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1. Abstract

In many developing countnes, limiting factors for development of sustainable production
systems include variability In agro-ecological and socio-economic conditions, poor access to
geo-referenced data and information, and poor relationship between the cvil society,
researchers and decision makers Working with Interactive Development Scenarios (IDS)
models may provide a way to plan (agricultural) development This tool can integrate results of
vanous methods that assist in land use planning Nine methods are bnefly discussed and
evaluated All methods depend on reliable basic data, but many display inadequate planning
procedures, static approaches and neglect of socio-economic aspects Therefore, an
alternative methodology "Land Use Systems Analysis (LUSA)" is being presented It ams to
cover the successful management of resources to satisfy changing human needs without
degrading the environment or the natural resource base Components and the functioning of
land use systems are analysed In five steps, In an inter-disciplinary way, to give quantified and
clear alternative land use options on different scales Based on this approach, ICRISAT has
started in 1996 a joint research project based on this approach with NARS in Mali, Burkina
Faso and Niger, entitled "Exploiting multi-scale vanability of land use systems to improve
natural resource management in the Sudano-Sahelian zone of West Afnca (MUSCLUS)" Four
levels of scale are distinguished agro-ecological zone, distrct, village land, and household Its
goals and expected outputs are presented in this paper

Keywords sub-Saharan Africa, scale levels, characterisation, land use systems analysis, multi-
cntena model, simulation modelling, and integration of disciplines

2. Introduction

In many developing countnies agro-ecological and socio-economic conditions differ
considerably in both space and time On top of this variable environment, farmers use a wide
range of production systems, resulting in a large variation in productivity across and among
agro-ecological zones, and among farm types Additionally, the low availability of geo-
referenced data and information, and the often poor relations between the civil society
(farmers, extension services, and Non-Governmental Organisations (NGOs) and development
projects), research institutes, and decision makers have considerably limited the targeting of
technologies to the specific environments, and consequently the development of sustainabie
agncultural production systems for larger areas in these countnes Considenng that in most
countnes the population growth rates exceed largely the annual growth rate of agricultural
uction, and soll mining 1s almost a rule, options for agncultural development based on
ustainable production systems with increased yields are urgently needed Research has
elded altemative technologies, but transfer to villages has often failed, due to a number of
‘easons Among them are the non-adaptation of technology to farmer's ability, financial
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constraints, low availability of inputs, poor extension services, land tenure problems and the
non-compatibility with the extensive, individualists strategies of both crop and livestock farmers
(FAQ, 1995) Land use planning, being an integral part of farmer's practice ever since people
started to cultivate crops, may provide a way to solve many of these problems At present land
use planning means almost implicitly the development of sustanable production systems for a
given region Interactive Development Scenanos (IDS) models may be tools that outline options
for development through identification of appropnate land use systems, 1 e the combination of
specified land uses (or production systems) practised on a given land unit that can be geo-
referenced Figure 1 shows the principal components and flows in land use systems
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Figure 1 Schematic representation of a land use system (van
Duivenbooden, 1995).



The purpose of this paper 1s to evaluate bnefly vanous methods that assist in giving alternative
options for land use, and to present an alternative multi-scale approach that is being applied in
three West African Countnes

3. Evaluation of Various Existing Methods

For land use planming different aspects of land use systems need to be included Various
methods exist either through the collection of land use data, analysis of data and options for
development (1 e scenanos), or their combination As it 1s beyond the scope of this paper to
present details of all existing methods, nine major methods are bnefly described in Table 1

Table 1.

Current methods that can be used (partly) for land use planning,

and the proposed alternative (van Duivenbooden, 1995)

Method

Description

Agnicuttural census (AC)

A method to collect data on relatively stable agricultural structures and to provide a
samplmg frame for other surveys on agricuttural holdings An AC involves

9 and analyzing data from a large number of agricuttural
holdmgs and prowdes essential s!ructural data for smail areas to prepare plans and
formulate policies for rural development (FAO 1986)

Land Evaluation (LE)

A physical land bil method Including socio- aspects
in which properties of a glven geo-! land unit are p with the
requirements of a specific land use The aim is to examine the consequences of
change and guide planning decistons LE focuses on future predicted or potential
land use for which purpose land units are classtfied (Fresco et al 1990) However

translmon nto practice 1s imited of the rather
and the of p tor [ g land use
systems (Dent, 1993)

Farming Systems Research
(FSR) Farming Systems
Analysis (FSA)

Deal with entire farms of resource-poor farmers and farm components They are
generally carried out by y teams of ag and socio-
economists FSA gives insight into the improvements that are possible and
FSR conc on methods to test adapted

technologies Both focus on the present stuation on the basis of land untts (Fresco
etal 1890) Due to the absence of relations with the landscape and with higher
levels of spatial integration (agro-ecological zone) and the limited amount and

t d 1t does not provide a bass for spatial or

yof q
_pattern analysis

Land Evaluation and FSA
(LEFSA)

This has been developed on the basis of LE and FSA This method considers the
regional ag system and g or hvest In alternation and
integrates agronomic and socio-economic aspects (Fresco etal 1990)

Agro-ecosystem analysis and
development (AAD)

Deals with all levels of agro- y ona P y basis It studies
interactions between people and natural resources often at the communtty level
and includes identrfication of trade-offs between different land uses (Lightfoot et al
1989)

Environmental Impact
Assessment (EIA)

An environmental analysis and 1s merely a tool and a set of procedures to ensure
that adequate envir enter into the d -making process
ElA1s an instrument for shaping policies programs and project decisions (World
Bank 1991)

Rapid Rural A

A activity carried out in the field by a multid

y team designed to

(RRA)

acqulre quickly new and new hyp about p interventions in

the rural environment (Fresco et al _18980)

Framework for Evaluating

Defined as a pathway to guide analysns of land use sustainability and connect all

Sustainable Land aspects with the multtude of and
Management (FESLM) social) whether that form of land managemenl 1s sustainable or will lead to
sustainability It does not include p g or development (Smyth et al 1993)
Agro-Ecological A comprehensive description of agro—ecosyttems on the basis of physical and biotic
Characterisation (AEC) s Land use 1s g its s The
daoroe of detail of inf 1 ro-ec 15
strongly related to the scale of characterzation (FAQ, 1978 Andriesse etal 1994)
Land Use Systems Analysis | Aims to cover the to satisfy changing human
(LUSA) needs without degrading the envummon( or the natural resource base and to give

tfied and  clear
(van Duivenbooden 1995)

land use d

options on different scales




Their characteristics referring to data and scenario analysis are evaluated in Table 2. This latter
table shows that only some of them use spatial analysis. It is obvious that the success of land
use planning depends on the availability and reliability of the basic data.

Table 2. Main characteristics of various current methods and of the
proposed method, concerning the develop of sustainabl
production systems (van Duivenbooden, 1995)

| Characteristic Ac [LE |FsR | LEFS laaD Em [RRA|FESE [aEc | Lusa
‘—a_dvam es B
multi-disciphnary +/- + + + + + + + + +
multi-scale - - - + - +/- N + + +
systems approach - - + + +/- - - + + +
| geo-referenced . + - + . /- +/. s +
identification of + + + YA + + + + Py
constraints
scenario analysis - +/- + + - . N - N Py
effect analysis - - - - - + . N A +
farmers’ goal included | - - - - - +/n + . N +
visually clear + + - + +/- - - N + +
pi of results
Drawbacks
huge time + + + + + + - + + +/-
requirements
huge data + + + + + +/- - + + +
requirements
qualtative nature - +/- + +/- + +/- +/- - +/- .
no spatial analysis +/- - +/- +/- +/- - + +/ . N
no temporal analysis +- |+ + + +/- - + + +/- N
organisational aspects | - + v + N N N v B N
imited information + + + + + +- + - - .
Tools 3 356 (3 3 3 3 1.3 12 16 16
AC = Agricuttural Census, LE = Land Evaluation, FSR = anlng Systems Research & Farming syulmu Analysis, LEFSA =
Land Evaluation and Farming System Analysis. AAD analysis and
Impact Assessment, RRA = Rapid Rura! Ap, FESLM - for L nd AEC =
Agro-ecological characterization, and LUSA Land Use Systems Analysis. +: true, -:not true, +/-: not always true. Tools: 1=
Iterature review, 2 = remote sensing. 3 = survey and .45 axpe 8= g and 6 = GIS

Other difficulties presented by these methods include technical, socic-economic and political
constraints, of which Table 3 gives three categories. The large number of references (29) used
to construct this table emphasises the wide-spread occurrence in West Africa. Finally, the
rapidly changing social and economic values, and the emerging conflicting goals of different
stakeholders and decision makers in many countries can only be handled by the listed methods
to a certain extent, if at all.



Table 3. Main characteristics and consequences in an Afncan region of
three categories of difficulties that hampered land use planning
(van Duivenbooden, 1995)

Category F h IStics Practical q
] C y and g nature of land use | soil mining salinisation erosion land use
planning policies lack of co-ordination among pl g only applicable for a imited area

procedures and agencies top-down approach focus on one i ;nd period of time

p

P g period too short no co-
operation with local people neglect of
requirement for maintenance of infrastructure
and for resource management

Neglect of the underestimating effect of growth rate of 3-4% in | no self-sufficiency in food market
population West Africa (versus globally 1 7%) often no disturbed by imported and aid foods
growth rates spatial and temporal analysis [ grazing veg burning

and setthing investment in survival rather
than in land resource management

!I\BQEIDEHB‘Q land OWI'\OI"hIE

Neglect of socio- | exclusion of land tenure nghts pnce policies loss of traditional land use practices and
economic tribal and gender issues Institutional and certain agro-ecosystems Insufficient
aspects or arrang d g | par of the local populs land
land as source of income through crop use plans that cannot be implemented
production
4. An Alternative Approach

The analysis of the presented problems 1n and associated practical consequences of land use
planning leads to the conclusion that the "deal' method for land use planning should take into
account the following cnteria

integration of disciplines, possible farmers' goals and planners' visions and involvement
of researchers, extension agents, NGOs, and policy makers in the design,
implementation and evaluation stages

identification and quantification of the most important processes of complex land use
systems

presentation of trade-off between vanous land use options in such a way that planners
and decision makers really do understand them and wish to participate in scenario
analyses

consideration of present land use systems

dentification of the interval and path between actual and future situation In addition,
working at different levels of scale 1s a prerequisite for land use planning for different
reasons (Table 4) This imphes, among other things, up and down scaling of problem
formulation and of analysis results related to spatially referenced sites Since at each
scale level, the charactenstics of land use systems and their inherent varniations are
different, land use planning should address different issues at each level of scale



Table 4. Reasons for working at different levels of scale in land use
planning (Andriesse et al., 1994; lzac & Swift, 1994; Fresco,
1995; van Duivenbooden, 1995; Kruseman et al., 1996)

* to create more or less g untts of analysis, the h
level 1s a result of inadequate resolution

e charactenstics of agro-ecological processes can be at the same time exogenous forces as well as
avariable of the system

s patterns seen at one level may only be explicable on the basis of processes functioning at lower
level

e charactensation and data are linked to one level of scale

o statistical studies have only imited value, if any, when the scale is not given

* nisks I1s a phenomenon with spatial and temporal dimensions

* anunderstanding of relations within the system and extrapolation of results requires a systematic
approach

* the type of processes that influence the production potential of a land use system 1s scale
dependant

¢ a(technical) solution may be efficient at one scale (e g field), but at a higher level of scale
causing constraints of a different kind (e g _socio-economic)

\eity observed at one scale

To link various research disciplines, formulation of development scenarios of sustainable land
use systems is considered an effective mechanism, because it requires the identification and
quantification of inputs and outputs from the one and the other. The scenarios must be defined
according to stakeholders (i.e. for farmers, village heads, regional and national decision-
makers) and for each scale (van Duivenbooden, 1995). Formulation of such development
scenarios permits identification of technologies and interventions at different scales and
moments, and of the priorities of agricultural research. This will lead to an improved impact of
research.

Based on the requirements described above and experiences in various projects on land use
planning, "Land Use Systems Analysis (LUSA)" is introduced as an alternative methodology. It
aims to cover the successful management of resources to satisfy changing human needs
without degrading the environment or the natural resource base. Components and the
functioning of land use systems are analysed in five steps, in an interdisciplinary way, to give
quantified and clear alternative land use options on different scales (Table 5).

Table 5. The five steps in Land Use Systems Analysis

| Action steps Answering
! 1 Definition and formulation of vision and common | “Where do we want to go?"
|

goals of farmers researchers and land use
lanners

2 Characterisation of the actual land use systems | “Where are we, what do we know?"

at drfferent levels of scales

| 3 Research restricted to the most important “What do we have to understand
components and flows of land use systems better?"
4 Analysis of development scenarios with “What can we logically expect?’
simulation and optimisation models linked to a
GIs

l

|

i

i

1 5 Testing of a new technologies and management | “Does it really work?"
| practices by both farmers and scientists by

! putting them into practice




The main steps are

+ the definition and formulation of common goals of farmers, researchers and land use
planners

« acomprehensive descnption of the actual agro-ecosystems on different scales

* research restncted to the most important components and flows of land use systems

* the analysis of development scenarios with a multiple goal linear programming model
linked to a geographical information system (GIS)

+ the evaluation of new technologies and management practices by both farmers and
scientists (Figure 2)

The last three steps are closely linked hence they are carned out more or less concurrently In
this way the viewpoints of various stakeholders for development of sustainable agro-
ecosystems are also framed, while making use of the complementanity of their viewpoints and
research methodologies It is, however, not possible to solve at the same time some of the
drawbacks (e g time and data requirements) of previous methods (Table 2) It is furthermore
noted that the process of zooming in (1 & from a higher to a lower scale) 1s much better known
than the reverse, 1 e extrapolation The latter, however, 1s needed to facilitate the framing of
policies that are based on research results and geo-referenced information obtained at a lower
scale

41 Setting visions and common goals

The definition of visions and common goals is a prerequisite of LUSA A wvision of the future
environmental conditions and state of well being of people and institutions enables us to set
cntena and milestones Moreover, If stakeholders at one level do not have a common goal, they
may never achieve sustainable development because they are all pulling in different directions
If decision-makers have conflicting goals, the efforts of each may be less effective or even lost
Against the background of non-uniform biophysical and socio-economic endowments at the
household level, setting common goals may seem a near-impossible task Therefore, common
goals may be defined as sets of multiple objectives that are in minimum conflict with one
another They will further focus research and development, and will assist in defining indicators
that guide the process of change towards sustainable land use systems This step may appear
to take some time at the beginning, but after formulation of goals the efficiency of the following
steps will be much higher than without such a focus Setting of goals 1s also done on the basis
of the "alignment principle”, based on the crux of a clear expression of what you need from the
other and what you can offer, and looking for ways how to strengthen each other ("win-win"
situation)



Vision and goal setting

'

Steps  Scale AEZ Distnct Village Household  Plot

Characterization
satelite images
arr photos
1ransects
interviews

Research
Iiterature review
field expenments ———
modeling

technology formulation

Scenario

Y

Technology evaluation

|

FUSTA'NABLE LAND USE SYSTEMS

Figure 2 Simplified diagram of possible research activities in each step
of Land Use Systems Analysis and their degree of detail AEZ
agroecological zone (van Duivenbooden, 1997)

42  Multi-Scale Charactenzation

Characterization 1s a comprehensive descnption of the agro-ecosystems at different scales on
the basis of biophysical parameters (climate, Ithology, land form, soils and hydrology, land
cover), socio-economic identifiers (labour, capital input, and management), and policy schemes
(credit, subsidies, fixed farm gate prices) In this multi-scale charactensation, four levels are
distinguished macro (scales between 11,000,000 and 1 5,000,000), reconnaissance
(1100,000-1 250,000), semi-detaled (scales 1 25,000-150,000), and detaled (1 5,000-
10 000, Andnesse et al , 1994) With the change In scale from macro to detailed, the unit of
analysis (used for comparison within a scale) and the degree of detail of information to be
gathered changes Building of or completing the geo-referenced multi-scale database 1s thus
an important associated activity

43 Research Activities

Applied and basic research will be carried out on representative (benchmark) sites selected on
the basis of the characterisation Research will be restricted to the most important components
and flows of land use systems, merely to complete the existing knowledge It should be carried
out on the various units of analysis and executed In close collaboration between National
Agricultural Research Systems (NARS), International Agricultural Research Centres (IARCs),
and the civil society



4.4  Analysis of development sceharios

The analysis of prospective development ("where do we want to be and when?") scenarios
(e.g., self-sufficiency at 80% in dry years) can be done with multi-criteria models. An example
of such models is the multiple goal linear programming (MGLP) model (de Wit et al., 1988). To
better display the spatial differences of the outcomes, the model need to be linked to a GIS.
For the temporal (year to year) aspect, the model should be dynamic. Then, while taking into
account spatial and temporal relations, results will reveal the type of the required technical and
political measures to bridge the gap between present and commonly defined future land uses,
and their effects for a region. In such studies, the 'best' option for land use systems is
calculated under different scenanios.

Natural, human and financial resources are allocated to land use systems, and outputs of
certain systems may be inputs for others. Figure 3 shows the flow of data use and the
integration of GIS, process and optimisation models. The figure also shows that development
goals determine on the one hand the development scenarios, but on the other hand also the
restrictions of the area in which the solutions need to be calculated. Restrictions are also
defined in terms of land suitability, socio-economic factors and the output feasibility of the
model (post-model analysis: 'can this really be achieved?'). Options for land use are further
determined by the relationships between production, consumption/trade, and saving/investing.
Sustainability should be one of the goals to calculate the trade-off between current, non-
sustainable land use systems and altemative, sustainable systems. However, the chance for
adoption is much larger when the options are consistent with market oriented agricultural
development. If farmers don't get any additional income from adopting improved management
practices, they will only adopt them under stress (van Duivenbooden et al., 1997). Hence, geo-
referenced socio-economic information need to be used to see how attractive a land use
system can be under different pricing scenarios. This information can then help to let policy
makers know whether it makes sense to promote a technical option in a particular area at that
point in time or establish first a market.

The data to 'feed' this MGLP model can be derived to a certain extent from literature, field
experiments, or generated with various tools, such as crop simulation models and GIS. One
constraint may be that in most developing countries geo-referencing has not been done, and a
multi-scale database is lacking.
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Figure 3. Schematic diagram of the proposed Interactive Development
Scenarios (IDS) model, the integration of Geographical
Information System, process and optimisation models (van
Duivenbooden, 1997).

4.5 Validating Alternative Technologies

Based on the outcome of the multi-criteria modelling exercise, several technologies can be
identified as apparently favourable and affordable to farmers. Since many of them have already
been tested on-station and on-farm, the need for testing is considerably reduced. However,
some field experimentation may be required to validate simulation models and the interaction of
different component technologies. Eventually, some new technologies and recommendations,
derived from the computer analyses may have to be tested. This experimentation may be done

at the field level, but also at the village level.



5. The MUSCLUS Project

Instead of avoiding or ignoring existing variability in the characteristics of land use systems as a
function of scale, or called multi-scale variability, it can be exploited to

¢ understand better the key processes of land use systems

* analyze risk of the current and alternative land use systems in terms of improved

production and sustainability

* avoid a mismatch of technologies and interventions in specific (geo-referenced) sites.
This exploitation may comprise, for instance, optimisation of crop production on a field that has
plots with different soil physical and chemical characteristics through crop diversification and/or
plot specific management. Or, at district level, it may comprise optimisation of production
systems among villages (exploiting the comparative advantage of a village), so that options for
development and niches for sustainable land use systems can be presented to farmers and
regional decision-makers.

ICRISAT has started in 1996 a new collaborative research project with NARS in Mali, Burkina
Faso and Niger, entitled "Exploiting multi-scale variability of land use systems to improve
natural resource management in the Sudano-Sahelian zone of West Africa (MUSCLUS)" (van
Duivenbooden, 1997). As ICRISAT only has comparative advantage on the intemational
strategic aspects of this study, co-operation with other IARCs, and the civil society is a
prerequisite for its successful execution in particular locations. A special feature of this project
is that it attempts to link its activities with the on-going ones of its partners to avoid
fragmentation of national research and development capacities. Furthermore, a discussion with
regional decision-makers is envisaged so as to bring agricultural research more in line with
policies.

The objectives of this project are to:

* Improve natural resource management by exploiting the variability of land use systems
(with their biophysical, socio-economic and policy environments) and targeting
technologies for specific environments at different scales;

¢ Formulate options for development and pragmatic recommendations for integrated
natural resource management (INRM). This is defined as the management of soil,
water, nutrients, crop, trees, natural vegetation and livestock as related to biophysical
and socio-economic environments. The options will reflect the common goals of both
farmers and regional decision makers;

+ Develop a methodology for extrapolating information obtained at the field level to the
district level.

Four scales are distinguished, guided by the decision-making process, to focus research
activities. The highest level is the agro-ecological zone. Within an agro-ecological zone, a
district (about 500 to 1000 km’) is selected as the next level of scale. This level requires the
translation of scientific results into practical terms for units governed on a day to day basis by
stakeholders. In this district, a village area ("terroir villageois") can be selected, and within a
village an exploitation cultivating a set of fields, each field comprising plots. The emphasis is on
millet- and sorghum-based production systems in the rainfall zone of 400-700 mm, or with a
length of growing period of 60-125 days. In Mali, Burkina Faso, and Niger one key site is
located in the Sahel (400-500 mm) and one in the Sudan Savanna zone (600-700 mm).

As many research results and other relevant information are already available from ICRISAT,
NARS, other IARCs, NGOs and development projects in the region, analysis of these data and
extrapolation of the field level to higher scales by crop simulation and multi-criteria models and
GIS will be the starting point. in the past, results of simulation and other computer models had

"



only a limited impact on farmers. Hence, the focal point of this project is the translation of
analytical results into practical terms. This implies the formulation of alternative crop production
systems with their technologies, which will be evaluated by NARS and NGOs on farmer's fields,
and through the MGLP model recommendations to policy makers need to be formulated.
Outputs comprise, among other things:

* An Interactive Development Scenarios (IDS) model that assists in targeting technologies
and interventions to specific environments;

Guidelines for stakeholders and management options for farmers for development of
improved production and sustainable land use systems;

* A methodology for extrapolation and transfer (“regionalisation”) to the district level of
research results and information obtained at a field level. .
Multi-scale geo-referenced databases fore selected sites.

6. Conclusion

In this paper, a methodology has been advocated that could be seen as a next step in the
capitalisation of current knowledge of land use systems, the planning of sustainable agriculture,
and the increase of labour and fund efficiencies in natural resource management. It requires
alignment of researcher activities to carry it out, but it avoids duplication of efforts, and it gives
a way to integrate quantitatively disciplines. Because of the multi-scale approach, the method
tries to bridge the gap between, on the one hand the decision-makers, and on the other hand
the farmers, extension services and researchers, although not all answers of how to do so are
already solved. It is this mix of charactenistics and activities, which distinguishes Land Use
Systems analysis from previous methods. National geo-referenced multi-scale databases seem
to be a key factor in further development of sustainable agriculture. The MUSCLUS project
initiated by ICRISAT in Mali, Burkina Faso and Niger will be a next step in the development of
national geo-referenced multi-scale databases, and in formulation of sustainable natural
resource management.
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