasons seems to be that the economic costs 
of land degradation and the beitefits of 
controlling it have not been well presented 
to and understood by policy-makers. 

Since nocountly on earth has unlimited 
resources, every society is forced to make 
decisions about the best use of its resources. 

Cost/benefit analysis of desert itication con-
trol is useful in improving the economic 
efficiency of resource allocation since it 
can identify the underlying causes and sig-
nit)cance of degradation. and the alterna-
tive responses that may be made by land 
managers and policy-makers. Decisions 
on allocating Iiniited resources rarely can 
be made solely on the basis of cost/benefit 
assessment. Other factors, (eg, social, cul-
tural. political) invariably need to be con-
sidered. Nevertheless, the analysis pro-
vides decision-makers with organized and 
sumtrtai'ized information on the environ-
mental effects of desertificatinit. 

Anexpertgroupmeetitigcomniissioned 
by UNEP reviewed a number of cost/ben-
efit case studies(Ahmad. 1982). The group 
concluded that cost/benefit analyses repre-
sented an effective way to organize infor-
mation; that the analyses could be applied. 
at least in principle, to broad environmental 
l)rohierns and to large-scale development 
activities; that lack of data on environmen-
tat damage functions and on intangible 
societal benefits was a major constraint in 
applying cost/benefit analysis methodology. 
but that the lack should notdeter ticst attempts 
at the analyses; that when strict quan ti fication 
was not possible. qualitative estimations can 
be of substantial aid to decision-makers; and 
that a niul tidisciplinary approach is needed for 

cost/benefit analyses. 
Evaluating the costs and beneflis of 

governniental programmes for deserti-
fication control is difficult, at best. The  

difficulty increases propoilionatly with the 
sizeoltheareaincoiisideration,be ita farm. 
a watershed, a river basin or a nation. In 
spite of the limitation.cost-henefit analy-
sis at the national level can summarize 
information on the likely magnitude of the 
economic effects ofenvimnmciital changes 
in the nation and the costs of options to 
minimize these adverse impacts. There-
fore, such analyses remain uselut as long as 
proper care is taken in presenting and i nte r-
preting the results. 

Despite the apparent usefulness of cost! 
benefit analysis, there is a deficiency of 
such analyses of broad degradation pro b-
ems at the national, continental and global 
scale. Most of the cost/benefit analyses are 
limited to local situations such as farms or 
geographic units such as watersheds. In 
this paper, we attempt to present what is 
known about the cost/benefit analysis of 
land degradation and suggest how the best 
use can be made of the information that is 
available to create a national assCssillent. 

Desertification Processes 
There are five main processes of 
desertit'ication: vegetation degradation. 
water erosion, wind erosion, saliriitation 
and soil compaction. 

Vegetation Degradation: Unlike air 
and water pollution, the impacts of which 
are almost exclusivcly felt by people who 
did not cause the problem. land degradation 
has both oil-site and off-site effects. 
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Overgrazing by lastnral  i sts. a common l'unn 
of desertification, reduces the productivity 
of the rangelands that the pastoralisis' live-
stock must utilize and increases the soil 
erosion hazard, thereby lowering the prol-
itahility of the livestock enterprise. Non-
users of the land are exposed to the acceler-
ated eros ion from degraded rangelands. 

Two sets of data are needed for a cost/ 
benefit analysis. The first set consists of 
costs of implementing a damage control 
programrile over tIle project lifetime. The 
second set consists ofestimated costs ofon-
site and off-site damages expected to be 
incurred over the same period of Lime. The 
monetary estimates of the avoided On-site 
and otT-site damages from adopting the 
programme then become the benefits of the 
analysis. Cost/benefit analyses have been 
nrnde in many countries for projects deal-
ing with water erosion (Bishop. 1989: (3upta 
ci a/, 1973; Holmberg, 1990; Veloz eta!, 
1985)and salinization (Leslie and Anderson. 
1988: Anderson and Kleinman. 1978: Miller 

1986)   ot irrigated land. Relatively few 
have been made lur rangeland degradation 
(Bishop, 1989) and probably none of wind 
erosion control and reduction of soil 
compaction in dryland. 

Water Erosion Studies: Water ero-
sion is the land degiadation process that has 
been studied the most. Many cost/benefit 
studieshave heendone at the local scale. A 
considerable number of cost/benefit analy-
ses have also been carried out at national 
level although none have been done nation-
ally for large countries such as the USA. 
Studiesdone at the local level mainly inves-
tigate whether it pays for Ianiiers to adopt 
certaiti conservation practices Or govern-
mental programmes (Burt. 1980: Mitchell 
ci of. 1980; Rosenberry. 1980; Ervin and 
Ervin, 1982; Walker, 198; McConnell, 
1983; Miranossski. 1984; Ervin and Mill. 
1985; Bujo. 1989). Studies investigating 
costlbenefit of land degradation control for 
larger areas generally consider areas sliar-
ing some common geographical character-
istics. The vegetation. soil, weather. topog-
raphy and land use practice in these areas 
are usually similar. For example. there are 
studies oii the economic impacts for water-
sheds (Brooks ef al. 1982; Greig and Dev-
onshire. 19811; forfarm production regions 
(Ervin and Dicks. 1988: Taylor and 
Frohbcrg. 1977); and forthe nation(Putman 
and Alt. 1987; Kim and Dixon. 1986). 

Social Costs: Social costs obviously 
are not considered in cost/benefit analysis 
at the flinti level. However, only a few 
regional/national studies ilake all effort to 
present both financial analyses (on-site 
impacts )and social analyses. Social analy-
sis looks at a wider set of effects than a 
financial analysis. In addition to on-site 
impacts, off-site environmental impacts, 
both tangible and intangible, enter into the 
social analysis. Veloi ci u/(1 985) provide 
both financial and social ecoulonhiL analy-
ses of a soil conservation pu'uect iii the 
Dominican Republic. Prato (1985) pro-
vides a financial and social cost/benefit 
analysis of conservation tillage in the 
Palouse area of southeastern Washington. 
USA. The social costs. tangible and intan-
gihle,are difficult to estimate because many 
off-site effects ate not well documented and 
the connections between effects and land 
degradation are not well understood. There-
fore, the majority of the cost/benefit analy -
ses limit the scope of study to the financial 
analyses. However, just because tile oil-
Site impact is difficult to quantity does not 
make it less important. In fact, the off-site 
damages for water and wind emsi on tend to be 
greater than on-site damages. Presenting the 
social analysis along with the financial analy--
sis will help the decision-makers to identits 
the key constraints of the control programme 
and indicate the type and size of government 
subsidy required for effective iniplementa-
tion. Therefore. social analyses should be 
incorporated into cost/benefit analyses it' the 
analyses are to be of real use. 

National Studies: At the national level, 
the costol daniage is apparently believed to 
be easier to estimate than the costs of con-
trol. Furthermnore, there are many more 
studies estimating on-site damage than off- 
site damaze. Detailed damage costs have 
been published for the Murray-Darling 
Basin in Australia (Aveyand. 1988), which 
includes parts of four states Queensland, 
New South Wales, Victoria, and South 
Australia). and for all of Canada (Science 
Council olCanada. 1986). In these cases. 
damage consists of (he monetary cost of the 
productivity loss due to different degrada-
tiomi processes. Neitherdamage cost analy-
sis provides information on off-site damage 
or expected control costs. Ciarketa/( 1985) 
provide a national estimate of off-site dam- 
age caused by soil erosion for the USA. 
Ribaudo (1986. 1989) used Clark ci a! 

1985) numbers 10 estimate national otT-
site benefits from reducing soil erosion in 
ten larm production regions of the liSA. 
Agairt no imitonnation on the cost of water 
erosion control is provided. 

Studies ofregionsornationscustomar-
il) use some type of aggregation irocess 10 
scale up the esliniates of a representative 
area to cover the larger area. The advan-
tages of this approach are: 

I I data for the representative area 
(farni) are generally available, thus 
the cost/benefit analyses are more 
reliable. 

i2 Since thecharacteristiesof thcnvi-
ronnient are more honiogenous in 
the representative area, the assump-
tions made in estimating this repre-
sentative cost/benefit ratio are more 
re:tlisiic. However this approach 
requires making general izat ion as-
sumpti Oils i i i the aggregation process. 
And any estimation errors in tIre cost/ 
benefit analysis for the represeiitative 
area will be compounded during the 
process ofaggrcgatioii. Therefore the 
reliability of the analysis decreases 
with increasing aggregation. 

We found that existing cost/benefit stud-
ies olland degradation lack: 

I) cost/benefit aiaiysis for each deg-
radation processat the national level; 
analysis otboth financial and social 
cost/benetit analysis for each deg- 
radation process: and 
systematic approach to the estimation 
of national cost/bcuie lit assessments. 

it is with this concern in mind that we 
propose an orderly approach to national 
cost/benefit analysis 

Methodology for 

National Costlflenefit 

Analysis 

Damage and Control 

Costs 

Constructing a cost/he neti t analysis for land 
degradation roust begin with an evaluation 
of the costs of damage and of control nleas- 
ures for each of the desertification proc- 
esses. Each process differs in the kind of 
damage incurred and the con servation prac- 
licL's to be employed. 
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Desertification 	 On-site damage 	Off-site damage 
Process 

Vegetation degradation 	Forage loss 
from erosion 

Soil productivity 
reduction 

Water erosion 	 Nutrient removal 

Long-term loss in 
soil productivity 

Washing-out of crops 

Gully formation 

Wind erosion 	 Nutrient removal 

Long-term loss in 
soil productivity 

Sand blasting of 
plants 

Burial of crops 

Blowing-cut of 
crops 

Air pollution 
(dust storms) 

Sedimentation 
(water loss) 

Water quality 
degradation 

Siltation of 
reservoirs, 
navigation 
channels and 
dItches 

Sediment deposited 
on fields 

Downstream 
flooding 

Destruction of 
fishing grounds 

Eutrophication of 
water bodies 

Air pollution 

Sediment 
deposition on 
railroads, 
roads, etc 

Respiratory 
diseases of 
humans and 
livestock 

Abrasion of 
machinery 

Reduced visibility 

Mental stress 

Table I: On-site and off-site damage caused hy desertification 

Deseifieution Bulletin. NL  22. 1993 

Table I lists some of the kinds of un-site 
and off-site damage that are associated with 
each land degradation process. Off-site 
damage for water and wind erosion lends to 
be greater than on-site damage (Clark etal. 
1985; Huszarand Piper, 1986; Piper, 1989). 
The opposite is generally the case for veg-
etation degradation. salinization, and soil 
compaction in the drylands. 

Table 2 lists the degradation control 
practices and their time frame for each land 
degradation process. There are large differ-
ences in the cost of different control meas-
ures and the time period over which they 
must be maintained. 

It may be possible to aggregate the 
monetary costs and benefits of the different 
desertification processes into a single fig-
ure but the usefulness of doing so is ques-
tionable. Since the on-Site and off-site 
benefits of improving rangelands, rainfed 
croplands and irrigated lands are quite dif-
ferent and the project lifetime differs in 
each case, aggregating them makes itmoie 
difficult for decision-makers to choose 
among competing proposals for degrada-
tion control. Our approach is to evaluate 
each land degradation process separately. 

Both costs and benefits vary depending 
on the type of degradation process and the 
conditions in a particular country. Any ef-
forts to translate these degradation proc-
esses and their control practices into a na-
tional scenario immediately encounter at 
least two difficulties. 

First, there is a lack of statistical data 
which, in the case of the economics of 
desert ification. are more than scarce and 
sometimes non-existent. This difficulty 
cannot, of course. be  remedied on a short 
time scale. For the time being, we have to 
work with what data are available. 

The second difficulty is the absence of 
an adequatemethodological tool with which 
to combine rather non-homogeneous data 
into a few key numerical values. With these 
difficulties, the proposed approach is nowhere 
close to perfect. Rather, it is a suggested 
solution to the needed national cost/benefit 
analysis under the current constraints. 

Requirements for National 
Analysis 
There are two major tasks in approaching a 
national cost/benefit analysis. The first isto 
choose the representative areas for each 

degradation process. Ideally, a national 
cost/benefit analysis for water erosion, for 
example, would be the product of cost/ 
benefit analyses for sample areas repre-
sentative of the agroecol og ic al zones within 
the country. Small countries may lie en-
tirely within one agroecological zone; large 

countries in many zones. 
Each sample area cost/benefit analysis 

should: 
(1) Identity the control practices 

Conservation practices should be 
selected that maximize economic 

efficiency. Not all degraded land 
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can he reclaimed economically. 
Some ofit is irreversibly degraded 
(hummocky rangelands. badly 
eroded croplands. etc ). while some 
is only mariiially suitable forerop 
production and pastoralism. It is 
fuji Ic to ny to control all degrada-
tion. Choices must he made. We 
need to set degradation tolerance 
criteria for deciding at what point 
to institute control measures.thcii 
select the most efficient control 
practices for the areas in consid- 

er.uion. In the case of water ero-
sion. there is a general guide to 
Thcceptable' erosion. That level 
is the soil erosion iolerance level 
(TlevcI). Whilerheuscol'Tvaluc 
has many shortcomings (Nowak 
et al. 1985t, it is a reasonably 
good guide and nothing else has 
met with equally broad approval. 
There are well-accepted guides 
for tolerance levels of degrada-
tion for ramigelands. saliniied lands 
and wind-eroded land. Because 

of the great natural differences in 
soil hulk density, soil conipaction 
is a ease where there are no gen-
eral tolerance limits. 

(2) Assess environmental changes 
It is necessary to estimate on-site 
environmental changes in the flow 
of goods and services and changes 
in the condition of the environ-
ment with and without control 
practices. then do the sante for the 
ott-SUe impacts Every type of 
land degradation imposes changes 
on the natural resources (eg. qual-
ity/quantity of air. water, soil) and 
alters the flows of goods and serv-
ices (eg. crop production, labour, 
structures of conservation prac-
tiec. house and road cleaninm. 
water treaulient. flood damage. 
replacement of recreational facili-
ties. crc). It is important to com-
pare environmental changes ac-
cording to whether conservation 
methods are practised or not since 
conservation practices usually do 
not totally stop degradation. Esti-
mates should he made for the on-
site impacts as well as for the off-
site impacts, so that both social 
and financial analyses can he pre-
sented. This step involves: 
identifying different kinds of on-
site and oft-site damage: 
identifying the environmental 
changes caused by the degrada-
tion and how much the changes 
can he slowedh thecontrol prac-
tices: 
identifying time relationship be-
tween the environmental changes 
and on-site and off-site damage. 

(3) Estimate the benefits and cosis 
Benefits and costs at specific con-
servation programmes should be 
calculated from the envirottmen-
tat changes and financial data. 
This step translates the estimated 
on-site damage. off-site damage 
and costs of conservation prac-
tices into monetary terms. The 
cost of some of the damage can he 
calculated in terms of market 
prices teg. crops, labour, machine, 
chemicaist. The cost of some of 
the other damage is more difficult 
to price (eg. human health. aes- 

Land degradation 
	

Time period 	Control measures 
Process 
	

for control 
measures 

Rangeland Degradation 

1 Mean annual rainfall 
	

20-30 years 	Reduce grazing pressure, 
<250 mm 
	 seedling, fencing. 

wells, controlled 
herding, brush control, 
rotation grazing 

2 Mean annual rainfall 	10-20 years 	(same as above). 
<250 mm 	 fertilizers 

Water erosion 
	

5-10 years 	Terraces, strip cropping, 
contour tillage, 
minimum tillage 

Wind erosion 
	

1-20 years 	Grass barriers, tree and 
shrub barriers, strip 
cropping, tillage, 
minimum tillage. 
mulches 

Salinization 

1 Irrigated land 
	

3-10 years 	Drainage, leaching, water 
management. amendments, 
land levelling 

2 Dryland 
	

5-20 years 	Deep-rooted plants, tile 
seepage 
	

drainage, interceptor 
drains 

Soil compaction 	 1-3 years 	Tillage management, crop 
rotation, deep 
ploughing 

Table 2. lactoi.c Ui'OR'('(l In e.N innamig (011/111 cosfx •fiui' cltThIi1 1unl deradnnon 
/,ii)c esses. 
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thctic Value. etc, or the market 
prices are distorted. requiring Ihai 
estimated prices he used. Such 
prices frequently take the torm of 
imputed or shadow prices to ic-
tiect the social value. 

(4) Provide sensitivity tests 
A description of the overall ca-
pability of the analysis to repre-
sent accurately a natural systeni 
should be provided. The impact 
of the crucial assumptions made 
in estimating the costs and hcn-
fit.s should also be assessed. This 

includes tookin at: 
how representative the assessment 
is in relation to the "real" systeni, 
especially the accuracy of the spe-
cific assumptions that are made 
when calculating the extent of en-
vironmental damage tie, the rate 
of degradation with and without 
conservation practice. rainfall, 
population, reception of the pro-
granime. eEc). 
sensitivity to input errors and their 
respective impact on the final es-
timaEes(e,discountratc.the type 
of conservation practices adopted. 
the stability of prices of market-
able goods. the estimated prices 
for nonmarketahie goods). 

(5) Aggregating sample area analy-
ses 
Results of the sample area analy -
ses would be consolidated into 
one sumniary analysis for the na-
tion. The accuracy of the analysis 
decreases with increasing aggre-
gation since the validity of,  the 
initial assumptions made for the 
represeiltative areas diniinishes 
increasiiig!y. from a local or re-
giorial level to the national level. 

Discussion 

National cost/benefit estimates will, of 
course, he fairly approximate because of 
the high level of aggregation and sonic-
times the lack of important statistics. 
Still, this is an improvement over the 
present situation. Without a national 
cost/benefit analysis it is difficult to as-
sess the scale and the scope of the degra-
dation problenis or to adopt proper con-
trol measures at the national leveL Once 

t]lCsC ratigh est mate. have been iiiiide. 
Further improvements will he possible 
through the collection of more precise 
intorniation and the refinement of esli-
niatinC techniques. National cost/benefit 
aiialvsis thus holds ereut promise for 
improving environmental qua] LI\ 111 un-
acement for the nut ion. 

Assumptions and 
Interpations 
At the same ii me. one must have modest 
expectations. Thcrc are three principal 
reasons for this First, economic salua-
tioii relies critically on understanding 
and meastiring the physical, chemical 
and biological effects of degradatioti ac-
liv it ies. 

Secoiid.available conceptual and em-
pirical methods for placing nionetary val-
ues on noii-niarket goods and services 
are quite imperfect. For example. it is 
difficult to put a value on hunian life and 
damage to Ii Liman health, There are also 
aspects of environmental quality and 
natural systems that are important to so-
del) hut that cannot he readily valued in 
economic terms. 

Third, as has been stressed earlier. 
many assumptions must he made in cost/ 
benefit evaluation. The tiature and valid-
ity of these assuii1ptioi1' influence the 
accuracy of the evaluation results. In 
addition to assumptions related to input 
and output prices. tune frame for the 
analysis, discount rzitc and the relation of 
degradation rate to short-term and long-
term productivity losses, separation of 
the effect nt natural processes of degra-
dation from human-induced dem'ailation 
is also crucial. Forexaniple. droughts arc 
responsible for major losses of forage 
production on raiigelands. Grazing pres-
sure will exacerbate the drought effect 
but not all the loss of productivity on 
rangelands is human-induced. Deter-
nhining how much degradation is due to 
natural forces and how much to human 
activity can lead todifl'crentconc]usioiis 
on the severity of the human impact. 
There is no simple solution to this prob-
hem. An arbitrary judgemcnt must be 

made. 
One important assumption knormally 

overlooked: that the project can he car-
ried out in such a fashion that it achivcs  

itssiated goals. The po.si1bi]ityof1iilure 
is not considered. Only one global scale 
evaluation of the cost and benefit of land 
degradatioii has been auempted. A very 
simplit'iedcost/bciiefit analysis was based 
on the status of desertificatiopi in the 100 
countries containing drylands (Dregne 
and Chou. 1992). Whi]e it provides an 
overall assessment of global degradation 
problems. the results have questionable 
sigrii ficaiice For policy-making. The prin-
cipal reason is that the reliability of the 
estimate of the global degradation level 
is low. Another reason is that any control 
of I and degradation damage at the global 
les el requires coordination among dif-
fereiit countries. Since priorities and 
constraints differ from country in eoun-
liv. it is difficult to implement control 
programmes on such a grand scale. 

In tcriiis of policy making, cost/ben-
efit analyses at die natiunal level seems 
to serve the purpose better. However, a 
global estitimie of the on-site damage 
caused by land degradation can provide 
stutilinari ecl information on the stat us 
and severity of the degradation problem 
for world leaders and zlohal institutions. 

Conclusions 

Cosi/benetit analyses prov ide decision-
makers with infarniution on the nationat 
costs of controlling desertificution and 
the value of the benefits. If properly 
used, national cost/benefit analyses can 
help in the allocation of limited funds to 
preserve natural resources. The preferred 
way to obtain national estimates is to 
conduct detailed cost/benefit analyses of 
agroecologicahly representative areas. 
consolidate these analyses at sub-national 
levels, then coinhi tie the stib-nationab es-
liniates t produce data at the national 
level. Because of the considerable dif-
Ierences in types of damage and control 
practices among the fite principal land 
degradation pi -ocesses, we suggest con-
ulucting national cost/henel'it analyses for 
each of the degradation processes, not to 
itggregate them into one single study. 

Comprehensive cost/benefit analyses 
of land degradation should encompass 
both financial and social costs and ben-
efits. including on-site and ot'f-site.priced 
and unpricd elI'ects. They must he suf-
ficieiitiv exhaustive to JFO\ ide cstimates 
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that evaluate all of the major cost and 
henetit Iactors. OU-stc effects are fre-
quently more difficult to deierminc than 
on-site effects. However, for both water 
erosion and wind erosion, those effects 
are commiionly greater than on-site ef-
fects and should be assessed if at all 
possible. 

The assumptions made in the estimat-
ing and aggregating procedure are cru-
cial to the reliability of final results of 
national cosl/heiiefit analyses. The de-
scription of these assumptions and their 
potential impact on the jesuits should be 
presented. If the impact can he quanti-
fled, sensitivity tests should be conducted 
and reported to facilitate helter decision-
rnak i ng. 

Although national cost/benefit esti-
mates of each desertification process are 
imprecise, they remain useful in organiz-
ing and summarizing in formation on en-
vironmental effects, which can help 
policy-makers allocate resources effi-
ciently. In this paper we propose a sys-
tematic approach to conduct a national 
cost/benefit analysis. 

References 
Ahmad. Yusuf .1-, 1982. Ancilv:in,' time 

Op,ioims. United Natioiis Environment 
Prorammeme. UNEPstudie,.5. Nai-
robi, Kenya. pp 151. 

Aveyard, EM.. 1988. Land degrada-
tion: Changing attitudes -Why?.kno-
nal oJSoil Coimsermaüon. N e w South 
Wales 44 (I). pp 46-51. 

Anderson, Jay C. and Alan P. 
Kleinmen, 1978. Salimiiiv Mamiame-
men, Optioiufoi ilu' Coiwodo Rhei, 
Water Resources Planninit Series 
Report. pp 78-003. Utah Water Re-
search Laboratory, Utah State Uni-
versity. Logan. Utah. pp  344. 

Bishop. Joshua and Jennifer Allen, 
1989. The on-site ci)sts u/so// em-
.sinn in Ma/i. Environment Working 
Paper No. 21. Environment Depart-
ment. The World Bank. Washington, 
DC. IJSA. pp 71. 

Bojo, Jan, 1989. Case study: Benefit-
cost amialysis of soil conservation in 
Maphutseng, Lesotho, in John A. 

Dixon. David E. James and Paul B. 
Sherman (editors). The economims 0/ 

Div/and Mamium,'emeiit. Earlhscan 

Publications Ltd, London. UK. pp 
25 -285. 

Brooks, K.N.. H.M. Gregersen, E.R. 
Bergiund and M. Tayaa, 1982. Eco-
noniic evaluation of watershed 
projects - an overview niethodology 
and application. Water Resources 
Thil/etimi 19 (2). pp 245-250. 

Burt. Oscar K., 1981. Farm level eco-
nomics of soil conservation in the 
Palouse area of the Northwest, Anie; -i-
man Journal oJA,'iuultu;al Ecoimorn - 
ic's 63. pp 83-92. 

Clark, Edwin H., Jennifer A. 
Haverkamp and William 
Chapman, 1985. Erodint Soils: Time 
Oft Ewni lmnpac1.The Conservation 
Foundation. Washington DC, USA, 
1985. 

Dregne, H.E. and Nan-Ting Chuu. 
1992. Global desertification dimen-
sions and costs. in F-I.E. Dregne (edi-
tor). Deiiadation and Resiniation of 
.4rid Lands. Texas Tech University, 
Lubbock, Texas. pp  249-282. 

Erv in, Christine A.and David E. Ervin, 
1982. Factors affecting the use of soil 
conservation practices: Hypotheses, 
evidence, and policy implications. 
Land Loiuniiis 58. pp  277-92. 

Ervin, David E. and John W. Mill, 
1985. Agricultural land markets and 
soil erosion: Policy relevance and 
conceptual issues. Amneiican.Iournal 
0/AJ,'rUUltuialL(DIiofliu'i67, pp938-
942. 

Ervin. David, E. and Michael R. Dicks, 
1988. Cropland diversion for conser-
sation and environmental improve-
ment: An economic welfare analysis, 
Land Economics 64 (3), pp 256-268. 

Greig.P.J.and P.G. Deonshire, 1981. 
Three removals and saline seepage in 
Victorian catchments: Some hydro-
logic and economic results. Austral-
imi.lournal ofAgrirmilnoal Economn-
:iv25 (2).pp 134-148 

Gupta. SiLL., K. Prasad and R.K. 
Randay, 1973. An economic evalu-
ation of soil conservation measures 
in Varanasi district, UP, Indian Jour-
na/of AgrnuluoalEcunornws 28(4), 
pp 205-211. 

Hnlmberg, 6., 1990. An economic 
evaluation of soil conservation in 
Kitui District. Kenya. in John A. 
Dixon. David E. James and Paul B. 

Sherman (editors).Thvland Manage-
ment - Economic Case Studier, 
Earthscan Publications. Ltd. London. 
pp 56-71 

Husar. Paul C. and Steven L. Piper, 
1986. Estiniatingtheoff-sitecostsof 
wind erosion in New Mexico. .10w-
iicil of Soil and 14-arer Couisermatioui 
41(6) pp414-416. 

Kassas, NI.Y., J. Ahmad and B. 
Rozanov, 1991. Desertification and 
drought: An ecological and economic 
armalysis.Desertificat/oii ControlBmil-
let/mi 20. pp 19-29. 

Kim, Sung-Hoon and John A. Dixon, 
1986. Economic valuation of envi-
ronmental quality aspects of upland 
agricultural projects in Korea, in John 
A. Dixon and Maynard M. 
Hutschimdt (editors)Econom/c Valu-
ation Techniques Jor the Em/ron - 
men!: A Case Study Work Book, The 
Johns Hopkins University Press. Bal-
timore, pp  63-82. 

Leslie, Donald and David Anderson, 
1988. State Salinity Sncuteg Back-
ground Report: Economic and Fund -
in Pu/ky, Report No. 26, Technical 
Report Series. Department of Water 
Resources, Melbourne, Victoria, Aus-
tralia. pp  15. 

McConnell, Kenneth E., 1983. An ceo-
nomic model of soil conservation, 
American Journal of Agricultural 
Economics 65. pp  83-89. 

Miller, Taylor 0., Gary D. 
Weatherford and John E.Thorson, 
1986. The Sahv Colorado, The Con-
servation Foundation. Washington, 
DC, USA. pp 102. 

Mitchell, Kent J., John C. Brach and 
Earl R. Swanson, 1980. Costs and 
benefits of terraces for erosion con-
trol, Journal of Soil and Water Con-
seuranon 35, pp  233-236. 

Miranowski, John A., 1984. Impacts of 
productivity loss on crop production 
and management in a dynamic eco-
nomic model. American Journal of 
Agi/cultumal Economic-s 66. pp 61-
71. 

Nuwak, P.J., J. Timmuns, J. Carlson 
and R. Miles, 1985. Economic and 
social perspectives on T values rela-
tive to soil erosion and crop produc-
tivity, in R.F. Follett and B.A. Stew-
ard (editors). Soil Erosion and Crop 

25 



Desertification !3uIlctin NJ  22, 1993 

Pro(/uc(jijo. American Society of 
Agronomy. Madison. Wisconsin. 
USA. pp 119-1132, 

Piper, Steven, 1989. Measuring the 
pariiculate pollution damage from 
wind erosion in the western United 
States Jow'nalo/SoilantlWau'rCo,i-
.wfi000II 44 (1). pp 70-75. 

l3rato, Anthony A., 1985. Private and 
public value of controlling soil ero-
sion with conservation tillage. in 
American Society of Agricultural 
Engineers (editor). Erazion and Soil 
Producin'itv. ASAE Publication 8-
85. St Joseph, Michigan. USA. pp 
227-231. 

Putman. ,John. and Klaus AR., 1987. 
Erosion control: how does it change 
farm income?. lujonal of Soil and 
Water Conse,'vatioii (42). pp 65-67. 

Ribaudo, Marc. 1986. Reduci,u, soil 
''nsum: Offs lie heuc'lii.. Agricultural 
Economic Report No. 561. Nattiral 
Resource Economics Division. Ecu-
noiiiic Research Service. USDA Dc-
itinem ol Aericuitwe. pp 24. 

Ribaudu, Marc. 1989. Targeting the 
eonseration reserve programme to 
niaxiniizc v aterquality benefits. Lwid 

65 4j. Pp  320-332, 
Rosenherrv. Paul. Russell Knutson and 

1.ac Harmon, 1980. Predicting the 
effects ui soil depletion from erosion. 
Journal of Soil and K'arer ('on.cci'va-
u"I 35. PP 131-I 34, 

Science Council of Canada, 1986. .4 
(1O 'fl 	 (' r1flf'fl, Soil Llei,'Iath/HOn 

in ('woida. Science Council of 
Caitada. Ottawa. Canada. pp 24. 

Taylor, C. Robert and Klaus K. 

Fi - uhherg. 1977. The welfare effects 
of erosion controls, banning pesti-
cides. and limiting fertilizer applica-
tion in ihe corn belt. Ameilean Jaw -
iialo/'4v'ii.ultiu'al Eeo,uiniirc 59. pp 
25-36. 

Veloz, Alberto, Douglas Southgate, 
Fred I-litzhusen and Robert 
Macgregor, 1985. The economics of 
erosion control in it subtropical Wa-

tershed: A Dominican case. Laud 
Eemwnii 6(2). pp 145-155. 

Walker, David J.. 1982. A damage 
function to evaluate erosion control 
economics. American Journal of A-
ri( telm ral Econom ics 64, ppô9O-698. 

World Resources Institute. 1990. World 
Rcsoiii'cec 1990-91. World Re-
sources Institute. Washington. I)C. 

USA Pp 383. 

26 



Causes of desertification Percentage in the total area 
of sandy desertification 

Human causes 

Over-cultivation on steppe 25.4 % 
Over-grazing on steppe 28.3 % 
Over-collection of luelwood 31 .8 % 
Techrtogenic factors 0.7 % 
Misuse of water resources 8.3 % 

Total 945% 

Natural causes 

Encroachment of dunes under wind forces 5.5 % 

7ab/e I,' Different humwi causes (i de.vei'nfica/ion in north China 

Trends of Desertification and its 
Rehabilitationion China 

I,ue,',iatkmal C'nti'ejoi'Reww'ch aidEth 
cation on Dc'serllfleoiion Coiiri'o/ 
histituu.' of De,ert Resew'h 
Chinese A adeinv of S ience 
Lan:)wm. (lana 

Desertification is an important ecological 
problem in the world today. Judging by the 
situation in China, we consider that 
desertitication is a process of environmen-
tal degradation under fragile ecological 
conditions and miensive human activities. 
This process of degradation leads to the 
occurrence of a desert-like landscape and a 
reduction in land productivity. 

In the and and semi and regions of north 
China the main aspect of degradation is 
sandy desertification (including shifting 
sand dunes. sand dune reactivation, shifting 
sands spreading into grasslands and wind 
erosion in dry farmland). It covers about 
3340(X) km of' which 197,00) km 2  has 
already been desertified and 1 3 7 AW km 
being threatened by its process. A popula-
Lion ot about 35 million people is affected. 
By comparing and interpreting aerial pho-
tographs taken at the end of the I 950s and 
the middle of the 1970s. we note that the  

sandy desertified land has increased from 
the previous 137,000 km 2  to 176.000 km 2 . 

in other words, 39,000 km 2  of sandy land 
was desertified during this 25 year period, 
an average annual loss of 1.560 km 2 . 

From 1975- l87.judgingbyaerialpho-
tographs, TM imagery analysis and field 
investigation, we note that the sandy 
desenifled lands have increased by 25.200 
km. an average of 2,1(X) km 2  annually. In 
north China, the sandy desertified lands are 
mainly distributed in: 

(a) agropastoral regions in the semi-
arid zone - about 40.5% of total 
sandy desertified land; 

(h) uridulatingdesert steppe inthesemi-
arid zone - about 36.5%; 

(C) marginal oases and lower reaches 
of inland river in the and zone - 

about 23/c. 
Table I shows the different human eco-

nonlic activities that cause the sandy 
desertificution. Tahle2shows the develop-
ment of desertified land in some typical 
regions in north Chinaduring the 1970sand 
1 980s. 

From the view point of spatial distribu- 
tion of desertification in the last 10 years, 
the following points are worth rnentioning 

1 The dry farmlands in the sandy 
steppe region represent territories 
prone to desertirication or land with 
high rates of on-going desertification 

(Table 3. In the last 10 years the 
desertification of grassland hasde-
velopedatananiazing velocity with 
the annual spread rate of desertified 
land reaching 5-10%. 

By Zhu Zhenda 
Dirt',r and P, - f's.vi' 

Wang Tao 
Asocüile Pi'fe.ssir 
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2 Iii some pre-existing desertified re-
gions such as sandy land in I-Jorqin 
and along the great wall in Shaartxi 
province, recent development and 
the adopuoti of some control meas-
ures has reduced the rate of 
deserti fication. The annual spread 
rate varies between 2-5%. 

3 In recent years. with the construc-
tion of the energy base, in particular 
open coal mining, the desertified 
lands have spread rapidly. For cx-

ample,the area of deserlified land in 
Shenfu coal field is now some 62%. 

4 In the last 10 years, desertification 
of grasslands has also developed 
very quickly (Table 4). For exam-
ple, in the north part of Ulanqab 
league the desertified land area has 
increased from 18.1% in the 1970s   
to 30.4% in the 1980s.   It is charac-
terized by the ground surface be-
coming rough. the appearance of 
shifting sand and the deterioration 
iii quality of the grasslands. 

5 When some control measures have 
been adopted over 10 years, the 
spatial range of desertified land has 
contracted. In the southeast part of 
sandy land in Mu Us. reversion was 
at an annual rate of between -0.6% 
to -0.8%. 

6 In desertified regions with "eco-
logical elasticity" in the semi-arid 
zone. desertified land can be reha-
bilitated in 5-7 years as long as some 
measures are adopted, including 
readjustment of the land use struc-
ture.fencing to exclude grazing ani-
mals. and afforestation and 
stabilization of shifting sand dunes. 
Thiscan be seen, in particular. in the 
Huihe region of 1-lulun Buir steppe 
where the natural condition is better 
than other sandy areas. The 
desertified land has been trans-
formed into woodland of Pious 
xvhesnis. 

The development trend ofde serti ficati on 
according to three laiiduse types in north 
China in recent years is summed up in 
Figure 1. From this analysis we can con-
clude that although the deserlified area of 
some localitieshasbeeii reducedsince 1975, 
as a whole, desertification is still a spread-
ing trend. In the rehabilitation of desertifled 
land, protection should first be given to 

Regions Representa- Desertif led Desertif led Period 
tive region land in land in 
(area km2) mid 1970 mid 1980 

area 	% area 	% 
(km 2) (km 2) 

Chahar 9,050 2848 	315 5,992 	66.1 1975-87 
Ulanqab 46660 2,031 	4.4 4,055 	8.7 1975-87 
South Ordos 6,551 5,729 	87.5 5,248 	80.1 1977-86 
Mid Korquin 2709 1,270 	46.9 1,152 	42.5 1974-88 

Mid AIxa 1,573 1,171 	74.5 1,308 	83.2 1974-84 

West Alqa 16,200 3480 	21.5 5,955 	36.8 1975-86 
North Hebei 17,250 2524 	14.6 4608 	26.7 1975-87 

Table 2:TIie (leuclupolent of landd 	ilijation in some np/cal regions. 

Regions Percentage of shrub sand mound in 
wind-eroded cultivated regions 

Mid 1970s Mid 1980s 

Duolun 14.1 30.5 

Huad 13.2 37.7 

Kartgbao 14.7 21.2 
Shangyi 2.2 10.8 

Fengning 11.4 15.9 

Table 3: 	IampIes of dese,tiflcatum dei'eIopn:en' in cliv flu miand i-cc/a/n 

Regions 	 Percentage of desertification grassland in 
the county 

Mid 1970s 	Mid 1980s 

Huangqj 8.5 17.3 

Beiqi 13.8 28.1 

Lanqi 3.5 15.5 

Japushi 	- 4.0 15.6 

Table 4: Examples of deseitification deelopnien( ingrazing /j 

threatened productive desertified land, oth-  lands dotted in the coastal region and north 
erwise desertificalion will be exacerbated China plain cover 37,000 km 2 . Hot dry 

and will result in great economic loss. 	valleys in southwest China, such as the 

In recent times desertification in valleys of the Jinshajiang River and 
subhumid and humid regions has also be-  Minjiang River, have developed sand dunes 
cornean importantecological/environment along their length. In the low reaches of 
problem. For example, the blown-sand Ganjiang Riverclose iothecityofNanchang 
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Regions Range land Dry 
farmland 

Irrigated 
land 

Others 

HulunBuir 

Korgin 

Otindag  

Ulangab ..-_----. -- 

Chahar 

Ordos 

Northern Shanxl 

Ningxia 

Aixa 

Chaidam --- 

Desertitication developing 

Desertification accelerating 	- - 	- 

Improving 

Static 

Fir,ure 2: The developing tiend of land deserrifleation in northerii China during the last 
decade. 

mentprocessesand trendsoldeseriification, 
and practices to combat the pioblem have 
been carried out in different natural zones. 
namely at: 

1 Linzc station at an oasis in the mar- 
gin of an and desert zone; 

2 .Sliapotou station in a sandy desert 

region in an and zone; 
3 Yanchi station in a desert-steppe 

zone; 
4 Naiman station in a semi-arid zone; 
5 Yuchen siationinasub-humid zone; 

and 
r 	6 Nanchang station in a sub-tropical 

humid zone. 
On the basis of this work, and over 

many years, we have developed a model for 
rehabil i tation ofdesertified land which com-
bines experimental, demonstration and 
popularization processcs.Themodel iscom-
posed of three systems: 

1 The target of rehabilitation is for 
complete de sert i f icat i on con trol and 
improvement of the economic de-
velopment system. This includes 
the following: 

economizing in the use of 
resources: 
moderate exploitation; 
environmental protection. 

2 Measures should be suited to local 
conditions. For example. with re-
eard to desertification in wind ero-
sion zones in: 

Arid Regions 
Water resources should be rea-
sonably distributed from upper 
to lower reaches of the inland 
river and wale r-econoni izing ag-
ricuhural practices should be de-
veloped. Protective networks 

should be established in oases 
and windbreaks 01 trees and 
shrubs should be set up around 
the oases. Plants should be 
grown and mechanical fences to 
control movement of sand 
should be set upto stabilize shift-
ing sands outside the oases. 
Semi-arid Regions 
The structure of landuse in 
drylands should be readjusted 
and thecarryingcapacity should 
not be overtaxed by grazing. 
The forest and grassland area 
should be enlarged and those 
lands with better water and soil 

ajidon the banks of Poyang Lake inJiangxi 
province, blown-sand lands cover an area 
of 3.2 ,c 10 ha. 

Desertitication caused by watererosion 
is also vety severe. In the hilly region of 

granite red rock series and laterite in south-
east China, the desertified area measures  

0.197 million km 2 . In the mountain and 
hilly region in southwest China the 
desertifiedareais0.457millionkm. There-
fore it is very important to find different 
ways to bring the different types of 

desertification under control. 
Studies of the characteristics, develop- 
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(A) 	 (B) 
Yauledianzhi. 	 ShabianLhi. 

Naimanqi county 	Yanchi county 

984 	1988 	1984 	1988 

Shifling sand area (ha) 1.000 333 1,472 l.(X)5 

Vegetation cover (%) 10 30 7 30 

Grassy yield on sub 240 1.320 
fixed sand land 
(kg/ha) 

Grain yield 150.000 25000(} 146,000 21400() 

Average annual 190 430 399.8 8918 
personal income 
(Yuan/year) 

Tab/eS: The compalixons of sone targets heftie andajeer harness of f/ic cksciti/Iedlwul 
in sandy land in Horqin (A) and Mu Us (B) 

Deserüflcallon Bulletin. N  22. 1993 

conditions should be used for 
intensive farming and be pro-
vided with shelterbelts. The 
planting of forest betweendunes 
should be combined with the 
fencing of rangeland and forage 
farming should be carried out. 

(c) Humid and Sub-humid Regions 
Sandy land should be flattened 
and irrigation systems set up. 
Sandy land should then be cov-
ered with clay and forests or 
grass should be planted. The 
construction of wind break for-
ests should be combined with 
the planting of fruit trees or an-
other economic crop. 

3 These measures are implemented 
through: 
(a) 1-ugh-level policy-making and 

the involvement of leadin or-
ganizations at different levels. 

(h The provision of technical ad-
vice to landusers fi-oni research 
institutes and science and tech-
nology departments. 

(c) Cooperatioii with research in-
stitutes, local governments and 
local people. 

This model tallies with the actual situa-
lion of different desertified rei ions and also 
achieves the goal of integrating the ecologi-
cal, economic and social benefits together. 
Twoexamplesoiwherc the model has been 
successfully applied are shown in table 5. 
Another example in southern China is the 
Tangbeihe River basin of Xingguo county 
where severely desertified land caused by  

water erosion covered 82.4% of the whole 
basin. After 10 years of rehabilitation the 
vegetative cover has increased from 10% to 
53%.the total grain yield increased by 32% 
and average personal income increased 7 
limes. 

These examples prove that land 
desertification can be checked and that 
desertifted land can be turned into produc-
five agropastoral land so long as the neces-
sary measures are adopted. 
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Taming the Thar Desert of 
Rajasthan, India 

By Rajiv K. Sinha 
4ssis&n:t Pi /is.o.0 //hitnun LeoIuv 
ludna Gaiid/ti Ceittie a//IEEPS 
LI,iiiersuv /Rajasiliun .Jaipui 
1u1ia 

Abstract 
Desertitication is a silently gi'os ag eco-
logical crisis threatening the existence of 
man on earth. Desert covers 409 of land 
surface today. India has 2.34 million km of 
hot desert called i/air which is spreading 
mostly in the western part ni Rajasthan and 
is believed to be slowly expanding towards 
the east. The State Forest Department in 
cooperation with the Teni tonal Army (Eco-
logical Task Foi'ce) is actively engaged in 
controlling theexpansionofiheThardesert. 
Afforestat ion, sand d one stabi lizat ion and 
creation ofa rnicro-cliniute throuh shelter 
beltplantaiions have been the main strategy 
of desertitication control. The roan-made 
Indira Gandhi Canal which brutes sweet 
Hiinalavait water and traverses the Thar 
desert is proving to be a boo ii in the attor-
estalion drive and desertitication Conti -ol 
piorzi 11111 le. 

Introduction 
Desetti1i- atioii isalobal evil that is spread-

ing monstrously. like a cancer, all ocr the 
world. It covers neatly 4014 of the world's 
land suiface. Illeasuring sonic S million 

k I I 1 2  at l'csen(  mILl could 	cntuull 	I iple iii 

size by the turn ol the next century. l)escrts 
are mwcIthi' in every continent of the 
world, destroying arabIc lands. uprooting 
livestock and disrupting food production. 
Near]y27 million hit of valuable fertile land 
is kist every year. or47 ha every minute. by 
desertification (UNCOD report. Nairobi. 
1977) and the pace ofthis destructive proc-
Oss is such that every passing day is a step 
closer towards ecological disaster. 

The destructive process is not only re-
stricted to the ftinges oitlie existing desert 
but is also spreading rapidly l'roni the arid 
and semi-arid zonesto the sub-humid zones 
of the earth. 

Thar Desert 
The hot 11k/I desert of the Indian sub-
ColitinCilt represents one of the must inhos-
pitahleaiid zones of the world. 85% of the 
Than lies in India and the rest in Pakistan. In 
india, (lie 2.34 titlhion kni of Thur are 
located mostly in western Rajasthan. 
Gularal. south-western Punjah and 
l-Iarayaila and putt of Kaniataka. In fact. 
91 174,  of the desert i2.08 million km 2 i falls in 
kajasthim coverilig about ( 1 1h of the geo-
graphical areauf die state. It is located in the 
tioithwcsteni pail of Rajasthan between 
latitudes 23'' ,I'N and 30  I 2N and 
longitudes 63 30'E and 70' I'E. The 
Araavalhj hills, which are older than the 

Himalayas, intersect the State to the north-
east and to the flest lies the desert which 

covets. alniot entirely. Jaisalnier. Ban-ncr. 
Bikminen, Jodhpur, Churu. Ganganagar and 
Jliun;hun LI. aiid parts of Nagpur. Pa Ii, .Ialore 
and Sikar districts of Rajasthan. 

It is a general notion that the Rajasthan 
desert is spreading annually over 2.0(X) ha 
of productive land and is advancing at the 
tate ofO.5 km peryear. At this rate. i (would 
engulf the state capital. Jaipur. and eventu-
ally the national capiutl. Del hi. in a few 
decades. Whether or not the desert is in-
creasing in size to occupy new areas is 
debatable, hut it is certainly increasing in 
desert-like qualities The scientific truth is 
that the desei't ecosystem has further dete-
riorated with the accentUation of aridity and 
xeric conditions. These have been brought 
about by over-exploitation of scarce veg-
etation by the ever-increasing human and 
livestock p0pUkttioii 

Ecology of the Thar 
Desert 

The CL'OlOtiS' of the Thar desert of India is 
peculiar in that. although a desolate, barren 
land, it is highly qcnciic - in other words, 
with the slightest precipitation it turnsgreen. 
Besides having vast potential lorbiological 
pi'oductivitv. it has well-adapted grasses, 
trees and excellent breeds of livestock. It 
has rich reserves of minerals and an abun-
dant potential for solar and wind power. 
Water is the only limiting factor and an 

inipediment in the growth and develop- 
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ment of the local people. The problem of 
water scarchy in the and zone is com-
pounded by its poor quality. The ground 
waters that are present at great depths. 
ranging between 100-150 metres deep. are 
mostly saline. The salinity level ranges 
between 6-7 grammes of soluble saitsllitre 
of water and as such is unfit for human 
consumption and domestic use. Over the 
years. the continued use of this water for 
irrigation has rendered the and soil signiti-
cantly saline. Salinization of soil is one of 
the major problems of the Thar desert and 
has been one of the serious causes of 
deserti heat ion. 

The Indian desert is characterized by 
high velocity. rollingsand dunes: highdiur-
nal variation of temperature; scarce rainfall 
- less than 300 mm per annum; high wind 
speed, often reaching up to 150 km per 
hour; intense solar radiation and high rates 
of evaporation. The sandy soil of the desert 
has a rapid water infiltration rate, poor 
fertility, low humus content due to rapid 
oxidation and high salinity. All these con-
ditions are very hostile to the existence of 
life and yet large human and livestock 
populations inhabit the area. The popula-
tion density of the Thardesert ishigherthan 
in other deserts of the world - around 71 
persons per km2  as against an average of 3 
persons per k& in other deserts. The 
livestock population is also very high with 
camels, cows, goats and sheep making up 
the main livesiock heads. 

Archaeological evidence suggests that 
the region was once a flourishing, green 
countryside with thick forests and a well-
knit system ofrivers of which the Sart,swathi 
and Yamunu were the main tributaries. 
Epigraphic evidence by Landsat Satellite 
Imagery confirms this theory. The on-
slaught of man and his domestic animals on 
the locai ecosystem changed the panorama of 
the region from a land of plenty to the cunent 
land of poverty in less than 5J0X) years. 

Causes of desertification 
The possible causes of desertification in 
India can be attributed to: 

I Climatic changes resulting from 
global atmospheric circulation; 

2 Failure of monsoon and the recur- 
rence of drought year afler year; 

3 Depletion of underground waterdue 
to massive discharges; 

4 Mismanagement of land resulting 
from faulty mining activities. un-
planned irrigation and faulty agri-
cultural practices: 

S Large-scale 	deforestation. 
overgrazing and soil erosion: 

6 Damaging effects of toxic pollut-
ants and acid rains on soil and veg-
etation. 

The process of deset -tification in the 
Thar desert starts with symptoms such as 
the growth and encroachment of mobile 
sand dunes and sand sheets:dec lining avail-
ability of ground water: waterlogging and 
salinization of irrigated lands; and the dete-
ri orati on ofgrasses and appearance oispiny, 
unpalalable herbs and shrubs. 

Man and his companion livestock are 
aggravating the desertification process. 
Sheep aiid goats are great desert-makers, 
eating every bitof vegetation. green or dry. 
Locusts devour whatever green vegetation 
is left and even defoliate the entire tree. 
Rodents induce massive soil erosion by 
excavating thousands of kilogramrnes of 
soil per day and ravaging the germinating 
seeds and seedlings underground. 

Strategy of desertification 
control in India 
A UN Conference on Desertitication 
(UNCOD) was held in Nairobi. Kenya. in 
1977 to formulate a Plan ofActiori to Com-
bat Desertiticationon a global scale. Affor-
estation was considered to be one of the 
most adequate remedies to control 
desertification. This fact was realized by 
the Indian planners and scientists much 
earlier but tack of water proved to be the 
most severe constraint in the afforestation 
drive in the Thar desert. 

Indira Gandhi Canal 

Afterindependence.lndiapaid much atten-
tiOn towards the control ol desertification 
and the development of the desert regions 
oftliecountiy. With these aims in view, the 
RajasPflwt Canal. later renamed the Indira 
GandhiCanal, was constructed to bring the 
sweet Himalayan waters of the Sutlej Ravi 
and Beas rivers of Punjab and Harayana to 
the remote deserts of Rajasthan. The 649-
km-long, man-made canal, symbolizing 
human victory over nature. passes through 
the desert districts of Rajasthan and termi- 

nates at RD 1458 near Mohangarh village 
in Jaisalmer. To fight de.senitication. the 
Government of India established the Cen-
tral Arid Zone Research Institute (CAZRI) 
and the Institute of Arid Zone Forestry 
Research (IAZFR) with headquarters at 
Jodhpur. Rajasthan. 

With the arrival of the Indira Gandhi 
Canal the entire scenario of the Thar desert 
ecosystem is chaiiging fast, particularly 
with regard tomanagement.apparently into 
an ever-green forest ecosystem. Large-
scale a ffore st at i on works have been under-
taken by the state foresi department in co-
operation with ex-servicenlen from the 
territorial army, knowii as the Ecological 
Task Force, Besides building a network of 
road systems, developnieni of agriculture 
and horticulture is also in progress in the 
Thar desert. Several of the large. hostile, 
mobile sand dunes have been stabilized by 
vegetal cover of adapted bushes and grasses. 
Potable water is now available to large 
sections of the human and livestock popu-
lation of the desert. 

Creation of a micro-

climate in the Thar 

The main strategy of the atforestation plan 
in the Thar desert has been the creation of a 
micro-climate by pluming shelter-belt and 
wind-breaker trees to reduce the hazards of 
the rolling sand dunes and hot dry winds. 
For this purpose. fast-giowing Euealvpnis 
mwmiulduleiisis is particularly suitable for 
the formation of tree screens. 

With the availability of canal waters. 
thick rows of Eaea/vpius trees have been 
grown in the deserts in selected pockets and 
the area within the Eivalvpiiis micro-cli-
mate has been developed either for the 
purpose of further afforestation by adapted 
species of economically important trees, or 
has been converted into productive agricul-
tural fields after improving the soil with 
animal dung and compost for successive 
years. The trees planted within the shelter-
belts are the timbers rohira (Tecrnella 
umbilata) and ardu (Ailanthuse.veelsa); the 
revolutionary fuelwood plant. su-babul 
(Leucama leueoct'phula): and the multi-
purpose tree. khejri (Fiu.wpis cme/a1ia). 
known as the tce oj'eu'rn/iv to the local 
desert people. Besides these. shisham 
(Deibergia sissoo). neem (A:wliiadita 
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The rnaii- n iude !ndii'a Gandhi Canal which a'acei'ses the Thai' desert. These plantations 
a, Bikaiic'i' cIil/ elsciihei'e aloii,i, die banks oft he Canal are FIOHj1oW'iVIliilg Pliota R.K. 
Sin/to. 

1a,iii#it. the Diciv Desert of Rajasthan. India 

iiidkaandkikar(-teueiu/iaTi/iy) have also 
been planted on a large scale. Such pockets 
of man-made lorests. with introduced 
cliinkaras and black bucks. trequenily dot 
the barren desert all along the Indira Gandhi 
Canal in the Gzuiganacar and Bikaner Dis-
U'lCts of Rajasihan and litive largek helped in 

nisting iurilierdesc:iificaiioii oitlisc areas. - 

Meeting the three basic 
needs of the desert people - 
food, fodder and fuelwood 
The biggest achieveniem 01 the afforesta-
Lion plan and the creation of micro-cli-
mates in the desei-t has been the reclamation 
of barren desert-land for agricultitral produc-
non. The Ganganagardistilci has become the 
granary and fruit orchai%loftIle state s ith triass 
production of wheat. bajia. grounduLits. lem-
ons. kino. malta. guavas. grapes and her. etc. 
Besides these, cotton plants have also been 
raised with success. 

Aiiother significant achievement is the 
mass production of fuel wood and it utritive 
fodder for the desert livestock, Grass 
(Lesiiu'ussindiciis) has been grown all over 
the desert area, even outside the micro-
climate zones where other plants are unable 
to thrive. This revolutionary grass has 
significantly helped in stabilizing the blow-
ing sand dunes and thereby controlling 
expansion of the desert. The fast-growing 
fuelwood plant. su-hahu I (Lc'ucie'ui 
1eui'oeep/iuI, and the production of fod-
der crops in the Thar desert has had a 
positive impact on arresting desertification 
since over-exploitation of these two basic 
necessities of lile was causing further 
desertitcation. 

Planning for ecologically 
sustainable 
desertification control 
The stralcgv lordesertilication cuitrol that 
has been followed by the State Forest De-
partment of Rajasthan in cooperation with 
the Territorial Army has undoubtedly 
yielded good results so far. However, the 
choice ol'EivaRptv.s trees to form the shel-
terbeksin the micro-climate areas has been 
harshly criticised by several Indian envi-
ronniemalists and ecologists. Euta(vp!u.v 
has been branded as an ecological monster 

because of its exceptionally high rate of 
water L'ollsumptiOn (40 litres/tree/tlav) and 
it is therefore considered highly uilsLiitahle 
for desert lands. 

In the course of our regular field study 
tours From the Indira Gandhi Centre of 
Hunian Ecology. University of Rajasthan. 
Jaipur, to the Bikaner and Ganganagar re-
gions of the Thar desert, we constantly 
interact with personnel from the State For-
est Department who work in the afforesta-
tion task and clesertification control. Sonic 
suggestions were put forward to the Forest 
Depaitinent regarding the choice and selec-
lion of plants that are ecologically more 
compatible and adapted for at'forestation in 
the desert regions. It is necessary to under-
stand the botanical and ecological requite-
nients of the desert area otherwise tree-
planting witleitherbedoonied totTail or will 
he ecologically destructise in the long run. 

Scientific selection of 
suitable species - ecological 
compatibility and 
physiological sustainability 
Fast growing. multi -purpose plants w i tli 
hih biomass which can also serve as sand-
hinders and wind-bieakeisand are resistant 
to attack from rodents and pests would be 
mostsuiuihle for alforestation in t h e deserts. 

The selection has to be niade from both 
native and exotic species. These plants 
should also fulfil the following physiologi-
cal and ecological requirements: 

Maintain higher concentration of 
solutes, ie, higher osmotic pressure 
within their cells: 

2 Maintain higher rate of photosyn-
thesis and growth at low cell water 
potential: 

3 Gain maximum carbon for photo-
synthesis from the atmospheric car-
bon-dioxide pool. with mininium 
lossoiwater through theirstomatas: 

4 Avoid carbon loss tliroLigh photo-
respiration to achieve higher 
bionnass: 

5 Be capable of fixing atmospheric 
nitrogen through symbiosiswithN -
fixing bacteria and thus enrich the 
soil hirtility: 

6 Be capable of growing in impover-
shed and saline soils: 

7 Withstand higher temperatures. in-
tense solar radiation and water-stress 
conditions 

The C plants of the faitiilies 
Eu phorhiuceac - Amarani haceae. 
Chenopodiaceae and Gramineac which 
operate by the Hatch and Slack pathway of 
photosynthesis and carbon fixation, and 
leguminous plants with symbiotic nitro-
gen-fixing bacteria in their root nodules 
have many of the above physiological and 
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The man-made mie; u-c It mate in the Thor deseli , Bikanet. Within these Euro h'ptus shelter 
be/is on the banks a/f/u' Induce c;ancmi iona/ the land has been crc/aimed /oragrunhiura/ 
,ocithu unit n/n'/irOf c', 'uuiidnii/s, tuara', conan. c'Ii. . . P/into: R,K Sin/ta. 
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ecological properties. Eupharhia It i,'i a.  E. 
riirus. Rilipius 

'flflifliiu?iS, 4tiip/e.v ailicu/ata. 
Danili'o u/anla.c /nanilisii. PIillun iIiii 
enthiltu. fleThei' C! .515500. Cassit: siClmea, 
.4cww toi'tth.' .Se'JJcJ!liO g,'a,a/i/Tora and 
the glasses La.viw -ux siodic,ts. Tharhwia 
deeunibcns and I)hitur[u ki'uuthciis are 
versatile plants capable of growing tinder 
diverse ecological conditions. 

The oilier group of plants with wide 
ecoIoicai adaptations to thrive iii thedeserts 
are Casiwiiaa eqiü. tetha. 4i/aiitIiits 
ea-eeIsa,SinlaIuIaIsia('hinc)isjs, Ca/atropis 
f)!'()('e!(/ and A:a(/iradffa Indira. 

The fast growing Dw!thrn -aIamus, 
Delhei'gia and Ailanilms are especially suit-
able for shelter-belt plantations and for the 
creation of micro-climates, Dandim a/omits 
bra#ic/isii, the newly bred species ol bam-
boo, grows at the astonishing rate of 4 cm/ 
hour (Phondke. SR. June I990). They call 
be grown with back rows of Eucalvpnis in 
the initial stages. Later. Eucahplus could 
be removed after a few years, as soon as the 
other gloups oltices are ready Intake over 
the position as tree-screens. 

Eupluirhia. .Iatrc'pha. Rieiiriis and 
Calutivpis occupy special sigiliticance as 
pc/la-claps. Their latex is rich in bog 
chain hydrocarbons and Eiiphni'hia 
ticular burns fiercely. Ca.vuarina thrives 
well in saline soils and is a good fuciwood 
plant with an energy content ranging be-
tween 4A)00-4.5(X) kcah/gm. 

Sand dune stabilization 
strategy 
The tree-screens and shelter belts of 
Dwrdroralamus and DellTerl,'ia around d Line 
areas effectively work as wind-breaks and 
greatly reduce the menace di wind erosion. 
The dunes can then be covered by adapted 
eraSse.c reepers. herbs and under-shrubs. 
La.iizn'us sintheus. Sae/zlioru,n miuija. 
CaIoi'i'pis ,u'ocera. Ca/Iicoitiini 
po 4~q4 ni o dc's and err vei'ia :i:af l(luks have 
a reniarkahle capacity for holding snil to-
gether. The sand-biiider grasse.. ic. 
Amp/upogou (cilwiflUS and Zvgnc'Ii(aa 
pw'adoxa from the USA can also be tried 
anywhere in t h e desert. Tradesecmtia spp. 

and ic/nina spp. which are ever-green 
creepers needing very little moisture and 
are capable of growing even on bare rocks. 
can also be used to cover the sand dunes. 

Strategy for water 
conservation 
The ccologicat conditions cil the desert de-
mund a strategy for water conservation 
throutili curbs on evaporational loss Froni 
soil and tralispirational loss from plttits 
The regular spraying of some ztnti-tIanspi-
ration chemicals such as Alkene Succinic 
Acids would induce stonital closure, re-
ducing hot 11 water and respiratory CO. loss 
without impairing tue rate of photosynthe' 
SJS. To maintain a proper aLl uahal ance in 
thehostile,ilrs deseii.onewonderfulniethod 

of water and liloisture conservation is to 
embed large, porous earthen jars with a 
water-holding capacity of 15-20 gallons 
into theearth rt regular intervals between 4-
5 trees on the afiutested kind The water 
from the ars would slowly diffuse to the 
roots and the moisture contents of the area 
will remain high. This would prevent 
evaporationzil loss of water from the soil 
surthce and ss ou hi also IVOLICC the risk of 
salini,:u ion 

Combating salinity and 
improving fertility of 
desert soil 
Sa1init 	nFerlil liv and uil erosion pose a 
serious hurd]c to the alforestation drive in 

the deserts but they can he tackled with 
nature's own machinery and technology. 
In ii chain of phalli succession starling on 
hare sand (Psanimosere), the pioneer corn-
nlunittes to take root are gefleratly the sand-
binding. lialophyticgrassessttchasSpiiiifex 
or Ipomea: herbs such as PortlilaCu 

rvsiallina: nitrogen-fixing lichens such as 
Cofica It I coccophol us and terrestrial, blue-
green algae such as Noson fiuli',e/Iifinnie. 
They are ecological]y adapted to withstand 
extreiiieteiiiperatures and desiccanon: have 
the ability to withhold any precipitatioti that 
might fall: and are least affected by high 
winds. 

Mass introductioii of such haluphvles. 
lichens and blue-green algae is suggesied in 
the micro-climatic zones of the desert. The 
halophytes would assist in the biological 
desa Ii Ti izatiori process and help to rite laini 
saline deseii lands for other purposes. The 
lichens and blue-green algae would enrich 
the soil with nitrogenous organic contents 
and increase its Fertility, These pioneers 
would restore the saline arid soils to conch-
tions fit for the growth of oilier plants. 

Moreover, the Thar desert of Rajasthan 
has a large population of livestock. Their 

dung should be compulsorily dumped in 

the areas to be reclaimed. The resulting 
cOtlipflst would 1101 only increase the or-

garlic content of the soil but would also 

improve its nioisture-ho!ding capacity and 
reduce saliiiitv to a great extent. 
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A Jiiiihu(wt a/the 1ndn Gandhi anal at B//hiker. The Ha/er is Ifli1 a/al siplie inei/ji 
afforesration on both rides. Photo: R.K. Sin/ta. 
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Desertificamion in progress in i/inn Jluimu district of Rajasthan. The hlowftig sand sheets 
are spreading oi ,er the hi'itile land. The flees in the bace, -auntl are KIte/)-i (Prosopis 
cineraria), a ito/itT of the Thai desert. Photo: R.K. Siha. 

Ttinihig thc Thor Desert of Rajasthwi, 111(110 

Conclusion 
Tuiiiig the hostile deserts 01 world is one of 
mankind s bi-Lcsi challenges. In India. the 
Liming of the Thai isa ramesample of man s 
control over nature. Ecologists differ in their 
assessment of this historical feat. Sonic de-
scribe it as a htiriian-incluccd eeo1uric,i term- 
/UtiO/f and !C/!UiSSWU(' of the once-flourish- 
nig, green couflliysidc; others brand it as 
blatant Inirnan iiiie,ft'ience into nature and 
have serious appneheiis ions of an ecological 
backlash some time in the future. What will 
happen 1(X) years from now cannot be pre-
dicted but ills true to say that the Tharecosys-
tern is radicalfvchangingatid the inhospitable 
hostile desert is becoming more hospitable. 
The hazards of desertification are becoming 
greatly redLieCd and many agricultural-based 
industries are likely to conic up in the region. 
it cuuld becoiiie aii ideal habitat for future 
human senlemenLs in India. 

With perfect ecological know-how the 
monstrously spreading hazards of desert-
i fi cut i on can he rediice&l throughout the world. 
Hostile dcseiis can be tamed for the benefit of 
mankind and, by converting them into or-
cliards and granaries, they will be able to feed 
the growing Ii aman population of the world. 
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Summary 
Invesintents in soil conserv'atioii have to 
be justified not only in terms of environ-
mental sustainability but also on the 
grounds of providing an economic return 
on investment and mainjainine food pro-
duction levels. In other words, with 
special regard to policy and decision 
making. we need to calculate the nega-
tive impact of unchecked soil erosion. ie . 
the real on-site and ofl'-ite costs of deg-
radation processes and therefore the po-
tential benefits of conservation invest-
ments. 

This paper looks at the effects of 
erosion and lurid degradation on soil pi'o-
ductivity. In particular, it summari/es 
already published research carried out on 
this issue and related aspects. 

In the first section the main features 
characterizing the erosion/prodtictivity 
relationship are recalled. The principal 
agrocconomic consequences of soil ero-
sion on yields and farm economics, on 
the use of land, on socio-economic sys-
tems. etc, are briefly stimmarized in sec- 

lion two. Estiniaie'. of '5oil CFU',iiiIi costs 
in tempenue and tropical areas are re-
ported in sections three and four. Fi-
nally. in the last section, someconclusive 
remarks are niade, with particular re Ic r-
ence to policy making and the future 
deeIupmenr of research. 

Introduction 
The tilain purpose ofthis paper is to look 
at the effects of erosion and land degra-
dation on soil productivity, in particular. 
it is to he seen as a short review of what 
has been published on this issue and 
related aspects. both in terms of research 
methods and main findings. 

There isno point in emphasizing once 
again the "desperate riced" for an eco-
nomic assessnient of the problem. What 
is clear is that soil scientists. agricultur-
isIs. economists and, above all, policy-
makers all need t'actual evidence of the 
damage caused by erosion processes and 
therefore the cost of foi'egoing conserva-
tion practices (ie. the hidden cost of not 
investing in soil conservation). Demon-
strating that erosion reduces soil produc-
tivity is clearly essential if conservation 
policies are to be justified in economic 
terni s 

Estimates of on-farm and off-Farm 
costs of erosion can actually change our 
perception of the erosion problem. both 
at national and international level. At the 
same time, they can be extremely useful  

elements for deciding the level and how 
financial resources should be allocated. 

Finally, since the main corpus of re-
search focuses on on-site erosion effects 
in temperate areas, most of the findings 
and estimates provided tall into this cat-
egory. Only in the 1980s has substantial 
atrention been directed toward tropical 
soils. However, we will try to look at the 
tropical lands whenever the existing lit-
ei'atuic ni'ks it possible. 

Erosion-Productivity: 
A "Troublesome 
Relationship" 

Following thc work of M. Stocking 
and R. Lal, two atitliors who have been 
particularly active in this field, the prin-
cipal features characterizing the erosion-
soil productivity relationship are sum-
marized below. 

Once accepted that productivity is 
the productive potential in terms of veg-
elation of a soil system (Stocking and 
Peake. 1985)and before considering the 
central question of how erosion causes 
loss in soil productivity, there is an im-
portant initial observation to be made. 

Although crop yield can be used as an 
estimator of soil productivity, it should 

not be cont'usrd as a simple measure of 
productivity. Productivity" actually 

includes the potential for future produc-
tion which cannot he assessed by an his- 
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toiical crop yield. Consider the common 
case where erosion causes some loss in 
productivity or some estra-costs. The 
losses may be compensated for by addi-
tional inputs such as fertilizers or extra 
labour or even putting more land into 
production. It follows that yields can he 
maintained even though the real soil pro-
ductivity is decreasing. (Stocking and 
Peake. 985). The two concepts should 
therefore be distinguished. even though 
yield levels are often used as indicators 
of soil productivity. 

The causes and mechanisms of pro-
ductivity losses can be described as fol-
lows Stocking, 19841: 

Soil fertility 
Erosion changes soil characteristics. This 
will alter the fertility of a soil, thereby 
affecting its ability to support productive 
agriculture. In other words, progressive 
soil erosion increases the magnitude of 
soil-related constraints to production. 
There are many factors that individually 
may he soil constraints: 

Water holding capacity 
and rooting depth 
"There is a geiieial consensus in the lii-
erature about the pre-eminence of loss in 
available water capacity in explaining 
the link between erosion and productiv -
ity." (Stocking. 1984). Erosion. for ex-
ample. affects water-holding properties 
of a soil by reducing the amount of clr'' 
and soil organic matter. The erosion 
process, being selective, usually sorts 
out the fine particles and leaves Ihecoarser 
sands which have little water retaining 
capacity. This process, moreover, brings 
high strength soil layers closer to the 
surface and consequently limits the root-
ing zone. Lower available water capac-
ity may sometimes hide other limiting 
factors. [-lowever, it seems to be the most 
common parameter used in explaining 
productivity losses. 

Soil strength and 
corn paction 
There appears to he a direct association 
between soil strength and productivity 
because hard soils limit root develop- 

ment. Splash erosion in the tropics, fur 
example, causes surface crusting arid 
compaction. and this often presents plant 
germ i nut iOn. M oieove r, a corn puc ted 
soil will have lower orgatiic mailer, re-
duced infiltration and less plant-avail-
able water. Clearly. though soil strength 
and compaction definitely play an active 
part, it is difficult to separate these fac-
tors from those previously mentioned 
(lower organic nli1ter. etc (. 
Soil nutrients 
Erosion remove nutrients front soils. Al-
though the limiting effect of lack of nu-
trients on productivity varies accordiiig 
to soil type and degree of erosion, it has 
repeatedly been shown that soil nutrient 
losses decrease productivity levels. Tb is 
is even more evident when we consider 
that usually the application of fertilizers 
partially restores yields on eroded soils. 
In particular it should be recalled that 
eroded sediments usually contain a pro-
portionally larger amount ol organic 
matter and nutrients than that of the top-
soil from which they are derived. The 
diflerence is called the "enrichment fac-
101". This additional loss of ii it rieti Is 
shows up most fornitrogen and phospho-
rus. "but will also he significant for any 
nutrient associated with the cation ex-
change or with organic matter" (Stock-
in g , l980. 

Further causes and 
mechanisms 
Erosion also aIIect.s the structural stabil-
ity olthe soil and. on the whole, call have 
"harmful effects on scedhed preparation. 
tilth, organic matter, type and amount of 
clay, surface water storage and other 
physical and chemical aspects, all of 
which in turn affect the soil produciiv-
ity."(Stocking. 984). 

!n addition, mx i cities and phi- related 
deficiencies may occur. "Where erosion 
is rife in the tropics, acidification olen 
results, which in turn causes aluminium 
toxicity and renders other nutrients ions 
unavailable to plants" Stocking, 1986). 

Finally, erosion affects the way the 
soil can be used: non-uniform erosion 
clearly affects the use 01 machinery and 
fertilizer, pesticides and herbicides ap- 

plications. Erosion also has effects on 
the tinning of farming operatiotis: late 
planting, delayed germination. etc. 

Beidcs the problems related to those 
cases where a forced change in land use 
and tarming systems beconites necessary, 
all thcsc irnpacls have relevant effects in 
terms of yield decreases. 

Sonic soil attributes such as soil on-
trients car!. generally speaking. be  con-
srdered replaceable. Others, such as water 
holding capacity. are thought of as ii're-
placeable, at least in a reasonable time 
span. However, we will see how this isa 
simplified approach and that, in reality, it 
is difficult to restore hong-tern] produc-
tivity completely. (This is particularly 
true in the ease Of poor soils, such as 
manly soils in the tropics, where fertilizer 
application would not he enough and 
additional mulching and manuring would 
he llecessaI'y for restoring most o{the lost 
productivity). 

One fundamental difference between 
tropical and temperaic soils should be 
recalled when reading diflereiit estimates 
of the various areas covered: the adverse 
impacts of erosion on soil productivity 
are generally more dramatic and intense 
on the shallow and impoverished soils in 
tropical Africa than on the deeper and 
itiore lertile soils of Western Europe or 
North America. As Lal has recently 
written: "Loss of the top 4 to 8 inches 

0-20 cm) of soil on many uplands in 
ti -opical Africa l'epresents an irretriev-
able loss. In comparison, such severe 
erosion losses on deep soils in North 
America may cause an estimated reduc-
tion of only 1.7 to 7.8 percent in produc-
live potential under current technology 
after 100 years". IR. Lal. 19881. 

The lesserettectsoferoxioii on yields 
oftenipeiatezcme soils are mainly due to 
inherently higher soil fertility, mild cli-
male and the use of, and responsiveness 
to, improved technologies and additional 
inputs. Howeer, in tropical Africa where 
'old" and highly weathered low - fertility 
soils are common, the greater erosion 
t'feci on yiIds is caused by the fact that 

most plant-available nutrients are found 
in the top few inches of the soil and that 
erosion prefei'entially removes organic 
matter and clay which hold these nutri-
ents. (R. Lah. 1988). For evident eco-
nonlic reasons. African subsistence farm- 
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ers, unlike North American faimers, do 
not have the means to add additional 
inputs (fertilizers) and thus erosion can 
have full negative impact on yields. Poor 
crop growth on these eroded soils is 
mainly caused by nutrient deficiency. 
increased drought stress due to reduced 
water holding capacity and greatc run-
oft. and lower resistance 10 pests and 

pathogens. 
In short, as Lal wrote: 1n soils with 

edaphologically inferior subsoil and a 
shallow rooting depth. crop yield will 
decline as surface soil ihickness is re-
duced. Furthermore. fertilizer cannot 
compensate for surface soil loss. Soil 
mismanagement can readily lead to irre-

versible soil degi -adation and loss of the 

natural resource base" (R. Lal, 1985). 
Even for those tropical soils with a 

medium rooting depth and surface thick-
ness, soil loss cannot he completely coni-
pensated for by fertilizer application. 

Symptoms of accelerated eiosioii are of -
ten masked by technological improve-
ments and the longer it lakes to recognize  

these signs the more difficult it becomes 
to restore soil productivity. 

Obviously. highly negative socin-eco-
nomic impacts follow on from this. "If 
severe yield reductions occur by a mere 
loss of I to 4 inches of topsoil, the for-
feited production and economic loss in 
Africa as a result of past erosion are vast 
in comparison with the lood deficit expe-
rienced in the region today" (R. Lal. 
1 988 ). 

To summarize, it should be noted 

that, in general: 
Changes in the physical. chemical 
and organic conditions of soil all 
contribute to loss in productivity. 
Erosion and productivity are hot 
independent and both are intl uenced 
by other factors. Moreover. the loss 
in productivity set in motion by 
accelerated soil erosion is a self-
sustaining process: loss of produL'-
tion on eroded soil further degrades 
its productivity which, in turn, ac-
celerates soil erosion. 

3 Soil erosion losses by volume or 

weight of sediments are poor indi-
cators of productivity decreases. 
Loss in yield per unit of erosion is 
extremely variable. As the major-
ity of existing soil erosion experi-
ments do not usually report yield 
levels, it follows that in general 
they are not particularly useful for 
the purpose of analyzing produc-
tivity changes. 
Technology and additional inputs 
may mask the decline in produc-
tivity. The introduction of tech-
nological inputs into soil may 
sometimes cover what is an irre-
versible decline in the prod tictive 

resource base. 
There is no evidence that crop 
type has any major influence other 
than affecting the rate of erosion. 
Initial indications are that most 
crops tollow the same trend in 
declining yields with erosion. 

With regard to tropical soils: 
Ill For equivalent volumes of soil 

loss, tropical soils tend to suffer 
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signilicantly higher rates of crop-
yield reductions than tempei'ate 
sails. 

(2) Produciivitydccliiieisgieiteston 
"old". hi2hly weathered, low fer -
tility tropical soils where there is 
a high conceniration of organic 
mutter in the topsoil. 

3) As will he seen later, most of the 
research to date has stressed that. 
especially in the tropics. yield de-
cline 0.111051 rapid for the first 10-20 
cm of soil loss, after which the rate 
of reduction decreases espunen - 
tially. Thus the erosion-yield rela-
tioiiship is generally esipoiiential in 
form (M. Stocking. 194). 

(4)11 the negative exponential rela-
tionship is confirmed, it follows 
that a relevant loss in yield will 

restilt ii an area with little prior 
erosioji is allowed to further erode. 
The opposite will happen tor those 
areas already intensively eroded. 
This means that, in general, it 
would be more convenient to in-
vest Conservation resources in 
those areas where 1)t'OductiVity is 
still hih and erosion has not gone 
ion tar. However, this conclusion 
is strictly econonlic in principie 
and other social and enviroarnen-
tal factors may have to he taken 
into considei'ation. 

Productivity Losses: 
Main Agro-Economic 
Consequences 
liii is accepted that more erosion cads to 
larger productivity losses which in turn 
leads to more erosion at an accelerating 
'aw, we can summarize the main conse-
i1uencesaslullows(M. Stocking. 194): 

(1) Negative effects on 
the soil 
Erosion bri iigs about various detrimental 
effects on the soil's natural nutrient bal-
ance, structure, water-holding capacity 
and sustainahility at producingerrips. M. 
Stocking (l94) describes the main ei -
feels on different soil types. 

With reard to nutrient loss, on which 

niunv reports have focused their alien- 

tiun, in tenipei'ate incus svhci physical 
paraneiets such ii" Liniiid rooting depth 
are not televant. lack of nitrogen and 
phosphorus seeni to he considered the 
main I iniiti ng factors to crop productiv-
tv, in the tropics. ihe little ieseaieh that 
has been carried out piovides sonic cvi-
dence that it is feasible to rCstoie produc-
tivIty by applying additional Fertilizers 
only for the loss est level of erosion, 

(2) Impact on yields 

Some oeneral conclusions can he drawn. 
Ia The nature ol' the relat kinship be- 

tween erosion and yield loss is 
generally soil-specific and, to a 
lesser extent. crop-specific. 
Erosion appears to have greater 
efFects on tropical yields. 
Absoltite yield losses on tropical 
soils are particularly serious due 
to lower in itiiil yields. 
Tropical soils initially show very 
high rates 01 yield loss which ile-
celerate as elusion progresses. 
This mczuls immediate large yield 
decreases for low atfloUfltS ofero-
sion. Moreover. reduced soil pro-
ductiv ity piov ides less vegetation 
cover and the erosion rate itself 
accelerates. 

tet Finally, as has aireadN been said, 
scictice and technology (improved 
plant breeding. aiklitional fertiliz-
C[s. etcI can mask declining land 
PtOdUCtivitY by raising farm pro-
duction, it process that demands large 
amountsoiuiptitsandever-increas-
ingcosts. both financial and internis 
of energy ilmnpower(. 

(3) Effects on f'arm 
economics 
Soil erosion causes sigili i'icamit decreases in 

pnxluciivity and increased productioncosts. 
Research corning from the USA. Australia 
and other developed economies has shown 
an iniereslingconiiiionmechanisiii inlerms 
of ciosion effects at the ('ann level. Al-
though iniproved technology incicases pro-
ditciion, the potential productivi(y of the 
resources (ic. long term soil productivity) 
actually decreases. This is demonstrated, 
inter alia. by increasing costs at the Fzu'ni 
level - ic. both the getieral costs in Ieniis of 

reduced poteit t ial food productivity and 
increased use of energy and technology 
have been high. With regard to fossil 
energv.lorexampie.thecostsofusingexlra 
fertihiier. fuel, chemicals, equipment and 
other inputs to ottset the dccl ine in produc -
tivily are generally very high. To put it 
simply, to get a higher output, more and 
more inputsarenecessary. In tropical areas 
such a situation would be even worse since. 
on tropical soils. indiscriminate mechani-
zation usually accelerates erosion. It is there-
lore difficult to attain the perf'ommnces of 
developed fanning systems. 

There are also close links between 
erosion/productivity and changes in farm-
ing systems (NI. Stocking. 1985). For 
esample. these changes could take the 
loriii ol 

tO increased role of cattle 
Once farniers realize the Ffects oi 

erosion. they may "rationally" decide to 
increase the number of cattle to counter-
act losses in productivity and environ-
mental stress risks. E-lowcver. this sliit't to 
pastoral Jr1'ticCs olten leads to 
Os cirl/i,Ll and 1 111_111C[' c]oioil. 

21 Increased inteusi1 ui'Iand use 
I h1i process, especiilh in tropical 

areas. can augnient erosion. In some 
cases it has been noted that losses in 
productivity were compensated by a 

larger use of agrochemic'als with the ef -
fect. on the one hand, of decreasing weed 
cover (leading to more erosion) and, on 
the other, of increasing the intensity and 

Li rat i on of cropping (shorter rest period 
leading to lurtlier drop in soil fertility). 

( More extensive use of land 
Another logical strategy adopted by 

farmers to face prodLictis itv losses is to 
increase the area of land under cultiva-
tion. a pi'ocess which has to be recalled 
when considering trends and perform-
ances Itotal outputs. average yields. clef 
of the difteient aricultures. 

Changes in specific agropractices 
Soil ci -osion and productivity decline 

also cause changes in types of crop and 
methods of harming. and this leads ot'ten 
to lower l'ertil ity conditions. 

Socin-economic effects on local 
sOCiet 

The principal socio economic effects 

are: 
(a) Abandonment of land and migra-

tion. A dramatic collapse of local 
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auriculiure often results in major 
niigrations and relocation of peo-
ple. Apart from iheevident socio-
econoriiic impact, this process can 
create pressure on adjacent lands. 

(b) Rural-urban migration. Produc-
tivity decline and the following 
marginaliiation of the traditional 
rural system, together with other 
factors, has frequently caused 
young active males to migrate to 
the towns for cash employment 
(especially in Africa). Women. 
who are already taking care of 
children and the elderly, are left 
alone to cope with the responsi-
bility of looking after the fields 
and this. despite their efforts. 
causes further niarginalization and 
productivity declines, with farm-
ing areas increasingly dependent 
on cash remittances from the town. 

(C) Disease, malnutrition and other 
negative effects on human devel-
opment. Child malnutrition, 
poorer average diet, increased sus-
ceptibility to disease and death 
and other socio-economic conse-
quences have frequently been re-
ported. his clearly difficult to 
differentiate the various causes of 
rural poverty hut, nevertheless, 
productivity decline is to he con-
sidered one of the main factors. 

(6) Effects on national economies 
and international relations 

Erosion and losses in productivity 
have numerous impacts on national 

economiesand on international economic 
relations: off-site costs for the entire com-
munity. welfare payments and subsidies 
to the farmers, higher development 
project costs, increased cost of aid. in-
creasing dependence of the developing 
countries on food and relief aid from the 
developed world with the consequent 
disrupting impactontheiralreadylragile 
rural systenis. foreign debt problems. etc. 

Soil Erosion Costs in 
Temperate Zones: 
Some Global Estimates 
One of the first estimates was made in the 

USA as part ol' the 1980 Resources Con-
servation Act (RCA) process. It showed 

that if 1977 rates of erosinil (as calcu-
lated by the Soil Conservation Service in 
the 1977  National Resources Inventory) 
were to conitinue for 50 years. crop yields 
at the end of the period would he about 8 
per cent less than otherwise (no-erosion) 
(P. Crosson, 1984). 

Two years later, a groupofsoil-seien-
tists at the University of Minnesota fol-
lowed the RCA process and developed a 
model to calculate yield reductions. They 
found that ii 1977 erosion rates contin-
ued for 100 years. at the end of this period 
crop yields would he 5 to 10 percent less 
than they would have been otherwise (P. 
Crosson, 1984). 

In Re.wui'ces to,' the Future (1983). 
1977 National Resources Inventory data 
were used to find the erosion effects on 
crop yields between 1950 and 1980. The 
results showed that yields were 2 to 3 per 
cciii less than otherwise (P. Crossoii and 
A. Stout, 1983). 

As P. Crosson noticed 1984. given 
the completely different methods used in 
those three studies, the similarity of the 
results wasquite impressive(2-3 percent 
in 30 years. 8 per cent in 50 years and 5-
10 percent in 100 years). 

In the same work Crosson made an-
other calculation with regard to yield 
decreases for corn and soybeans. Using 
the Minnesota model results heestimued 
that the present value of 100 years of 
national soil productivity loss in the USA. 
with some US 540 million of losses per 
year. with 10 per cent discount, would 
have been slightly more than US S4 bil-
lion at 1984 levels and, with 5 per cent 
discount, the value would have been US 
$17 billion (assuming that corn and 
soybeans yields declined lOper centover 
100 years, that the decline was in equal 
annual increments, that the price per 
bushel of corn was US $3 and soybeans 
US $7 and, finally, that there were 70 
million acres in each crop each year). 

These last figures did not include the 
costs foradditional inputs Uertilizers and 
others 1 or for conservation practices, let 
alone the off-site damages which, fol-
lowing a Conservation Foundation study 
of the same period (Clark ci cii, 1985), 
ranged between US $3 and US $13 bil-
lion per year at 1980 levels. (lii this 
research. the off-site damages included 
siltation of lakes. reservoirs and harhours.  

clogging of irrigation, losses of recrea-
tional values and costs of water clean-
ing.) 

Later, Crosson again estimated the 
total cost oferosion (including the cost of 
erosion control) to he US $1.7 billion to 
US 51.8 billion. More specifically, for 
the year 1983. he estimated the crop 
production losses at US $42() million. 
Fertili7.er  losses were valued between US 
S100 and US $160 million and some US 
$1.2 billion were the costs of erosion 
control in federal government expendi-
tures. 

Other estimates made by Benbrook et 
cii 1 1984). P. Myers (1985) and other 
authors over the national losses to farm-
ers from sheet and nIl erosion ranged 
from around US $500 million to US $1 
billion per year. They show the same 
order of niaguitude as Crosson's assess-
ment (US $420 million). 

Using the Erosion Productivity Im-
pact Calculator (EPIC) and the Erosion 
Productivity index SimulatorEPlSero-
Sian productivity models. Colacicco eta! 
(1 9#9) have recently quantified the value 
of yield and fertilizer losses from soil 
erosion in economic ternis. They applied 
prices for the crops and fertilizers to 
changes in these items as simulated by 
the two models and discounting appro-
priately. The result was that the present 
value of the profit loss from soil erosion 
averaged over cropland in the USA is 
around US 50.50 per ton. They also 
found that most of the economic losses in 
the eastern farm legions conic from per-
manertt yield losses. In the western re-
gions, most of the losses conic from fer-
tilizer losses which are usually) 
temporary. The average value of the 
h{)ssC5 caused by erosion railged from US 
$0.20 per ton in the Mountain States to 
US $0.93 per ton in the Lake States. On 
the whole, soil erosion would cost I'arm-
ens in the USA more than US$1.2 billion 
per year. 

Finally, on-farm econoniic damages 
would be concentrated on hand eroding at 
rates greater than 31. These acres corn-
lrise only 13 per cent ofcropland in the 
USA but they sufl'ermorc than halfofthe 
total damage. More than 80 per cent of 
the damage exceeding US 510 per acre 
per year occurs on lunch eroding at rates 
higher than 3T. The concentration of the 
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daniace i s lurther proof. if it is needed, 
that aough overall productivity losses 
may he considered small, the damage on 
certain soils cannot be ignored. 

B. DavisandG.Condra(1989) focus 
on the state of New Mexico. USA. to 
examine the on-site costs of wind erosion 
with i-euard to erosion control, damage to 
crops by wind-eroded soil and for re-
duced soil productivity, The main find-
ings indicate that on site costs troni all 
sources of wind erosion amount to some 
US $10 million annually in the state. 

Outside the USA.othercountries such 
as Australia (with mostly arid and semi-
arid land) have produced yield decline 
and economic assessments. 

According to M. Blyth and A. 
McCallum (1987). yield reductions can 
range between 5-10 percent to 40-50 per 
cent depending on the soil loss. In New 
South Wales. Australia. for example. for 
a 75 mm/ha soil loss event in five differ-
ent wheat growing locations, yield de-
clines range from 6 per cent to46 percent 
with estimates of lost income ranging 
between Australian $13 and $138 per 
hectare. based on a price of Australian 
$137/I for 1984/85 (Hamilton, 1970: 
Blyth and McCallum, 1987). 

Two large-scale studies on Austral-
ian erosion costs provided some interest-
ing figures although they focused on the 
costs of salinity degradation only. The 
first, produced by the Working Party on 
Dryland Salting in Australia (I 982).con-
centrated on scalding which is the major 
form of dryland salting in Australia, and 
affects some 3.7 9 ni ihlion ha. The results 
indicated that the annual productivity 
losses to agriculture amounted to Aus-
tralian $5.4 million (1982). 

According to Peck etal's( 1 983) study 
on salinity degradation, the total benefits 
foregone (with zero salinity level) to ag-
riculture because of the existence of 
dryland arid irrigation salinity were Aus-
tralian $28 million per year (1982). 

One last interesting aspect ofthe Aus-
tralian work is the monitoring of wheat 
quality with erosion. According to 
Molnar (1964). average protein content 
decreased by 6-23 percent with 75 mmof 
soil loss. 

With regard to the off-site damages. 
F. Clark and J. Harerkamp (1985) re-
stricted their study to the analysis of  

problems caused by sediment and associ-
ated aericultura] pollutants entering wa-
terways in the USA. The maiti daniage 
considered was divided in two groups: 
in-stream effects and oft-stream effects. 
The first comprised effects on recrea-
tional values. water storage facilities. 
navigation and other i n-stream uses. The 
second group included flood damage and 
effects on water conveyance facilities. 
water treatment facilities and other off-

stream uses. 
The single-value estimate for the cost 

of in-streani and off-stream damage at-
tributable to land degradation was LIS $6 
bill inn peryear in 1980. of which cropland 
accounted for US $2.2 billion. These 
figures reter to total annual current costs 
with no deduction for the investments or 
other losses incurred in reducing this 
damage. In addition, no estimates were 
provided on the costs of biological dam-
age although, as the authors suspect, these 
costs may be very significant. 

M. Rihaudo (1986) refined the Clark 

data and generated estimates by farm 
production regions for cropland. Results 
showed that off-farm damage can be sev-
eral times greater than on-farm damage. 
in some cases. the first could be even ten 
tinles higher than the latter (in the Delta 
and Southeast regions forexample.where. 
on the one hand we have relatively low 
yield loss per ton of soil loss and. on the 
other, we have the high value of the 
surface water to off-farm users). 
Rihaudo's estimates for the total off-site 
losses. in terms of annual damage in 
1983. ranged between some US $4 bil-
lion and US $15 billion with the "best" 
estimate around US $7 billion. 

One of the off-site costs which has 
been most investigated is the damage to 
vvater storage rcscrvoirs. E. Clark(l985) 
estimated this damage to be between US 
$310 million and US$1.6 billion (sinele 
value estimate US $690 million). 

More recently. B. Crowder (1987) 
used a regional approach toestiniate sedi-
merit damage in lakes and reservoirs. H i s 
caiculations indicated that 0.22 per cern 
of the nation's water storage capacity is 
lost annually. 01 this, an average of 24 
percent is due to soilerosion oncropland. 

In the central USA the greatest water 
storage capacity losses resulted froni de-
prisited sediment originating on cropland. 

Annual national damage to storage tanged 
from US $597 million to US $819 mil-
lion, with the cropland contribution he-
ing between US $144 million and L1S 
$197 million. 

Soil Erosion Costs in 

Tropical Areas 

One of the most frequently cited works 
on tropical soils is the FAO-I'unded re-
search led by M. Stocking entitled The 
cosl of soil C!OSi(JI1 in Zimbabwe in u'rnis 
oJ)/w /os.c oft/nec ma /OrflUtilCPitS (Rome. 
1986), 

Drawing upon an important series of 
experiments on soil loss, run off and 
nutrient losses conducted in Zimbabwe 
during the late 1950s and early 1960s, 
Stocking and his colleagues took the op-
portunily to assess the effects of erosion 
in terms of the loss of nitrogen, phospho-
rus and organic carbon. as this impact 
had not been analyzed at the time. More 
specil'ically. the experiments consisted 
of over 2.000 individual storm soil loss 
events in five years on four soil types and 
numerous crops. treatments and slopes. 
Such a data base on nutrient loss was 
unequalled in any developing or tropical 
country. 

The niainl aim oithe project was to see 
if there is any relationship between nutri-
ent losses and erosion and, if so, whether 
an economic estimate could be niade of 
the damage caused by the present levels 

of erosion in Zimbabwe. 
From the summary of the research we 

can draw several main conclusions. Sta-
tistical analysis showed highly signifi-
cant relationships between soil loss and 
nitrogen. phosphorus and organic carbon 
losses t'roni the experimental plots. Re-
lationships were such that regression 
equations were calculated that would 
predict statistically valid rates of nutrient 
loss, given different levels of erosion. 
Moreover, analysis of variance showed 
that for most purposes there was little 
difference in predicted nutrient losses 
with variations in seasons, soil type, crop 
or degree of erosion. 

Enrichment ratios were on average 
about 2:5. This means that there is a 
significant selective removal ot'nutrients 
from the soil by the erosion process. On 
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Flow diagram illustrating the calculation at the financial cost of erosion 

Soil Group 1 	Soil Group 2 

Description Farming systems 	Farming systems 

Ton nes/ha Estimated rate 	Estimated rate 
of erosion 	of erosion 

of each system 	of each system 

Tonnes/ha Soil oss/ 	 Soil loss/ 
nutrient 	 nutrient 

regressions 	regressions 

Hectares Area of major 
farming systems 

Tonnes Zimbabwe - total losses of 
* Nitrogen 

* Phosphorous 
Organic Carbon 

Zimbabwe $/lonne Fertilizer prices 

Zimbabwe $ Financial cost as measured 
by nutrients in 

fertilizers 

Source: Stocin. 'vi.. 196. The cost of soil erosion in Zimhabsc in terms of the loss ul 
three major nutrieni.AGLS. FAQ. Rowe. 

Desertificarion Bulletin, N- 22. 1993 

tropical Alfisols and Ultisols - soils with 
low reserves of nutrients - the enrich-
mciii ratio was also the highest, thus 
exacerbating the already serious situa- 
ii on. 

Extrapolating the findings to the com-
munal. commercial. grazing and arabic 
farming systems of Zimbabwe. it was 
calculated that, on average. 1.6 million 
tons of nitrogen. 15.6 million ions of 
organic matter and 0.24 million tons of 
phosphorus are lost annually by erosion. 
The arabIc lands alone lose 0.15 million 
tons, 1.5 million tons and 0.02 million 
tons respectively. These nitrogen and 
phosphorus losses from arabIc land were 
about three tinies the level of total terti-
lizer application in Zinibahwe in the sea-
soli 1984/85 and they do not include 
losses of nutrients dissolved in runoff 
water. 

The total l'inanciai cost of lost nitro-
gen and pliosphortis from all of Zimba-
bwe'slandswasUSSl.S billion perycar 
1985). Total financial costof losses from 

the arabic lands was US $150 million. 

On a per hectare per year basis, the finan-
cial cost 01 erosion varied from US 520 to 
US 550 on arabic land, and US S 10 to US 
580 on grazing lands, depending on the 
degree ol' erosion. 

Therefore, the erosion process has a 
massive iiidden cost oit the economy 
of Zimbabwe, especially in terms of its 
natural resource base depletion. 

With regard to the costing estimates, 
the main assumptioli made by the re-
search group concerns the difficulty of 
relating losses ofnutrients. many of which 
are in organic matter and only slowly 
availahle to plants. ba form of the nuiri-
cribs i ii fertilizer which is quite different. 

Most importantly, it should be re-
nie'nhered that the loss of nutrients is 
only part of the impact of soil erosion. 
Stocking states at the end of his research 
sum mary t hat: "If all On - site costs s tic h as 
yields decreases, loss of organic matter 

and oilier liutrients. and further forms of 
degradation were to be included, the im-
pact of erosion would he far greater than 
the figures in this analysis suggest'. All  

off-site costs. both financial and socio-
economic, would also be additial. 

Further important conclusions about 
the ciosiomi/productivity relationship in 
tropical areas conic from different au-
thors and countries. 

Lal and colleagues from the Interna-
tional Institute of Tropical Agriculture 
(IITA). [hadan. Nigeria. have produced 
some of the most iliteresting works on 
tropical areas, in particular, they have 
carried out more than a decade ofexperi-
ments on an Alfjsol (Ox Ic Paleuslaif). 
relating erosion to yield on soil loss/run 
off plots that have been subject to natural 
rainfall. Maize and cowpeas have been 
monitored on four siopes.ranging from 1 
in 15 per cent, tinder natural rainfall. 

The results show that in all cases an 
exponential relation best described the 
fall in sield with cumulative erosion. 
More specifically, the pattern in yield 
loss for both maize and cowpeas was 
similar: it was most severe on the shal-
lowest slopes where i() mm of erosion 
would produce a remarkable 90 per cent 
yield loss. On I per cent slopes, yields 
were halved after only abotit 30 tons per 
hectare of soil loss. Based oii these 
figures, Lal suggests that the soil loss 
tolerance rate on such soils may be as low 
asft5 ton/ha/year. about one twentieth of 
the normally quoted tolerance level of 
soil loss. This highlights the high sensi-
tivity of some tropical soils. This out-
come is very significant because it shows 
how rapid the initial decline in produc-
tiv ity that occurs with erosion can be. Lal 
attributed most ol' this decline to an cr0-
sion-induced decrease in clay and or-
ganic matter content. a reduction in root-
ing depth with its associated water holding 
capacity and poorer water inl'ilu'atioii. 

These experiments and other later 
ones also conl'irmed that, where erosion 
was simulated artificially by desurfacing, 
the method seriously underestimated the 
effects of erosion on yields. 

Further confirmation of these trends 
in crop yield losses from the erosion of 
Alfisols (soils that are common in tropi-
cal Africa) come froni otherexperiments 
realized in the (iSA. Indonesia and Aus-
tralia, the results of which have been 
analyzed and summarized by M. Stock-
ing and L. Peake(1986). As they state in 
theabstractot'theirarticle; "Data sources 
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Ile 
from Nigeria and the United States. with 
spplernenrary inlormalion from Indo-
nesiji and Australia. are used to establish 
the form of the relationship beiw CCI cu-
niulative erosion and yield level ol'crops. 
For the most critical types of Alfisol - 
those with a strouglexrui'aI and/orcliemi-
cal cotitrast between topsoil and subsoil 
- initial yield decline is dramatic. The 
implication is that yield decline under 
tiopical conditions may he at least an 
order of magnitude greater than under 
equivalent temperate conditions, but that 
much more inturniation is urgently 
needed in order to cost accurately the on-
site impacts of allowing erosion to con-
tinue unchecked." 

This empirical evidence and espe-
cially the conclusions partially reported 
in the first part of this paper as far as they 
concern tropical soils in general I apply to 
Alfisols. but may also he relevant to 
Ultisols and Oxisols. 

Few oilier global economic estilliates 
on erosion costs in tropical areas have 
been produced. It is probably worth 
menttoning Hurny's study on Ethiopia 
which represents just one of these few 
attempts to calculate the costs ol' erosion 
damages. Hurnv estimated that 1986 costs 
were Ethiopian I3irh 59 million soine 
US $30 mi!lionland would rise to Ethio-
pian Birli 1,800 million (US 59(1(1 mil-
lion i by the year 2035. Nearly 80 per cent 
of the cost would reflect crop production 
osses 20 per cent would he lost in tCrms 
of livestock production. More than 45 
per cent of these losses vould occur 
because of land eroding so badiv that it 
wouldguout of production. As H. Dregne 
writes I 990): 'ii that figure for aban-
doned land is anywhere near correct. it 
spells catastrophe For Ethiopia". 

Recently. Y. Biot 1988) has pro-
duced a general ntodel hog approach fir a 
first level assessment Of fttturc soil pro-
ductivity in rangclund areas. In partieu-
ar. the available water storage capacity 
(AWSC) of the soil is proposed as the 
productivity index, and the impact of 
erosion on this index is modelled by 
making up a simple balance sheet of 
AWSC gains from soil Formation and 
losses from erosion. Biot illustrates the 

potential of the model for use in the field 
with an example from semi-arid rangeland 
in Botswana. Using the proposed model. 

a residual economic life of the land of 
428 years is forecasted. Although this 
prediction puts this land beyond the usual 
ii mescu Ic for economic/financial ann ly-
si.. the general trend can be used to 
forecast the rate of decline of primary 
production and hence cattle production 
in the corn inc decades due to shcer and 
rill L'I'USiOli. 

Conclusions 

With regai-d to policy and clecision-mak-
ing. we have already noticed that invest-
men ts in soil conservation have to be 
justified not only in terms of environ-
mental sustainahility but also on the 
grounds of pray iding an economic return 
on investments and maintaining food 
production levels. In other words. we 
need to l'orcsee and calculate with some 
degree of precision the negative conse-
quences of unchecked erosion. ic. the 
real on-site and off-site benefits 01' in-
vestment in soil conservation. 

At preselit, such costs and benefits 
are unIv rarely and inadequately huilt 
into plans ('orrurul developn'ieiir. Clearly. 
this situation must change if realistic and 
efficient land use approaches are to be 
adopted. 

This means that assessing the degree 
of land degradation is a necessary first 
step hut is riot sufficient in itself: esti-
mates of productivity Losses due to cr0-
siuii niust also he provided to the dcci-
sion-iiaker. 

However, as we have sQcfl. most of 
the reseai'ch already undertaken on ero-
sion is directed towards measuring the 
rates of soil loss and modelling the inter-
action of parameters that cause erosion. 
Obviously. this is not enough and nc', 
research into the piohlcrn should prima-
t'ily i'octis on the real economic impact of 
erosion expressed in a way that call be 
easily understood by the people affected 
and the pulics-ninkers concerned. 

lii short, new investigations must an-  
swertlie nlostpressinelluestions:  what is 
the socio-econiomic effect of eroSion'? 
What is the benefit for farmers and na-
tional economies in applying soil conser -
vation measures'. What are the best land 

conservation strategies and plans to he 
developed and impleiiicnled'? 

In particular% the following research 

activities should he encouraged and sup-
ported: 

1) Further fundamental research on 
the dynamic interrelationships iii 
eroding soils, especially on the 
erosion/productivity relationship 
with specific regard to soil type. 
land use. agroecology and tech-
nology. Data are still limited au 
the effect of erosion on the physi-
cal and chemical characteristic of 
specific soils and on how these 
relate to changes in soil produc-
iv ity. 

(2) Country studies qttannifying the 
national cost of erosion-induced 
productivity losses. 

3) Farm-level finaticial/econiomic 
studies on which to base rational 
conservation programmes and 
projects. 

(4) International cooperation and co-
ordinatioii in order to standardize 
research methods and organize 
dissemination of results and ac-
eess to i'unidinig sources. 
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Abstract 
The hot and zone of Rajastliaii iepresenls 
three main ecocliniatic regions which can 
be divided on the basis of rainfall into  
extremely arid. and and semi-arid areas. 
Various landfomi units and associated plant 
Communities can be Ibund in each area. 
This study recogn i/es nine palatable (Aca-
(la toi(llis Ails tida hi,ti/uma. (vp'rus 
aie:iarius, Cal/iguiiuni p1i/rLlFIiiid('L 

C'enclnux ci/huis. Lti.irs ciudicu. 
Piosapisciueiwia. Panicum rie,iduiii and 
Zr:ijihus niunnwlaiia) and nine unpalat-
able (Aerio fwisicu. Calloriopis proa'ru 
C,oia/a;ia /nirliia Cappuiis de idita 
Leptadenia jmorec/in ha 1 igafera 
liiiifiulia. Scuvarimt niulija and Tephiosea 
pwpuieu) plant community types growing 
in a sand dune habitat which are affected by 
the combined interaction of climate and 
human activities. These play an important 
role in the distribution of plants in time and 
space. as well as in degradation of ihe sand 
dune ecosystem Therophytes are the duni I - 
nan! species (41 to47'K in the rainy season 

and play an important role in initial euloni-
zarion of the hare duties. Perennial trees. 
shrubs and herbs comprise 50-604 of the 
veiietatioii and form stable plain communi-
ties. The important human activities affect-
ing this area are overgrazing, marginal cul-
tivation,excesslvecuuiiigofwoodybiomass 
for timber, fuelwood and construct ion of 
shelter, including animal ejiclesures. toad 
construction and. more recently. canal dig-
ging Human activities result in frequent 
changes to the physical environment and 
deterioration and retrogressive changes in 
the veL'eration have also been observed. 

Introduction 
Sand duties cover SS per cent of the total 
area of lajasthan (Thar) desert and forni 
one of the fragile terrestrial ecosystems. 
During the last fourdecades. the population 
othoth licstockandhurnaiis in the area has 
more than doubled. The once-stable and 
vegetated duties are made mobile due to 
depletion of the vegetation cover through 
overgrazing and dune cultivation in the 
rainy season. Theclearanccofplanigrowuli 
for cultivation or the cutting of above and 
below ground bioniass for fuclwood and 
domestic use, and wood selling in nearby 
towns and cities as a means of livelihood. 
are majorcause.s of reactivation of the sand 
dunes. 

Due toover-exploitation.theplantcom-
niunity structure has deteriorated and has 
failed to maintain the optiniuiii vecetation  

1vpc5 Recurrent droughts have also af-
fected the growth and distribution of veg-
etation. Though the size of the and zone 
affected by desertification is considerable. 
relatively little information is available on 
plant communities of sand duties 
Satyanarayan. 1971: Gausen em!, 1971; 

Saxena. 1972. 1977; Gupta 1975. Saxena 
and Singh, 1976: Bhandari. 1978; Kumar. 
1988: Ahmed, 1988: Nair. 1988: Kumar 
and Bhandari. 1988). This study records 
sund dune plant communities from 1984 to 
1997 in the protected and open areas occur -
ring on various dunes, arid surveys the 
patteni ofplantconiniunities,theirccologi-
cal relationships and lactors affecting their 
distribution 

Material and Methods 
The area studied falls into the extremely 
arid, arid and semi-arid /OOCS of the 
Ratasthan desertFigure ]. It represents 
five major landlorms: 

1 Plains formed by older alluvium; 
Plains formed by recent alluvium: 
Old, vegetated. parabolic, longitu-
dinal and transverse dunes: 

t4 Barachan, obstacle and shrub-cop- 
pice dunes of recent origin; 

5 Hilly regions. 
The vegetation ofsandduriesconiprises 

units that are iecugniiable on the basis of 
floral composition, structure, life forrnsand 
ecological relationships. These units are 
emied as community types I Kassas and 
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Girgis. 1970) and each coml]lunily repre-

sents a unit olan ec(isystem (an ecocoenosis) 
of a particular region. Vegetation was 
sampled monthly in the growilig season 
and bimonthly during the following months. 
Floral composition. density and cover were 
determiiied by quadrant 2 in x U) i1) and 
line transect (2 ni x 35 ni) at eleven fenced 
and opeit Man and Biosphere research 
project sites distributed throughout the 
Rajasthan desert (Figure 1). Litè forims 
were classiFied on the basis of teniiinology 
given by Du-Rietz(193l)and moditledhy 
Cabrera ( 1952. The plants were identified 
according to the publication entitled F/via 
oft/ic Great indian Dceii B hatidari. 1978. 
1990). Each conununity is uaiiied aher the 
species that shows dominance over the 
phytocoenosis. Coniitiuniy types that are 
associated with numerous habitats are 
mostly repealed in the vast area wherever 
the associated habitat features prevail. 

Observations 
The Iloral composition recorded at diiti -
em sampling sites is shown in Table I. 
Generally spcaking.the nurubersorspecies 
were higher in all of the fenced sites than in 
the open sites in the semi-arid zone. In the 
extremely and and arid zone, the lotal 
number of species were higher in fenced 
sites nos. 3 and I respectively. Trees, 
shrubs, perennial herbs, grasses and non-
legumes were abundant in the semi-arid 
region. Legumesare found more in the ii 

region. 
The sand dune vegetation is predt'I'!-

nantly iherophytic (41-47) in the allis 
season (Table 2). These species do not fonu 
stable associations due to their short lite 
cycle although they do play an important 
role in the initial sand dune stabilization. 
1-laloxiles are represented by 4-I9 species 
(37-45 Ve ) and form stable plant comtnuni-
ties throughout the year along with hemi-
cryptophytes. The important tree species 

were Acllc ia t(n -ti/is. P;uso,ns i iveraria. 
Mavtenus efllWiilata. Par?Jnso,iiu 
acidcaia and Teinwriv india. In the Thur 

desert.Pi -osopiscineiaiia iswidclydistrih-

uted and has been extensively protected in 
the village commoti lands. 

Arbustiform (23-38%) are dominant, 
including such species as Ca//igoinirn 
pols'.oiioides. Lejnedeiiia Ji\ - (Ik-'C/illka. 

Dijteygiuiii glaui wa. C'a/itiopi,vproceia. 
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Impact on Human Activities Ofl the Pattern and Proces.r of Sand Dune Vegetation in the Rajasthan Desert 

Location 	 Research  Plant Categories  
Sites Trees 	Perennial 	Grasses 	Sedges Legumes 	Non-legumes 	Tolal 

herbs/shrubs  

Extreme arid 	 1 	A 1 	6 	8 	1 4 	 5 	25 
B 1 	4 	5 	- 2 	3 	15 

2 	A 1 	6 	8 	- 5 	10 	30 
B 3 	5 	- 2 	4 	14 

3 	A 1 	2 	8 	- 4 	 6 	21 

B 1 	 3 	 6 	- 4 	8 	22 

4 	A 1 	5 	7 	1 5 	5 	24 
B 1 	2 	6 	1 4 	4 	15 

Arid 	 5 	A 1 	6 	7 	1 3 	9 	27 
B - 	6 	7 	1 3 	11 	26 

6 	A 1 	7 	7 	1 5 	10 	31 
B 1 	6 	6 	1 2 	7 	23 

7 	A - 	7 	6 	1 3 	6 	23 
B 1 	7 	7 	1 2 	10 	28 

Semi-arid 	 8 	A 2 	9 	11 	2 3 	10 	37 

9 	A 2 	9 	13 	1 1 	7 	33 

10 	A 3 	11 	12 	2 4 	ii 	43 

11 	A 1 	7 	9 	2 4 	8 	31 
B 1 	6 	7 	1 4 	10 	29 

Table / 	Reeordini nJjloi'al i 'omposilwll at fcmcd (.4) and open rcscarc /i (1) 	i7e. /'am 1984 to /987. 

Crotalaria hw'hia, Tcphi'osea purpurea. Vegetation structure and composition Sarc/iwum n/wi/a in the semi-arid region. 
Capparis decidva, Fagonia c'retica, Aei'va shows thedominance of different species iii Other species including Aerua persica, 
pci's/ca. Zi:iplius iiummuta/'ia. Wit/ian/a extreme arid, and and semi-arid regions Crotalaria 	hurhia. 	Heliosropiurn 
sornnfrra. Dactvloc'tenium sindic'um and (Table 3). 4ecwia toi'tilis was found in all mw'U';lluim and Lepicidenia pw'otcchnua 
Adathoda uasiia. Fifteen to 27 per cent of the fenced sites. However, shrub, herb and were cornnionty observed. 

dune 	vegetation 	is 	represented 	by grasses reveal clear dilTerences in their The total density and total cover was 

hemicryptuphytes namely: Arisüda occurance according to the variations in imichhigherinthefencedsitesincompari- 

/iirüIuma. Boerliavia diffiiya. Ceiiehrus rainfall and temperature. 	Hulocv/un son to the open sites (Table 3), In the fenced 

hijiorus. 	Cenc'Iirus cilia,'is. 	Cenc'Jirus salicorniuni, Di,ner,iwngIazuum.Façonia sites, total density in 2m x lOm plots was: 
setigerus. Ceneluas prieu'ri. Cyperus cretica. Lariurus ,sjndhc'us and Aerra 17-6(1 trees in the extreme arid. 25-30 in the 
rojundus. Cvjeru.c arc'licuius, Cvnodon p.wudotomenio.ca  are lrequenm in the cx- arid and 45-262 in the semi-arid region. In 
due,vlo,Cin'llscoloc'witlie,sis.Cueumis treme 	arid 	region. 	CaIliinuni the open sites, the total density recorded 
cc,IIosu. Con/ohulus mu'i'ophvllus. pu/v,inoides,LeptadeniaIviotechiiic'aaiid varied between 2-40 individuals. 	Total 
Daet'Iocteniuni aeg'ptium. Farselia Paicuin tuiidum are more abundant in cover was between 30-90% in all the fenced 
hamiltonii, Euphorhia lurks, Eleusine thearidregion. As'isrida/uii'tig/uma.Ci'perus sites (Tables 3 and 4). After 5-6 years of 
conupressa. Ei'a,,'ivstis el//uris, Eragrostis arrow/us, Cesu'hrus tiliw'is, Sca'c/iw'um protection, the density and cover of trees, 
tiemula. 	Gisc/.ia 	pharnacio ides. man/a, Tephrosea pu,pus'ea and Zi:ip/sus shrubs, herbsgrassesand annuals increases 
Helioriopium niar,folium.  Indigofti -a mminiularks were found lobe dominant in considerably. in the open areas vegetation 
eordifolia,Indigofei'altniJolia.Mornordica the semi-arid region. 	in the open sites, remains under frequent grazing pressure 
balsam/na, tmlollugo cerciwla and Sidu Cafotropis pi'oc'era was widely distributed and consequently shows low density and 
c'ardftilia. Geophytes were entirely absent in the extreme and region. Calligonum cover during the whole year (Table 4). 
from the sand dune habitat (Table 2). puh'gcnioides in the arid region and Onthebasisoffloralcouiipo.sition.den- 
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Plant forms Extreme and 
Species 	Percent 

Arid 
Species 	Percent 

Semi-arid 
Species 	Percent 

1 	Haloxiles (HL) 18 37 14 44 16 29 

A Arboriform (A) 5 10 2 6 3 5 

aTrees(T) 4 8 2 6 3 5 
b Rosulates (Ac) - 2 - - - - 
c Coreiform (Ce) - - - - - - 

B Arbustiform = 
Nanophanerlphytes (Arbu) 

a Upright shrubs (Us) 13 27 12 38 13 23 
b Creeping shrubs (CS) - - - - - - 
C Pulvilorm shrubs (Ps) - - - - - - 
d Thick stemmed sub3 (Tss) - - - - - - 

2 Hemxiles = Suifrutices (Hk) - - - - - - 

3 Herbs (Hb) 8 16 5 15 15 27 

A Hemlcryptophyte3 (Hc) 8 16 5 15 15 27 

a Hemicryptophytes (He) 1 2 - - 4 4 
b Rosular(Rl) - - - - 1 2 
c Caulifoliates (Cf) 4 8 3 9 9 16 
d Creepers (Cp) 3 6 2 6 3 5 

B Geophytes = Cryptophytes (Op) - - - - - - 

a Rhyzornata (Am) - - - - - - 
b Tubers (ru) - - - - - - 
c Buib-geophytes (Bg) - - - - - - 
d Radicigemadas (Ag) - - - - - - 

4 Therophytes 23 47 13 41 25 45 

Table 2. Li/'-firnl3 a/the saoddioie in c'viieinea,ici. arid and semi-arid re,qtOfl (/tiie Thar De.wii on the hasisofteriiiiiloç'viien 
/'Dn Reü: (1931) undnwdfted/v Cah,eia (1952). 

sity. cover and ecological relationships, 
including human and biotic activities. the 
following plant communities frequently 
occurring in similar hahiiats in the arid and 
semi-arid zone of Raiasflian desert were 
observed. 

1 Prosopis cineraria 

community 

This conununity is widespread in sandy 
places and often forms gregarious patches 
(Figure 3). However, due to its multipur-
pose usesasaluelwood,fodderandl'amine 
food it has been overexploited. Continuous 
destruction of the dominant species has 

resuhed in considerable reduction in total 
plant cover which now ranges from 2-10 
per cent in the open and tènced areas re-
spectively (Table 4). Maximum cover is in 
open lands. H is a slow-growing but highly-
effective sand binder and increases the soil 
fertility. Due to its rapid destruction and 
slow growth rate it has been increasingly 
replaced by the less-productive, fast-grow-
ing Acacia toitilis in afforestation and sand 
duties stabilization programmes. Other 
associates are A raria jar quemrnuii. 
Ca'paris deridua. Ma vtelius enielginata, 
Ca/oiropis /u'(nel'a. Tee onielia undalata. 
Zi:ip/iiis niaio(uma, /3alamtes ae)vptiaE'a 
and Tephrosea ieipii'rc, . 

2 Acacia torti/is 

comrnun ity 

This is an exotic species that was intro-
duced for sand dune stabilization in the and 
zone of Rajasthan. In most of the fenced 
Sites. vegetation dominated by A. tort iiis is 
quite meagre but in some areas it formspure 
stands and is well established with local 
flora. The cover in fenced sites varies 
between 24-45 per cent after 5-6 years of 
plantation and protection (Tables 3 and 4). 
During the initial period of plantation it acts 
as a physical harrier for sand movement 
rather than as a sand stabilizer. This plant is 



Figure 3. Lopped and browsed rres.s of Prosopis cineraria usually occur in the arid and 
semi-cold regions. 
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fast growing and generally serves for 
fuelwood and road side plantations, along 
withPiosop/sjulifloic -e. on sand dunes it is 
generally plan ted with Prosopi.s c -the mr/a 
or with local flora. 

3 Ca/otropis pmcera 
community 
This species is an erect, much branched shrub. 
forming a dominant element of mderal veg-
eLltiofl. particularly near road sides in sandy 
plains and sand dunes severely disturbed by 
human activities. It is frequently grazed by 
goats-evendry leaves areconsunied in the dry 
season. In most areas, this species forms pure 
stands due to heavy grazing pressure. On sand 
dunes it occurs on the slopes and its density 
(1.8) and cover (10 per cent) was higher in 
open dunes (table 4). The various associated 
species recorded are Acacia tarulis, aIiur 
numniu/aria. Lc'pradenia pyrorechnica. 
L)/j'tervgitcin glaucuni. Tephroseapw'purca. 
Crotalaria bra/na and Aeri'a persic -a. 

4 Ca//igonuni 
po/ygonoides community 
This community occurs in the arid region 
where annual rainfall is less than 400mm and 
the length of the dry season is9-lOmonths it 
isa unique, sand-binding plant that grows only 
in sandy habitats. otlen covering the entire 
dune, and with estensive, lateral rtxas that fix 
it strongly. It is widely harvested for the roots 
whichare usedtonialecharcoal and tijelwood. 
Villagers bring large amounts at this root-
wood to sell in the towns and cities 01' desert 
disnicts. In previous times this plant was 
widely distributed but it is now under threat 
and confined to specific sites, usually in pro-
tectedareas. Itsdensity(l.6)andcover(28 per 
cent) increase with the protection (Table 4), It .  
grazing pressure remains high during the year 

it generally forms pure associations. How-
ever, it has been observed in association with 
Leptadenia pvrntechiuc-a. Acucia tort//is. 
Aeri'a persu'u, tic/ui/on sa/u'ormc 0111. 

Clerodendrunt ph/ama/des, Acacia 
•jacquernoritii and other annual and perennial 
grasses. 

5 Leptadenia 
pylote 'hiiica community 

The dominant species is a niuch-branclied, 
otien leafless shrub which is not browsed by 

livestock but is mostly cut for fuel and con-
struction of shelter. It is hardy. unpalatable 
and highly drought resistance. The straight 
stem iserect. slender. twiggy green and attains 
the height at' 1-1.5 ni, Density and cover were 
higher in the open SitCi (Table 4). This 
cornnlunity type usually occurs on the base 
and slope of the dune. With the elimination of 
other plant species. either through grazing or 
maiival cutting. it forms pure stands. It is a 
excellent sand binder and is resistant to burial 
under sand. There are many associated spe-
cies. includine Cmtalariu bw'hia, Ac'rva 
persica. Callui'aiiian Pfll)''01t1c/c'5. Ac ac/a 
tririth.'. (cqparisdcriclua.Lasiio'iis hirsutu 
and Ceiu'lzriis c/liar/s. Occasionally en-
countered species in this community are: 
Aristula /iiirigluma. Boei'/za i/a cl!usa. 
Cenchrus /iflciru.c. Crlic-/n'us cduuis. 
Cern -Iiius sc'iIgerus. Cc'!lch;'Us priecori. 
Citru/lus co/ocvnilu',vis, Liactvlocteniuni 

gvpiiuni Far.vc'tiu Iiciniilt'mii, Era grosti.c 
cd/uris, bcigiosiis tJ'c'/lliI/c/, ll7jrsekia 
pirarnac ioide.v, I-lelioiropium rnaritoliurii. 
Irnlli,'uf'ei'a ('O/'d/!OIW. /ncli,n/i'r'u i/n/Jo/ia. 
Pafl/c urn aruic/utalc'. Ti/ho/us aicnirs and 
'i'rihiilus r -a/asthanensi.s. 

6 Aenapersica 
community 
This is an erect. huary-tomentose, peren- 
nial shi'uh that grows up to 0.5 m. It is a 

good sand protector and is neither browsed 
or cut for any other purposes. Conse-
quently, it is widely distributed throughout 
the and zone in Rajasthanh itismixed with 
,4c'ri'ci pseudoromemasa an open, sandy 
plains and often covers the entire sand 
dune, firming gregarious associations. It 
also occurs with Crotularia bw'hja and 
Lepiaderiia pvrotec'/mic'a but its density 
and cover were less than these unpalatable 
species (Table 4). 

7 Crotalaria hurhia 
comm unity 
The dominant species is a leguminous 
undershrub that grows well, possibly in 
pure statids, in sandy plains and interdunal 
areas. It acts as a sand hinder and serves as 
favotirable fodder for camels. Plant cover 
varies between 2-4 per cent, depending on 
the tioral coniposition of the area (Table 4). 
Itisgenet'ally associatedwiihAervapersk'a. 
A. pvciu/ororneIito.sci. Lepradenia 
pvr'ntec'linu'a. Heluiti-opiuni rriei'ifoiiuni, 
Lu.ciurus s/ndic'us and Scucharum 
bcirge/ensc along the margins of d tines. 

8 Ha/oxy/on sa/Icornium 

community 

This dominant ColTlnlunitv is widespread in 
the saline sand duiies and sandy plains of 
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Loeslion SJtns Dorntnnt ipcIes Tota 
Denfty 

loaM 
Co'sq 

Exlem, irid I 	A Madoxykm sakcornium, Aca brIil, Dipii',hzm glaiicum, 22 
Fagonia ctwbca, L.uris sgndicus, An pdUdotom1flOa 

8 C&btrps p1r'ora, FaIoyo saFicomim. Leptd8I 18 08 
pQtCM.c& Lavwis& iLndkus, Fonia cmLic 

2 A Acacil b4lü, Psawpla clneiaia, CnIbooum pGQnOde, 36 76 
Eagrmffs a4jis, Mda hi,Içkmi. And4ofam liuiifoLa 

B CWobuprs Pi.i;  A,n.. peita, Fa,,.a ham4Stnl1 02 08 

3 A A--ft brtMs, cik4rop4 	ZzM 	,mmiiiada 60 55 
Laiwu todicus, Ceactinis bllOfli. &aQFOthI En1l 

B C&oUi p.ra. Cmthii bw*, 	r.cwlum 05 12 
mthkUum 

4 A Acacin k,51is, Cabbops proc. CioLaria budlia 17 32 
Aesa pw'.$ca, Lopladenia pruoDaJoica, Ceo.'Mus ciIia8 

B C&C*vpis pocsa, An 	p—JcA Tephios 	pupwR. 02 10 

Md S A Macia ftwWa, Lapi.ri* pymftbnkk Calliganum 30 42 
pooJ,o, Avr4 f*rca. P*rikwn 1111çiciwit 

B CnJonum poçoioki.s, LopOKAama pyrurechnica 18 18 

6 A Macla 6ili8; CaKQonwit pob,onJas, CiataIana bwttia, 25 10 

8 MaBdi hir6ghwYmL Panicum haidum. Tiuii,i8 a!alzja 15 30 

7 P. Acncb OrW5. Calloaium potyVwodes, CoaaL&ri buth:a, 30 34 
Jal0oo aIZrikait, AjdsWa StlflIwfla. Fsnia cInIICa 

B Caffloitizm poonoidas, LeptRdania pitritaclirnca lb 22 

8 A Pcn bifl2a, Caonwi7 pobfltwok1s. i,asiiiws suithcua. 262 70 
QeficMi$ clliwis, Caitch,ua bàon,, kt4iofeil lrnia 

B Ca1Ionumpoçnoa 05 12 

6 A ft,cacia IWs, Plp.a cn.ln. MpWs nummi4w4 45 60 
C&obvpis pic.si. Czoaalana bwttk canctuvz ciIwa 

B Pwsop4 cine,*ita, Aerm petbl. Q1aiaa buthla 02 02 

10 A Acaela 6tWa, $accha,t,m mvrya. L.p1.nla pywwchnocA 260 90 
Ci3cliiti C2iila, Canchnis tffiani, PfniIa sccpaiia 

B Sacchwnittwja. bw?1ia 05 10 

II A Acacia imtft, Sacchaa-um m'Ja. T.piios.a purpuraa 120 90 
canchnis cI8aa, AdmW tdrighm& Cen,1 wwst&nu$ 

B Lapt3dMAN PrUMV-41*4 I 	iiw*Ih,m. Cali 40 25 
lam. T.ptvua.a pwpvi'e, C,L*Iia,ta Owlila 

villages. It is conspicuous on sandy to 
sandy loam soil in northwest Rajasthan 
where temperatures are not very high. in 
open laiids.human activities may lead to its 
complete depletion throughout the arid and 
semi-arid region where it is niainly used for 
the construction of hut and animal enclo-
sures due to its thorny scn and branches. it 
is also an effective sand binder. Plant cover 
ranges from 2-5 per cent in fenced loca-
tions, it represents a seral stage leading to 
the Pro.vopis cnieraria - Salvadora oieoldel 
climax type (Satyanarayan. 1964). Earlier, 
due to its good development in the northern 
region, the species was given plesioclimax 

status (Gaussen. 1959). In open areas, 
human activity has meant that it has been 
replaced by Calmiopis pro'ei'a and 
Leptadenia pvroreehnica. Associated spe-
cies are Cmra/ay/a hurhia, Aerva persica. 
Leptadenia pvt'otec/uiiea. Ai'acia (Deli/is. 
Pi'osopis ciiiei'ai'ia and Cappw -is deeidua. 

11 Tephmsea purpurea 
community 
This is an erect, unpalatable, perennial. 
leguniinous herbthat forms pure coinniuni-
lies in open areas that have been overgrazed. 
However, in drought years it is also grazed 
by animals. It is a good sand protctor and 
thrives in unfavourable climatic conditions 
when most annual species cannot with-
stand the drought. It is usually accornpa-
nied by Aer'a perska. Crota/atia hurliia. 
Cussia rota and He/lotrap1 urn mci/fr4iuni. 

12 Lasiurus sindicus 
Thh/e3. Dominant species, total dcwi' (2rnvlOm)andcoier(9c) in ihefrmed sites (A) 
ctei'Jia'e \'ear.s LIjp!(tCC'tUfll aod the a/aee,it open cites (B) from 1984 to 1987. 	community 

the 150mm rainfall zone and often forms 
pure associations in the open areas where 
plant cover is less than 5 per cent. It is an 
efficient sand binder and provides consid-
erable forage for camels. Associated spe-
cies are Ca(ligonuni polv,onordes. 
Ca/onopis pi'o'era. Cry ta/aria hw'/iia. 
Diptervgium g/alicum. Fagunia cF'ellca. 
Trihu/u.r !errisn'ix and Fa,,seiia hami/lonil, 

9 Capparis decidua 
community 

This isamuch-branched. leafless. glabrous 
shrub which prefers loamy soils though it 
also occurs on rocks and gravel. U isgener-
ally absent from sand dunes and rarely 

occurs in sandy habitats formed by wind 
erosion. Densityl.I)and cover(3.5) were 
greatest in open areas. II mostly forms pure 
associations where there is extensive hu-
man interference. Its wood is resistant to 
white ants and is used as fuel-wood by local 
inhabitants, it is also important for its 
capacity to hold the soil. The main associ-
ate species are Zi:iphus mlmmulw'ia. 
&,Iwtnis ae,çjniacu and Ephei/iatIiwa. 

10 Ziziphus nurnrnu/aria 

comm unity 

Vegetation dominated by this species is 

commonly found in oran (protected areas 
devoted to local deities) in the vicinity of 

This is a large, tufted grass often forming 
pure associations of large, bushy thickets. 
This community is common in open sand 
dunes and sandy plains with rainfall of less 
than 150-300 mm and wind is the main 
factor of erosion and deposition. It forms 
large areas of pasture land and provides 
valuable fodder grass that is much relished 
by camels, cattle and goats. Consequently. 
it is often overgrazed beyond its capacity to 
remain vigorous in open lands. It is an 
effective sand binder and occurs in the form 
of strips of grassland (figure 2). Growth 
occurs only in the rainy season and total 
cover is generally less than 8 percent in the 
open sandy plains (table 4). Associated 
species include Call/gun urn po/vgonoides. 
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Figure 4. foe/wood is a seriou.s problem in the Thur desert Distance for collection is 
incieaciii di,v by day and the qua/i/v as we/i as i/ic qua/It i/v is decreasing Women usually 

on drought relief Sites find otlicifimuir members go 5-7 km to i'/lecI the biomass 
cue/i dai 
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Acacia toitilis. Aristida Iiirilurna, 
Cencluas cl/jails. Erag;asris rieniiila. E. 
(i/jails. Cmtalarhi mama and Aeria 
peisitu. 

13 Saccharuni niun/a 
community 
This introduced. LU ipdatabIe, tall eias is a 
good sand binder and thrives exireniely 
well on dry, sandy soil. Sometimes it is the 
only plant on large. open sand dunes where 
human activities are pronounced. The leaves 
are fibrous and not grazed by animals but 
the plain is usually cut for domestic use at 
the end of the growing period. This com-
munity occurs in the semi-arid zone (3(X). 
500 mm of rainfall) and total cover variec 
from 12 per cciii in open to 25 per cent in 
fenced sand dune areas (table 4). In the 
fenced areas, associated species are 
Lepracknia pvio!eclinua. (.iWalaria 
hiohia. Acuia toptills. Heliorropiurn 
racrifo/liun. 4ristida hj,tii/urna and 
/iidigofcia liii/O/iu. 

14 Aristida hirtig/unia 
community 
This is an erect. perennial. fairly delicate 
grass which often grows in pure associa-
tions and is vety conspicuous by its shining. 
silveiy-whitecentral awn. Itmakesapleas-
ing landscape on the otherwise barren sand 
dunes and sandy plains. The grass is palat-
able and is always overgrazed in the open 
areas. it is an important sand binder and 
forms vast patches in the rainy season witen 
enough moisture is available. Plain cover 
varies between 2-5 per cciii in fenced areas 
and less than 0.5 per cciii in open grazing 
lands (table 4). Generally, its density and 
cover increase considerably with fencing. 
Associated species include Ceiicliru 
hifloruc. C ciliaiis and Cvperus arenwiuc 

15 Panicurn tui'icIurn 
community 

The dominant species is a mcisl common. 
conspicuous and characterisiic grass found 
on sand dunes and sandy plains. It is an 
effective sand binder and often plays an 
important role in colonizing shifting sand 
dunes. Plantcoveris low, being less than 2-
3.5 percent in different locations Uahle4). 
Due to intensive grazing and recurrent 

droughts it has been overexploited. leaving 
behind dry clumpsatground level. lii many 
areas it frequently grows in close, gregari-
ous associations along with Lepladenia 
piote h,i/cu, A rica persicu, Ciotaiwia 
hui/iia. Laciuius sinthcu.c and other annual 
grasses 

16 Cenchrus ciliamis 
community 
This isa foddergrass that iscommori indry. 
sandy soils, particularly iii protected, fenced 
areas where it may Iorni pure associations. 
It has the capacity to hind the sand up to 2() 
cm deep. Covet ranges from 2-10 per cent. 
depending on climatic conditions and the 
season This community is wide-spread 
although continuous overgrazing has re-
sulted in its disappearance from many at -
eas, leaving behind a barren land. Associ-
ated species include Cenclirus hijlaiu.v C 
pru'u/ii, C setiqerns. Lragrostis tremu/a, 
E. cilia) jr Dactv/otieiiiuni acgv/)tiurn. D 
c/nd/rum and Aitsiuk, liutu/unia, 

17 Indig011ra Imifoiw 
community 
This dominant species forms gregarious, 
prostrate patches on sand dunes and sandy 
plains throughout the region, along with 

associated annuals It may occasionally 
form a pure comm tin ity in fenced areas that 
have been grazed. Density and cover are 
very low in both open and protected areas 
(Table 4), However, this community plays 
an important role in the initial stabilization 
of hanen. nioviiw sand dunes and tolerates 
the high grazing pressures. However. 
overgrazing is the main cause for its deple-
tion intheopengrazing lands. Therophytes 
usually coiistitute the ground growth of this 
commultity in the rainy season. Associated 
spec es include T,i/u/us teriestris, 
bii/igo/eru codifo/iu. Boeihaciu dijiuca. 
Mo/logo eeiiiwla. Gisekia p/zainw oldies 
and ('i/il oliji/uc muiophvllus. 

18 Cvperus arenarius 

community 

This is one of the first plants to start to grow 
on sand dunes and generally forms pure 
stands on the leeward slopes and base of 
dunesw ith a cover of5-14 percent iii fenced 
Sites. The stolons are much-hr4nched and 
whole duties are often covered by dense 
titats of this species. In unfavourahle peri-

ods, when t h e temperature reaches 45-48C 
on the sand dunes, the plant survives by 
stolons and rhizomes. In open lands it is 
hai -d to find due to high grazing pressure. 
Associated species are Cvperus rutandus. 
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Cvnodon datv!o,i . Aridsida liiitigliima and 
Indtgafera Imi/olia. 

Discuss Ion 
Sand dunes are extensive in the extremely 
arid, and and semi-arid zones of western 
Rajasihan. The formerly stabilized pam-
bohc. transverse and longitudinal dunesare 
in a disturbed condition because of 
overgrazing and fuelwood culling. The 
plant cover is an important indicator of the 
environmental conditions and also reflects 
the influence of human and biotic factors. 
Plant growth in the and and semi-arid re-
gions is poor and sparse due to edaphic and 
climatic conditions which are limiting fac-
tors. 8 Ut psamniophytic vegetation is highly 
adapted to the dry environment and has 
evolved into a prominent feature over the 
years. With regard to ecorionic activity. 
high grazing pressure and the use of wood 
for fuel in both rural and urban areas has led 
to the widespread deterioration of both 
xeropfiytic and seasonal plan i growth (Fig-
ure 4). The vegetation pattern has been 
altered accordingly. 

The sand dune vegetatioll is character-
ised by its openness. It is made up of a 
framework of perennials on the stabilized 
and semi-stabilized dunes interspersed with 
therophytes and grasses during the rainy 
season. In the fenced sites, the therophytes 
complete their life cycle during the short 
period when moisture is available at surface 
level (up to 20-30cm depth), In this period. 
they reproduce and eventually die out. 
Perennial grasses and herbs remain active a 
little longer. Shrubs and trees, with their 
deeper root systems, are able to penetrate to 
the core of dunes where moisture is stored 
and so are able to withstand the adverse 
climatic conditions on the surface. 

In open areas, the highlydisturbeddunes 
show low density and cover of annuaJs and 
grasses due to overgrazing. Perennial veg-
etation is severely affected by human ac-
tivities. There is no remaining untouched 
area in the Thar desert which has not been 
explored by hungry herds ofanimals search-
ing for famine foods or by humans for 
looking forfuelwood. Native plants are an 
important source of food during drought 
and famine periods and have long-been 
exploited in the Thar desert (Bhandari. 
1978). Vegetation growth patterns in the 
and and semi-arid zones reveal interesting 

Species Fenced 
Density 	Cover 

Open 
Density 	Cover 

Acacia tortilL 136 4620 0.46 236 
Aerva persica 0.73 2.10 1.80 2.24 
Aristida hirtigluma 125.60 14.14 - - 
Artemisia scoparia 0.43 1.92 - - 
Boerhavia difJh.sa 3.63 1.24 5.46 1.45 
Calotropis procera LIO 3.42 1.80 10.20 
Calligonum polygonoides L60 28.28 1.20 1150 
Crotalana bw'hia L46 5.71 2.40 451 
Cenchrus bifloivs 8830 9.42 - - 
Cenchrus chars 16.00 835 - - 
Cenchn,s set(gerus 436 0.20 - - 
Cyperus arenarius 40.33 5.02 14.73 0.48 
Cyperus rotundus 28.63 0.81 - - 
Citrullus coocyrzrhe.sis 0.03 0.71 - 1.13 - 
Cynodon dactylon 140 0.03 - - 
Capparisdecidua 020 0.50 1.10 3.50 
Carla iota L03 0.38 5.50 1.12 
Dacrylocienium .tlndicurn 1336 0.72 1.10 3.50 
Dactylocteniwn aeyptium 430 0.35 - - 
Eragrostis ciliaris 6.50 3.42 - - 
Erarostis tremula 29.40 4.57 - - 
Farsetia ham iltonii 0.03 1.14 - - 
Gisekia phamacioldcr 1530 3.42 - - 
Heliotropiwn mwifolium 1.30 1.28 1.26 1.22 
Halozylon wilcorniwn 1.80 2.40 1.80 5.20 
hzdigofera iiiüfolia 5.03 1.14 - - 
Irtdigofera cordifolia 1.30 037 - - 
Laslwus sindicw 10.40 22.20 8.20 7.50 
Leptadenia pymtechnica 1.40 5.71 140 8.57 
Mollugo cerviw2a 0.40 0.42 - - 
Monwrdica baLcamina 1.00 0.12 - - 
Pulicaria crispa 1.00 0.21 - - 
Panicwn antidotale 136 3.50 0.30 0.80 
Prosopi.s cineraria 0.46 22.00 0.20 1030 
Saccharum munja 8.93 25.50 3.56 1220 
Tribulus ten-e.stris 0.3 0.57 2.83 1.10 
Tephrosea pwpurea 4.63 4.72 10.56 3.62 
Ziziphus nwnmularia 11.63 630 1.46 0.22 

Ta/1e 4. Density (2n1 .rIOm) ami corer (5'i- ) ojcunstifl:ie species in the fenced and open 
.wicI dime IithUai 

life cycles. Seeds are produced by on the loose sand of high dunes (40m-80m) 
therophytes and grasses in August and Sep-  and in the unfavourable climate. In the and 
iember perennial herbs in the months of and semi-arid region. dunes are compact 
October and Nuveniber, shrubs from De-  and environmental conditionsarecompara-
cember to February and trees in the month tively favourable for plant growth in the 
of Mardi and April. This pattern reflects monsoon rainy season. The patterns of 
theirrhythmic response to decreasing mois-  succession on sand dunes in different rain-
ture availability and increasing aridity. fall zones leading to grassland and wood- 

In the Thar desert. dunes support land development are shown in Figure 5. 
psaninioph .viw rciuh dcxcii vegetation in The fenced areas established to stablize 
the extreme and and and region (with rain-  dunes usually show gradual growth of dif-
fall between 100-300 mm) and mixed ferent layers of vegetation. 
.verornorp/nc aodkmd vegetation in the 	In the open areas, human activities op- 
semi-arid region (with rainlail between 300-  erate in two ways to cause degeneration of 
500mm). Sand dune vegetation in the the veetaIion cover. First, overgrazing 
extremely and region with how raintall is due to high density of livestock (cattle, 
quite scanty few species are able to grow sheep, goats and camels) quickly elinii- 
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Figure 5. Vegetation of the Rajasthan (Thiar) desert, affected by human activities, 

Impact on Human Activities on the Pattern and Process of Sand Dune Vegetation in the Rajasthan Desert 

nates the paatabIeannuaIsand grasses since 
the productivity of psammophytic plant 
communities is quite low to sustain the 
optimum I and cove r n ee ded to pre ve n t sand 
erosion and to meet the high feed demand. 
Second, human activities such as the col-
lection of fueiwood and fencing of enclo-
sures affect hardy perennial species, in-
ci uding Calligonum pnlvgonnides. Piosopi. 
cinciaria, Zi:ip/ius iwmmu/aria, etc. In the 
absence of competition for space, moisture 
and nuients, unpalatable species have more 
opportunity to expand their density and 
cover in both grasslands and woodlands. 
The successional stages do not occur in the 
open areas and consequently climax veg-
etation i s represented by stunted trees. shrubs 
and an overgrazed landscape with a few 

unpalatable species. The palatable species 
can only be noted during the short rainy 
season (from July to September) especially 
in the protected sand dune areas. The 
replacement change due to overgrazing and 
overcutting is a feature of the vegetation: 
communities of palatable species (mostly 
grasses) are replaced by communities of 
non-palatable species (eg. Aert'a per.rica, 
Calormpisprocera. etc). This change is an 
aspect of desertitcation that is tbllowed by 
land degradation and increased aeuliaii ac-
tivity. it is similar to bush invading 

grasslands in rangelands of the semi-arid 
territories in USA. South Africa, etc 
(Mainguet 1990). 

Unpalatability is an important advan-
tage for desert plants to enable them to 
escape grazing pressure. Their adaptation 
to the and environment enables them to 
withstand the adverse climate and droughts. 
It is probable that unpalatable species are 
playing a greater role in soil conservation 
than palatable plants which are grazed at a 
faster rate in comparison to their regenera-
tion and growth. In drought years when 
there is a shortage of fuelwood and fodder, 
distances travelled by humans and live-
stock in search offuel and fodder increases. 
Unpalatable and toxic species such as 
Euphorhia cadiw(folia are also overused 
although, due to its latex content. it is highly 
toxic to animals. However, villagers have 
developed a method of cutting it into small 
pieces and drying itin the hot sun to supple-
ment animal feed (this was observed by the 
authors in the Banner district of Rajasthan 
during the severe drought of 1986-87). 

Earlier, when the human and livestock  

population density were low and water and 
vegetation resources were abundant, the 
nomadic lifestyle meant that there was a 
balance in the regeneration and utilization 
of vegetation. Overuse of water, vegetation 
or an increase in soil erosion, prompted 
local populations to move on. Usually the 
settlements began where water was avail-
able. The increasing population overused 
the limited resources and allowed less time 
for regeneration. This repeated cycle, to-
gether with a continuous increase in popu-
lation and more economic activities led to 
the sede n teri zat i o n and development of the 
villages. Asaconsequence.conimoii graz-
ing lands have to compete with the iieedfoi 
f u rt her econ om i c production and migration 
is no longer a viable means to allow the 
people and livestock to survive drought 
periods. Available land is now put to mul-
tiple use with no fallow period and this has 
led to expansion of sand areas within the 
desert and enhanced acoliart activity which 
damages the whole environment. 

High pressure beyond the carrying ca-
pacity of the land has caused the depletion 
of many pioneer vegetation species. In the 
face of human activities, rainfall has little 
impact on the development of vegetation 
and it isdifficult to determine the max mum 
vegetation level (Kumar, 1988). A similar 
situation has been reported in the Sudan 
where unpalatable species form dense stands 
in the nomadic areas (Hussein. 1991). 
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Introduction 
The rapidly encroaching desert, massive 
losses of rich top soil due to i na ppro pri ate 
land-use practices. overcultivation. 
overgrazing and deforestation have been 
identified as major constraints to sustained 
socio-economic development of many de-
veloping countries in the tropical zone. 
Arid and semi-arid lands, together with 
theirsu b-humid margins,compromise what 
are called "dry zones, dry regions or dry 
lands" and cover an area of 45 million km 2 . 

his in this area that desertilication is taking 
place and endangering the livelihood of 
some 630 million inhabitants. 

The areas facing the most critical situa-
tion are in the Sudano-Sahelian region and 
large tracts of semi-arid landsand savannas 
in Eastern and Southern Africa. Recurrent 
drought, overstocking with domestic ani-
mals. overcultivation and lire have signifi-
cantly reduced the protective and produc-
tive functions of the biomass. In North 
Africa. the Near East, India, China, Paki-
stan, Sri Lanka, North Eastern Brazil and 
Mexico vast areas are prone to 
dese rt ificat io n a nd th e rural population i s i n 
consequence exposed to hardships. 

Indeed, these issues have been of such 
conceni to these areas that they have been 
the subjecifordiscussion at two UN confer-
ences, the UN Contèrence on Desert ifi cation 
(Nairobi. 1977) and the UN Conference on 
New and Renewable Sources of Energy 
(Nairobi. 1981). 

The long-term development of the 
world's dry zones will be dependent on the 
rational use. conservation and management 
of theirnatural resources. Thiswill involve 
the improvement and stabilization of agri-
cultural and pastoral practices since the 
overriding consideration must be security 
of food supplies for the rural communities. 
Forestry has a crucial role in this develop-
inent, particularly in ensuring food secu-
rity, a livestock support system and envi-
ronmeiflal stability. 

The role of forestry for 
development of and areas 

The diversity otecological. Soc io-econ oni ic 
and political conditions in the dry lands 
does not permit prescription of a universal 
strategy for their development. Each zone 
needs to be considered in the context of its 
features. I-  luwever.inexaminiiigtheroleof 
forestry for the development of any and 
region, the following was distinguished by 
the Expert Consultation on the Role of 
Forestry in Combating Deseriitication: 

(i) support to agricultural products 
through shelter belts, wind breaks, 

scattered trees and through enrich-
inent: 

(ii) contribution to livestock production 
through sylvo-pastoral methx]s. par-
ticularly through the creation of fod-
der "reserves" or (banks) in the form 
of fodder trees and shrubs, to cushion 
drought calamities: 

(iii)production of fuelwood. charcoal and 
other minor forest products through 
village and farm wood1ots 
rural eniployment and development 
through cottage industries based on 
raw vegetative material: 
utilization of wildlife potentials both 
for protein production and the devel-
opnient of tourism on game viewing 
or hunting. 

Development planners, decision makers 
and foresters must think primarily in tenns of 
foresny's broad role in creating jobs, provid-
ing energy in the tmi of fuelwood and char-
coal.contrihuting tohigheryieldsoffoodcrop 
and livestock and, above all, taking pan in 
conservation and rational utilization of soil 
and water resources and the fight against 
desertification. 

The role of woody 
vegetation in maintaining 
the ecological balance 
Woody vegetation (trees.shruhsand hushes) 
play a vital role in maintaining the ecologi- 
cal balance and improving the livelihood of 
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the people in and and semi-arid regions. 
This woody vegetation serves a variety of 
purposes: 

it acts as a soil stabilizer and pre-
vents water and soil erosion; 
the tree matrix of forests provides 
protection against excessive tem-
peratures and desiccating winds and 
there is much evidence of the gener-
ally salutary effects of forests on 
micro-climates; 

(iii)in catchment areas, forest and veg-
etative cover help to maintain a con-
tinuousfiowofcleaii water, as well 
as to reduce the threat of floods: 

(iv)ajl these functions as described in 
(i), (ii) and (iii) above are essential 
for guaranteeing the soil stability 
and ensuring the continuity of agri-
cultural activities; 

(v) apart from timber, there is a range of 
forest products of economic value, 
including fruits, seeds, barks, fi- 
bres, fodder, pharmaceutical prod- 
ucts and some forms of protein. 

Woody vegetation in developing coun-
tries is subject to four main destructive 
processes. These are removal for agricul-
tore and settlement, exploitation as a source 
offuel wood and construction material, sup-
press ion and destruction by uncontrolled 
bush fires, and commercial logging. 

Bush fires which cause heavy damage 
in both closed and open forests may be 
accidental but, quite often, they are deliber-
ately started to hunt for game or to encour-
age growth of new grass. In West Africa 
during the drought of 1983. largecocea and 
coffee plantations and savannah areas were 
destroyed by extensive bush fires which 
crossed the borders of neighbouring coun-
tries. 

In the dry areas, the cutting of trees for 
poles and posts, and particularly the gather-
ing of woody plants and shrubs for fuel, 
constitute a major environmental problem. 
In Africa. wood fuel, mainly firewood and 
charcoal, make up almost the total energy 
needed for domestic use. It is quite com-
mon that, in densely populated areas, this 
heavy demand leads to the complete har-
vesting of every type of woody vegetation, 
sometimes as far afield from settlements as 
100 km. 

The expansion of agriculture in wood-
lands and forests takes a major toll on 
ligneous resources. For example, agricul- 

tural expansion claims 50,000 ha per annum 
in Upper Volta and 60,000 ha perannum in 
Senegal. 

Deforestation is one of the most serious 
causes of soil erosion. Soil is a country's 
most precious natural resource, aptly de-
scribed as "the bridge between the inani-
mate and the living". Under most condi-
tions, soil is formed at a rate of 1 cm every 
100-400 years, and it takes 3.000 to 12,000 
years to build enough soil to form produc-
tive land. 

This means that soil is, in effect, a non-
renewable resource. Once it is destroyed, it 
is gone forever. Man has increased the rate 
of natural erosion by at least 2.5 times and, 
over the centuries, has destroyed an esti-
mated 2,000 million ha of land. There is 
good evidence that past civilizations, in the 
Mediterranean and in Central America, 
collapsed asaresult of soil erosion follow-
ing the cutting of forests. Soil erosion 
occurs primarily when land is exposed to 
the action of wind and rain. Without the 
protective cover of vegetation and the bind-
ing action of roots, each raindrop hits the 
naked soil with the impact of a bullet. Soil 
particles are loosened, washed down the 
slope of the land and either end up in the 
valley below or are washed out to sea by 
streams and rivers. 

Forest policy in and 
areas 

With few exceptions, forestry as a land use 
discipline is largely new to and and semi-
arid regions. Forestry activities should be 
regarded as elements of coordinated land 
management practices. 

In the and zone, management options 
are generally confined to native pastures, 
animal husbandry, production of ligneous 
materials, gums, resins and wildlife, and 
carried out under a sylvo-pastoral system. 
Farming should be confined to certain areas 
where there are sufficient ground water 
resources (springs and wells) or where it 
has been possible to concentrate surface 
water by run-off or drastically to modify the 
areas through irrigation. Rather than p1 ant-
ing trees which grow in height, it would be 
better, under this bioclimate, to grow and 
manage low vegetation to control wind 
erosion and create a natural roughness for 
the soil. In this respect, a better knowledge  

of the ecology, conservation and utilization 
of this and vegetation is of paramount irn-
parlance. This vegetation could be used for 
sand dune stabilization as a pasture reserve, in 
addition to its value as industrial material. 

Semi-arid zone 

In the semi-arid zone there is a greater 
management choice than for arid areas - 
arboriculture, food crops and fodder prod-
ucts, industrial wood products, intensive 
livestock and combination of such USeS 
under an agro-sylvo-pastoral management 
system. Trees and forestry activities have a 
preponderant role to play in supporting 
both agricultural and livestock production: 

Trees in rows protect crops against 
wind erosion and desiccation. 
Trees inteimingled with crops pro-
tect the crops and reconstitute and 
enrich the soil. 

(ii i)Thus improved, the cultivated zones 
lose their marginal character, rota-
tion cropping becomes possible, a 
supplyoffodder is ensuredand much 
needed fuelwood is produced. 

(iv)A perfect combination of semi-for-
est trees bearing edible fruit, fodder 
trees and forest trees ensures not 
only a diversified and stable pro-
duction base but also, and above all, 
an agricultural and biological bal-
ance. 

(v) Agriculture thus assumes a stable 
and balanced character. 

In formulating or reviewing national 
forest policies the following factors need to 
be fully considered: 

- Wood production pr se need not be 
the primary objective in the drier 
parts of and zones, except as a 
byproduct of shelterbelt or soil 
stabilization measures. 

- The dependence of man and his 
livestock on these lands needs to be 
recognised as adefacto component 
of the environment. Policy should 
therefore aim at reconciling and 
harmonizing this requirement with 
the overall management strategy 
rather than treating it under the cat-
egory of "forest enemies", to be 
suppressed or eliminated. The new 
role expected from livestock - to 
produce proteins for the urban sec-
tors - needs to be considered. 
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Support to agricultureand livestock 
products, water and soil conserva-
tion, wildlife management, produc-
tion of fuelwood and minor forest 
products, income and employment 
would be the main services and 
good to be aimed at. 
In view of the slow rate at which the 
environment responds to improve-
ment, policy must provide for a 
long-term and sustained develop-
ment effort. 

Production systems 
A variety of production systems can be 
recognized. Depending upon the situation, 
these vary from traditional cropping and 
grazing systems to combined production 
systems in which agriculture, animal hus-
bandry and forestry are practiced on the 
same piece of land, in rotation, simultane-
ously or specially in order to maximize the 
benefits obtained from its various compo-
nents. namely crop. livestock and trees. 
Briefly, some of the more important of 
these systems are as follows; 

(a) Sylvo-pastoral: When the land is 
used forforestry and animal husbandry, the 
combined production system is called sylvo-
pastoral. This is a dominant land use sys-
tem in and zones. 

In the Sahelian zone, about a dozen 
species of Acacia provide fodder. These 
shrubs and trees are extremely valuable - in 
fact, stock raising would not be possible 
without them in many areas. They provide 
green feed (leaves, flowers, fruits) often 
rich in proteins, vitamins and mineral ele-
ments. 

In the and zones of Northem Africa, the 
production of shrubs such as Rhantei-iurn 
swiveolens, Ariemisia herha a/ha and 
Helianthenwn hppii represent the greater 
part of the fodder production. ie . 60-80 per 
cent or 50-90 per cent expressed in kg of 
DM/hz'year. In North America, shrubs of 
the Great Basin desert range lands provide 
50-70 per cent of the diet of sheep and 40 
percent of the diet of cattle that graze these 
lands during the wint&. 

Artificial sylvo-pastoral systems include 
the plantation of ligneous species suitable 
for browsing in pure stands or in associa-
tion with a grass or a forb layer. Among the 
most frequently cultivated species is 
Opuntiaficus inc//ca. Spineless cacti plan- 

tations for browsing cover 200.000 ha in 
north Africa. over 300.00) ha in north-
eastern Brazil, and 100,000 ha in south-
we stern Madagascar. Sicily, Mexico and 
Texas. 

The carob tree in the Mediterranean 
area should also be noted as well as various 
Australian Acacias in various countries, 
especially around the Mediterranean; 
Ha/o,rlon species and Calligonum species 
in and areas of Asia; Atriplex species in 
several and areas of the Mediterranean, 
North and South America; Prosopis and 
Parkinsonia species in Chile and India; and 
the African A cacias. especiallyAcac'iaSen-
egal, A. tort//is, A. nilonca and Faidherhia 
albida, 

(b)Agro-sylviculture: Land is usedto 
produce agricultural crops and forest prod-
ucts and amenities. Agro-sylviculture sys-
tems in and and semi and zones include the 
use of trees on crop land, linear plantations 
such as wind-breaks and shelterbelts and 
bush-fallow. 

In a windbreak project in the Majjia 
Valley of Niger, millet yields have been 
increased by 23% by planting rows of 
Azadirachia indira (neem) trees. Between 
1975 and 1980, more than 100 linear kilo-
metres of trees had been planted; every 
kilometre of windbreak protects at least 10 
ha of agricultural land. 

A study in Burkina Faso compared 47 
tree-enhanced plots with 48 control plots 
for millet and sorghum. Production in-
creased an average 10 per cent on the ex-
perimental plots. 

Other practical examples on crop yields 
from different countries are as fo1lows: 

Country Crop 	Increase in 
yields% 

USSR Wheat 10-35 
Egypt Maize 13-17 
USA Maize 10-25 
China Rice 3 - 33 
Niger 	Millet 	23 
USA 	Livestock 43 gain in live 

weight plus 
increased milk 
production 

The achievements of China in mobiliz-
ing people for forestry development far  

outstrip similar efforts anywhere in the 
world. A 7,000 kilometre-long stretch of 
trees, bushes and grass is being planted 
across the northern region of China to halt 
the spread of the desert. At the end of the 
first phase, completed in 1985, a total of 6 
million ha of farmland belt, sand dune 
fixing forests and soil and water conserva-
tion forests had been planted; 6.7 million ha 
of farmland and 3.4 million ha of pasture 
are now under protection. On farmland 
thus protected by the shelterbelt, crop yield 
has increased by 20 per cent owing to a 30 
per cent decrease in wind speed and a 
consequent 15-25 percent increase in soil 
moistures. 

Agroforestry 

Agroforestry is practiced in many countries 
as a means to conserve and enrich the soil, 
protect crops and animals against wind and 
extreme temperatures and provide wood, 
fuelwood and fodder for the population. 

Agroforestty is a relatively new word 
but it is nota new concept. Since a modern 
concept of agroforesiry is only now being 
developed, a universally acceptable defini-
tion has not yet been agreed upon although 
several have been suggested (see 
Agrofr'restiySystern, Vol.1 .pp7-12, 1982). 
One of the more recently coined definitions 
describesagroforesttyas"acoilective name 
for land-use systems and practices where 
woody perennials (trees, shrubs, palms, 
bamboos, etc) are deliberately used on the 
same land management unit with agricul-
tural crops and/or animals, either in some 
form of spatial arrangement or temporal 
sequence. In agroforestry systems there are 
both ecological and economical interac-
tions between different components". 

Multiple cropping is adopted: 
(I) to increase overall production per 

unit area; 
(ii) toenable planting to take accountof 

soil variations; 
(ii i)toexploit the d ifferent natural heights 

of various crops; 
(iv)to ensure a continued and varied 

supply of food; 
(v) to provide a soil coveragainst weeds 

and erosion. 
The disadvantages of the mixed crop-

ping systems mentioned here are as fol-
lows: 

(i) difficulties of mechanization; 
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Wi'W4-  
Wuidbreak of Eucah1nus along iigated rice fields. Ninei. Photo: ICRAF 

Parameter measured Near tree Edge of Outside 
trunk tree tree 
canopy canopy 

Yield of millet protein (kg/ha) 180 84 52 

Mean no. of ears per plant 5.4 4.2 2.9 

Weight of grain per ear (g) 29.8 23.3 22.6 

Table I: E/fi'ets of inco;po; -ati/tg Acacia albida into traditionalivjiirmed mi//el plots 

Desertfi cation Bulletin, N 22, 1993 

(ii) difficulties in applying inputs. eg . 
fertilizers: 

(iii)more complex experimentation7 . 

Analyses of traditional systems gerier-
ally show overall increases in crop yield. 
For dry zone farms incorporating Aeacia 
athida (up to about 40 trees/ha), record-
breaking effects on the yield of millet were 
achieved (see Table 1). 

Species commonly used are: Acacia 
albida. A. Senegal. A. iiilotico, Leureirna 
kucotephula. Proznpis cineraria. P. 
jithflara and Eucahpnix earna/clulensis. 

The traditional fanning system in West 
African millet and groundnut-producing 
areas includes the integration of trees, such 
as Acacki spp. Although [he basic syteni 
of bush-fallow remains the same through-
out the dry savanna regions, variationscan 
be found. Felker (1978) prepared a coin-
prehensive catalogue of fanning practices 
involving Acacia a/hida in the region. He 
concluded that in the infertile sandy soils of 
the Senega]esegroundnutbasin.cropyields 
of groundnuts and millet increased from 
500 ± 200 kg ha 1  to 9(X) ± 200 kg ha' 

directly underA. alhida foliage. In addition 
toa50-l(X)f increase in soilorganic matter 

and nitrogen content, soil microbiological 
activity and water-holding capacity also 
improved. The author further suggested 
that A. allida on farms could increase land 
carrying capacity from 10-20 persons per 

km2  to 40-50. thus allowing farmers to 
settle more permanently by eliminating the  

need for fallow periods. 
The Acacia a/hida-millei system is also 

found in Mali. Niger. Durkina Faso. Ethio-
pia. Zambia and Malawi. 

Another notable example is in the arid 
north-western parts of India, where there is 
a long tradition of growing pearl millet 
(Pcnniseiu,n g/aucum) under Khejri 
(Prosopis cinerwia) trees. Results of in-
vestigations conducted at the Central Arid 
Zone Research Institute, Jodhpur. India, 
over the past 20 years on the various aspects 
of the Khejri tree have been compiled in an 
excellent monograph'. 

Acacia enegal-miIIet/ 
sesame/groundnut 

This system is practiced in the Kordol'an 
region in Sudan. It consists of a rotation 
lasting 16 years: the land is under tree cover 
for 12 years, yielding arabic gum from 
mature Acacia se,uul trees during the last 

8otthese 12years. Then the trees are felled 
to produce firewood and the land is culti-
vatedfor4years. usually with millet.sesame 
or groundnut. To support an average fam-
ily, about 24 ha of land are needed. ie . 16 
plots of 1.5 ha should be arranged inaseries 
of normal age classes. 

Dehesa system 
This is a system of temporary cropping 
combined with livestock in Quereus (oak) 
forests in south-western Spain (Badajoz 
region). It is known asMoniadoin southern 
Portugal. The system consists of grazing 
animals under the Quereus trees and in 

cropping every 5-6 years one fifth to one 
sixth of the areas in cereals during one 
season. This gives at one time a sylvo-
pastoral system and at other times an agro-
sylvo-pastoral system. Natural vegetation 
has a dominant storey of Quercu.v hex and 
sometimes, particularly in Portugal. 
Quercus saber or Qftginea. There are 50 to 
60 trees per ha. This dominant storey is used 
for wood production, especially firewood, 
service wood, sleepers, acorns and, in the case 
of Q saber, cork which is exploited every 10 

years. Q. ilev is lopped every 8-12 years to 
enhance the production of acorns. 

Prosopis cineraria-
Cenchrus ciliaris system 
This system is practiced in the and zones of 
India (Rajasthan, Gujarat. 1-Iaryana) and in 
Pakistan (Sind province). Prosopis 
eulerarra is associated with food crops and 
livestock in the same manner as with Aca-
cia albicla in Africa. Prosopis cinereria is 
palatable. It is well protectedhy thefarmers 
and is regularly lopped for fodder. Another 
system is also practised using Prosopis 
jithflora and Cene bras ciliaris. Dry matter 

per ha/year of C. ciliaris in this system was 
estimated at 1.000 lbs/ha, 
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Technologies of improved agroforestry 
areevolving. largely due tothe high interest 
in this integrated fonu of land management. 
but the technologies need refinement and 
on-site validation before they can be incor-
porated into operational programmes. 

The role of leguminous tree species. so  
abundantly represented in the and zone in 
Africa by the genus Acucia. in the mainte-
nance olsoil fertility through the process of 
nitrogen fixation should also be .stressed.as 
well as the reduction of soil erosion and 
desiccation which woodlands and 
shrublands provide. 
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The Problem 
Environmental degradation is rampant in 
theeconomically and socially strained coun-
tries of Sub-Saharan Africa. Some of the 
critical environmental problems are: defor-
estation, soil erosion, aridization and loss of 
genetic diversity of flora and fauna. These 
problems are not isolated but interlinked in 
a process known as desert/icaüori. For 
example. reduction of vegetation cover as a 
result of unsustainable exploitation of the 
land can give rise to loss of biological 
productivity and exposure of the soil sur-
face to accelerated incidences of water and 
wind erosion, leading to reduction in soil 
organic matter and nutrient content. The 
resulting loss of habitats undermines the 
very basis of agricultural production and 
any prospects of developing improved va-
rieties of crops and livestock. Degradation 
of the vegetation can also affect the climate, 
locally, regionally and, mostprobably. also 
globally. 

The widespread environmental degra-
dation in Africa has been largely attributed 
to the absence of environmental awareness 
or con sc iou sness among the poor in Africa 
(Plumpwood and Routley. 1982). How- 

ever, our contention is that the foremost 
causes are human population pressure and 
outside influences (eg, modernisation) lead-
ing to over-exploitation and poor manage-
ment of resources (forests, soil, water, at-
mosphere, etc) through over-cultivation, 
overgrazing, deforestation, poor irrigation 
practices. pollution. etc. 

Human and livestock pressure often 
plays a role when the numbers of people 
and animals surpass sustainable levels in 
fragile arid, semi-arid and sub-humid eco-
systems. These are often exacerbated by 
other factors such as social and political 
systems which lead to unequal access to 
resources; inequitable financial arrange-
ments and terms of trade which force some 
developing country populations to over-
exploit their land merely to survive; devel-
opmental conflict between export-based 
cashcrops and foreign exchange needs on 
the one hand, and basic food security for the 
poor on the other. Where cash cropping is 
important, there is often a tendency for cash 
crops to take up the best land while subsist-
ence farmers are forced into urnrginal lands 
or land unsuitable for cultivation and par-
ticularly vulnerable to desertifTication. 

The consequences of poor resources 
management manifest themselves differ-
ently in different countries. But whatever 
the variations. the impact will eventually be 
measured in economic and social terms 
(Brown, 1988, pp3).  Forexample. demand 
for household fuel poses a clear threat to 
economic development in several coun- 

tries. It has led to denuded forests near rut -al 
villages and round towns and cities. With 
the loss of tree cover comes increased ero-
sion and lower crop yields. Where dried 
dung is used in place of scarce fuelwood, 
the soil is robbed of its natural replenish-
ment. The resulting loss of soil fertility 
red aces harvests which in turn means pov-
erty for the dependent population. 

Fuelwood shortages affect some 25 
countries in Sub-S aharan Africa. Commer-
cial lumbering, land clearing to make way 
for food farms and cattle farms, the peasant 
use of the forest for fuel and fodder all 
threaten the remaining natural forest which. 
in tropical climates, is highly susceptible to 
damage from human activities. Each year. 
run off from over 30 million hectares of 
degraded upland watersheds contributes to 
soil erosion. declines in agricultural pro-
ductivity, downstream silting and flooding 
and destruction of fishing grounds. 

For some countries with mounting oil 
importbills,hydroelecti -icity is the most prom-
isi ng means of producing power for industrial 
and residential uses and often water for irriga-
tion as well. But the environmental health and 
other costs of hydroelectric darns can be high. 
Accelerated siltation behind dams due to de-
forestation and soil erosion is the most ex-
pensive kind of environmental neglect. If a 
reservoir designed to function for 80 years 
silts up in 25, economic calculations of 
costs and benefits are thrown off com-
pletely. The loss of electric output alone 
runs into billions of dollars. 
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Nor is siltation the only cost. In 1987. 
the Food and Agriculture Organization 
(FAO) estimated that, on a global scale. 20 
per cent of irrigated lands are waterlogged. 
orexcessively saline. or both, which means 
additional costs in lowered agricultural pro-
ductivity. Health costs for treating malaria 
and schistosomiasis often climbdrastically 
afterdam construction because the mosqui-
toes and snails that carry these diseases 
proliferate in the standing waters of ilTiga-

tion reservoirs and canals, As much at risk 
as health are the harder to quantify losses 
associated with species extinction and the 
dislocation of people whose lands are 
flooded. 

Desertitication means a deteriorating 
spiral of declining production. increasing 
poverty and diminished potential produc-
t i v i ty (Darkoh. 1980. 1989). Itexacerbates 
poverty which in turn exacerbates 
deserlification because, as the pressure in-
creases, the inhabitants are forced to inten-
sify over-exploitation of their land just to 
survive. In doing so, they cause further 
diminution of its productivity and so the 
cycle continues. 

The social cost ofenvironmental degra-
dation is best illustrated by the experience 
in the Ethiopian Highlands and all across 
the Sahet; starvation, death and the forced 
exodus of millions of environmental refu-
gees moving in a desperate search for sur-
vival to urban areas or to other less de-
graded lands elsewhere. 

The human cost of environmental deg-
radation is immense; entire societies and 
cultures are threatened. The pastoral ists are 
acase in point. For most of them the loss of 
their livelihood tneansa life in relief camps 
or in the shanty towns mushrooming around 
the major cities in Sub-Saharan A1'rica. 

Our Common /'utwe. the report of the 
World Commission on Environment and 
Development (WCED, 1987). underlines 
the connection between poverty, intenia-
tional policy and environmental degrada-
tion. The report emphasises that "poverty 
itself pollutes theenvironnient ... Those who 
are poor and hungry will often destroy their 
immediate environment in order to sur-
vjve"(WCED, 1987, pp 28). They will cut 
forests. overgraze grasslands, overuse mar-
ginal land, and crowd into congested cities. 
The cumulative effect of these 'changes is 
so far reaching as to make poverty itself a 

major global scourge" (WCED. ibid). 

Nowhere is thiscon ned ion more graphi-
cally illustrated than among the famine-
ravaged people ofSub-Saharan Africa who 
have become a familiar sight on European 
and American television screens in recent 
years. To quote again from Our Common 
Future, their plight: 

illo orates the wav.v in which econom-
k's and ecology can interact desnuctiveh' 
and trip into disaster. Triggeredbvdivaghi. 
its rca/causes lie deeper. T/ies wefiundin 
pail in national policies that have too little 
attention, too late, to the tieeds of' small-
holder agriculture and to the threats posed 
bY rapid/v rising popu/ations Their toots 
extend also to a global economic system 
that takes more out of apoor continent than 
it puts in. Debts the cannot par force 
African nations relying on commodity sales 
to overuse their fragile soils, thus twnirtg 
good land to de.vert. Trade harriers in the 
wea/th' nations... and in many developing 
ones.. make it hard for Africans to sell their 
goods for reasonable ic/urns, putting set 
more pressure on ecological systems. Aid 
from donor nations has not on/s been inad-
equate in scale, but too often has reflected 
the priorities of t/ic nations giving the aid, 
rather than the izeeds of the recipients. 
(WCED. 1977, pp 6) 

Most African countries are trapped in 
production structures and political systems 
which make it difficult to envisage real 
progress for the wider population in the 
short-term. Political and social condi-
tions in these countries have not been con-
ducive to open debate about environmental 
problems. northeestahlishinent of efficient 
public bodies to deal with the issues. Lack 
of kno ledge, resources and administra-
live capacity have all contributed to hinder 
the emergence of an appropriate and effec-
tive administration and coordination of en-
vironmental niatters. 

Objectives 

Research on land degradation and soil con-
servation should have as its fundamental 
aim the promotion of sustainable utilization 
of resources in the Eastern and Southern 

African countries. It should enable schol-
ars in the region to study the multifaceted 
causes of environmental degradation and 
find solutions to the problem. As a pre-
requisite to sustainable use of natural re-
sources in these countries, local researchers 

must be able to analyse and assess their 
countries' resources realistically. There is 
need. therefore, to support etideavours to 
upgrade c n v ironmental considerations. as a 
pre-condition to embarking on sustainable 
development. 

Most environmental problems are fun-
damentally socio-economic and political in 
nature and so research on land degradation 
and soil conservation should be open to 
socio-economic studies and special atten-
tion given to interdisciplinary research. 

Conceptual Framework 

and Possible Themes for 

Research 

The key issues dealt with in research on 
environmental degradation can be formu-
lated in general terms as degradation of 
soils, vegetation, water regimes, atmos-
phere and other natural resources, in which 
the biological and physical processes are 
accelerated as a result of human interven-
tion. The overriding problems can also be 
postulated as conflicts arising from compe-
tition for resource utilization between the 
various production sectors (eg. agriculture, 
livestock, wildlife, human settlement, etc). 

Although science and technology have 
the potential to improve people's lives, 
many development programmes have cre-
ated problems more serious than the origi-
nal conditions. Third world development 
efforts typically have begun at the higher 
levels of government, with the intention 
that benefits will 'trickle down" but unfor-
tunately. this approach has not provided for 
those whose needs are most urgent. In 
many such projects, traditional ways of 
subsistence are slighted, while the pro-
grammc dictates creation of a western-
style, cash-crop economy (MeKiernan, 
1990. pp  10-12). Precariously committed 
to a limited number of crops, third world 
countries become over-dependent on ex-
pensive seed.fertilizers. pesticides and tech-
nology, and susceptible to fluctuations in 
the global market. 

Such "growth without development" 
has meant the exploitation of human and 
natural resources for the primary benefit of 
outside interests. Many a prey ious effort to 
enhance African agriculture have been far 
from successful even as they have caused 
e n v ironniental damage to entire landscapes 
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Human settlements alonç' foots/nje.c ihic/i lla'e led to the vegetation degradation showti in the foreground. Mar'hakosDisfl'icr. Kenya. 
Photo.' M.B.K. Dai*oli. 

and displaced local production systems. A 
case in point is the extension of the 
monoculture of cotton and uroundnuts in 
the Sahel. 

To correct the ingrained problems of 
poverty and environmental degradation in 
Africa will not be easy. It will require anew 
approach to development, one that is based 
on policies that sustain and expand the 
environmental resource base. We believe 
nothing short of sustainable development 
can relieve the swelling tide of poverty that 
is taking overmuch of our continent today. 

The term .vustainable deeloprnent has 
been so often used by different people to 
meandifferem things that it has beconie, in 
the words of one critic, an 'intellectual 
oxymoron(Lele, 1991.pp 608). The US 
Agency for international Development 
(USALD) tends to use it to mean a project 
can be sustained financially after foreign 

assistance has been terminated (Brown, 
1988. pp 12). Mostenvironmentalists use  

the phrase sustainable deelopin en: with 
"ecologically sustainable or environmen-
tally sound" (Tolba. 1984). The World 
Commission on Environment and Devel-
opment (1987. pp  43) delincs sustainable 
deve!opnt cut as "development that meets 
the needs of the present without compro-
mising the ability of future generations to 
meet their own needs'. 

By .5/451W nub/C dere/upinent. we mean 
development that can operate within the 
constraints of local ecosystems; and devel-
opmeiu that help people live in balance 
with nature. By analogy, therefore. by 
sustainable iiationuldeve/opmeni we mean 
national development strategies that are 
ecologically sustainable; strategies that take 
into consideration the existing ecological 
conditions necessary to support human life 
at a specified level of well-being through 
future generations. We envisage in this 
concept of sustainable de'elopmenra form 
of societal change that, in addition to tradi- 

rional objectives, has the objective or con-
straint of ecological sustainability. In this 
ever-changing world, the specific forms of 
and priorities among objectives, and the 
requirements for achieving sustainability - 
as it is understood at each stage - would 
remain a fundamental concern. 

If development is to succeed over the 
long-term it must not only be ecologically 
sustainable, it must be for people and by 
people. It is therefore important that any 
suggested strategies build on the principle 
that environmental issues should be con-
sidered from the developing countries' view-
point. As the need for economic develop-
mem and an increasing population make 
intensive production necessary. existing 
produclion methods and the local popula-
lion's understanding of environmental re-
alities are sources of valuable information 
which should be used to formulate a sus-
tainable development strategy. 

Some of the significant issues that can 
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be dealt with by researchers are mentioned 
below: 

General 

* Degradation of natural resources 
* Degradation of key production ar- 

eas in and and semi-arid environ- 
ments 

* Changes in land use and resource 
utilization 

* Modelling theelements of land deg-
radation 

* Land use conflicts 
* The dynamics and impact of popu-

lation movement and resettlement 
on the carrying capacity of arid and 
semi-arid environments 

* Socio-economic and institutional 
causes of desertification and land 
degradation 

* Endangered species: plants and 
wildlife 

* The connection between poverty 
and environmental degradation 

* The correlation between economic 
growth and environmental 
sustainability 

* Development, sustainability and 
local peoples' participation 

* Traditional resource management 
systems and their potential forenvi-
ronmental conservation and sustain-
able utilization 
Rehabilitation of degraded ecosys-
tems 

* Land tenure systems and env iron-
mental conservation 

* Public policy and environmental 
conservation 

* Environmental education and sus-
tainable development 

* The extension challenge in dry land 
development 

* Drought relief and rehabilitation 
* Food security 

Population expansion and environ-
mental degradation 

* Population control and resource 
planning 
Watershed management and con-
servatiori 
Risk assessment of environmental 
hazards 

* Biodiversity,  
Pastoralism and environmental 
management 

' Land management planning 
* Wildlife conservation 
' Tourism and sustainable wildlife 

utilisation and conservation 
* Pests and pest control 
' Toxic terrorism 

Forests 
• Socio-economic and institutional 

factors behind deforestation 
• Environniental impact olcommer-

cial lumbering and land clearance 
for agriculture and ranching 

• Alternatives to shifting cultivation 
and land rotation agriculture 

• Afforestation 
• Agroforestry 
• Biodiversity 
• Biotechnology 

Pastures 
* Pastoralism and environmental issues 
* Displacement and marginalisation 

of pastoralism 
'l Prospects for land privatization and 

resource management in and and 
semi-arid lands 

* Intervention inu-aditional pastoralist 
societies 
Risk spreading and pastoralism 

* Sede n tari zat i on and environmental 
issLiec 

* Rehabilitation of dry-season graz-
ing areas 

Soils 
* Soil erosion 
* Biological soil conservation 
* Ecological effectsofagrochemicals, 

eg. fertilizers and pesticides 

Energy 
* The fuelwood crisis 

Development of alternative and re-
newable energy sources 

* Conservation through cooking tech-
nology 

* Investment in forestry and 
agroibrestry 
Multipurpose fodder/fuel projects 
Biomass residue utilization 

* Fuel substitution 

Water 
Water pollution 
Water supply, health and diseases 

• Ecological impact of dam con struc-
tiun 

• Importance of water resources, set-
tlement of people and siting of pro-
duction 

• lrrigation and the environmental 
challenge 

• Water harvesting 

Human Settlement 
* Major environmental issues stem-

ming from overpopulation and rapid 
urbanization 

* Industrial pollution 
* Air and noise pollution 

Safe disposal of sanitary and indus-
trial wastes 

Wildlife 
* Ecological factors contributing to 

extinction of wildlife 
* The impact of commercial, sport 

and subsistence hunting on wildlife 
* Wildlife dispersal corridorconflicts 
* Tourism and environmental issues 
* integrated species management 
* Wildlife conservation policies 
This list of suggested topics is by no 

meanscomplete. These examp les have been 
cited here just to illustrate the wide rangeof 
en v i ronmental issues that research can tackle 
in the region. Apart from topical issues, 
research can also focus on area-spec i fi c and 
regional studies that address environmental 
issues. 

Literary Review: Land 
Degradation and 
Desertification 
There is a growing body of general litera-
ture on the problems of tand degradation 
and especially desertification. UNEP has 
recently published a World Desert ificalion 
Bibliography (IJNEP, 199]). However, 
with specific regard to Africa, the only 
comprehensive bibliographic documenta-
tion on environmental degradation or 
desertification was compiled a decade ago 
by Gunter Leng ( 1982). There is currently 
no comprehensive bibliography on land 
degradation or desertification in the East-

era and Southern African region. Neither 
are there adequate studies of these prob-
lenis. Whileafew countries such asTanza-
nia. Zimbabwe and Botswana have ben- 
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eli ted from fairly comprehensive studies of 
certain aspects of the problem, the ma jority 
of countries in the Eastern and Southern 
African region have not. 

Although a distinction can be made 
between the terms land degradazuni and 
desernflcmon, for the purpose of this brief 
review we will use both terms interchange-
ably. The term deserlifleanon is a fairly 
recent addition to scientific vocabulary, 
designating "a process of ecological degra-
dation in arid, semi-arid and dry sub-humid 
lands by which the productivity of the land 
is lost or substantially diminished (Tolba. 
1979. pp 6). UNEP's current definition of 

desertificaeioii is "land degradation in arid, 
semi-arid and dry sub-humid areas result-
ing mainly from adverse human impact" 
(UNEP, 1992, pp 1-2). The term was used 
forthefirstimeby Aubreville in 1949(Paylot 
and Mabbutt 1980. pp iii). but it has been 
widely adopted arid applied only during and 

after the 1968-73 drought disaster in the 
Sahelian region of Sub-Saharan Africa. 

The tragic events in the SahelofAftica 
ained the attention not only of the media 

all over the world but also of scientists who 
carried out large nuniberof scientific inves-
tigations of the phenomenon. The problem 
of ecological degradation was soon per-
ceived as a serious threat in many parts of 
the earth and, in response. in 1977 the UN 
convened a conference on deserlilication in 
Nairobi. Kenya. For this meeling scientific 
knowledgu of the problem from many cowl-
tries was gathered and reviewed. At the 
conference various papers and documents 
were presented and discussed and a Plan of 
Action to Combat Desertification (PACD) 
was drawn up and adopted. 

The conference had a clarifying effect: 

since then, this definition of desertification 
as "land degradation resulting primarily 
from adverse human impact" has been gen-

erally accepted among scientists. It was 
agreed that there was little evidence to 
support the view that desertification results 
from along-term climatic change. Instead.  

man's destructive activities - his bad man-
agement of land resources through 
overcultivation, overgrazing, deforestati o n, 
wood cutting. etc - were recognised as the 
main causal elements in the process of 
desertification. Consequently a solution to 
the problem was expected to come mainly 
from "an improved and ecological iy adapted 
management of soil, water and vegetation" 
Rapp and Hellden. 1979, pp 115). But in 

spite of the rather optimistic estimations 
that "the main bulk of scientific knowledge 
and technological means necessary forcom-
bating desertifleation and developing the 
resources of arid lands are available" (Tolba, 
1979. pp 21. the practical results so far 
have been rather poor. This unsatisfactory 
situation in ust be accounted for. Could it be 
that the knowledge of the problem and the 
solutions derived from it are stiU inad-

equate? 
This is the view held by us (Darkoh. 

1989) with regard to the Southern African 
Region. Similar views have also been 
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epressedby Haker(1981)on Kenya. We 
have noted (Darkoh 1989, pp  48) that in 
recent research on and discussion of 
desertitication or land degradation, there 
has been a general tendency to attribute the 
causes "simplistically or mechanistically' 
to either physical factors such as soil ero-
sion, sedimentation. salinization and 
alkalinization, or humaii factors such as 
overcultivation, overgrazing, poor irriga-
lion practices and deforestation. While 
"these factors are real, and do indeed give 
rise 10 desertification, the tendency has 
been to simply accept them and not to 
question the historical, soci o-economic and 
institutional factors that are behind them. 
Often such propulsive factors are ignored". 
We pointed out that the end resu't is 'a 
problem of mistaken identity"as secondary 
or dependent variables are accepted and 
treated as basic or fundamental causes of 
the problem and conclude that "this, in a 
large measure, accounts for why most de-
velopment schemes intended as solutions 
to the desertification problem in Africa do 
not work". We illustrated these perspec-
tives by citing examples from Lesotho, 
Madagascar, Tanzania. Zimbabwe and 
Botswana. A further thrust of our work on 
the region has been to make a national and 
regional assessment 01 desertification and 
its combat. Our findings largely show that 
the record gives little indication that the 
struggleagainstdesertiiication is being won 
in the region (Darkoh 1989. pp 61). 

Baker(1981)launchesascatliingattaek 
on what he calls the "conventional" or 
"technocratic" approach. In his opinion 
thisapproach is totally misconceived since 
it treats the environmental issue as the prob-
lem and seeks a technical solution, thereby 
excluding the socio-econoniic system as a 
causal element. "If we step back one pace 
and pull the policy-arid decision-making 
system itself into the arrayof variables, then 
the environmental"prohlem" fairly rapidly 
demotes itself into a set of symptoms of a 
malaise within the broader issue of the 
political economy. This, at least, is the 
conclusion drawn from the various studies 
ofdesertification or land degradation in the 
semi-arid areas of the Third World exam-
ined by the author" (Baker 1981 .pp 1). 

Thus the conventional approach is re-
garded as inadequate because it places en-
vironment over people: it identities "sec-
ondary and dependent phenomena as basic  

or fundamental problems" and, therefore, 
merely tackles symptoms (1981. pp  3). 
114'isnia,iagenient. in Baker's view, is not 
the principal cause of desertification but the 
manifestation of more fundamental pro h-
lem.s inherent in the structures of society. 
eg , political, social and economic inequali-
ties, 

Baker proposes an alternative approach 
in which the issue of environmental degra-
dation is conceived as part of a dynamic 
historical process. The focal question of 
analysisshouldbe: "what brought about the 
human behaviour which, in turn, initiated 
oraccentuated the physical process"( 198 1, 
pp 2). Explanations for environmental 
malaise must therefore he sought in the 
political economy of the societies in ques-
tion, in his view, the phenomenon of land 
degradation is not a physical but a societal 
problem; only the symptoms are physical. 
An environmental management approach 
which concentrates essentially on technical 
solutions (eg, land use control) does not 
therefore approach the root of the problem. 
A real solution presupposes a socio-eco-
nom i c framework oflring real alternatives 
to those degrading the environment. For 
many countries this may necessitate "a 
radical re-appraisal of basic policy: the 
model of development" (1981, pp  24). 

Elements of Baker's position can also 
be found in Darkob 1980). Other recent 
works which have articulated this view-
point on a global basis are Blaikie (1989. 
1985) and Blaikie and Brookfield (1987). 
These studies pursue a chain of explanation 
from the on-site symptoms of land degrada-
tion, via land-use practices. 10 land users, 
the agrarian society, the state and the world 
economy (figure 1). 

The chain of explanation of land degra-
dation liriksaseriesof e ve r- w iden i ng frames 
of reference, moving away from attempts at 
a location-based explanation of physical 
symptoms towards an examination first of 
local, then national, and finally interna-
tional, political economy-based explana-
tions. As Blaikie (1989) points out. there 
are theoretical advantages in this approach 
but also problems in relating it to practical 
policy, because the more radical the deep-
seated explanation oldegradation becomes, 
the mole difficult it is to formulate a policy 
which is also politically feasible. 

The explanation of the problem of land 
degradation on which any soil and water  

conservation policy must be based isoneof 
thecrucial areas inwliich the existing litera-
turn in the Eastern and Southern African 
region. and indeed, in the rest of Sub-
Saharan Africa, appears to be highly defi-
cient. 

Sustainable 

Development 

When we review the literatuteonoursug-
gested soil conservation strategy that posits 
.nnvainahfr det'elopn rent as our principal 
operational objective, we encounter a par-
allel lacuna in the existing literature on the 
sub-Saharan region. I-here again, in exam-
ining the concept. we have seen that the 
manner in which sustainable development 
is viewed varies so much that, while some 
callit"acontradictioninteniis"(O'Riordan. 
1985). others suggest that it "may be just 
another truism"(Redcliff, 1987, pp 1). These 
interpretational problems. though ultimately 
conceptual, have some semantic roots and 
in a critical review of the concept, L.ele 
(1991. pp 607-621 )discusses at length the 
major problems associated with the differ-
ent interpretations. The lack of consistency 
in its interpretation is a major weakness of 
the concept. 

The term aistthnable det eloprnentcai'ne 
into prominence in 1980. when the Intenia-
tional Union I'orthe Conservation ofNature 
and Natural Resources (IUCN) presented 
the World Consej'uation St,'atev (WCS) 
with the overall aim of"achieving sustain-
able development through the conservation 
of living resources" (IUCN. 1980). Critics 
acknowledged that"by identifying sustain-
able development as the basic goal of soci-
ety the WCS was able to make a profound 
contribution toward reconciling the inter-
ests 01' the development community with 
those of the environmental movement" 

(Kholsa. 1987). However, they pointed out 
that the strategy was "essentially supply-
sided, in that it assumed the level and struc-
ture of demand to be an independent and 
autonornousvariable"and"ignored the fact 
that ifa sustainable style of development is 
to be pursued, then both the level and par-
ticularly the structure of demand must be 
fundamentally changed" (Sunkel, 1987). 
In short, the WCS had really addressed only 
the issue of ecological sustainabihity, rather 
than sustainable development. 
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The United NaUons Environment Pro-
grarnme (UNEP) was at the forefront of the 
elThrt to modify, articulate and popularise 
the concept. UNEP'S concept of sustain-
able development was based on: 

• help for the very poor, because they 
are left with no options but to de-
stroy their environment 

• the ideaof self-reliant development 
• the idea of cost eflecuve develop- 

ment using non-traditional eco- 
nomic criteria 

• the great issues of health control, 
appropriate technology, food, self-
reliance.clean water and shelter for 
all; and 

• the notion that people-centred ini- 
tiatives are needed (Tolba, 1984a). 

Lele (1991. pp 611) points out that 
UNEP's conceptualisation of sustainable 
development "epitomises the mixing of 
goals and means of more precisely, of fun- 
damental objectives and operational ones 
that has burdened much of the sustainable 
det'elopmentliterature". According to Lele 
(ihjd) it is not clear whether self reliance. 
cost-effectiveness, appropriate technology 
and people-centredness are additional ob- 

jectives or the operational requirements for 
achieving the traditional ones of meeting 
basic needs. 

A similar proliferation of objectives 
w a s also noticeable at the 1986 conference 
on Conservation and Development, spon-
sored by the IUCN, UNEP and the World 
Wildlife Fund (Ottawa, Canada), which 
recognised "that sustainable development 
seeks... to respond to live broad require-
ments: 

integration of conservation and de-
velopment 

* satisfaction of basic human needs 
' achievement of equity and social 

justice 
* provision of social self-determina- 

tion and cultural diversity; and 
* maintenance ofecotogical integrity" 

(Jacobs eta!, 1987). 
The all-encompassing nature of the first 

requirement and the repetitions and redun-
dancies between some of the others were 
acknowledged by the conference 
rapporteurs (Jacobs e al. 1987). but no 
better framework was suggested. 

In contrast, the currently popular defi-
nition of sustainable development - the one 

adopted by the World Commission on En-
vironment and Development -is simple and 
brief: sustainable development is "devel-
opment that meets the needs of the present 
without compromising the ability of future 
generations to meet their own needs" 
(WCED. 1987. pp 43). 

The WCED's statement on the firnda-
mental objectives of sustainable develop-
ment is brief but the Commission is much 
more elaborate about its operational obj cc-
lives. It states that "the critical objectives 
which follow from the concept of sustain-
able development" are: 

* reviving growth; 
* changing the quality of growth; 
* meeting essential needs for jobs. 

food, energy, water and sanitation; 
* en suring a s ustai n able level ofpopu- 

lation; 
* conserving and enhancing the re- 

source base; 
'' reorienting technology and manag- 

ing risk; 
* merging environment and econom- 

ics in decision-making; and 
* re-ori enting intemational economic 

relations (WCED, 1987. pp  49). 
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Most international organisalions and 
agencies actively pronlotilig the concept of 
sustainable develojmieiu subscribe to some 
grail olthese objectives with. however, the 
notable addition ofa ninth operational goal. 
viz: 

* making dcvelopniem more partici-
patory. 

This formulation can therefore be said 
to represent the mainstream of thinking on 
siistaina!ilc' de eelopneiI. "ilie log ical con-
nection between the brief definition of fun-
damental susiainahte dei elopment objec-
tives and the list of operational ones is not 
completely obvious - mainly because many 
of the operational goals are not independent 
ofothers"(Lele. 1991.pp611). 

Conclusion 
Obviously we llavL' wilriesed only the be-
ginning of a conlioversmal debate on the 
(onventlonal (tec hnoc rat ic 1 versus radiral 
approach to the explanation of the problem 

01 land degradation and the conceptual 
devices for clarifying our thinking on the 
notion of usrciincth(c'developnientas a too! 
for planning human activities within the 
context ofenvironnienral constraims. Con-
sidering the seriousness of the problem of 
land degradation, and the lack of success of 
the strategies and methods applied so far. 
there is need for research and open debate 
abou i the ji-inripkx of sustainable develop-
ment even in as much as our ideas seem to 
fall in line with mainstream thought. As 
Lcle (1991) has noted. mainstreani forniu-
lation of .s-us;iiiabIe ckcc'Iopmenr suffers 
from three significant weaknesses: 

* its characterisatioii of the problems 
of poverty and environmental deg-
radation 

' its conceptualisatizin of the objec-
tivesof development, sustainahility 
and participation: 

* the strategy it has adopted in the 
face of incomplete knowledge and 
uncertainty. 

Through both theoretical and empirical 
insights into these problems, research in the 
region should help policy and planning 
make headway in the solution of soil and 
water conservation problems. 
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Outline of an Action Programme to 
Combat Desertification and 
Promote Food and Energy 
Production in the Southern African 
Subregion 

By William Rugumamu 
Departmeit oJGeograpiv 
Uniuersitv of L)ar es Saloani 
Dares Salaani. Tan:ania 

This paper is a Lontrihullo.'l in itDALCO 
efforts to help aehiere sustultialk loller-
enee and enmplementaluv leiween 
subregional and national en rironnzeival 
ran servalum /)rog/amnzes and socio-eeo-
nornie de vehpnient plans. hot/i in the short 
and long term. 

Background to the 
problem 
Two el the main problems ofenvironmen-
tat degradation in the African region are the 
spread of deserts and accelerated soil ero-
sion. These processes are characterized by 
declining food and energy production. pol-
lution of aquatic resources and the deple-
tion of forests and rangelands. The under-
lying problem behind all these factors is 
poverty since, of the 30 least developed 
countries in the world, 22 are drawn from 
the African region. 

Concern for the environment, both from 
the African people and their governments. 

was reflected in 1985 by the Cairo Ministerial 
Contèrence on the Environment's (AMCEN) 
creation of four committees, namely Deserts 
and Arid Lands. River and Lake Basins, For-
ests and Woodlands, and Seas. 

The African Desert and Arid Lands 
Committee (ADALCO) was first convened 
in Dakar in 1987 with the mandate. hiter-
alia, to combat the spread of the Kalahari-
Naniih desert and the surrounding semi-
arid tone, control accelerated soil erosion 
and promote food and energy production. 
These are some of the major problems 
facing countries of the Southern African 
Development Coordination Conference 
fSADCCI subregion (Angola. Botswana. 
Lesotho. Mozambique, Namibia. 
Swaziland. Tanzania. Zambia and Zimba-
bwe). 

Environmental 
resources: an overview 
As was recogrnsed by AMCEN, cultural 
arid ecological conditions cut across na-
tional boundaries and, at the same time, 
environmental problems vary both between 
and within individual SADCC states 
(Annersten. 1988). This study explores the 
socio-econornic and ecological similarities 
between SADCC countries as a basis for 
drawing up a regional action programme to 
combat desert ification and promote lood 
and energy prrklucunhl. 

Definitions 
Within the SADCC subregion, many dii -
fereiit terms are used to refer to 

deserlification. In Tanzania. the catch-
phrase is aceele, -aied soil erosion: in 

Lesotho, it is wate,shed management: in 
Botswana, it is desert ification: in Swaziland 
it is simply emironmef ital degradation. It 
may be speculated that the different terms 
used are aimed at winning sympathy and 
international support for halting different 
aspects of land degradation in respective 
countries. In this paper. theterrndesei -tijii-ation 
isdetined according ID the UN Conference on 
Desertilication (1977) as the diminution of 
biological potential which can lead to desert-
like conditions. The process is essentially 
antliropogenic in nature. 

Promoting food security 
and alternative energy 
A programme for promotion of foot] secu-
rity should assure all citizens of both physi-
cal and econoriic access to food of ad-
equate nutritional quahityover thc shortand 
long term. A programme for promotion of 
energy production should go beyond tradi-
tional fuclwood energy and transcend the 
aims of tree-growing campaigns and con-
centrate on alternative energy sources. 
These twill programmes can best be ex-
ecuted iftheenvironmental resource base is 
adequately inventnried. 

Environmental resource 
base location and size 
SADCC member countries stretch from 
10°  to42' east otGreenwich and 20 to3l° 
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Area (km) 	PPR 	Population (mIllions) 	PD/km 
1989 	1990 	2000 

Angola 1246700 0.145 7.9 10.0 12.0 6.2 
Botswana 582,000 1.281 0.8 1.2 1.7 1.9 

Lesotho 30300 3.060 1.3 1.7 2.3 60.5 
Malawi 118485 1.065 6.1 8.0 12.0 74.9 
Mozambique 801,590 0.378 12.0 17.0 24.0 18.2 

Swaziland 17,363 1.286 0.6 1.0 1.2 41.5 

Tanzania 945,000 0.630 18.7 26.0 11.0 23.2 
Zambia 752614 0.146 5.7 8.0 11.0 9.4 
Zimbabwe 390,245 0.962 7.4 11.0 17.0 22.2 

Total 4,884,297 60.5 83.9 92.2 

Key 
PPR 	Population pressure on resources. This figure is obtained by con -iparing the ratio of existing population 

to the UN Food and Agriculture Organisatton estimates of population supporting capacity at low levels of 
agricultural inputs. The higher the index, the less the population pressure on environmental resources. 

PD/km 	Population density: persons/km. 

Source 	Various 

Table I: Population-Resource Relationship 

south of the equator so the subregion expe-
riences both tropical and temperate condi-
tions. It covers an area of about 4,884.297 
km2  (Table I). 

Topography 
Topographically the subregion is charac-
terized by an extensive plateau standing at 
between 1.500 and 2.000 metres above 
mean sea level, running from west to east 
through Angola, Zambia, Zimbabwe, Ma-
lawiand Tanzania and forming a conspicu-
ousgeomorphic feature. The highest moun-
tain peak in Africa, Mount Kilimanjaro, at 
5,895 metres above mean sea level, and the 
lowest parts of the continent, the floor of 
Lake Tanganyika. at 358 metres below 
mean sea level, are found in the subregion. 

Geology and geomorphic 
resources 
The distribution of rocks and relief patterns 
in the subregion explains the spatial varia-
tion of natural resources and land use. 
Geologically, SADCC countries form part 
of the Precambrian Shield dating back 3,500 

million years (King, 1982). Most of the 
principal mineral deposits, including gold. 
diamond, manganese. phosphates, iron and 
copper are to be found where rocks were 
affected by mountain building over 1.200 
million years ago. Where the ancient rocks 
were strongly folded about 250 million 
years ago. (King. 1970) subsequent erosion 
has given rise to the great coal-bearing 
Karoo mountain range. 

Although the quality of coal has been 
regarded as poor, in general, the evolution 
of the landscape has made the sub-region a 
rich mineral reserve. The other most im-
portant energy reserves are petroleum and 
natural gas. Small oil fields are being 
tapped in Angola and natural gas fields in 
Tanzania. The subregion's location as part 
of the Rift Valley system means there is 
also a potential source of geothermal en-
ergy. The role of energy in the development 
of SADCC countries' economies cannot be 
overemphasized since the consumption of 
petroleum products,coupled with increased 
prices, have posed a heavy burden in for -
eign exchange to member countries. Ex-
ploitation of the region's own fossil fuel 
reserves would provide an alternative en- 

ergy source to traditional wood-burning 
practices. and the readily available rock 
phosphates and urea could aid in soil amel-
ioration and improve food security. 

Drainage 
The Rift Valley system stretches from Tur-
key to Botswana and can be traced through 
Malawi to the coast near Beira, Mozam-
bique, with branches extending along the 
Luangwa Valley, the middle Zambezi river 
and the Okavango swamp (Botswana). In 
this way the drainage system reflects the 
region's geology and topography. The ma-
jor river flowing in conformity with the 
plateau alignment is the Zambezi. which 
makes up around 25 per cent of the subregion 
and has the largest drainage basin. Other 
major rivers include the Limpopo, Rufiji, 
Ruvuma, Sabi, Cunene, Cuanza and the 
head waters of the Orange. as well as many 
southern tributaries of the Congo. 

There are also several large lakes, most 
of which are associated with the Rift Valley 
system. including Lakes Victoria, Tangan-
yika. Nyasa (Malawi). Mweru, Rukwa. 
Bangweulu and Eyasi. Lastly there is the 
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Kalahari basin which is characterized by 
interior drainage. 

Hydroelectric power 
The high rainfall on the plateau and the high 
altitude at the source of the river basins to-
gether contribute to the enormous hydroelec-
tric power potential of the subregion. An 
economically viable approach to tapping 
this energy source would be to encourage 
cooperation between neighbouring states. 
with some special provision made for the 
remotely located Lesotho, The SADCC en-
ergy sector secretarial based in Angola are 
now looking into this possibility. 

Climate 
There iscurrenrlyinsufflcienrdataavail-

able on climatic conditions in the SADCC 
subregion and there is a need to set up more 
climate monitoring stations to complement 
the one based in 1-farare, Zimbabwe. 

P&eo-cl imatic conditions varied 
throughout the area and temperatures are 
believed to have been approximately 5°C 
lowerthan today (Grove. 1978). The tern-
perature change can be discerned in the 
soils, drainage and land forms of some 
SADCC member countries. Today, tern-
perature conditions are fairly uniform all 
the year round except for mountainous ar-
eas and in Lesotho, where all the land is 
situated more than 1 ,(X)Ometres above mean 
sea level. Here. the mean annual tempera-
ture is less than 15°C and the weather 
pattern is characterized by snow fall in 
winter. Elsewhere the hottest season pre-
cedes the onset of the main rainy season. 

One of the main climatic constraints is 
aridity. For instance, the recent drought of the 
eatlyl 970swas, inpari,wharpmrnptedtheUN 
General Assembly's call for a World Confer-
ence on I)sertiflcation (UNCOD, 1977). 

But drought isjustone ofthe precursonof 
desertification. The so-called spread of the 
Kalahari-Namib desert and the surrounding 
semi-arid zone is based on the conception that 
the sand dunes are spreading. An in-depth 
analysis of this environmental hazard reveals 
that man's actions more than the climate are at 
the core of the problem. 

Water 
A lull understanding and assessment at 
available waler resources calls for thorough 

analysis of the amount, type and seasonal 
incidence of rainfall and the rate of evapo-
ration. However, SADCC countries cur-
rently lack derailed. accurate data on water 
resources. 

A major setback in the assessment of 
water resources is the low density of rainfall 
stations in the hydro-meteorological net-
work. The density in most countries ranges 
from one rainfall station per 130 to 2.000 
km 2 .with the exception of Angola with one 
station per 100,000 km. 

Data on the water resource base would 
be invaluable in assessing irrigation poten-
tial and estimating the soil erosion hazard 
based on the amount and intensity of rain-
fall. It is of utmost importance that member 
countries that share river basins cooperate 
in warerresourcesdatacolleciion and analy-
sis for a variety of uses. 

However, according to available infor-
mation, spatial rainfall distribution ranges 
from about 200 mm a year in southern 
Botswana and increases steadily to over 
1.250mmayearin northern Angola, north-
ern Zambia and northwestern Tanzania. 
There are divergences from this trend, par-
ticularly in central Tanzania, on the Mo-
zanibique plains and the Angolan coast, 
which are much drier, and in Lesotho which. 
being mountainous, is comparatively wet-
ter. On average, the subregion receives an 
annual rainfall of around 969 mm. 

Most of the subregion receives rain in 
summer which is the main flood period of 
the major river basins. But because of the 
great fluctuation in rainfall from year to 
year, coupled with intermittent droughts, 
the annual run-off in river systems in any 
one year may vary from zero to five or six 
times the average. 

A water deficit arises when potential 
evapotranspiration (PE)exceedsprecipitation 
(P) or rainfall. The annual PE varies between 
approximately 1.000 and 2,000 mm a year. 
On the whole, all SADCC countries except 
Malawi have zones of water deficiL 

It is therefore important that water con ser-
vation measures to avert drought and subse-
quent loss of crops and livestock are intro-
duced, especially where irrigation is planned. 

One way to conserve water would be to 
introduce technologies such as rain-water 
harvesting that make maximum use of the 
scanty water resources available in deserts 
and and lands. Another solution would be 
to breed drought tolerant and short season  

cultivars. This work is now being under-
taken by the Southern At'rican Centre for 
Agricultural Research, based in Gabarone, 
Botswana. 

Soil resources 

The n-rain soil types in the subregion in-
clude bare sand and pebbles (Aridisols and 
Entisols). deeply weathered acidic soils 
(Ultisols and Oxisols), moderately-weath-
ered, base rich soils (Alfisois), volcanic 
soils (Andosols), alluvial soils (Vertisols) 
and the recently developed coastal soils 
(Inceptisols). 

Mostsoils in the areahavea low level of 
natural fertility and this is a major con-
straint to sustainable resource use. This 
problem becomes much more serious when 
it is linked to the inability of the widely-
used indigenous technology to meet the 
current demands from the land. Among 
other factors, poor land husbandry methods 
and the use of rudimentary tools make 
farming predominantly subsistence. How-
ever, experience from Europe reveals that 
improved technology can make arabic land 
more productive than virgin land (Grove. 

1978). 
Central to the problem of soil infertility 

are soil conservation and management 
aimed at controlling soil erosion and halt-
ing the spread of the desert. The need to 
establish ground stations to monitor degra-
dation of the environment cannot be 
overstressed. There is a lack of organic 
links between agronomic/bioiogical and 
mechanical conservation techniques in the 
subregion (Blaikie. 1987). This has been 
one of the major reasons behind the failure 
of soil conservation programmes. A soil 
erosion hazard mapping project in the area 
is now on the SAI3CC research agenda 
(Stocking. 1987). it is anticipated that the 
project will assist member countries in 
making rational rural land use decisions. 

Human resources 

As a resource. human population isameas-
ore of the size of the market and rural labour 
force and therefore has an economic and 
environmental impact both within indi-
vidual SADCC countries and in the 
subregion as a whole. The population 
growth rate was put at 3.2% per annum in 
1988 (SADCC Industry and Trade Coordi- 
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Country 	 Arable land Irrigated land Forest land Agricultural Agricultural 
(% of total (% of irrigated (% of total population labour force 

land) land) land) per hectare (% of population) 
1984 1984 1984 1984 1985 

Angola 3 - 43 1.8 42 
Botswana 2 1 2 0.5 34 

Lesolho 10 1 39 4.2 37 
Malawi 25 1 49 2.3 44 

Mozambique 4 3 19 3.7 55 
Swaziland 8 42 6 3.1 42 

Tanzania 6 3 48 3.5 49 
Zambia 7 - 40 0.9 34 

Zimbabwe 7 6 62 2.2 39 

Source: UN Food and Agriculture Organisation (FAO), 1966 

Table 2: £.antl Re.ciee Lu' in the SADCC Suh,eion 

nation Division. 1886). If. as is likely, this 
rate of population increase continues, it can 
be predicted thai human activilies which 
are at the core of land deizradation are also 
likely to increase at the same rate orhigher. 
The population projection for the subregion 
is shown in Table 1. According tothe I999 
estimate. the population den sity varies from 
about 2 people per km 2  in Botswana to 
about 75 people per kjn 2  in Malawi. Spa-
tially. however, dense populations are char-
acteristic of mountainous areas in Malawi, 
Lesotho and northern Tanzania. 

The population distribution pattern in 
the subregion may be described as clus-
tered, nodal and dotted. Geometrically, the 
clustered and nodal patterns are surrounded 
by vast areas of sparsely populated, relu-
tivety empty land. The reasons behind such 
a pattern are complex. Environmental. 
historical, racial and economic factors all 
play an influential pars and tend to differ 
from cluster toclustcr. Environmental fac-
tors include aridity, tsetse flies, malaria, 
upland elevation and productive soils. 
Coastal areas benefitted from commercial 
development around ports, indigenous 

market economy and urban culture. The 
scarcely inhabited zones between inland 
and the coasts may have resulted from 
inter-ethnic wars and the slave trade. The 
populationdistribution pattern has also been 
affected by intensive and extensive land use  

practices, including agricultural production 
in Malawi and Angola. mineral production 
in Zambia and Zimbabwe and manufactur-
ing industries in Zimbabwe. oracombina-
tion of the three. 

The subregion has recently started to 
face population pressure. A prinlary indi-
cator of population pressure on laud re-
sources can be made by comparing the ratio 
of existing population to the FAOestimates 
of population supporting capacity at low 
(or traditional) levels of agricultural inputs 
(Table 2). Abernethyea/( 1986) reportthat 
the risk of accelerated soil erosion due to 
man's actions is greatest in Lesotho and 
some other southern African countries, and 
least in Angola and Zambia. 

The envirotimental indicators of popu-
lation pressure appear differently in each 
SADCC member country, according to 
national environmental conditions. Among 
the mostcommon indicators noted by Hance 
(1975) are: declining yields due to land 
degradation: cultivation of marginal lands: 
a shortened fallow period; )andlessness, 
overfragmentation of land and land dis-
putes; rural poverty and rural urban migra-
tion, especially of youths. 

It is worth noting that human economic 
activities such as cultivation on steep slopes. 
overstocking that results in overgrazing of 
rangelands. poor pasture management. and 
cutting forests for fuelwood and building  

materials, accelerate natural soil erosion 
processes and eventually land degradation 
and desertitication. with subsequent de-
clining food and energy production. This 
process-response relationship is aggravated 
by the increase in the number of people 
employing low level agricultural technol-
ogy. The crux of the problem of rural 
devclopnieiit is that the level of education is 
low and most of the rural population in the 
subregion have no significant formal edu-
cation inagriculture. Thisexplains.inpan. 
the nature of environmental resource use 
patterns and resultant effects on the economy 
and ecology. 

Contemporary resource 
use patterns and their 
impact on 
ecodevelop ment 

The backbone of the economy in the 
SADCC subregion is mainly agriculture - a 
mixture of modern and traditional systems 
of crop and livestock production. Since the 
majority of farmers practice traditional farm-
ing techniques which are nature dependent. 
the subregional economy is extremely sen-
sitive to climatic vicissitudes. It is in this 
perspective that we can map the relation-
ship between the contemporary land re- 
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Country 	 Number of livestock 	Pastureland 
as % total land 

Angola > 3 million cattle 25 

Botswana 3 million cattle 
0.6 million goats 
130000-150,000 sheep 75 

Lesotho 590,000 cattle 
760,000 goals 
1.16 milLion sheep 80 

Malawi 915,000 cattle 
94,000 goats and sheep 50 

Mozarnbique na. 55 

Swaziland 560,000 80 

Tanzania 12,500,028 cattle 
6,449,996 goats 
3,060,147 sheep 30 

Zambia 110,000 cattle 65 

Zimbabwe 5.5 million cattle 
0.9 million goats 
370,000 sheep 60 

Source: Various 

Tub/c 3: Li'estock Ker'phig in f/u' SADCC Suhrcg,u,i (bcwecn 1981 -89) 

Outline t'an Action Plan to Combat Desertification. 

source use patterns and ecodevelopment. 
History reveals that the subregion has 

been inhabited mainly by agropastoralists 
since pre-contact limes (Kjekshus. 1977). 
A few communities of hunter-eatherers 
such as the Masarwa and Makgatagadi of 
Batswana, as well as pure pastoralists such 
as the Maasai of Tanzania. still live in 
enclave areas. Forcenturies land was plen-
tiful in relation to population size and this. 
together with the rapid decline in soil fertil-
ity tbllowing cultivation, led peasants and 
pastoralists to adopt extensive cultivation 
systems. in particular by shifting cultiva-
tion Allan. 1977). The use of fire to clear 
the land for sowing. ciadicating infectious 
diseases such as tick-bornediseases and for 
range management is still a common land 
husbandry technique in use today in many 
arid and desert areas. 

Colonial impact 
The achent ul colonialism brought about a 
dual economy in the subregion in which 
modem technology began to operate along-
side indigenous technology. The typical 
colonial resource use system in the SADCC 
subregion is symbolized by five types of 
spatial organisation. namely: 

(i) mines, ports and cities dominated 
by European entrepreneurs and 
morphologically nodal in space: 

cli) some highland areas occupied by 
European farmers and c harac teri zed 
by plantations: 

(iii)forest and game reserves for Euro-
pean sporting activities: 

(iv)smaflliolder peasant farmers in some 
ecologically productivenicliesfor 
production ofexport-oriented crops; 

(v) labourreserve zones to supply cheap 
human labour to mines and plaiita-
tions. 

Efforts to redress the land ownership 
imbalance are at the core of environmental 
rehabilitation programmes in the subregion. 
as exemplified by Zimbabwe and 
Swaziland. In Zimbabwe, for instance. 
African farmers argue that shortage ofcom-
munal pasture lands has resulted in 
overgrazing. They urge the government to 
nationalize more farms belonging to white 
farms for redistribution. 

Having inherited the colonial resource 
use pattern at independence.SADCCcoun-
tries' enviroflnieiital problems have been  

compounded byastagnant traditional tech-
nology arid a rapid population increase. In 
the last decade, these two factors have 
contributed to increasing farm sizes cou-
pled with declining yields. even inecologi-
cally favoured areas (FAO, 1986), Table 2 
categorizes agriculiural land according to 
its resource use within the subregion and its 
potential for sustainable utilization. 

Although irrigation can extend the ar-
eas suitable for various crops and hence 
increase crop yields. costs of between US 
$5,(XX) and US $6.000 per hectare are a 
formidable barrier to its introduction and 
use (F'AO. 1985). A joint venture ap-
proach, such as the six-member Zambezi 
River Action Plan (ZACPLAN), is worth 
pursuing. This proposal is in line with the 
establishment of three AMCEN pilot vil-
lage projects per member coumry. 

There are also two methods of livestock 
keeping. The traditional livestock sector is 
characterized by large numbers of free-
range animals and is the source of many 
environmental problems. This systetnex-
ploits most of the pastureland, rcsulting in  

the sort of deveetation that can be ob-
served in many parts of Botswana and 
Tanzania. Alongside it, modern ranches of 
beef and dairy caule are thriving in member 
countries such as Zimbabwe and other parts 
of Botswana. The subregional livestock 
industry is summarized in Table 3. 

The main subregional features include 
overstocking and overgrazing that result in 
pasture degradation. and soilerosion. Own-
ership of herds is mostly concentrated in a 
few hands and grazing is carried out on 
communal or public land. This practice 
means that pastureland - a common re-
source - is not managed effectively. The 
only mechanism to check the livestock 
population boom has been drought. The 
establishment of a livestock grazing zone in 
each member country, as recommended by 
AMCEN, is to be underscored. 

Growing competition for land between 
farming. pastoral and forestry systems has 
caused soil degradation, deforestation and 
low land productivity (FAO, 1986). These 
effects are characterized by fuel wood short-
age the main energy source in rural areas). 
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Country/crop (1) (2) (3) (4) (5) (6) (7) (8) 

Angola 480 -4.4 620 -3.9 - - 1,020 -1.3 

Botswana 230 -9.4 145 0.6 160 -9.0 - - 

Lesotho 1,040 6.9 - - 840 5.5 - - 

MalawE 1140 0.8 - - 1,010 2.7 820 -1.2 

Mozambique 430 -7.7 250 -7.3 580 -2.1 770 -5.7 

Swaziland 1,230 1.5 - - 940 -1 .1 2,580 -2.3 

Tanzania 1,260 5.4 700 1.4 630 3.5 1,500 2.6 

Zambia 1,750 9.0 760 2.4 630 -1.7 860 3.3 

Zimbabwe 1,340 -0.6 410 -0.9 550 4.0 520 -9.1 

Key 

Maize 
- yield 1979-83 (kg/ha) 
- x growth in yield 1971-80% year 

Millet 
- x yield 1979-83 kg/ha 
- x growth in yield 1971-80% year 

Sorghum 
- x yield 1979-83 kg/ha 
- x growth in yield 1971-80 % year 

Rice 
- x yield 1979-83 kg/ha 

(8)- x growth in yield 1971-80% year 

Source: UN Food and Agriculture Organisation (FAO), 1986 

Table 4: Deelinuig Food Yield 

low waterregirnes and food shortages. One influences variation in agricultural produc- components include: 
ofthebestindicatorsofenvironmentaldeg- tion which stimulates specialization and Formulation 	of 	policies 	and 
radation is the declining yield in most of the subsequent subregional trade among inem- tegislasions; 
basic food staples of the subregion (Table her couiitries. Natural resources inventory; 
4). This trend is augmented by increasing (iii)Environmental education and train- 
food imports, as well as food aid. Outline of a work plan ing; 

Table 4 shows a general decline in yield (iv)Research. monitoring and surveil- 
per hecta.re except inTanzania and Lesotho. The proposed outline plan of action is based lance of the ecosystems. 
Experience reveals that even in these coun- on the four priorities identified by AMCEN The action plan carries a proviso that it 
tries, local food insecurity does occur. One inCairoin 1985.namely:halringenviron- be considered and adapted in accordance 
main feature obscured by the table is that mental degradation: enhancing food pro- with the material conditions pertaining in 
better yields are as much dependent on ducing capacity; achieving self-sufficiency the various member countries. 
rainfall reliability in a specific year (in in energy; and correcting the imbalance 
drought prone areas) as they are on the between population and resources in the Conclusion 
diversity of the country's ecology. 	ever- African region. 
theless, the diversity of the Southern Afri- The proposed programme outline has It has been established that all member 
can ecology is undoubtedly an asset in the both short and long term perspectives (Ta- states of the subregion are threatened by 
subregional cooperative effort to combat ble 5). The short term projects may last up environmental degradation, food shortages 
land degradation and promote food and to two years; the long term projects may and energy deficit. However, the severity 
energy production. Ecological variability vary from ten years to life-long. Programme of these problems varies from one member 
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Project Activities 	 Time (Years) 

Formulation of  Design of national conservation strategy for member states 
Policies and  Destgn of SADCC environment conservation strategy 
legislation  Institution building at local national and subregional levels 

Natural  Soil survey for SADCC 
Resources  Vegetation mapping 

 Water resources survey/rainfall 
 Minerals exploration 

 Land evaluation 
 Erosion hazard and desertilication mapping 

Environmental Curriculum development for 
Education and  Adult education 
Training  Primary and secondary education 

 Institutions of higher learning 
 Extension staff 

Research 	 (i) 	Improving crop husbandry 
Monitoring and 	 - Implementing AMCEN 3 pilot villages 
Surveillance 	 - Continued research 

(Li) 	Improved livestock and range management 
- Implementation of AMCEN livestock raising zone 
- Continued research 
Afforestation 
- Introduction of agrosylvo-pastoral integrated development 
- Alternative energy use 
- Continued research 
Water Resources 
- Rainfall/drought 
- Hydroelectric power 
- Irrigation agriculture 
- Continued research 
Monitoring and surveillance 

Table 5: Outline of the Pro c,am,ne 

country to another and so it is proposed to 
implement programmes at national level 
and tocoordinate them at subregional level, 
it ismaintainedthat (he agro-sylvo-pastoral 
integrated system is a sustainable type of 
land use for managing and conserving de-
graded and fragile ecosystems. 

it should be noted that there is a need to 
develop a fully- pledged programme of 
action to combat desertification and in-
crease food and energy production. Such a 
programme approach should spell out inte-
grated rehabilitation projects which take 
into account both time (ie, how long they 
will take) and costs, and should be spread 
throughout the region. 

This study ispredominanrlv based on a 
broad analysis of documentai -v evidence  

taken from the subregion. Data on mdi-
vidual countries plans and programmes 
was obtained from government officials 
and informed people sources. Extensive 
co;isul:aturns were also made with officials 
of the SADCC Soil and Water Conservation 
andLand Utilization Unhr(SWCLU)andthose 
of the Southern African Centre for C(xipera-
tion Agricultural Research (SACCAR). 

The author also consulted photographs 
taken during low altitude flights over the 
sub-region so as to get a better idea of the 
actual field conditions. 
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Desertification Control 
in Latin America and 
Caribbean Region: 
UNEP/UN Food and 
Agriculture 
Organisation 
Cooperation 
A Memorandum of Understanding was 
signed between UNEP and the UN Food 
and Agriculture Organisation in September 
1992 to assist Latin American and Carib-
bean countries to control land degradation 
and achieve sustainable development. 

More than 300 million ha or 75 percent 
of the arid, semi-arid and dry sub-humid 
lands (drylands) in many countries of the 
Latin America and Caribbean region are 
affected by land degTadation/desertification. 
This has an adverse effect on the potential 
for sustainable dry land development and 
the food security of millions of people. 

Concerned by this, UNEPIDC-PAC. 
UNEPs Regional Office for Latin America 
and the Caribbean (ROLAC) and the UN 
Food and Agriculture Organisation (FAO) 
are giving considerable priority to the im-
plementation of activities aiming to control 
land degradation and to achieve sustainable 
development in the drylands of the coun-
tries of the region. 

Through cooperation, collaboration and 
coordination in their programmes in arid, 
semi-arid and (by sub-humid lands and by 
carrying out joint activities in the region. 
both UNEP and FAO can better assist the 
Countries of the region to implement the 
recommendations and activities proposed 
by the UN Plan ofAction toCornbat Deserti-
fication. 

The Memorandum of Understanding 
covers five major types of activities: 

(I) Assistance to develop strategies for 
sustainable dryland development at 
regional and national levels (eg, 

National Plans of Action to Combat 
Desertification) including review 
workshops and the establishment of 
fully-pledged priority project pro-
posals. 

(ii) Assistance to organise technical 
traininC (courses, seminars, sympo-
sia. workshops and study tours) on 
issues pertinent to dry land develop-
ment and conservation, for partici-
pants in the region. 

(iii)Participation in the preparation of 
technical publications on aspects of 
resource inanagenient and develop-
merit in drylands. 

(iv)Assistance in strengthening the ex-
i sting Regional Technical Coopera-
tion Network on Semi-Arid Lands, 
as well as other regional technical 
cooperation networks dealing with 
both technical and socio-economic 
aspects of desertification. 

(v) Assistance to increase, at regional 
level, the level of preparedness to 
cope with the adverse impacts of 
drought. 

The joint FAO-UNEP activities under 
this Memorandum of Understanding will 
also assist the governments in the realisa-
tion of the comprehensive Action Plan for 
the Environment in Latin America and the 
Caribbean Region which was approved in 
1989. 

International 
Symposium and 
Workshop on Soil 
Resilience and 
Sustainable Land Use 

An International Symposium and Work-
shop on Soil Resilience and Sustainable 
Land Use was held at the Hungarian Acad-
emy of Sciences, Budapest, from 28 Sep-
tember to 2 October 1982. It was attended 
by 164 scientists representing 33 countries 

and 18 international organisations. UNEP, 
which was one of many international and 
national organisations to sponsor the sym-
posiuni. was represented by Prof. Boris 
Rosanov, Special Advisor to the Executive 
Director. 

The symposium was opened by Prof. 1. 
Lang, Secretary General of the Hungarian 
Academy of Sciences.and addressed by the 
President of the Republic of Hungary. 
UNEP presented two reports: the first, on 
Sustainable Land Use Systems and Soil 
Resilience, was commissioned by UNEP 

DC/PAC and written by Prof. Lal, Ohio 
State University, USA, The second was 
entitled Constraints in Managing Soils for 
Sustainable Land Use in Drvlands by Prof. 
Rosanov. Both authors participated in the 
discussions which followed their presenta-
tions. 

During the symposium, there were nu-
merous attempts to propose constructive 
concepts of. and definitions for, soil resil-
ience. However, there has never been a 
general concept of soil resilience, particu-
larly in terms of measurable parameters, 
and such a concept has probably never 
existed. This means that. at the moment, it 
is not possible to compare the resilience of 
two soils in general terms. Does resilience 
mean resilience todegradation, to improve-
nient, or resilience in respect of some spe-
cific factor, action or process? Without an 
accepted definition it is difficult to elabo-
rate "new findings" on this issue and conse-
quently UNEP Governing Council's re-
quest "to take into account new findings on 
soil resilience in refining the definition of 
desertification" cannot yet be fulfilled. 
However, this question has been included 
as one of ESSS's priority items Iorscientific 
research. 

The symposium d i d provide certain rec-
ommendations with respect to studying soil 
resilience and its relevance to sustainable 
land use, including agriculture. 

The full proceedings, including reconi-
mendations.of the Symposium willbe pub-
lished by CAB International in early 1993. 
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Prof. Rosanov also met with Dr W. 
Sonibroek. Director of FAOs Land and 
Water Development Division, Prof. R. Lal 
of Ohio State University.USA and Prof. R. 
Dudal of the Catholic University of Leuven. 
Belgium, to discuss the possibility of set-
ting upa project to assess successful schemes 
to protect or rehabilitate lands, particularly 
drylands,throughoutihe world. This would 
complement the existing alarming data on 
the extent of land degradation. Such data 
are badly needed for international coopera-
tion in replication ofsuccessful approaches 
and technologies for land protection and 
rehabilitation, particularly in the develop-
ing countries affected by desertitication. 
Prof. Lal is to prepare a pre-projeci pro-
posal to be presented to UNEP and FAO for 
consideration. 

Prior to the main symposium and the 
workshop, Prof. H. Scharpenseel. Chair -
man of the Committee on International 
Programmes of the International Society of 
Soil Science (ISSS). convened a one-day 
working meeting of the Committee. The 
aim was to specify the relevant soil data 
needed forglobal modeling, with particular 
regard to the influence of global CO, circu-
lation of world climate. Prof. Rosanov, 
who is an elected member of CIP. repre-
sented UNEP. 

The next ISSS symposium on CO. cir-
culation in terrestrial ecosystems will be 
held, probably in October 1993 in Nairobi, 
Kenya. The scientific programme is being 
elaborated by the Committee on Interna-
tional Programmes and IGBP. 

Training Workshop on 
Degradation of Arid and 
Semi-Arid Ecosystems 
Under Critical 

Environmental 

Conditions 
A workshop on Degradation of Arid and 
Semi-Arid Ecosystems under Critical En- 
vironmental Conditions was held in 
Ulaanbaatar. Dalanzadgad. Mongolia. from 
24 Augusl-6 Septeniber 1992. It was or- 
ganized by the Ministry of Nature and 
Environment of Mongolia in cooperation 
with UNEP and with generous assistance 
from the UN Development Programme 

office in Mongolia. the Economic and So-
cial Committee forAsia and the Pacific. the 
Arab Centre for Arid Zone and Dry lands 
Studies (ACSAD) and the Centrefor Inter-
national Projects. 

The overall objective of the workshop 
was to address the issues of degradation in 
and and semi-arid ecosystems, with a spe-
cial focus on; 

(i) facilitating extensive use and appli-
cation of proper anti-desertification 
techniques 

ii promoting developnientofintenia-
tional ly acceptable methodologies 
and techniques for ecosystem reha-
bilitntion 

(iii)prornoting regional and international 
cooperation in anti-desertification 
activities 

(iv)iniproving thecapacity of countries 
concerned to deal with 
deseriilicaiion issues through ex-
change of information, experience 
and training. 

The workshop was attended by high-
level scientists and experts dealing with 
diffirent aspects of degradation in and and 

semi-aridecosystems from ACSAD. China. 
Egypt. Iraq, Jordan, Kazakhsian, Libya. 
Mongolia, Pakistan, Russia, Syria 
Turkrnenistan and Uzbekistaii. 

Participants included representatives of 
the Academy of Science of Kazakhstan, 
Botanical Institute of the Russian Academy 
of Sciences. Russian-Mongolia Complex 
Expedition. Moscow State University. 

Moscow Soil Institute, Sanct-Petershurg 
University. Institute of forestry of Russia 
and the Academy of Science of Mongolia. 

The workshop provided an opportunity 
to discuss and exchange opinions and expe-
riences on the problems of desertification, 
drought influences and results achieved in 
the field of study of and and semi-arid 
ecosystems. and degradation and its rea-
sons and consequences in the countries of 
Asia and Africa. 

A week-longfleldtripto the Gobi Desert 
was arranged to give participants the occa-
sion to study its ecology. thedegradation of 
pasture land, sand dunes and some proc-
esses for land rehabilitation and combating 
desertilicat ion in the southern part of Mon-
golia. 

The results of integrated studies of the 
Gobi Desert ecosystems and their resourcel 
ecological potential were reviewed and dis-
cussed in detail. Natural aspects of the 
spatial distribution and main factors ofdesert 
ecosystems were also mentioned. It was 
shown how climate can influence the geo-
graphical extent of Mongolian ecosystems 
and how relief playsakey role in the spatial 
differentiation of the main components 
making up the ecosystem (soils. vegeta-
tion.etc). Nowadays. naturaldeserlification 
of the Gohi Desert is manifesting itself in 
different forms, including aridization, 
salinization, erosion, etc. The main man-
made causes and factors involved in the 
transformation of ecosystems were also 
analyzed. 
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UNEP/DC-PAC Training Activities Organized by UNEP in 
cooperation with Supporting Organisations (1992) 

Title Place and Dates Organized by Number of 
participants 

Training course: The Egyptian Cairo, Egypt Cairo University/UNEP 62 
Media and Environmental 18-23 April 1992 
Priorites for Egypt 

2 	Workshop: Degradation of Arid Jlaanbaatar, Mongolia Slate Committee 24 
and Semi-Arid Systems Under 25 August- of Mongolia) 
Critical Environmental 6 September 1992 UNEP 
Conditions for ACSAD and 
ESCAP region 

3 	Training workshop: Nanjing, China National Environment 20 
Eco farming for Francophone 5-23 October 1992 Protection Agency/ 
African Countries UNEP 

4 	Training course: Wind Damascus, ACSAD Arab Centre for 20 
Erosion in Dry Areas of 1 2-26 October 1992 Studies of Arid 
the Arab World and its Zones and Drylands! 
Control for ACSAD region UNEP 

5 	Seminar: Cultivation and Tunis, Tunisia Green Bell Project 12 
Development of Medicinal 28-31 October 1992 of North Africa) 
and Aromatic Plants in Arab League Educational 
North Africa for North Cultural and Scientific 
African countries Organisation/UNEP 

6 	Seminar: The Second Seminar Tunis, Tunisia Green Belt Project 18 
for Leaders, Planners, and 25-28 November 1992 of North Africa! 
Experts on Desertification Arab League Educational 
for North African Countries Cultural and Scientific 

Organisation/UNEP 
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Mammals in the 
Palaearctic Desert: 
Status and Trends in the 
Sahara-Gobian Region 
Piihlishedbv UNESCO's Man aiidtlteBio-
spherePvgramme, Moscow, 1991.pp 227. 
price $20. Copies aiai1ah1e from Man and 
the Biosphere Programme, 13 Fersman 
Sneet, Moscow. 117312. Russia. 

This publication started out asa series of 20 
papers. subsequently modified and supple-
mented by the authors, which were pre-
sented to a symposium on the Conservation 
of Rare and Endangered Mammal Species 
by the Biosphere Reserves Network in the 
Sahara-Gobian Desert Region. The sym-
posium was organised within the frame-
work of the 5th International Theriological 
Congress(22-29 August 1999. Rome. Italy) 
with the participation of the UNESCO Mart 
and the Biosphere programme. the Interna-
tional Union of Biological Sciences. the 
World Conservation Union and the World 
Wide Fund for Nature. 

Without a doubt, all measures for the 

conservation of nature require massive in-
vestment and involve the efforts of numer- 

ous specialists. Protection of the biosphere 
is a prerequisite for man's future survival. 
Preservation of biodiversity, at least within 
protected areas, is only the first stage of this 
complicated task. Education of all levels of 
the population in ecological matters is es-
sential. In preparing this publication, spe- 
cialists and all others interested in mam-
mals in the palaearctic desert have been 
provided with the necessary data for urgent 
actions towards fauna conservation and the 
problems of combating desertification. 

The first part of this publication dis-
cusses general problems. For the first time, 
the development of the network of pro-
tected areas and conservation of rare spe-
cies of mammals in the Sahara-Gobian 
desert region is evaluated and elements of 
the strategy toconserve biological diversity 
in the region are proposed. The genetic 
diversity and the conservation of different 
mammal species, including the ancestors of 
domesticated breeds, are discussed. His-
torical climate changes and their impact on 
the distribution and evolution of mammals 
in palaearctic deserts, in particular within 
the Sahara. are also analysed. 

The second part of the collected papers 
prov ides some concrete and interesting data 
on the status of the conservation of rare and 
endangered species of mammals in some 
indiv idual countries of the Great desert belt. 
These papers describe the mammal fauna 
of deserts of North Africa, the Arabian 
Peninsula, India, Mongolia. China and 
deserts on the territory of the former USSR. 
Unfortunately, the present review cannot 
be considered complete since data on a 
number of countries of the region is lack-
ing. However, it is hoped that it will be 
possible to complete the collection of initial 

data and to develop a set of practical recom-
mendations on conservation and nianage-
ment of mammal biological diversity for 
the entire desert zone of the Palaearctic 
before the 6th International Theriological 
Congress. to be held in Brisbane. Australia. 

in July 1993. 
Different papers in this publication de- 

scribe the relationships between mammals 
and the environment and demonstrate the 
importance of the conservation of this par-
ticular component of the biosphere. ie , the 
desert, which takes up aboutone third of the 
earth's surface. The successful reintroduc-
tion of the Arabian tahr, oryx and beavers 
instills hope that, in the fucure.other species 
may be reintroduced and that some very 
complicated problems of wildlife conser-
vation will be successfully solved. Of par-
ticiilarimportance is the role that Biosphere 
Reserves, established globally under 
UNESCO's Man and the Biosphere pro-
gramme, have to play. In particular, the 
number of Biosphere Reserves established 
within the Sahara-Gobiari region is still 
insufficient to meet the goals set. 

Readers are requested to send their ob-
servations. s pec i fi cat i o n s and supplements 
to this publication to Man and the Bio-
sphere Programme, 13 Fersrnan Street, 
Moscow. 117312, Russia. 
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The Environmental 
Effects of Stabilization 
and Structural 
Adjustment Programs: 
the Philippines Case 
BY Wilfrido Crii: and Roh!i Repe (to 
Published by the World Resources Insti-
tute, Sepu'niber 1992, PP  90 (large format 
paperhac-1) 

Contents: 
I The Impactof Macroeconomic Poli - 

cies on Natural Resources and the 
Environment 
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Conferences II Un-Sustainable Growth and Eco-
logical Decline 

III Iritersectoral and Interregional Re-
source Reallocations 

IV Poverty, Population Pressure and 
Environmental Degradation 

V The Environniental Impact of 
Stabilization and Adjustment Pro-
grams 

This case study of the Philippines' 
economy before and after the onset of the 
debt crisis analyses the linkage between 
macroeconomic policy and natural resource 
exploitation. The authors of this study 
analyze the impact of fiscal policies. trade 
regimes and other aggregative economic 
programmes that failed to promote invest-
ment in natural resourcecapital and encour-
aged the exploitation of increasingly mar-
ginal natural assets. 

W i I frido Cruz is a former Associate in 
the World Research Institute's Economics, 
Technology and Institutions Programme. 
Robert Repeno is Vice President and Sen-
ior Economist at the World Research Insti-
tute. 

Copies may be ordered from WRI Pub-
lications, P0 Box 4852. Hampden Station, 
Baltimore. MD, 21211, USA. Tel: USA 
410-516-6963 or dial toll ftee: 1-800-822-
0504. 

Review copies may be obtained from 
Ms Wendy Wahi, Marketing Assistant 
World Resources Institute. 1709 New York 
Avenue, NW. Washington DC. 20006. 
USA. Tel: USA 202-662-2596, 

World Desertification 
Bibliography 
A new edition of the World Desertitication 
Bibliography has been edited by the Office 
of Arid Lands Studies of the University of 
Arizona and published by UNEP. 

This edition includes the main bibliog-
raphy with 3.897 entries (valid to 1999) 
with a subject index. geographical index, 
author index and corporate author index. 

The purpose of the Bibliography is to 
disseminate information on desertification 
problems to universities, libraries, interna-
tional training and research institutions and 
environmental organisations. 

The World Desertification Bibliogra-
phy is available free of charge from UNEP 
DC/PAC. 

Sustainable 
Development for Our 
Common Future 

Organised by the International Desert De-
velopment Commission, in collaboration 
with the Government of Mexico and other 
national and international organisations a 
conference on Sustainable Dei'eloprneni 
for our Common Enture will be held in 
Mexico City, Mexico. from 25-30 July 
1993. It will be hosted by the Graduate 
College, Montecillo. Edo. de Mexico. 
56230, Mexico. 

The programme will include plenary 
sessions, lectures, technical and scientific 
working groups, poster sessions, exhibi-
tions and post-congress technical tours on 
the following selected topics: 

• Soil and water conservation 
• Irrigation and water management 
• Watershed management 
• Plants tolerant to salinity condi-

tions 
• Alternative energy sources 
• Socio-economic aspects of arid 

Zones 
• Ecology 
• Forestry; agroforestry 
• Animal production 
• Crops 
• Agrochemical and pollution con-

tral 
• Conservation of natural resources; 

recycling. 
A post conference technical tour of five 

days to the northwest of Mexico (Sonora 
and Baja. California) and to the central part 
of Mexico will also be arranged. 

For more information and to register. 
pleasecontact Dr Manuel AnayaGarduno. 
Executive Secretary Scientific Commit-
lee IV 1CDD, Colegio de Postgraduados, 
Montecillo, Edo. de Mexico, 56230. 
Mexico; orPO Box 91 .Chapiiigo. Edo. de 
Mexico, 56230, Mexico. Tel: (52) 595-
45701. Fax: (52) 595-45723. 

International 
Symposium on the 
Rational Utilisation of 
Natural Resources and 
Territorial Management 
of And Lands 
An International Symposium on the Ra-
tional Utilization of Natural Resources and 
Territorial Management of Arid Lands will 
be field in Yinchuan. China, from 2-8 Sep-
tember 1993. The major themes of the 
symposium will include: 

Problems in regional development 
based mainly on the rational use of 
land and water resources; 

* Formation, development and con-
trol of the desertification process 
(including sand and salinization 
hazards); 
Economic reconstruction and terri-
torial management in different and 
areas of the world. 

A post-symposium trip will be organ-
ised to suryey the Loess Plateau and deserts 
in Western China. Participants can choose 
totourfrom Yinchuan to Beijing, Yinchuan 
toXi'antoGuilintoGuangzhouorYinchuari 
to Lanzhou to Urumqi. 

The symposium has been sponsored by 
the China Society of Natural Resources and 
the Ningxia Association for Science and 
Technology. 

For more information, please contact 
Liu Yang Peng. International Deparmient 
of the Ningxia Association for Science and 
Technology. 44 Fenghuang North Road. 
Yinchuan, Ningxia, 750001. China. Tel: 
(86951)44300 ext. 346 or (86951)43588. 
Telex: 750022 NXMEI3 CN. 

Ningxia Hui 

The Ningxia Hui Autonomous Region is 
situated in the central area of Chinese and 
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land, at the middle reaches of the Yellow 
River-the second largestriverinChina. As 
early as 215 BC (Chin Dynasty) an exten-
sive farming area and a system of gravity 
irrigation were established here. Since 
1958. when the Ningxia Hui Autonomous 
Region was established, progress has been 
made in the fields of irrigated agriculture, 
animal husbandry. protective afforestation. 
improvement of natural grassland, con struc-
tion of water conservancy, development of 
hydroe lectric i ty, desert control and amel in-
ration of saline soils. However, there is still 
much work to be done on developing pro-
ducton and regulation and control of these 
hazards. 

This symposium will provide an oppor-
tunity for experts to discuss ideas, set up 
multi-disciplinary actions to cope with the 
practical Situation and to exchange experi-
ences on the rational utilization of natural 
resources and territorial management. 

International Workshop 
on Classification and 
Management of Desert 
Soils 
Papers are requested for an International 
Workshop on Classitication and Manage-
n'ient of Desert Soils to be held in Urumqi. 
China. ftom2l -28 August 1993, Planned 
niajor topics for the workshop include: 

* Classification of desert soils: 
* Desert soil properties; 
* Managemcnt of desert soils; 
* Desert soils and their: 

environment; 
'' Utilization of desert soil resources, 
The Workshop is sponsored by The 

People's Government of Xinjiang. The 
Chinese Academy if Sciences and sup-
ported by international Society of Soil 
Science Commission V. East and South-
east Asia Federation of Soil Science Soci-
eties, Soil Science Society of China, The 

National Natural Science Foundation of 
China, and Soil Conservation Services, 

USDA. 
For more information and submission 

of abstracts pleasecoritact: Dr.GongZitong 
Secretary-General. Institute of Soil Sci-

ence. Academia Sinica. p o Box 821, 

Nanjing China. 

International Scientific 
Conference on the 
Takiamakan Desert - 
Call for Papers 
Papers are requested for an International 
Conference on the Taklamakan Desert to 
he held in Urumqi. China. from 15-20Sep-
tember 1993. Planned major topics for the 
conference include: 

' Natural resources, environmental 
characteristics, evolution laws and 
trends of the desert; 
Population and economy in the pe-
ripheral areas of the desert. oasis 
development and desertification 
control; 

* Petroleum geology and oil/gas re-
source characteristics of the desert; 

* Regional geological characteristics 
and their evolution tendency in the 
desert: 

* Archaeology and the relations be-
tween historical mankind and the 
ecological environment of the desert: 

* Human health and labour protec-
tion in desert areas: 

' Dynamic characteristics of the desert 
environment and protective meas-
ures; 
Engineering construction (oilfields. 
roads, etc) and protection in the 
desert areas: 

* New theories, viewpoints, tech-
niques and methods in the desert 
research fields: 
Other problems pertaining to the 
desert. 

Various field trips will be organised to 
the Taklamakan and Junggar deserts, the 
Turpan Basin and along theeastern route of 
the Silk Road. 

The conference is sponsored by the 
China National Science and Technology 
Commission, Chinese Academy of Sci-
ences, China National Petroleum and Natu-
ral Gas Corporation, Ministry of Geology 
and Mineral Resources of China. Territory 
ofGeology and Mineral Resources ofChina, 
National Natural Science Foundation of 
China and local government. 

For more infomiation and submission 
of abstracts, please contact: Hu Wenkang 
or Wang Rennan. XinJiang Institute of Bi-
ology, Pedology and Desert Research. 

Academia Sinica, 40 Beijing South Road, 
Urumqi,XinJiangProvince.8300l l,China. 
Tel: (0991) 335295 or 335850. Telex: 
79142 XJSC CN. Fax: (0991) 335459. 
Cable: 0060. 

International 
Symposium on 
Environmental 
Degradation in Arid, 
Semi-Arid and Dry Sub-
Humid Ecosystems 
An International Symposium on Environ-
mental Degradation in Arid. Semi-Arid and 
Dry Sub-Humid Ecosystems will be held at 
the Central Arid Zone Research Institute, 
Jodhpur. India. from 22-25 November1993. 
There will be three mahi focuses of discus-
sion: and ecosystems: semi-arid ecosystems 
and dry sub-humid ecosystems. Each subject 
area will be exam'med according to the: 

* state-of-the-art of the resources 
(which includes nature, extent and 
magnitude of degradation of the 
natural resources, causes and indi- 
cators of degradation, and the dy- 
namics of degradation over time 
and space as affected by various 
biotic and abiotic factors); 

* man ageme nt of the re so urce s (which 
includes their utilization on a sus-
tainable basis, both retrospective and 
prospective; and retrieval of the 
degraded resources with simple cost 
effective and easily implementable 
technologies); and 

* endogenous capacity building 
(which includes evolving technolo-
gies at both research and develop-
ment levels which can be easily 
adopted by the farmers using their 
own resources; possibilities of us-
ing the developed technologies in 
contiguous areas; and participation 
of the stakeholders and NGOs in 
this endeavour). 

In addition to contributed papers, sev-
eral eminent scientists have been invited to 
highlight the selected themes. 

A two day field excursion to the Thar 
desert of Rajasthan will be organised from 

26-27 November 1993. 
The symposium is sponsored by the In- 
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than Council of Agricultural Research, Na-
tional Wastelands Development Board and 
Arid Zone Research Association of India. 

For further jillormation please contact 
DrJ. Venkateswarlu.Chairmari, Local Or-
ganisingCornmiuee.lnternationalSympo-
slum on Environmental Degradation, Ceti-
tral Arid Zone Research Institute, Jodhpur, 
342 (X)3. India, 

International Congress on 
Modelling and Simulation 

An international congress on Modelling 
Change in Environmental and Socia-eco-
nomic Systems will be held from 6-1() 
December1993 at the University of West-
ern Australia. 

The congress will comprise four presi-
dential and five keynoteadd.ress with paral-
lel sessions based on contributed papers 
which will focus on areas of common inter-
est to participating international and Aus-
tralian societies. 

If you would like to present a paper or 
are interested in receiving more informa-
tion or registering for the congress, please 
write to Tony Jakeman. CRES, Institute of 
Advanced Studies, Australian National 
University. Canberra ACT 2601. Australia. 
Tel: 61-6-249-4742. Fax: 61-6-249-0757. 

Email: tonycres.anu.edu.au . Abstracts are 
due by8 March 1993. Full papersaredue by 
2 August 1993. 

The congress has been organised by the 
Modelling and Simulation Society of Aus-
tralia (MSSA). Inc.. the International Society 
for Ecological Modelling, the International 
Envirorimetrics Society and the International 
Association for Mathematics and Computers 
in Simulation. MSSA Inc. is an affiliate of the 
International Association forMathematicsand 
Computers in Simulations(IIv1ACS) -an inter-
disciplinary society which aims to promote, 
develop and assist in the study and practice of 
all areas of modelling and simulation in Aus-
tralia. 

Hunger Research 
Briefing and Exchange 

The sixth annual HungerReseaich Briefing 
and Exchatwe will be held at Brown Uni-
versity. Providence, Rhode Island. USA, 
from 14-15 April 1993. 

The Briet'ing will focus on the theme of 
Change and Oppui'wnitv.' Mohili:ing Sup-
poi', Agaioi Hunger. In particular, key 
topics to be addressed will be the situation 
in Somalia and the use ofmilitary forces in 
humanitarian operations there, the outcome 
of the recent Rome International Confer- 

ence on Nutrition, the potential for local 
institutions to"scale tip" theirefforts toend 
hunger and the new opportunities now ap-
parent forending hunger in the USA. The 
briefing will also include sessions on bun-
er among refugees; famine vulnerability, 

early warning and response; recent research 
on hunger: and development and hunger 
education. It will build on the goals and 
plans embodied in the Bellagio Declaration 
on Overcoming Hunger in the 1990s and 
the Medford Declaration to End Hunger in 
the USA. These inititatives serve as focal 
points for renewed efforts around the world 
and in the USA to reduce hunger signifi-
cantly by the year 2000. 

The Briefing is organised by Brown 
University in collaboration with InterAction, 
the American Council for Voluntary Inter-
national Action. 

As at previous Briefings, there will bea 
book and publications exhibition and it will 
be held in conjunction with the annual 
awards ceremony for the Alan Shawn 
Feinstein World Hunger Awards. 

For more information, please contact 
Jean Lawlor, Briefing Coordinator. The 
Alan Shawn Feinstein World Hunger Pro-
gram, Brown University, Box 1831, Provi-
dence, Rhode Island. 02912. USA. Tel: 
(401)863-2700. Fax: (401)863-2192. E-
mail: Robert_Chen@hrown.edu.  

Gypsum: Scourge of Soils in Semi-Arid Areas 
irrigation canals cave in without warning. 
Huge sinkholes appear unexpectedly in the 
middle offarmers fields. Crops are stunted 
and the soil niined by high levels of corro-
sive salts. These are just a few of the prob-
lems associated with gypsitèrous soils, the 
topic of a five-day international scientific 
seminar held at the International Center For 
Agricultural Research in Dry Areas 
(ICARDA). Syria. in November 1992. The 
serninarbroughttogctherscientistsfroni 10 
counn'ies and tepresentativesfrorn ICARDA 
and the UN to share their experiences and 
discuss new methods of addressing the chal-
lenges of farming on gypsiferous soils. 

Gypsiferous soils contain substantial 
quantities of gypsum (calciuni sulfate) and 
arecommon in and regions. They cover an 
area of around 85 million hectares in coun-
tries including Australia, Iraq. Sonialia and 
Syria. The fragile structure of these soils 
means that their gypsum content is easily  

dissolved by irrigation, and the gypsum 
itself interfres with adequate plant growth. 

Scientists believed gypsum is the resi-
due of evaporated ground water and is, 
therefore, highly soluble. When a fanner 
irrigates his field with water leaks from a 
watercanal. the gypsum in the soil quickly 
dissolves. In the field, a sinkhole will 
appear into which iain or irrigation water 
flows. Canals collapse upon the empty 
pockets where gypsum once was. The 
result is hundreds of millions of dollars lost 
to crop damage and repairs. 

Syria is a country which has experi-
enced considerable difficulties because of 
gypsiferous soils. More than 20 percent of 
Syria is covered with gypsiterous soils. 
concentrated 111 the area along the Euphra-
tesRivervalley. In the 1960s Syria launched 
an ambitious irrigation project, centred 
around the construction of a huge hydro-
electric dam on the river and an extensive  

system of canals to bring waterto the fertile 
but and areas north and south of the ancient 
river. In total, a vast 640,000 hectares was 
to be brought under irrigation. The pre-
dominance of gypsiferous soils in the area 
has made the realization of this plan diffi-
cult. In some areas the irrigation canals 
have had to be rebuilt three times. 

To remedy these problems. Syrian en-
gineers are experimenting with drainage 
filters and plexiglass tinder the canals. 
Another method is to put a half metre layer 
of non-gypsiferous soil under the canal. 
These techniques have met with some suc-
cess, but they are expensive. 

Soil structure is not the only problem 
with gypsiferous soils, This kind of soil has 
a very high calcium and sulfate content 
which impedes the uptake of iniportant 
nutrients. At the same time, gypsiferous 
soils are generally poor in other elements, 
including phosphorus and nitrogen. 
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Erratum 
Dewiijicatioii Coni,oI Bulletin No. 21 I992; The photograph on page 30 depicts areas affected by salinization and not a series 
of sand-dunes resulting in terrain deformation. The editors of Dertificarioii Comrol Bullethi would like to apologise to the 
author. Mr J. Sehgal. for any confusion caused. 
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Desertiuication is land degradation in arid, semi-arid and 
diy sub-humid areas resulting from various factors, in-
cluding climatic variations and human activities * 

* This latest, Internationally negotiated definition of 
desertification was adopted by the UN Conference on Environ-
ment 	Development (UNCED), Rio de Janeiro, Brazil. in Ji..tne 
1992. 

Desertification Control Bulletin 

United Nations Environment Programme 


