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Executive Summary

The goal of integrated | and nmanagenent is to optinize the conbination
of econom ¢ and environnental benefits to society that are provided by the
land's soil, and water resources, while preserving or increasing the
capability of the land to provide these and other benefits in the future.
Sci ence contributes to effective |and managenent by providing the
i nformati on and under standi ng needed to eval uate consequences of
alternative approaches to | and nanagenent problens, and by devel opi ng
technol ogi es for | and use and nanagenent that nore effectively achieve
soci ety's objectives, including neeting basic human needs and reduci ng
gender inequities. The integrated approach to | and nanagenent is not a
fi xed procedure, but rather a continuous, iterative process of planning,

i mpl enent ati on, nonitoring, and evaluation that strives to neet as many of
the nmultiple econom c, social and environmental needs of society as
possi bl e.

Sci ences and technol ogi es that support (1) information needs, (2)
eval uation of options, (3) applications for solution of specific problens,
and (4) infrastructural capabilities provide the foundation for an
i ntegrated approach to | and use planni ng and managenent. Most of the basic
scientific know edge and applied technol ogi es needed for integrated | and
managenment are already avail able. The effective use of many of these
technol ogi es in the devel oping countries that are experiecing the nost
severe | and use probl ens, however, is hindered by a nunber of factors,
including: (1) limted access to appropriate information and technol ogy;
(2) lack of appropriate infrastructure to use science and technol ogy
effectively; (3) problens caused by current unsustainable |and use
practices; and (4) unresolved conflicts between different |and-use goals.

Elimi nati on of these barriers requires approaches that are tailored to
the specific conditions and needs of each country, and that take advantage
of local know edge and human resources that are already available. On the
basis of its analysis and past experience, the Conmi ssion has identified
four approaches as having the greatest potential inmpact on the effective
i mpl enentation of integrated | and nanagenent: (1) intra- and inter-
governmental cooperation; (2) private public partnerships; (3) targeted
trai ni ng and technol ogy support progranmes; and (4) direct public
i nvestment in resource protection

The Panel reconmmends that the principles developed in this report be
further el aborated to provide specific guidelines for the inplenmentation of
technol ogi es that support integrated |and managenent. |In this regard, CSD
and CSTD may consi der the establishment of a joint working group for
i dentifying specific technol ogi cal needs and nonitoring progress toward
i ntegrated | and manangenent. Such internationally devel oped guidelines,
once adopted by CSD and CSTD, could provide a franework for cooperative
action at the national |evel
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. CHALLENGES AND COPPORTUNI TI ES

1. The increasing severity of environmental, social, and econonic problens
bein? experienced by both devel oped and devel opi ng countries around the world
has focused gl obal attention on the sustainability of human activities. The
necessity of inproving current conditions for nuch of the world' s popul ation
and the needs of future generations are conbined in the concept of
sust ai nabl e devel opnent. The essential role of the earth's surface, with its
m nerals, water, and other renewabl e and non-renewabl e resources, in
supporting all current and future human activities requires that |and
managenent be one of the primary tools of sustainable devel opnent. Current

| and managenent efforts around the world address a nultitude of problens,

i ncl udi ng deforestation, desertification, air and water pollution, and
uncontrol | ed expansi on of human settlenents in urban and rural areas.

However, effective | and managenent is hindered b% a pi eceneal and

uncoordi nated approach to these interrelated problens, often with duplication
of effort or conflicting sectoral goals. A nmore holistic and integrated
approach to | and managenent offers the possibility of solving nmultiple
problenms within a single coherent franmework.

2. The goal of integrated |and nanagenent is to optim ze the conbination
of economi ¢ and environnental benefits to society that are Provided by the

| and, while preserving or increasing the capability of the land to provide
these and ot her benefits in the future. The integrated approach to |and
managenent is based on the recognition that |and serves nultiple functions in
society, and that there are conpeting or conflicting needs for land, nultiple
sectors of society with interests in every |and-use decision, and diverse
soci al, econonic, and environnental considerations that influence current and
future | and uses. BY examning all potential uses of land in a | ogical

manner, integrated |and managenent nmakes it possible to: (rfi)ninize

conflicts over conpeting |and uses; (2yaxim ze benefits obtained fromthe

land by using it efficiently; (3)nprove social and econonic devel opnent;

and si mul taneously (4)protect and enhance the environment. Integrated | and
managenent is an essential prerequisite for sustainable devel opnent.

3. Potential opportunities to reduce gender inequities should be

enphasi zed in all aspects of the devel opnment and application of science and
technol ogy for land use management. The inportance of this consideration is
enphasi zed by the know edge that in a significant proportion of devel oping
countries, wonmen bear a disproportionate burden with respect to |and-rel ated
activities.

A El ements of an integrated approach to | and nanagenent

4. An integrated approach to | and nanagenent involves a | ogical sequence
of procedures that identifies the needs of all stakeholders in society in
terms of their social, econom c, and environnmental requirenents, devel ops
possi bl e | and-use options, and indicates the conbination of options that
woul d optim ze achi everent of these requirenents on a sustainabl e and

| ong-term basis. This approach includes the follow ng steps:

(1) Interaction anpbng stakehol ders, including decision-nmakers, |and
managenent planners, |and users, |and owners, and beneficiaries
of land services to identify requirenments and needs;

(2) Col l ection of information about the physical, social, and
econoni ¢ conditions of the land area, and the storage and
analysis of this information in order to evaluate current |and
conditions and future potentials;

(3) ldentification of spatial planning units for the |and area, as
wel | as possible use options for each unit, in terns of use,
| ong-term econoni ¢ returns, input/output relationships, and
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predi cted social, econom c, environmental inpacts;

(4) Agreenent anopbng stakehol ders, based on di scussions anong
deci si on-nmakers, |and users and beneficiaries, of the optinum
| and use and managenent system for each |and planning unit;

(5) Establishnent of infrastructure at the institutional, .
| egi slative, and cadastral |evels needed for inplenentation of
t he agreed-upon | and uses and |ong-term|and managenent.

5. The integrated approach to | and nanagenent is not a fixed procedure,
but rather a continuous iterative process of planning, inplenentation

moni toring, and evaluation that strives to neet as many of the nultiple
econom ¢, social, and environnental needs of society as possible, wthout
penal i zi ng any sectors of society or sacrificing future benefits. The
essential components of this integrated approach are independent of scale,
and are thereforeapplicable at global, national, district, village, and farm

| evel s. The basi c technical nethodologles for carryin out each of the st eps
of this integrated approach to |and managenent are already avail able, but
their application in many parts of the world il$mted primarily by

training, financial, and institutional constraints. Access to appropriate

t echnol ogi es prOV|des the key to effective inplenentation of integrated |and
managenment on a gl obal scal e.

B. Probl enms caused by poor |and managenent

6. Failure to nmanage |and resources in an integrated, holistic manner has
led to a nunber of serious problens that can prevent the achi evenent of
sust ai nabl e devel opnent. Environnmental problens are inevitably linked to
soci al and econom c probl ens, including unenploynent, poverty, disease, and
starvation. The main problens i ncl ude:

(1) Per manent destruction or degradation of the land's capability to
Brovide econom ¢ and environmental benefits. Exanples of this can
e found throughout the world in both devel oped and devel opi ng
countries, such as erosion, desertification, collapse of
fisheries and other resource stocks, groundwater depletion
salinization of soils, toxic mne wastes, and the extinction of
species and | oss of biodiversity. This degradation of the land's
capabilitr to support human popul ati ons can also lead to
uncontrol | ed urbani zation, mass mgration, and social conflicts.

(2) Inefficient use or waste of resources. Lack of an integrated

aﬁproach to land management often |eads to use of technol ogies
at are |naPpropr|ate for a particular region or type of [and

Exanpl es include the devel opnent of irrigation Proiects in dry
regi ons where agricultural production is actual inmted by soi
nutrients rather than water. Excessive use of val uable resources,
such as fertilizers and pesticides, may be unnecessary or even
have a negative effect on agrlcultura efficiency and lead to
pol lution and health problens that can affect both rural and
urban areas. Increasing costs for water purification and
treatment of pollution-caused di sease are often born by sectors
of society that had nothing to do with the cause of the
pollution. Inefficient use of energy resources is a major
I npedi ment to all aspects of sustainable devel opnment. Experience
t hr oughout the devel opi ng worl d has denobnstrated that the nopst
effective solution to many | and use problens is the conbination
of local know edge with advanced technol ogi es.

(3) Accunulating Inpacts. In addition to the damaging | ocal and
national effects that result from poor |and managenent,
cumul ative international problens are becom ng |ncreaS|neg
serious as the earth's popul ation increases. For exanpl e,
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acidification of freshwater |akes in Scandinavia is apparently
caused by industrial air pollution fromnorth-western Europe.
Deforestation in Nepal and the surrounding nountains |eads to
downstream fl ooding in the Ganges and other river systens that
pass through countries downstream |In Europe, pollution of the
Rhine River by industrial activities in upstreamcountries
results in problens associated with reduced water quality in
downst ream countries. Land degradati on and desertification in
some countries nay |lead to mass nigrations, serious refugee
probl ems, and even | and degradation in nei ghbouring countries,
particularly during periods of extrene clinmate conditions.

7. Wil e the basic problems of |and managenment around the world have nmany
conmon features, local variation in environmental, social, and economnic
conditions requires that technol ogical solutions be specifically adapted to
| ocal conditions.

Box 1: The high costs of soil erosion

Many of the damagi ng effects of |and degradation are interconnected,
with the effects of a problemin one area causing a cascadi ng chai n of
problens in other areas. For exanple, soil erosion resulting from
I nappropriate farm ng methods on steep slopes has the serious |ocal effegt
of reducing the food producti on and econom ¢ out put of the eroded | ands.
However, other |ocal effects such as |andslides that bl ock roads or rai
lines affect not only agriculture, but many other conponents of the |oca
economny. Further away, the soil lost fromthe eroded hill sl opes can
pollute and clog rivers, increasing the frequency and severity of fl oods,
affecting navigation, and reducing the fish harvest on which sone
downst ream conmuni ti es may depend. Still nore distant, where the river
enters the sea, siltation may harmcoral reefs and estuaries, damagi ng b¢th
subsi stence and comercial fisheries.

Soil erosion is one of the najor causes of reduced food production
potential in both the devel oped an deveIoEing wor | ds. For exanple, the
United States has | ost approximately one third of its topsoil since farmng
began | ess than three hundred years ago, and continues to |ose 12

tons/ ha/year for a total loss of 50 mllion tons of plant nutrients each
year. The Huang River of China is the nost sedinment-laden river in the
world, and annually carries 1.6 billion tons of soil fromcChina' s rich
farm ands into the East China Sea. |In Brazil, the huge Paso Real reservgir

in RRo Gande do Sul has lost 18% of its original volunme in less than 8
years, and continuinﬁ i nput of sediment fromsoil erosion threatens to
reduce the life of this 530-nmegawatt hydroel ectric plant to | ess than 30
years. 86% of the Andean Zone in Col onbia has some degree of erosion,
with 21%at a critical |evel. Throughout history, there are exanples of
soci eties that have col |l apsed because their agricultural activities
destroyed the productivity of their land. |In the nodern world, the futufe
human and econoni c security of both devel oped and devel opi ng countries
continues to be threatened by | and degradation

8. Unintentional effects of agricultural activities, such as |oss of
vegetation or nutrient depletion, can result in erosion or desertification to
the extent that the land |loses its capacity to produce the desired

agricul tural Products and other essential goods and services. At the other
extreme, manufacturing and agricultural industries often inadvertently
produce toxic or harnfully high concentrations of chem cals that are
extrenely beneficial at npbderate concentrations, such as agricultura
fertilizers and industrial chem cals. Mst |and-use problens can be
understood in ternms of this continuumfromdepletion to pollution. Because
the concentration of resources generally requires the input of energy and use
of advanced technol ogi es, pollution problens tend to be npbst serious in

devel oped countries and in countries in transition. |In the absence of

i ntegrated | and nanagenent, resource depletion and the associated | and
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degradation can be quite serious in areas dependent on agriculture and
forestry, both in devel opi ng and devel oped countri es.

9. The issue of |and degradation is particularly critical in the
devel opi ng countries of the tropical zone. Problenms of food security and
rural poverty are of urgent concern in nany of these countries, where high
popul ations and weak or unstable economes severely limt the econonmc
resources available to each person, often exacerbating gender inequities.

Al t hough devel opi ng countries often possess val uable mneral and energy
resources, the national econonies of many devel oping countries depend nuch
nore heavily on agriculture than do the devel oped countries of the higher

| ati tudes. This heavy dependence on agriculture for both food production and
nati onal econonic output nakes any degradation of the productive capacity of
the land a serious threat to meeting basic human needs and achieving
sust ai nabl e devel opnent. The inherent irreversibility of nost forms of |and
degradation and the critical inportance of food resources for the Earth's
future generations enphasizes the essential contributions of science and
technol ogy to addressing issues related to | and degradation. This choice does
not ignore problens related to urbanization, industrialization and nining,

all of which must be considered for integrated |and-use planning and
managenent .

I1. CONTRI BUTI ONS OF SCI ENCE AND TECHNCLOGY
TO | NTEGRATED LAND MANAGEMENT

10. Sci ence invol ves the conbination of information and understandi ng that
al lows prediction of the consequences of specific actions or events, and thus
the conparative eval uation of alternative actions or different options.
Technol ogy is the application of science to provide better options for

achi eving human obj ectives. Solution of the conplex, interacting issues of

| and nmanagenent requires the contributions of many di sciplines of the

physi cal, biological, and social sciences. Fortunately, nopst of the basic
scientific know edge and apPIied t echnol ogi es needed for integrated | and
managenent are already avall able, including global satellite surveillance
systens, powerful conputer-based geographical information systens, as well as
net hods for |and-use planning and eval uation, reducing wi nd and water erosion
and increasing the productivity of the land. Sone of these technol ogi es have
been wel | devel oped for many years, while others are currently undergoi ng
rapi d devel opnent. Many of these technol ogies are already being applied to

| and managenent problens around the world. However, in many cases, these
critical technologies that are widely used in devel oped countries are not
avai l able in the devel oping countries where they are npst needed,
contributing to many of the environmental and soci o-econom c ﬁroblens
currently being experienced around the world. Even where technol ogy and
information are already available in devel oping countries, they are at
present not optimally used because of ineffective or inefficient information
storage, retrieval, and/or sharing.

11. The sciences and rel ated technol ogi es needed to inplenent an

i ntegrated | and nmanagenent programre can be grouped into four general areas:

(1) I nformati on sciences and technologies. Accurate information in a
formuseful to all stakeholders is essential for integrated |and
managenment. I nformation technol ogi es and their supporting

scientific disciplines provide access to the basic Information
about the current status, potential uses, and linmitations of the
| and, as well as market and transportation conditions and ot her
busi ness information. These technol ogies include traditional
cartography and statistical analysis, as well as renpte sensing
fromsatellites and airplanes, ground-based nonitoring and
surveys, socio-econonic information, and the conputer databases
that allow | and users and deci si on-makers access to this

i nformation. Mbnitoring of the status and changi ng conditions of
| and, water, and biotic resources, using traditional nethods as
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wel | as advanced technol ogies, is an essential conponent of
integrated | and nanagemnent.

(2) Eval uati on sciences and technol ogi es. These nmethods all ow the
interpretation and eval uation of information about the |and, and
al so the determination of the options that will lead to the nopst
desirable pattern of |land use. These nmethods include statistical
anal ysi s, decision support nodels such as Miltiple Goal Planning,
and conputer sinmulation nodels for crop production, econonetric
anal ysis, environnental inpact analysis, and manufacturing
design. Al of these tools facilitate comruni cati on anpong
st akehol ders and provide input into the sociopolitical process of
prioritizing | and use alternatives.

(3) Application sciences and technol ogi es. These technol ogi es are
derived fron1naa¥ different areas of science, as well as from
traditional know edge and | and use practices. They address the
specific land uses, agricultural practices, and engineerin%
activities that are inplenmented by | and users to achieve the
obj ectives of an integrated | and nanagenent plan. They incl ude
nmet hods from forestry and agriculture, plant breeding and
genetics, water resource nmanagenent, non-destructive extraction
of mineral resources, biotechnol ogy, manufacturing sciences,
energy sci ences, and econom ¢ pl anni ng.

(4) Su?pO(ting technol ogi es and infrastructure. These capabilities
hel p i npl ement the above technol ogies and are an essential part
of the Infrastructure necessary to achieve integrated | and
managenment. They include training and extension facilities,
anal ytical | aboratories for soil and product analysis,
devel opnent of product standards, water and air quality analysis,
and veterinary and nedical analysis, as well as survey nethods
and dat abases for |and eval uation, cadastral mapping and | and
regi stration systems, and soci o-econom ¢ eval uati ons.

12. Each type of technology is supported by a number of different
scientific disciplines, such as agronony, applied physics, geology, ecology,
and economi cs. Scientific research is essential to inprove understandi ng of
specific | and managenment issues, to refine existing technol ogies, and to
deveIoP new technol ogi cal capabilities. The first two areas of science and
technol ogy contribute primarily to the planning and eval uati on conponents of
integrated | and managenent, while the last two deal with inplenmentation of
specific | and managenent practices in order to nove fromthe current
situation to the desired future condition



E/ CN. 16/ 1995/ 4
page 9

Box 2: Chall enges and successes of |and nmanagenent in China

The worl d's nopst popul ous nation has made effective use of its |and
resources, feeding 22% of the world' s total population with only 7% of the
world s total farm and. Yet, the grow ng population and agricultural
intensification in China have led to a variety of environnmental problens
that are currently being addressed. Soil erosion is not only reducing
current and future agricultural production, but threatening water quality
navi gation, flood control, and hydroel ectric power generation. A vast
system of reservoirs for water storage and fl ood control has been
constructed, with a storage capacity of 408.6 billion cubic neters.
However, nearly one quarter of that volune has already been |lost to
siltation, and 22 major reservoirs have ceased to function (China, countfy
report?. The Chi nese Governnent is naking great investments in science and
technol ogy related to agriculture, water conservation, and forestry throdgh
its university and extension services. China addresses the problem of
| and degradation in harsh and nmargi nal environments by providing
governmental support for agricultural intensification, as well as for
re-vegetation of degraded |ands (Brenman, 1987). Massive reforestation
efforts are well underway to control wi nd and water erosion, including the
| argest ecological project in the world, covering 42.4%of the tota
territory of China. The Geat Geen WIl parallels the Geat Wall of
China with a reforestation project that has reduced the duration of spring
dust stornms in Beijing by up to 90% while increasing soil npisture
avail able for agriculture in the reforested regi ons (Parungo et al.,
1994). The econonmi ¢ and techni cal support needed to allow a decent and
productive life for farmfamlies in marginal lands is often nore
cost-effective than the creation of enploynment for themin urban areas, and
has the added benefit of protecting economcally and ecologically
sust ai nabl e | and use in nearby productive regions. Integrated | and
managenment efforts in China are likely to have global effect, as well as
| ocal and national benefits.

A. Information sciences and technol ogi es

13. Many types of information are necessary to achieve effectively
integrated | and managenent. Existing historical and current information about
l'and conditions and |and use practices is often scattered and difficult to
access in a conprehensive or I ntegrated manner. Modern information
technol ogi es can hel p make nore effective use of traditional infornmation
sources and | ocal know edge by conbining themw th new information from
advanced technol ogi es. Conput er-based infornmation and anal ytical capabilities
make integrated | and management nore feasible than it was In the past.
Efficient collection and analysis of the nost needed information Is
facilitated by the conbination of digital databases and statistical nethods
that allow identification of critical processes and limtations.

14. Advanced i nformati on technology is epitonized by satellite inmages of
the Earth that indicate the current conditions of the land and clarify the

i nterconnections between different regions. Analyses of digital information
fromsatellites and aerial photography nmakes possible the accurate nonitoring
of land conditions over |arge areas, and increases the value of traditiona
ground- based surveys of soil properties, land use, crop productivity, mneral
resources, and |and ownership. Around the globe, i nternational boundaries
and even fencelines within farns, are visible fromspace because of the
different |land uses on either side. Dissenmination of this type of information
ina formuseful to all stakeholders in | and use decisions requires a nunber
of different approaches.

15. The basic formof information needed for integrated | and nanagenent is
maps, either printed on paper in traditional formats or contained as

el ectroni c data in conputer-based Geographical Information Systens (GS).
ot ai ning and analysing this information is the first step in identification
of options for |and managenent. Renotely-sensed data have proven
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i ndi spensabl e for (1) accurate soil surveys, (2) evaluation of deforestation,
desertification, mning inpacts, and other forns of |and degradation, (3)
eval uation of the response of natural vegetation and agriculture to
variations in climte such as droughts, nonsoons, and freezes, (4)
determ nation of actual |and-use patterns, including urbanization and
industrialization, as well as agriculture. Satellite imagery provides a
owerful vehicle for guiding | and-use policies at the regional and nati onal
evels, as well as at the local level. This information brings honme to
government al policy-nakers the |arge-scale inpacts of |ocal activities, and
provi des a neans of intePrating | ocal know edge about effective |and use
practices into a regional or national |and managenent frameworKk.

Box 3: Satellite inmages used to evaluate | and-use patterns in Col onbi a

Col onmbi a enconpasses a wi de range of environnental conditions from
hi gh nmontane regions to |l ow and rainforests to seni-arid savannas, each
with its own unique environnmental problens. To develop a coordinated
country-wi de approach to | and managenent, the National Geographic Institdte
"Agustin Codazzl" used satellite inmages to conpare actual [and uses with
the npst suitable |and uses in each region. Analysis for |and use
sustainability indicated that 68.5%of the country's |and area is best
suited to forestry, but only 49%is actually in forests. Cattle pastures
occupi ed nore than 40% of the |land area, in spite of the fact that only
16.8% of the land is suitable for cattle raising. These analyses hel p
identify land use problens, and the regional and national goals that are
needed to devel op an integrated | and use pl anni ng progranmme.

16. Land users involved in narket econoni es need accurate, up-to-date

i nformation on current and Eredicted mar ket conditions, transportation and
storage capabilities, and changes in regulations or other inportant factors.
Long- di stance educational programres can provide critical training in

t echnol ogy applications and busi ness practices in devel opi ng regions.

17. In devel opi ng countries that are dependent upon agriculture, inportant
products of |and evaluation include informati on on the best suited cropping
and/or grazing systens in relation to soils, climte, and other
environnental, social, and econonic factors, and inpacts of the agricultura
systenms on the [ and. The maxi mum sustai nabl e productivity of these
agricultural systems determines the land' s ability to continuously supFort
human poBuIations (the carrying capacity). Integrated | and managenent all ows
sust ai nabl e agri cul tural productiV|t¥ to be increased toward its theoretica
maxi mum For exanple, FAO s Agroecol ogi cal Zones project for Africa

i ndi cates that the continent could produce enough food, fiber, and fuel to
support a popul ation far larger than the current 500 mllion. However, it is
evident that the needs of even the current popul ation are not being
adequately nmet. Meeting the basic human needs of Africa's population will
require a continent-w de integrated | and managenent strategy that includes a
maj or effort in soil conservation and restoration of degraded | ands, al ong

wi th soci o-economni ¢ nmeasures.
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Box 4: Planning for economnic success in Botswana

Economi ¢ grow h and environnental planning are closely connected in
the African country of Botswana, which has had the highest rate of G\P
grow h of anY country in the entire world. Careful econom c and
environnental planning, along with good fortune, have nade Botswana a
showcase of the devel oping world. VWhile dianonds and trade w th European
Conmon Mar ket doni nate the econony, a long history of attention to |and
resources has laid the basis for strong growh in the livestock sector. A
t hor ough eval uation of |and potentials for grazing and cultivation was
conpleted in the 1970s (Sinms, 1981), including recommended stocking rates
for different regions. In spite of the difficulties of inproving food
security inaclinate with frequent droughts, the governnent has devel op¢d
and i npl emented plans to naintain and strengthen rainfed arable agricultlre
by supporting rural communities during droughts and recovery follow ng
droughts. A strong institutional framework for |and use planning is
i mpl emented at both the national and the regional |levels, with |and use
pl anni ng groups in each of the districts corresponding to the eight triba
regi ons. Botswana's recent history suggests that a continuing governnenta
conmitrment to careful Planning, along with inplenmentation of new integrafed
| and managenent technol ogies will allow continued sustainabl e devel opnent
of this country's |and resources.

B. Eval uati on sci ences and technol ogi es

18. Many of the decisions involved in integrated | and nmanagenent are soci o-
economic and political in nature and cannot be resolved by technol ogy al one.
Al ternatives nust be evaluated in terns of societal values and agreed-upon
strategi c goals. For exanple, socio-political considerations such as

enpl oynment may justify policies to encourage crop Production even at very | ow
yields. Many African farmers cultivate |land classified as economcally
unprofitable for dryland farm ng because even |ow yields contribute to
brln?ing total production up to a subsistence |evel. Land managenent cannot
be effectively Integrated w thout the cooperation of the |and users and

| ocal comunities, as well as the input of decision-nakers and political

bodi es. Eval uati on technol ogi es can assi st planners and deci sion-makers in
working with the | and users to choose the conbinations of |and use
alternatives that best neet a specified set of objectives.

19. Eval uati on technol ogi es are essential at numerous points in the
| and-use pl anni ng process. Canuter—based anal yses and nodel s can be used to
eval uate the consequences of alternative |and-use scenarios in terns of both
rofitability and environmental sustainability. These nodels can help
Identify the critical limting factors for different |and uses, as well as
t he maxi mum potential for specific uses. Systens analysis allows the
construction of mathenmatical nodels of different conponents of |and use,
i ncl udi ng bi ol ogi cal conmponents such as crop production and forest growh,
physi cal conponents such as hydrol ogy and erosion, and soci o- econom c
conponents such as househol ds, villages, and national econom es. Moreover,
systens anal ysis can help identify those situati ons where technol ogi cal
solutions are required and those where soci oecononic interventions are
necessary.
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Box 5: Planning for conservation and agriculture in the United Republic
of Tanzani a

Efforts to inmprove |land use for agriculture and conservation have a
long history in the United Republic of Tanzania. Integrated |and
managenment i s essential for the future of a country such as Tanzania, w fh
generally infertile soils, a difficult climte, concentrated areas of
over popul ati on, and spectacul ar natural beauty, wldlife, and biodiversify.
In 1976 the Wrld Bank planned a Rural Integrated Devel opnent Project fol
the Tabora region in western Tanzania. The project included Iand
eval uation, estinmation of carr%ing capacities, and agro-econom ¢ studi es|at
the village |level to provide the basis for land planning. Tanzania has
continued efforts to plan for sustainabl e devel opnent while protecting and
enhancing its natural resources, but this is an extrenely chaIIenPing anm
difficult task for a poor African nation with nmany pressing social and
economi ¢ problenms. Current natural resource conservation efforts are being
supported by Finland (Forestry Action Plan), Sweden (National Conservati ®n
Strategy), Denmark #environnental assi stance), and Norway (soi
conservation and afforestation in the Shinyanga Region). Mjor challenggs
exist invirtually all areas of technological and infrastructural support
for integrated | and managenent.

20. The nonitoring of indicators characterizing key processes related to

| and use and econom c devel opnent is an essential tool for evaluating policy
neasures. A variety of methods and systens are available to nonitor the
quantity and quality of natural resources. However, governnental commtnment
and investnents are required to guarantee a consistent and unbi ased source of
both environnental and econonic i nformation. The type of measurenent will
depend on tenporal and spatial scales, properties of the land and the
objectives of the land users. |Indicators for resource use should
characterize the rate and the direction of change of the processes underlying
the functions of the natural resources, reflecting their degradation,
depletion, pollution, etc. The nonitoring of socio-econonic indicators
shoul d be given as much attention as the agro-ecol ogi cal ones. Ther concern
changes in production systens (e.g. degree of integration of aninmal husbandry
and arable farm ng), processes |ike urbanization, industrialization, resource
extraction, incone, price and trade statistics, and so on.

21. Even wi th adequate nonitoriggldata and analysis of alternative
scenarios, it may not be obvious at the best conbination of |and uses m ght
be. Tools such as Interactive Miltiple Goal Programmi ng can help organi ze and
Brioritize soci o-econom ¢ and agro-ecol ogi cal alternatives. The nethod is
ased on the observation that the various interest groups in society have
di fferent objectives that at least partly conflict. The values attached to
goal s such as food production, export, enploynment, environnental protection
are likely to differ for different sectors of society. The nethod all ows al
stakehol ders to participate in exploration of the possibilities for a
conpromi se that 1s acceptable to everyone, although it nay not be ideal for
any specific group. The strength of Miultiple Goal Programming is its ability
to stinulate societal discussion about the consequences of specific policy
options. Neverthel ess, these nmethods al one cannot provide the final solution
to land use issues, which nust be resolved on the basis of agreed-upon val ues
and goal s.
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Box 6: Atnospheric science allows advanced planning for droughts

Recent advances in atnospheric science offer the pronise of
| ong-range predictions of droughts. Strong correl ations have recently beg¢n
reported between the El Nino warming of the Pacific ocean and severe
droughts in Zi nbabwe and other parts of Africa (Cane et al., 1994).
Because of developing abilities to predict the EI Nino warming a year or
nore in advance, It may soon be possible to predict future growi ng season
weat her before crops are planted in Africa. The ability to plan in
advance for grow ng season weat her conditions would be a major contribution
to agricultural planning and a totally new conmponent of integrated |and
managenment. Conti nui ng develanent of such technol ogi es can potentially
i nprove | and managenent and hel p stabilize food availability in countries
such as Zi nbabwe and Bot swana

C. Application sciences and technol ogi es

22. These are the "on the ground" nethods that are inplenented to achieve
the goals identified during the process of |and use planning. The
contributions of human innovation and experience, as enbodied in many types
of indi genous know edge, have nade possible the rapid devel opment and
adaptation of nmethods to inmprove all aspects of |and use. Technol ogi es for
specific applications are derived from many different sciences, including
agronony, forestry, hydrol ogy, geology, soil science, wildlife biology,
physics, chemistry, mning, civil engineering, etc.

23. One of the best-known successes of an %Pplications technol ogy is the
"Green Revolution," which produced high-yielding varieties of cereals that
greatly inproved food security in parts of the devel oping world. Continuing
work in crop breeding and genetics is devel oping varieties that are tol erant
of |l ess favourable conditions and do not require the high inputs needed by
the original Geen Revolution varieties. Agricultural experinent stations
around the world are continuing to make great progress in devel opi ng
productive crop varieties that are successful with |ower inputs and
conpatible with nore effective soil and water conservation. Mdern genetic
engl neering techni ques and nore effective use of the genetic resources
contained in wild varieties and indi genous crops offer the prom se of
continued inprovenent. Simlar gains in production and di sease resistance are
bei ng obtai ned through ani mal - breedi ng programmes as well. However, these new
t echnol ogi es cannot be effectively applied where theY are nost needed wi t hout
better information on the distribution of soil and climatic conditions in
devel opi ng countri es.

24, In many cases the nost effective application technologies result froma
hybridi zation of traditional methods w th nodern technol ogies that involve

hi gh efficiency input of resources. The grow ng body of gl obal experience in
| and restoration and other aspects of integrated |and nmanagenent offers to
accel erate the process of solving environmental and devel opnent problens in

t he devel oping world. Continued testing and refinement of these technol ogies
should lead to further inprovenents and adaptation to a wider range of the
environnental conditions in devel oping countries.
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Box 7: Land use pl anni ng decreases erosion and
i ncreases food production in China

China's Loess Plateau (530,000 knm2) is one of the npbst severely
eroded areas in the world. Beginning in 1979, the Chinese Government, in
cooperation with UNDP, set up an experinental erosion control station at
M zhi, in the north of Shaanxi Province. A variety of technol ogies were
eval uated on a 100 knR experinental watershed that was shared by three
villages. Technol ogies included conversion fromcultivated annual crops|to
perenni al crops, building additional terraces, controlling gully erosion,
and introducing new crop varieties and aninmal breeds. By the |late 1980s
the project had achieved nost of its goals. The total |and area used fof
food production was reduced by nore than 50% while stable farm and al so
increased by nore than 50% 47% of the total |land area is now covered by
grassland and forest, which have greatly reduced erosion rates. Total f¢od
production increased by 70% in spite of the |large decrease in cuItivate$
area. This and several simlar projects in the Loess Pl ateau, inplenenteéd
in collaboration with WFP and FAO, have denonstrated unequivocally that
i ntegrated | and nanagenent can sinultaneously reduce erosion, increase
production and raise living standards. These methods are now bei ng
ext ended t hroughout Shaanxi Province and into the Yulin Prefecture as wel
(FAO, 1992).

D. Supporting technol ogies and infrastructure

25. A strong educational, research, and analytical infrastructure is
essential to support an effectively integrated approach to | and nanagenent.
Integrated | and managenment projects are unlikely to succeed unless there is
a sufficient level of in-country expertise to carry out the process and

suf ficient cooperation across traditional institutional and sectoral
boundaries to make efficient use of the expertise. A strong agricultura

ext ensi on service can provide critical practical experience and access to

i ndi genous know edge, as well as the means to communi cate the goals and

net hods of the integrated |and managenent to the |and users. Mdern anal ytic
and research equiprment, as well as conputer hardware and software, nust be
sufficiently available to nmeet the evaluation, research, and nonitoring needs
of | and managenent.

26. Because effectively integrated | and nmanagenent requires the support of
all stakehol ders and a central authority for inplenmentation, a public that is
sufficiently well-educated to understand and appreciate the goal s of

sustai nabl e |and managenent is essential to the Ion?—tern1success of such
efforts. Both informal and fornmal education, using all available nedia, and
the legislative and cadastral structures to support |ong-term economc
security are critical to sustainabl e devel opnent.

27. Whi | e support technol ogi es nay not be as ?Iannrous and exciting as
renote sensing and bi otechnol ogy, they are equally inportant to the success
of integrated | and nanagenent. Support technol ogi es can sonetines serve as

i ntegrating nechani sms that encourage different sectors of society to work
toget her. For exanple, |inked conputer networks in which each group is
responsi bl e for providing a specific portion of the information that is
needed by everyone can encourage cooperation between agencies or groups that
have not formerly cooperated. Investment in this type of infrastructure
provi des the foundation for successful inplenentation of integrated |and
managenent .

[11. CONSTRAINTS TO LAND MANAGEMENT

28. There are nunerous barriers to effective inplenentation of an

i ntegrated approach to | and managenent at both |ocal and gl obal scales. Sone
of these barriers have technol ogical solutions, however many of themresult
fromthe fact that existing technol ogies are not available in the |ocations
where they are npbst needed. Renoval of many of the barriers to integrated
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| and nmanagenent requires decisions about resource allocation at national and
international levels, which will affect the future of specific sectors of
society. Barriers to integrated | and managenent can be classified into four
general areas:

(1) Limted access to appropriate information and technol ogy
(2) Weaknesses in institutional infrastructure

(3) Unsust ai nabl e | and use practices

(4) Conflicts between different |and-use goals

29. On ng to variation in environnental and soci oecononi ¢ conditions, the
appropriate technologies for integrated | and nmanagerment vary, and the
barriers to integrated | and managenent are different fromregion to region
and fromone country to another. Wile science and technol ogy can nake sone
contribution to the renmoval of each of these barriers, the contributions of
the political and econom c sectors are essential for providing the commtnent
and resources to solve these problens.

A Limted access to appropriate technol ogy and information

30. The starting point for integrated | and managerment is know edge and
information on the quality of |and resources and their actual |and use

This includes (1) information obasic |and properties such as the potenti al
for forestry, agricultural production, mineral extraction, biodiversity,
etc.; (2) inherent linmtations to the various |and use forns; (3)
susceptibility to desertification, erosion, groundmater pol I uti on and ot her
forms of degradation; (4)distribution of |and use, ownership and regul atory
constraints; and (5) urban and industrialnpacts, etc. Unfortunately, for
many critical |and managenent situations in the devel oping world the needed
information either does not exist or is not available 1n a useable form

31. A primary reason for |ack of basic information is the difficulty of
obt ai ning access to the technol ogi cal tools needed to obtain and anal yse the
i nformation. Tools and scientific nmethods already exist to eval uate
information for making decisions on |and use and devel opnent. However, they
are not uniformy available in all parts of the world. This |lack of
availability result frominadequate financial resources to acquire the
technol ogy, or an inadequate infrastructural and educational base to support
the technology after it is acquired. The need for tools like renbpte sensing
and multiple goal programmng in |and use ﬁlanning i ncreases with decreasing
resource qualit%. But at the sane tine, the |ow productivity of margina
lands is |l ess able to support the costs of the equiprment and training
required to effectively use these eval uation technol ogi es.

32. In some cases, the needed information is available, but it is ignored
or neglected. The lack of a timely response to a known problem nay be as
serious as the lack of early warning of a previously unknown problem
Frequently, onIY i ncidental use is made of the tools that are actually
available, resulting in linmted and i nadequate |and use plannin? and
managenment. I n such cases | ong-term observations on the state of the
environnent will be scarce. Mnitoring of resources and their use through
indi cators of sustainability is essential for the analysis of effectiveness
of policy measures and the resulting | and use nmanagenent. Such nonitoring
must have a strong | ocal component, w th nmeasurenents and observati ons by

trai ned Personnel. Advanced technol ogi es such as renpte sensing will often
be useful.
33. Currently, effective transfer of specific technol ogies and know edge

from one countr% to another is hanpered by the |ack of common net hods and
definitions for basic land properties such as soils, climte, |and uses, and
| and cover types. Standardi zed definitions for these fundanental |and
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properties are being devel oped through a joint UNEP/FAQ Habitat initiative,
whi ch should greatly facilitate the inplenentation of integrated |and
managenent .

34. Sci ence and technol ogy cannot solve all problenms. In sone cases the

| ack of useful information naY be related to the inprecision of available
sci ence and technol ogy. Not all questions about |and use and its inplications
for the environnental, economic and social sectors will have a definitive
scientific answer. Avail able data nmay be so anmbi guous as to hinder an
appropriate interpretation or hanper extrapolation to other environnments.
More difficult is the fact that the dynamc interaction between hunans and
envi ronnental processes are conﬁlex and poorly understood. For exanple, the

i npacts of human behavi our on the gl obal atnDsPhere and potential greenhouse
ef fect are ambi guous. Scientific research on global clinmate change predicts
consequences ranging fromcooling to a warm ng of the gl obal atnosphere.

Such information is worthl ess for decision-makers. A fundanental |ack of
understandin? of conpl ex processes is the basis for this and other
information failures. In these cases, further scientific research is the only
way to inprove the decision-making process.

Box 8: Pakistan's national conservation strategy

G owi ng popul ation, coupled with rapid industrialization and
ur bani zati on, was posing a great challenge to optinal resource utilizati¢n
in Paki stan. The National Conservation Strategy was fornul ated by the
Governnment of Pakistan as a response to organi ze and coordi nate public
action on issues of concern in resource use. The NCS conprehensive acti ¢n
pl an envisages an investnent of about $50 billion over a ten year period
In 14 core areas, which include steps to maintain soils in croplands,
increase irrigation efficiency, protect watersheds, support forestr% and
pl antations, restore rangel ands and i nprove |ivestock, protect water bodies
and sustain fisheries, conserve biodiversity, increase energy efficiency,
devel op and depl oy renewabl es, prevent and abate pollution, nmanage urban
wast es, and support institutions for combn resources concerning |and
nmanagenent .

B. Weaknesses in institutional infrastructure

35. Al t hough in recent decades know edge of nany aspects of |and use has
increased considerably, the dissem nation of this information has not kept
pace. Reasons include the |lack of adequate transfer nechanisnms, the limted
use of existing mechanisns, and | ack of communicati on and cooperation between
agencies with responsibility over different aspects of |and use. The

nechani sns for transfer of iInformation include public awareness and
education, recovery and use of indigenous know edge, trained professionals,
institutional infrastructure, and methods for |ocal, regional, interagency,
and international exchanges of know edge and technol ogi es.

36. A well-conceived and effectively inplenmented franework is needed to
pronote resource nmanagenent at different |levels of society, fromcentral

regi onal and division level to the |ocal gvillage) pl anni ng | evel .
Unfortunately, trained personnel and staff acquainted with | and resource
managenment and environnental education are often |lacking at critical |evels.
In sonme cases, Particularly in the past, insufficient attention has been paid
to environmental issues in Eubllc education. Extension services sonetines
focus on the male part of the EoPuIation, negl ecting the role of wonen in
relation to agriculture, household energy, and other environnental inpacts.
The accessibility of education to wonen Is of crucial inportance for

devel opnent prograns aimed at integrated | and nanagenent.

37. Lack of cooperation and communi cati on between agencies may lead to
duplication of efforts and waste of resources. |nadequacy of institutiona
nmechani sns for the transfer of information about market conditions and
busi ness opportunities nmay be as damagi ng as the |lack of information about
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agricultural technologies. |In sone cases, science-based technol ogi es have
been introduced w thout enphasizing the drawbacks, such as the toxic
side-effects of an over-use of biocides.

38. Wthout two-way transfer of information, extension services are not
able to create the required |link between farmer needs and research findings,
so research is often ineffective. Research institutes that concentrate on

wel | -endowed regi ons may produce results that have little relevance to the

| ess endowed regions. A rich fund of indigenous know edge built up over
generations can be quickly lost, reducing opportunities for maintaining
sustai nability. Hybridization of the indigenous ecologically sound farm ng
with nodern high input agriculture may result in the nost efficient use of
the inputs involved and create the best chance for econonic feasibility, with
restricted ecol ogical side effects.

C. Unsust ai nabl e | and use practices

39. Unsust ai nabl e | and use results fromover-exploitation, pollution, and
destruction of natural resources. No individual or society intentionally
destroys its future well-being or survival by unsustainable practices.
However, econom ¢ pressures resulting frompricing structure, subsidies, and
tax incentives, as well as sinple necessity driven by needs for short-term
survival, can lead to the degradation or destruction of the resource base
needed for |ong-term survival and econonic well-being. Governmental pricing,
subsi dies, and trade policies in relation to food, wood, energy, and ninera
resources may encourage or even force |and users to deplete natura
resources, causing situations where they undermine their own |ivelihood.
Both national and international econonic policies can drive |and use toward
unsust ai nabl e practi ces.

40. Land degradation resulting frompressure for survival can occur when
the land's carrying capacity is reduced by extreme weather conditions, such
as droughts, or by gradual deterioration due to overgrazing or erosion. Sone
regi ons are much nore susceptible to these problems as a result of climate,
sol |l s, topography, or other factors.

41. I nequitabl e distribution of |and and ot her resources can effectively
reduce carrying capacity and create a situation in which |and degradation is
accel erat ed when Eeople are forced to use marginal lands that are not able to
support them Lack of long-termland tenure or the absence of technol og
needed to deternine or assign land tenure can |lead to | and degradation %y
users who have no incentive to inprove or conserve resources for the future.

Box 9: Scientific know edge hel ps preserve biodiversity

Scientific know edge can help identify situati ons where apparently
conflicting land uses are actually conpatible. For exanple, biodiversity
conservation is often considered to conflict directly with agricultura
food production. Yet recent work indicates that nmany conponents of
bi odi versity are naturally |low on the productive |ands that are best suifed
for agriculture, while many conmponents of biodiversity are actually highest
on margi nal | ands of | ower Eroductivity, where the econonic val ue of
genetic material for biotechnology may be quite high. Thus, protecting
productive | ands from degradati on and using themefficiently for food
Broduction with nethods such as m xed cropping can help preserve

i odiversity by keeping marginal |ands out of intensive agriculture and
using theminstead for such purposes as watershed protection, aquifer
recharge, water quality inprovenment, and tourism 1n addition to the
protection of wildlife and other conponents of biodiversity.

42. Wil e the concentration ofcpopulation in urban areas has advantages in
terms of increased efficiency and reduced costs for social and physica
infrastructure, expansion of urban areas has also a direct effect on the

adj acent environnent. Critical thresholds nmay be exceeded in relation to the
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environnent's self-cleaning potential, or the availability of water and
energy resources for urban devel opnent and industrialization, as well as
basi ¢ human needs. For exanple, firewood is a commpbn energy source for
cooki ng and heating in nost devel oping countries. The need for fire wood in
urban areas can easily exceed the annual production. Mre expensive energy is
not the only consequence. The decreasing buffering capacity of the adjacent
environnent through deforestation | eads to erosion and | ess efficient
agriculture, transport, and industry. Deposition of air pollutants from urban
waste incinerators or industrial blast-furnaces can |ead to harnful
concentrations of toxic materials in agricultural products, and the pollution
of surface water due to industrial and urban di scharges can nake the water
unsuited for agricultural irrigation purposes.

Box 10: A long history of |and evaluation in Japan

Assessnent and inproverment of the hunman carrying caPacity of the | and
pl ayed an inportant role in the social and econom c devel opnent of Japan.
Caref ul record-keepi ng and eval uati on of agricultural production during fhe
Tokugawa period al |l owed Japanese rulers to deternmine their tax base and
regulate the distribution of their rural and urban ﬁopulations (Sato
(1769-1850); Sansom 1931). The fertile soils of the region surrounding
present-day Tokyo contributed to the devel opment of an integrated
agroeconom c systemthat supported a high popul ation density and a rich
soci al and economi c structure.

43. Because the carrying capacity of a region results fromeconom c and
soci al conditions, as well as the quantity and quality of the natura
resources, overpopulation is a relative condition, rather than an absol ute
nunber. One of the causes for self-destruction of a society's resource base
is overpopul ation relative to the current econom c conditions. The situation
is particularly difficult where the |local or regional soil and climte are
too poor to guarantee profitabl e sustainable use of external inputs in
agriculture, while a | ow supply of qualified | abour and other econonic
conditions hinder the creation of enploynment outside agriculture, such as in
desert margins and sem -arid regions. Large-scal e technol ogical investnents
in these regions are not economcally feasible because the purchasi ng power
of the local population and the possibilities for increased production are
insufficient. In the long run, however, such neglect of nmarginal regions wll
threaten the nore productive areas, through the deterioration or |oss of the
ecol ogi cal, social, and econom ¢ functions of the margi nal areas, which nay
be critical to the well-being of the nore productive areas. Public

i nvestments to support sustainable |and uses may be the npbst cost-effective
formula to nmaintain the functions of eco—systens in marginal regions and to
avoi d migration and the acconpanyi ng soci al and econom c probl ens.

D. Conflicts between different |and-use goals

44, Land use planning is directed at the "best"” use of land, in view of
accepted objectives and aspirations. However, it is inevitable that there
will be conflicts between various interests groups that have goals and

perceptions about |and use. For exanple, urban and industrial devel oprment
often requires land that is extrenely valuable for agricultural production.
In arid regions, mgration of transhumance pastoralists usuaIIY results in
conflicts with farners of arable | ands. Conservationists usually have goals
for how |l and shoul d be nmanaged that differ fromthose of farners or

busi nessnen. Many of these objectives are interrelated and it is obvious that
they partially overlap as well as conpete. Were nultiple goals are at stake,
trade-of fs anong these goals have to be nade. There are often no sinple

t echnol ogi cal solutions, and societies are forced to make difficult decisions
and conprom ses.
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Box 11: Conservation, devel opnent, and managenent of |and resources in
I ndi a

Wth India s high population density and rich natural and cul tural
resources, |and use managenent is a critical concern. Major policy issugs
were identified at the National Consultation on the Prospective Plan for
Conservation, Devel opnent, and Managenent of Land Resources in 1991, whi¢h
called for an integrated, scientifically sound approach to the managemgnt
of land resources in the country. A nunber of initiatives were highlighted,
i ncl udi ng: conprehensive | and use planning to govern ninin?, quarryi ng,
i ndustrial uses, and urban devel opnent; coordination of related sectora
activities such as National Forest Policy, National Water Policy, Nationa
Housi ng Policy, National Land Use Policy, etc.; higher priority for
protective and regeneration aspects of forestry; diversification of
agriculture with special attention to problens of soil salinity,
wat er | oggi ng, acidity and drought-prone and desert areas; nitigation of
hazards such as floods and earthquakes in susceptible areas; proper
trai ning of personnel; and continued updating of the information base on
| and resources in India through rempte sensing and conputerized data banks.
National and regional |land use planning is facilitated by the
Agro-Cimatic Regional Planning Project of the |Indian Planning Comm ssion,
whi ch delineates the country into 15 agro-climatic regions to provide I
techni cal and scientific inputs for agriculture and allied sectors durin
the Eighth Five-Year Plan (1992-1997) and beyond. Science and technol ogy
will contribute on a continuing basis to the process of planning,

i mpl ement ati on and nmanagenent of the progranmes initiated to address the
above issues.

45. The appropriate response to conflicts is not always obvious. For
exanpl e, high-input agriculture usually attains higher efficiencies of inputs
per unit of output than | owinput agriculture because production resources
are used nore efficiently thanks to a further optini zation of the grow ng
conditions. However, owing to the high chem cal inputs, |ocal contanination
of the environment is much nore likely to occur than with | ow i nput
agriculture. In addition, the higher productivity of high-input agriculture
allows a snaller area of |and to produce the sane amount of food as a much

| arger area of lowinput agriculture. Thus, a larger area renmins avail able
for nature conservation, nmeintenance of biodiversity, watershed protection,
and other socially inportant |and uses. In this contrast, the conplex nature
of the trade-offs are Particularly obvi ous. Do we enpl oy our non-renewabl e
resources as efficiently as possible in the well-endowed regions and all ow
locally high pollution of the environment, or do we use themless efficiently
and ensure | ow pol lution of the environment? Such issues cannot be separated
fromthe prevailing socio-economc conditions, which may enphasize subsidies
on external inputs, creation of enploynent outside agriculture, or incone
support. Careful evaluation of all issues at stake are required to decide

whi ch option is preferred

46. Sone kind of public authority, such as village councils, boards of

ublic works, devel opnent councils, regional or national governnents, nust

e involved in negotiating and inplenmenting solutions to conflicting |and
uses. The consequences of the absence of such public authority are
demonstrated in those parts of the world where efficient systens regul ating
land use in the past were weakened during the colonial era. Legislation based
on colonial jurisdiction was introduced while indigenous |and tenure systens
were still in place, resulting in weak and confusing regulations. As a
consequence, agro-ecol ogical conditions were neglected, resulting in serious
deterioration of |and resources.

47. Integrated | and managenent requires that choices be based on valid and
explicit objectives. Because land is multifunctional, it is inevitable that
conflicts occur due to these choices. However, the lower the availability
and quality of natural resources, the higher the risk of postponing decisions
and of neglecting integrated | and-use planning and managenent. Unequal access
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to natural resources and to external inputs, and |ack of involvenent of the
popul ation as a whol e, accelerate the destructive processes. Irreversible
degradati on of |ess-endowed regions will occur and will threaten the
functions of the adjacent better-endowed regions.

Box 12: Scientific research hel ps avoid waste of scarce resources

Assessment of agricultural limtations and potential human carrying
capacity is particularly critical in marginal areas where extrene climatic
fluctuati ons may cause destabilizing swings in agricultural production anfd
human popul ation densities. In Mali, as in the rest of the Sahelian
regi on, periodic droughts cause the collapse of agricultural and grazing
systens, with the associated nass nmigrations and hunmanitarian crises.
Anal ysis of the limtations inposed by climate and soils on the
Froductivity of agricultural and grazing systenms indicated that the primary
imting factor was not water, but rather soil nutrient availability.
Thus, expensive irrigation projects would be a waste of noney unl ess ot her
limting factors were addressed first. A simlar exanple of how an
i ntegrated approach to |and nmanagenent can avoid the waste of resources
cones from Ethi opia, where the FAO perforned a |land suitability anal ysi s
based on the concePt of Agro-Ecol ogi cal Zones, for a proposed damin the
Kesem region. Soil analysis found soil ﬁroperties and spati al
distributions that were I nconpatible with a successful irrigation project.
However, the | and evaluation also identified areas that woul d be suitabl ¢
for various types of rainfed agriculture.

A1

I V. RECOVMENDATI ONS AND CONCLUSI ONS:
APPROACHES TO TECHNCLOGY TRANSFER AND CAPACI TY- BUI LDI NG

48. The constraints to integrated | and nanagenent di scussed in the previous
section inply a nunber of specific actions that could hel p overcone them

Sci ence and technol ogy contribute to the solution of sone of those
constraints, particularly those directly related to | and managenent Planning
and i npl enentation (see sections IlIl. Cand D). However, other problens
require social and economc solutions, particularly those related to the |ack
of the required information and the inaccessibility of the needed technol ogy
(see sections IlIl. A and B). Education and infrastructure devel opment are
cross-cutting thenmes through all conponents of integrated | and nanagenent.
Specific barriers related to educati on and extension, high costs, |ack of use
or bad use of equi pnent are addressed in other reports, such as "Report of
the Inter-sessional Ad Hoc Open-ended Working Group on Technol ogy Transfer
and Cooperation" (E/CN. 17/1994/11). Nevertheless, these barriers remain
significant Ilimtations on the effective integration of |and-use planning
and managenent in many devel opi ng countri es.

49. Both the types of constraints encountered in efforts to inplenent
integrated | and-use managenent and the | and-use issues thenselves are highly
specific to local environnmental and soci o-econom c conditions. Consequently,
it is inportant to identify approaches to overconing these constraints that
are flexible and adaptabl e enough to provide the appropriate |evel of

technol ogy and the type of solution needed in each specific country or
region. Experience in both devel oped and devel oping countries identifies a
nunmber of methods that have been successful in elimnating the constraints
that hinder the effective integration of |and managenent planning. These
net hods can be grouped under the follow ng general headi ngs:

(1) Intra- and intergovernnental cooperation
(2) Private/public partnerships
(3) Targeted training and technol ogy support prograns

(4) Direct public investnent in resource protection
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A. Intra- and intergovernmental cooperation

50. Limtations on the financial resources required to obtain needed
information and technol ogies, as well as limtations in terms of
within-country infrastructure, personnel training and expertise, can both be
addressed by pooling resources anbong countries with conmon interests. Thi s
aﬁproach can I ncrease the quality and | evel of information and technol ogy
that can be obtained by cooperating countries, as well as provide an
effective mechanismto share solutions to comon probl ens.

51. Anong past efforts at cooperative ventures of this type, not all have
succeeded. Successful and unsuccessful experiences help identify the

el ements that are inportant for the success of cooperative effor{(g)

Common goal s and conmon methods. It is essential that all cooperators share
conmon goals that are clearly addressed by the specific information or
technol ogy that will be shared by the cooperative. Sone past "top-down"
efforts by international agencies to provide advanced information from
satellite remote sensing have fail ed Because the informati on was not provided
in an appropriate form or because it was too general and did not address the
speci fic needs of individual countries. Successful cooperatives must be
devel oped in a Earticipatory manner to nmeet specific shared goals with an
appropriate technology that is sufficientlr flexible to provide useful
results at nany different |evels of technol ogi cal devel oprmernit2) Conmit ment

by all partners. The |ong-termnature of building a base of trained and
experienced personnel with the supporting technical infrastructure requires
a serious financial investnent and | ong-term conmitnent of personnel and
institutional support in order to succeed. Potential cooperators must be
willing to make a commitnment to a sustained effort in order to participate.
Progranmes that require no commitment rarely succee@3) Neutra

admi ni strative structure. Successful cooperation requires that all partners
be treated equally and that none dominate the resources or the selection of
goals. Structures with neutral and independent adm nistration or rotating

| eadership are essential to avoid dom nation bY any single partner. Care
nmust al so be taken to resEect and provide |legal protection for the
intellectual property rights of participants.

Box 13: International rice research institute:
successful cooperation for technol ogy transfer

An exanple of how to effectively devel op technol ogy where it is nosf
needed is the IRRI-(International R ce Research Institute)-based
col l aborative research effort by institutes from devel oped and devel opi ng
countries, including sixteen National Agricultural Research Centres
(NARC s) in Asia. |nproved rice-based Eroduction systens through the
transfer of nmodelling and sinulation skills is the major goal of the
program To establish a critical mass within the NARC s nultidisciplinany
teams were formed. Hardware and software were donated, and courses how t(
use themorgani zed. Al participating institutions were required to nake
long-term conmitnments of personnel and support. The common ' | anguage'
acquired and the network created pernmits direct exchange of results,
access to comon dat abases, and coordi nation of ongoing and conpl enentany
efforts. The conbination of field and | aboratory experinentation with
nodel ling resulted in the identification of key-variables and processes
al l owi ng i nproved crop nmanagenent systens. Mreover, NARC s can now
benefit fromthe scientific capabilities at international |evels.

o

Experiences in China, the Philippines, and India show that this
approach can be easily adapted for use at the national |evel, enhancing
inter-institutional and interdisciplinary work, and the integration of
know edge (Penning de Vries, et al., 1991). The Agricultural Research

Informati on System, in developnent by the Indian Council of Agricultural
Research and the State Agricultural Universities, with assistance of the
International Service for National Agricultural Research (ISNAR), will be¢

an invaluable tool for international information exchange in the future.
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52. Thi s cooperative networking approach can be used at a nunber of
different levels. Among small countries within a region that share resources
(e.g., watersheds, nountain ranges) or have common probl ens such as
desertification,international cooperation allows an efficient pooling of
resources to achi eve what no single country could acconplish alone. Wthin
| arger countries, this approach has been successful imtrasectoral
cooperation (e.g., agricultural research stations in different regions) and
coul d al so be used forintersectoral cooperation, as with shared conputer
systens for accessing satellite data or traditional information sources.
Net wor ks are an effective nechani smfor pooling and sharing governmnental
resources, but can also be an effective and cost-efficient structure for
donor-supported activities.

53. Cooperative arrangenents of this type can nmake inportant contributions
in the areas of education, training, infrastructural devel opnent, and
institution-building. Al though npst of the current exanples of this approach
are in agriculture and natural resource areas, there are no linmts to the

| and managenent and sust ai nabl e devel opnent issues that could be addressed
using this approach. Inportant areas could include conflict resolution

net hods, manufacturing technol ogi es, energy—efficiency, recycling, and reuse
t echnol ogi es, environnental geol ogy technol ogi es, urban and | and use pl anning
net hods, and many ot her specific science and technol ogy issues.

B. Private/ public partnerships
54. The private sector can nake major nutual | y-beneficial contributions to
t echnol ogy devel opment and infrastructure-building in nany different areas

t hat suEport an integrated aEProach to | and managenent. The nmechani sns by
which this can occur are highly varied. Banking credit that supports the

i npl enentati on of proven technol ogi es or the devel opnent of new technol ogi es
is a powerful tool that can |link sustainable |and use with econonic

devel opnent. Successful investnent programes based on comunity | ending and
worren' s cooEeratives provi de good exanpl es of how capital can be provided to
support technol ogy transfer. Joint private/publ isapport for research and

devel opnent institutes for new technol ogi es or products, or to investigate
specific issues of inportance to the private sector, are already inplenented
i n many devel oped countries and sonme devel oping countries. This tyFe of
private investment goes hand-in-hand with market devel opment and wll tend to
I ncrease as narkets devel op.Market devel opnent that involves training of
techni cal support staff and provisioning of field offices can also contribute
to integrated | and nanagenment when it involves appropriate technologies. In
this sane area, corporate fellowship progranmmes can build in-country

expertise. Product incentives can help devel op markets while making

t echnol ogy avail abl e and ﬁroviding experience and training. Exanples include
provi ding conmputers to schools and rmunicipalities or providing technical
training with the Burchase of a productExisting private infrastructure,

such as the distribution networks for products and product information, can
be used to support the dissenination of infornmation related to |and
managenment technol ogies. This is particularly inportant where the channel s of
public comruni cati on are not well devel oped, such as in rural or nountainous
areas, and field research stations or agricultural extension offices have
difficulties comunicating and shipping nmaterials.

55. Thi s approach may prove extrenely effective in furthering integrated
I and managenent, particularly as national and international corporations
adopt the |ong-range goal s of sustainabl e devel opnent.

C. Targeted training and technol ogy support progranmes

56. Currently unsustainable | and uses are the npst serious threat to the
future sustainable food production over nuch of the Earth's marginally
productive lands. In sonme cases, specifically targeted applications of
technol ogy can help renove the primary constraint to sustainable | and use

pl anni ng. For exanple, effective integration of |and use planning activities
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may be extrenmely difficult at the village | evel because of |ack of needed

i nformation on surroundi ng | ands, including ownership and jurisdictional
boundari es, the boundaries of Erotected or reserved areas, the current
conditions of the lands, and the potential future values of the |and for
agriculture, mning, tourism watershed protection, and other usébre
effective land use planning at the village |evel can be made possible by

| ocal training programmes for data collection and assessnent, along with
provi sion of appropriate tools and technology. A small investment in training
and technol ogy 1 n support of cadastral progranmes can alter |and use
practices by providing the technical infrastructure feecure |and tenure.

57. Support of conflict resolution nmethods, such as Miltiple Goal

Progranmi ng, can help involve all stakeholders in the resolution of conflicts
over conpeting land use goals. Such conflicts result fromdifferences in
private versus public interests, values, and influence; |ack of |ocal control
over land use and | and resources; unequal distribution of resources and
authority; lack of effective nechanisns for discussing, evaluatin?, and
resolving conflicts, and | ack of effective guidance or authority from
deci si on- maki ng bodi es. Resol ution of differences over |and-use goals is

i nevitably based on val ue judgnents, and subjective or normative eval uation
of alternatives. The consensus and conprom se necessary to resolve

di fferences and devel op a sustainable |and-use plan that is acceptable to al
st akehol ders requires strong | eadership and the gui dance of the right
authority, both for plan devel opnent and pl an inFIeantation. Failure to
resol ve these types of differences has historically led to civil strife.

Box 14: North-South technol ogy transfer in Trieste
spawns Sout h- Sout h col | aborations around the world

Since 1982 the International Center for Theoretical Physics, along
with the Third Wrld Acadeny of Sciences, in Trieste, Italy, has been
sponsoring courses and workshops in Mathematical Ecology. Every two yeafs,
| eading scientists fromthe United States and Europe neet with 50 to 60
sponsored participants fron1deve|opin% countries for an intensive 3 to 4
week course on the application of nathematical and conputer approaches t¢
i ssues such as di sease eBideniology, wat er pol | uti on and ecot oxi col ogy,
resource managenent and bi oeconom cs, and |and use planning. Course
graduates are now applying these nethods at universities and gover nnent al
Institutions around the world. International workshops nodel ed on thede
courses have been organi zed by course graduates and held in Nigeria,
Argentina, and Mexico, with nore planned for Asia and throughout the
devel opi ng worl d.

o

58. | mproved capability forpolicy review and eval uati on by deci si on-nmaki ng
bodies at all levels is essential for devel opnent of an integrated | and use
pl an in support of sustainable devel opnent. Essential requirements for
effective policy evaluation includaccurate information on current |and
conditions and on the potential capability of land to support the various
needs of society, including agricultural production, energy sources, mnera
resources, clean and abundant water supplies, wildlife and conservation, and
recreation and tourism Provision of t ai ning and anal ytical tools needed

to carry out policy review and evaluation can nmake a major contribution to
i mpl ementing Integrated | and managenent .

D. Direct public investnment in resource protection

59. The urgency of stopping unsustainable | and uses before they result in
per manent degradation of the land's capability to support hurman popul ations
nmay often require Public i nvol verrent in pronoting sustainable | and uses.

The threat to popul ated areas and productive | ands caused by deterioration of
di stant regions has historically | ed governments to nake majiowestnents in
economical Iy marginal regions that provide direct and indirect benefits to
nore popul ated and economically robust areas. For exanple, the massive

i nvestment in theinfrastructure of dikes and canals nmade over centuries by
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governments in The Netherl ands provides protection to cities and agricul tural
areas far fromthe | ocations where the investnents are actually made

Li kewi se, the Chi nese Governnent has support ectensive tree-planting
programmes in sem-arid regions for the prevention of wi nd erosion that
causes serious pollution problens in major urban areas to the east.
Agricultural price supports can allow sufficient input of resources in

margi nal areas to all ow sustainable agricultural practices, rather than
continuing | and degradation. Such price supports may also be necessary to
allow a transition from unsustainable agricultural practices to
sust ai nabl e methods that will become self-supporting after a period of tinme.
Direct investnents in specific |and uses that support the econoni es of
mar gi nal areas may often be theost cost-effective solution to problems

caused by unsustal nable | and use.

60. Anot her type of public investnment that supports sustainable |and use is
t he establishment of research institutions that address specific problens of
mar gi nal regions, such as issues related to sustainable agriculture,
forestry, mning, and use of other resources. Wen these institutions are
located in the nmarginal regions thenselves, they al so serve the inportant
purpose of |ocal education and infrastructure devel opnent. This type of
direct public investnment is particularly inportant in situations where the
short-term nmar ket solutions that notivate the private sector do not or cannot
effectively address the | and use probl ens. In these situations, it is
essential that the central governnental authority have the necessary
information and tools for policy evaluation that will allow themto nmake
decisions that will support integrated |and use and sustai nabl e devel opnent.

E. Agenda for the future

61. Despite the availability of scientific and technol ogical solutions to
many of the |and-use problens around the gl obe, nost of these problens remain
and are, in fact, growing nore serious. Many previous approaches to | and-use
managenment and pl anni ng have failed because they were narrowy focused, and
did not address all factors relevant to sustainable devel opnent. The Pane
therefore wi shes to enphasize the inmportance of a holistic and integrated
approach to | and-use planning and managenent as the basis for the successful
application of science and technol ogy.

62. Bot h advanced and traditional technol ogi es have an essential role to
play in integrated |and-use planning and managenent. The Panel has
Identified four practical approaches for supporting technology transfer and
capacity-building: (1) intra- and intergovernmental cooperation; (2)
private/ public partnerships; (3) targeted training and technol ogy support;
and (4) direct public investment in resource protection.

63. Each of the above approaches can be used to provide support for a
variety of technol ogy transfer and capacity-building programes. An

i ntegrated | and-use managenent progranmes should include the follow ng basic
conponents, each of which requires the application of appropriate

technol ogi es to nmeet specific needs:

(a) Information- Accurate information in a useable formis essential for
stakehol ders at all levels of society (see Section 2.1). For exanple,
tel evision and radi o can provide local |and users with weather and crop
information, while satellites and conputer systens provi de nmaps and
anal yses for governnent planners.

(b) I nvol venent - The effective participation of all stakehol ders,
including the poor, wonen, and nminorities, is essential for

sustai nabl e | and use. For exanple, conmmunication technol ogies can
foster local, regional, and national dialogues, and interactive
eval uation technol ogi es can hel p devel op consensus at all |evels of
soci ety.
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(c) Enpowerment - The commitment to practise sustainable |and uses only
occurs when | and users have the assurance of receiving the future
benefits of these practices. Supporting technol ogies include
navigation satellites that can hel p define |and ownership and tenure
boundari es, and access to information that can enabl e deci si on-maki ng
at the local |evel.

(d) Facilitation - The effective inplenentation of integrated |and
management requires a consistent supporting framework of regul ations,
mar ket structures, and sectoral agencies working cooperatively towards
the same goals at regional and national levels. For exanple, it is
wi dely recogni zed that public and professional education are essenti al
for sustainabl e devel opnent.

64. Land managenent probl ems, needs, and sol utions are specific to each
country. The Panel recommends that the principles developed in this report
be further elaborated to provide specific guidelines for the inplenentation
of technol ogi es that support integrated |and managenent. At the

i nternational |evel, CSD and CSTD may consi der establishnent of a joint

wor ki ng group, with participation of technol ogy experts and donors, to
devel op a set of general guidelines to be used by cross-sectoral technol ogy
pl anni ng groups for identifying specific technol ogical needs and nonitoring
progress towards integrated | and managenent. These gui del i nes woul d be
consi dered by the Conmissions at their respective sessions in 1997. Once
adopt ed, these guidelines would provide a framework at the national |evel for
faC|IitatinP cooperati on anong sectoral agencies, NG, and donors for the
efficient allocation and use of technol ogical resources.



E/ CN. 16/ 1995/ 4
page 26

ANNEXES

Annex

EXAMPLES OF APPLI CATI ON
OF SCI ENCE AND TECHNOLOGY FOR | NTEGRATED LAND NMANAGEMENT

Li sted bel ow are sone exanples of the areas where science and

t echnol ogi es can nmake inmedi ate contributions to integrated |and nmanagenent.
These may provide a basis for successful progranmmi ng and technical assistance
proj ects:

RFWFtedsensing to create basis for planning and nonitoring for tse
of | and;

Envi ronnmental nonitoring;

Creation of basic CGeographical Information Systens (G S);
Envi ronnment al i npact assessnent;

Creation and di ssem nation of superior breeds and varieti es;
By- product reduction and utilization;

Recl amation and restoration of |and;

Wl dlife nanagenent;

Soi | managenent ;

Ef ficient use of |and resources and waste reduction;

I nformati on exchange t hrough networki ng;

Consensus bui | di ng;

Creation of awareness;

Cadastral mapping and | and registration;

Recycl ing of water;

Systenms nodeling for water supply, irrigation, etc.
Information collection, storage, retrieval and dissem nation;
Di saster prevention;

Pest control systens;

Al ternative technol ogi es for energy capture;

Provi sion for market infornation

Urban and rural |and use and human settlenment planning;

Pol | uti on control



Chai r man:

Panel Menbers:

Experts:

Secretariat:

E/ CN. 16/ 1995/ 4
page 27

Annex |
LI ST OF PANEL MEMBERS

J. Dhar
I ndi an National Science Acadeny
New Del hi, India

Mohd. Nordin Hassan
Institute for Environment and Devel opnent
Sel angor, Mal aysi a

Amado R Maglinao
Phi i ppi ne Council for Research and Devel opnent
Laguna, Phili ppi nes

T. Meleka _ _ _
Mnistry of Science, Technol ogy and Hi gher Education
Dar es Sal aam United Republic of Tanzania

Gabri el Roveda _ .
Corporation of Agriculture Research Institute
Mbsquera, Col onbi a

Hilal A Raza . _
Hydro Carbon Devel opnent Institute of Pakistan
| sl amabad, Paki stan

Geor ge Waardenburg _
Mnistry of Foreign Affairs
The Hague, Netherl ands

Xuan Zengpei o
State Science and Technol ogy Commi ssion
Beijing, China

Hendri k Breman _
Centre for Agro-Biologic Research
Wageni ngen, Net herl ands

M chael Huston
Cak Ri dge National Laboratory
CGak Ri dge, Tennessee, USA

D. Sins

FAO, Rone, Italy

Kwaku Ani ng _

Di vision for Science and Technol ogy/ UNCTAD

Hi roko Morita-Lou
Di vi sion for Sustainabl e Devel opment / DPCSD



E/ CN. 16/ 1995/ 4
page 28

Annex |1

Bi bl i ography

CGeneral References

Berg, E.J. (1993). Rethinking Technical Cooperation: Reformnms for
Capacity-Building in Africa. Regional Bureau for Africa, UNDP, and
Devel opnent Al ternatives, Inc. UNDP, New York.

Ellis, J. and KA. Glvin. 1994. Cimate patterns and | and-use practices in
the dry zones of Africa. BioScience 44: 340-349.

FAQ. (1992?. Protect and Produce: Putting the Pieces Together. FAO Land and
VWat er Devel opnment Divi sion, Rone.

FAQ. (1990). How Good the Earth? Quantifying Land Resources in Devel opi ng
Countries - FAO s Agro-ecol ogi cal Zones Studies. FAO Land and \Water
Devel opnent Di vi si on, Rome.

FAO. Land Eval uation for Devel opment. FAO Rone.

FAO (1993). Cuidelines for Land-Use Pl anning. FAO Devel opnent Series 1. FAQ
Rone.

FAQ. (1994). Towards International Cl assification Systens for Land Use and
Land Cover. A Prelimnary Proposal prepared for UNEP and FAO March 1994.

Fresco, L.O, and S.B. Kroonenberg. 1992. Tine and Spatial Scales in
Ecol ogi cal Sustainability. Land Use Policy, July 1992, pp. 155-168.

Hengsdijk, H and G Kruseman. 1993. Operationalizing the DLV Program an

i ntegrated agro-econom ¢ and agro-ecol ogi cal approach to a nethodol ogy for
anal ysis of sustainable |and use and regional agricultural policy. CABO DLO
Wageni ngen, The Net herl ands.

Huston, M (1993). Biological diversity, soils, and econom cs. Science 262:
1676- 1680.

Huston, M (1994). Biological Diversity: The Coexi stence of Species on
Changi ng Landscapes. Canbridge University Press, Canbridge.

Hyans, E. (1952), Soil and Civilization. Thanmes and Hudson, London.

IRRI. Systens analysis and sinulation for rice production (SARP). From
traini n% to col l aborative research. CABO DLO, |RRI and TPE-WAU, Wageni ngen,
The Net her | ands

Jacobs, J. (1984). Cities and the Wealth of Nations: Principles of Econom c
Li fe. Random House, New Yor k.

Keul en, H. van, and J. WIf (eds.). 1986. Mdeling of Agricultural
Producti on: Wather, Soils, and Crops. Simulation Mnographs, PUDOC,
Wageni ngen, The Net herl ands.

Keul en, H. (1993) Options for agricultural devel opment: a new quantitative
approach. In: Systens approaches for agricultural devel opment (Penning de
Vries, F.WT., P. teng and K. Metselaar, eds). Proc. of the International
Synposi um on Systens Approaches for Agricul tural Devel opnment,

Bangkok, Thai | and.



E/ CN. 16/ 1995/ 4
page 29

Kruseman, G, H Hengsdijk, and R Ruben (1993), Disentangling the concpt of
sustai nability: Conceptual definitions, analytical framework and operationa
tecﬂniﬂueg in sustainable |and use, DLV-report no.2, 61 pp., \Wageni ngen, The
Net her | ands

Kruseman, G, H Hengsdijk, and R Ruben. 1993. Disentangling the Concept of
Sustai nability: Conceptual definitions, analytical framework and operationa
techni ques in sustainable |and use. DLV Report No. 2, CABO DLO, Wageni ngen,

The Net herl ands.

Nat i onal e Advi esraad voor ontw kkel i ngssamenwerking (1993), Advies nilieu:
een nondi al e zorg. Naar een politiek van duurzane ontw kkeling. Nr. 101,
Ditributiecentrum DOP, 141 pp

Parungo, F. et al. (1994). Forest plantations reduce dust stornms in China.
Geophysi cal Review Letters, June 1, 1994,

Penning de Vries, FFWT., D.M Jansen, HF.M ten Berge and A Bakenma (1989).
Si nul ati on of ecophxsiological processes of growth in several annual crops.
Si mul ati on Monographs 29, PUDCC, Wageni ngen, the Netherl ands.

Penning de Vries, FFWT., HH van Laar, and MJ. Kropff, eds. (1991).
Si nul ati on and Systens Analysis for Rice Production (SARP). Pudoc,
Wageni ngen. 269 pp

Pierce, D., E. Barbier, and A Mrkandya. (1990). Sustai nable Devel opnent:
Economi cs and Environment in the Third Wrld. Edward El gar, Engl and.

Saveneije, H, and H Huisman (1991), Making haste slowy: strenPthening
| ocal environnmental management in agricultural devel opment. Royal Tropica
Institute- (Devel opment oriented research in agriculture: 2) 239 pp

Schmi dt-Thom M, M von Hoyer, J. Lietz, and W Lorenz. (1993). _
Envi ronment al geol ogy and cooperation with devel oping countries. Zeitschrift
fur angewandte Geol ogie 39/1: 1-8.

de Wt, CT., H Huisman and R Rabbinge (1987), Agriculture and its
environnent: Are there other ways?, Agricultural systenms 23 (1987) 211-236

de Wt, C T. (1992), Resource use efficiency in agriculture, Agricultura
systens 40: 125-151

Regi onal References

Sout heast Asi a ) ) ) )
FAO (1990). Indonesia: Phased Land-Use Planning for Transmiration. Page 33
IN Land Eval uation for Devel opnent. FAO, Rone.

FAO. (1990). Indonesia: Conputerized Land Evaluation. Page 35 IN Land
Eval uati on for Devel opment. FAO, Rone.

FAO. (1990). Land Planning in the Philippines. Page 31 IN Land Eval uation for
Devel opment. FAO, Rone.

Pierce, D., E. Barbier, and A Markandya. (1990). Sustainable Devel opnent in
the upper Watersheds of Java. Pages 67-90 IN Sustai nabl e Devel opnent:
Econom cs and Environment in the Third Wrld. Edward El gar, Engl and.

Pierce, D., E Barbier, and A Markandya. (1990). Sustainable Forest
Managenment in the Quter |slands of Indonesia. Pages 91-116 | N Sustai nabl e
DevFIognEnt: Econom cs and Environnent in the Third Wrld. Edward El gar
Engl and.



E/ CN. 16/ 1995/ 4
page 30

Si ebenhuner, M, P. H Silitonga, A Sudradjat, and M Tol oczyki. (1993).
Envi ronment al Geol ogy for Landuse and Regi onal Pl anni ng - Greater Bandung
Area, Indonesia. Federal Institute for Ceosciences and M neral Resources,
Hannover, Germany.

Africa

Bl okl and, A., and F. van der Staaij (1992), Sustainable devel opnent in
sem -arid sub-Saharan Africa. Poverty and devel opnent no. 4, ni stry of
foreign affairs, 100 pp.

Bot swana. (1989). Soils and Land Suitability for Arable Farm ng of South-east
District, Botswana. Governent of Botswana/FAO Project BOT/85/011, Field
Docunent 3.

Breman, H and C T. de Wt (1983). Rangel and productivity and exploitation in
the Sahel. Science , Vol. 221 Nunber 4618.

Breman, H. (1990) Integrating crops and |livestock in southern Mali: rural
devel opnent or environmental degradation? In: Theoretical Production Ecol ogy:
Ref | ecti ons and Prospects (Rabbinge et al., eds.), Simulation Mnographs 34,
Pudoc, Wageni ngen

Cane, MA., et al. (1994). El Nino warm ng predicts drought in South Africa.
Nature, July 21, 1994.

Cathie, J., and H_ Dick. (1987). Food Security and Macroeconomc
Stabilization: A Case Study of Botswana. Mhr, Tubi ngen, Gernany.

FAO. (1986). African Agriculture: The Next 25 Years. FAO, Rone.

FAO (1992). Ethiopia: Wnning the Fight to Save the Land. Page 25 I N Protect
and Produce: Putting the Pieces Together. FAO Rone.

FAO. (1990). Ethiopia: A Cautionary Tale. Page 27 IN Land Eval uation for
Devel opment. FAO, Rone.

FAO. (1992). Mrocco: Turning Back the Sand. Page 27 IN Protect and Produce:
Putting the Pieces Together. FAO Rone.

FAO. (1992). Conorro Islands: A Natural Recipe for Repair. Page 29 IN Protect
and Produce: Putting the Pieces Together. FAO Rone.

FAO. (1992). Lesotho: Land Users Learn to Hel p Thensel ves. Page 235 IN
Protect and Produce: Putting the Pieces Together. FAO Rone. FAO (1992).

FAO. (1990). Tanzani a: Land-Use Planning in Practice. Page 23 IN Land
Eval uati on for Devel opment. FAO, Rone.

FAO (1990). Mauritius: Mapping Agricultural Suitability. Page 25 IN Land
Eval uati on for Devel opment. FAO, Rone.

FAO. (1990). Kenya: Land Suitability for Nomadi ¢ Grazing. Page 29. IN Land
Eval uati on for Devel opment. FAO, Rone.

Harvey, C., and S R Lews, Jr. (1990). Policy Choice and Devel opnent
Performance in Botswana. MacM Il an, in association with the OECD Devel opnent
Centre, London.

Keul en, van H, and H Breman, (1990). Agricultural devel opment in the West
African Sahelian region: a cure against [and hunger. Agriculture, Ecosystens
and Environnent, 32 (1990) 177-197.



E/ CN. 16/ 1995/ 4
page 31

Mel eka, T. (1994). Tanzania Case Study of the Role of Science and
Technol ogy on Land Managenent. Country Report from nenber of UN Conmi ssion
for Science and Technol ogy for Devel opnent.

Penning de Vries, FFWT, and MA Diteye (1982). La productivite des
pat urages saheliens. Agricultural Research Report 918. Pudoc, Wageni ngen, 525

pp.

Pierce, D., E. Barbier, and A Markandya. (1990). Sustainable Devel opnent in
Bot swana. Pages 150- 167 | N Sustai nabl e Devel opnment: Econom cs and Environnent
inthe Third Wrld. Edward El gar, Engl and.

Pierce, D., E Barbier, and A _Markandya. (1_990%. Nat ural Resources in the
Econony of the Sudan. Pages 117-149 IN Sustainabl e Devel opnent: Econom cs and
Environment in the Third Wrld. Edward El gar, Engl and.

Sims, D. (1981). Agroclimatol ogical Information, Crop Requirements, and
Agricul tural Zones for Botswana. Gaborone, Botswana.

Tanzania. (1991). National Report for the 1992 United Nations Conference on
Envi ronment and Devel opnent ( UNCED) .

Veenekl aas, F.R, S. Cisse, P.A GCosseye, N van Duivenbooden and H. van
Keul en (1991). Conpeting for limted resources: The case of the fifth region
of Mali. Devel opnent scenarios. report no. 4, CABO-DLO and ESPR, Mopti, Mali.

wWlf, J., H Breman, and H van Keul en. 1991. Bi o-economic capability of

West - African Drylands. CABO, Wageni ngen, The Net herl ands

Asi a ]

Breman, H. (1987). The struggle of the green against th;a ?/el | ow dragon: The
u

Chi nese approach to desertification control and its use ness for the Sahel.
CABQO, Wageni ngen.

China. (1994). Land Management in China: Achievenents and Chal |l enges. Country

Report from menber of UN Conmission for Science and Technol ogy for
Devel opnent .

FAO (1992). China: Reclaining the Loess Plateau. Pages 14-17 IN Protect and
Produce: Putting the Pieces Together. FAO Rone.

Paki stan. (1994). Fourteen Issues for Land Use Pl anning. Country Report from
menber of UN Conmi ssion for Science and Technol ogy for Devel opnent.

Pierce, D., E. Barbier, and A Markandya. (1990). Natural Resources and
Economi ¢ Devel opment in Nepal. Pages 168-189 I N Sustai nabl e Devel opnent:
Economi cs and Environment 1n the Third Wrld. Edward El gar, Engl and.

Sansom G B. (1931). Japan: A Short Cultural History. Charles E. Tuttle,
Rut | and, Vernont and Tokyo, Japan.

Sat o Nobuhiro (1769_1850). Various works cited IN Sources of Japanese
Tradition, (1958). R Tsunoda, WT. de Bary, D. Keene (eds.). Colunbia
Uni versity Press, New York.

Latin America )
FAO. (1992). Costa Rica: A Mdel Site for Conservation. Page 21 IN Protect
and Produce: Putting the Pieces Together. FAO Rone.

FAO (1992). Brazil: Terraces are Not Enough. Page 23 IN Protect and Produce:
Putting the Pieces Together. FAO Rone.



E/ CN. 16/ 1995/ 4
page 32

Col ombia. (1994). Sonme Probl ens Caused by I nappropriate Land Managenent in
Latin Amrerica and Col unbia. Country Report from menber of UN Conmi ssion for
Sci ence and Technol ogy for Devel opnent.

Pierce, D., E. Barbier, and A Markandya. (1990). Sustainable Management of
Amazoni a. Pages 190-209 I N Sustainabl e Devel opnent: Economi cs and Environnent
inthe Third Wrld. Edward El gar, Engl and.



