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METHODS OF LAND EVALUATION AND LAND USE PLANNING

FOR RURAL AREAS : A REVIEW

MARKUS KAPPEL. Punc.

ABS TRACT: Mehtodologies and procedures of land cvatuations, as infegral parts ol tand use
plasning lor rutal arcas, were subjected to profound changes during the 1980°s. The pressure on
land in develeping countires as well’as in indostrialized countries along with the inereasing
application of computer technology and the development of new data integration and processing
svatens forfand use plansing purposes will contribute towa rds a turther rapid development of land
use planning methedologies. This paper compares the two internationally contmon methods : the
USDHA Land Capability Sy
recently developed computer tools for the analysis and integration of data tor land evaluation in

stem and the FAO Framework for Tand Dvaluation and describes the

the context of the "FAO - framework™ After an introductory outline, both methods are deseribed
separatelv around the following poiats @ a) aim of the method, by range ol application.c) subject-
approach. d) postulated principles. ey procedures and progression, D) range of map scale and level
of detail, g nype of mapping units, hy land use. 5 criteria of cvaluation, and k) evaluation

procedures. An asessmient of weaknesses, limitiions and sirong poinis is givenat the end of cach

dexcripiion.

INTROUCTION

Outline of the present international develop-
ment inland evaluationand land use planning
mehiodologies © There are several aspects of
the discussion in the arca ol land use planning/
land evaluation cvolved in the last twenty
vears, that are particularly important for the
development of this subject : First, the realiza-
tion that evaluation on the basis of onc lactor
only {c.g. soil) is not sulficient; sceond, the
demand that land evaluation should present
devclopmentoptions and potentiais; third, the
development of methods for specific land
suitability evaluation for defined types of fand
utilization; and fourth, the realization of the
necessity of ceological, social and cconomic
factors 1o be integrated for planning purposes.

The Land Resources Development Centre

(LRDC) in Great Britain concludes from it’s
proicctexperiences the following requirements
lor a fand evaluation whicl: can be taken as
trend indicators.

1. Multi-disciplinary approach

Projects need o have larger teams with a
broader specialization and the ability to carry
out more comprehensive studics.

2. Ability for a fust traasformation

The trend goes for a rapid wentification of
developmenial potentials,

3. Integration

Socio-cconomic factors intfluence land utiliza-
tions inadecisive way and therefore necd tobe
taken into account.
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4. Quantitative approach

Stronger emphasis is laid on quantitative evalu-
ation and presentation of the results.

5. Monitoring

Aspects of controlling implementation/appli-
cation ol the results of land cvaluation gain
more importance.

6. Intensity

The trend goes for a more intensive and de-
tailed analysis of smaller arcas.

7. Structuring

An cfficicnt system of data procurement and
problem anlaysis is required which provides a
logical step by step approach, able to gurantee
a comprehensible procedure.

The following recommendations of a work-
shop “Quantified land cvaluation: nced for
further methods™ are representative and very
informative. The conference was organized
by the International Society of Soil Scicnce
(ISSS) together with the FAO, and the Interna-
tionalInstitute for Acrospace Survey and Earth
Sciences (ITC), in Washington, April 1986.

“ (1) To promote the adaptation of land evalu-
ation procedures 1o variable scales, levels of
information and different users.

(2) To promote the incorporation of local and
regional expertise in matters such a pests and
discascs, workability of land, economics, risks
and natural hazards.

QL = Quantified land evaluation
© LUT = Land utilization type

International Society of Soil Science

These are not adequately accounted for in the
present QLE and canbe incorporated by using
techniques such as expert systems, including
tocal farmers” experience, and statistical mod-
cls.

(3) To encourage land cvaluators to include
users, such as planners and farmers, in the
establishment of goals,

objectives and relevant LUTS® during the pro-
cess of QLE.

(4) To encourgac the development of methods
that elfectively usc incomplete data bascs,
whilc at the same time allowing lor and cn-
couraging the acquisitionand incorporationof
focal data.

(5) To foster the development and use of

- clectronic equipment to gather and process

data for quick asscssment, problem solving
and application in the licld,

(6) Toencourageresearchon the relationships
among land use, farming systems and soils in
order to derive knowledge from farmers” ex-
perience.

(7) To promote the diffusion of land evalua-
tion procedures and results (o target users
through education and demonstration,

(8) To cstablish pcrmanent data collection
programmes for (a) continuous testing and
leedback of land cvaluation results, and (b)
monitoring dynamic land characteristics and
qualities forupdating data bases™ [BEEK et ul.
1987 : 158].

Stichting Bodemkatering, Wageningen, The Netherlands
International Institule tor Acrospace Survey and Farth Science, Fnschede, The Netherlands.

International Soit Relerence and Information Centre, Wageningen, The Netherlands
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Topics of other conferences on land evalua-
tion, organized by the FAO or ISSS together
with relevant organisations read as follows:
~Land ¢cvaluation criteria forirrigation”, 1979,
Rome [FAO 1979], “Land cvaluation stan-
dards for rainfed agriculture”, 1980, Rome,
[FAO 1980}, “Land cvaluation for forestry™,
1980 Wageningen, [LABAN 1981], “Land
evaluation for exicnsive grazing™, 1983 Addis
Ababa, [STDERIUS 1984}, "Land evaluation
for land - usc planning and conservation in
sloping areas™, 1984 Enschede, [SIDERIUS
19841, "Land evaluation and farming systems
survey”, 1993,

These symposiums have proved to be goal-
setiers since they are generally organized by
several internationally recongized institutions,

One of the more recent conferences organized
by 1SSS* workshops in collaboration with the
FAO, Agricultural Wageninen, STIBOKA',
ITCY, ISRIC, and Geographical Institute Uni-
versity Utrecht, ok place in Wageninen,
1938, under the title: “Land qualitics in space
and time™ [BOUMA cLal.1989]. The the-
matic locus was onexperiences withcomputer
supported land evaluation programmces, Geo-
graphical Information Systems (GIS), and is-
sues of levels of scale and detail. Results and
rccommendations refer to issues ol data pro-
curement (guidelines, methods, level ofdetail,
application of remote sensing, and informa-
tion technology). development of models
{simulation), utilization and presentation of
soil surveys. variability (of evaluation - crite-
ria), application ol information technology
(elficicney), training and communication
(documentation).
THOMASSON |ef al. 1989: 239] recognizes
major development tendencies during the fast
ten years as:
1. the recongition of the necessity for simple-
to-handle, large carthographic and labular

scts of data,

2. the acceptance of the general use of “land
qualitics™ like workability or dryness, cor-
relating closely with soil and climate.

3. the change trom single to multiple evalua-

_tion systems. For example, land potential

evaluation is replaced by evaluationol crop
suitability and cnvironmental risks,

4. ashifting of the target group or clients from
farmer/extension-worker towards political
decision-maker.

The mostrecentdevelopments comprise mod-
clling of complex landscape phenomena; “ex-
pert models™ for land cvaluation using elec-
tronic data processing, and their integration in
a Geographic Information System (GIS).

Most promising is the integration of farming
system anlaysis with land cvaluation in the
way it has beendone by FAO and ITCrecently
[FAO et al. 1990]. This concept could be the
basis for a stronger target group and planning
oricntation,

1. THE USDA LAND CAPABILITY
SYSTEM

The conceptol land capability was developed
during the 1930s in the USA, but the wide-
spread adoption of land capability schemes
only beganafler 1960, Theassessmentolland
capability involves ancvaluationol thedegree
of limitation poscd by permancent or semi-
permanent attributes of tand to one or more
land uses. This method has therelore been
referred to as a “przvscriplivc approach™ in
contrast 1o a “prescriptive approach”, which
has the best possible utilization as its goal of
evaluation, rather than the determination of
land usc limitations.

The American work during the 1930s was a
response Lo the serious soil crosion problems
which occurred then, especially in the Mid-



West. The aim of the appraisal was to express
the risk of crosion and 1o indicate sustainable
land uses. The maps were thus designed to
provide an important input to the formulation
of soil conservation schemes. The production
of land capability map was encouraged by the
increasing awareness that conventional soil
maps werc pot being widely used. An early
review ol American work on land capability
assessmentis given by HOCKENSMITH and
STEELE [1949].

The “USDA - Land Capability System™ was
published by the Soil Conscrvation Service
(SCS) of the United States Agricultural De-
partment in Scptember 1961 [KLINGEBIEL
et al. 1961 ). The methodology was the result
of decade-long cxpericnce of the SCS in
America, establishing a new development in
the field of land cvaluation. The procedure is
therefore well described inspecialistiiterature
[DAVIDSON 1980: DENT et al. 1981;
HUIZING 1983; HUNDSON 1985; landon
1984; LUNDGREN 1975].

The prime aim of the method is 1o assess the
degree of limitation to land use or potential
imposed by land characleristics on the basis of
permanent propertics. The method assists also,

* (1) to help landowner and others interpret the
soil maps,

(2) 1o introduce users Lo the detail of the soil
map itsclf,

(3) to make possible broad generalisations
bascd on soil potentials, limitations in
use, and managenment probiems”
|[KLINGEBIEL et al. 1961 : 1}

The range of application lies in the suitability
classification ol a given arca for cultivation,
grazing and forestry. This is done “primarily
on the hasis of their capability to produce
common cultivated crops and pasture plants
without deterioration over a long period of
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time” [FAO 1974:2].

The USDA method is used worldwide, in
India, in the Philippines, Malawi, Pakistan,
Venuzuela and South-Africa. IU's a
monodis¢iplinary soil science approach with
emphasis on soil conscrvation and with con-
sideration of climatic conditions, but without
regard 1o economic and social aspects.

Scveral specificd principles and assumptions
form the basis of the evaluation procedure,
some ol them are outlined below
[KLINGEBIEL et al, 1961:4];

- the suitability classification is interpreting
the classification based the combined cf-
fects of permanent soil, climatic and land
characteristics.

— soils ol the same capability class arc only
similar in point of their agricultural Himita-
tions,

— a moderately high level of management is
assumed on the part of the land user. This
levelisconsidered to be "reasonable” for the
arca in question.

— limiting factors (stones, risk of flooding,
soluble salts), techaicaily fcasible to re-
move with justifiable expenditures, are not
appraisced as permanent limitations.

~ soils suitable {or cultivationare also appro-
priate for other land uses like grassland,
pasiure, forest or wildlife.

the capability assessment of a soil may be
re-evaluated alter the adoption of measure-
ments which could help to climinate factors
of limitations durably.

— Hactors such as distance 1o market, types of
roads, size and shape of the soil arcas,
location within liclds, ability and resources
of individual land uscrs, and other aspects
of land ownership are not taken into ac-
count.
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— soils unsuitable for mechanised farming are
not t be included in classes 11V,

“Soil mapping units™, having similar charac-
teristics and factors, arc used as spatial refer-
ence units. These are consequently soil units.
According to FAO [1974:2] the procedure is
bascd on theanalysis ol intensive soil surveys,
published inthe US onscales ol 1:20,000 and
1:15,8440.

The USD method has three levels inits classi-
fication structurc.

1. Capability class

This is the broadest category and a total of
cightclasses are defined and labelled T'to VI,
indicating degree of limitation,

2. Capability subclass

These subelasses indicate the type of limita-
tions cncountered within the classes, Limita-
tions such as an erosional hazard, rooting zone
restriction, and problems of climate, stoniness,
low fertility, salinity or wetness are indicated
by alettersubscript. Forexamplce, class [Twith
major limitations imposcd by excess waler
and climatic characteristics is indicated as
Hhwe.

Table 1

3. Cupablity unit

this is a subdivision of the subclass. Land in
onc capability unit ¢learly includes many dif-
lerent soils but has little variation in degree
and type of limitation to land use, but in
addition is suitable for similar crops under
similar farm and management schemes. The
yicld range of crops within capability units in
such ¢ircumstances should not be greater than
25 per cent [DAVIDSON 1992:58).

The USDA system defines polentials for a
range of fand uvses, rather then specilic and
exactly defined fand usces.

The “better” a land unit the more variable its
land use potential.  Arcas of class (1) arc
possible for all uses, where class (VI is
useable for wildlife.  Altogether cight fand
classes are dilferentialed according to their
limitations, described thoroughly in the hand- -
book [KLINGEBIEL ¢t al. 1961:6]. The bricf
summary ol these classes as provided by
YOUNG [1973:14} is given below,

Nofe that classes 1 to 1V are cultivable while
the remaining classes are not.

USDA CAPABILITY EVALUATION STRUCTURE [DENT ET AL. 1981:131]

Capability Class Capability Capability Soil mapping
subclass unit unit

arable 1
arable 1 > He — > [le-1 ——————> P scrics
arable i Iiw le-2 Q series
arable v [1s ie-3 R series
non-arable \% I ete
non-arable Vi Hwe
non-arable VIl cle




v
oL

Table 2
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INTENSITY OF LAND USE AND LAND CAPABILITY CLASSES

Very intense cuitivation

Intensive cultivation

Moderate cultivation

Limited cultivation -

Intensive grazing —
Moderate grazing

Limited grazing

Forestry ‘
Wildlife
VHI Vil Vi
Class 1 Soilswith tewlimitationsthat ~ Class VI
restrict their use.
Class I Soils with some limitations
thatreduce the choice ofplants
or require modcerate conser-
vation practices.
‘ : e lass 'V
Class 1 Soils with severe limitations Class VII
thatreduce the choice ot plants
or require special conserva-
tion practices, or both.
Class 1V Soils with very severe limita-
e (e Tesire o Class VIII
tions that restrict the choice
ol plants, require very careful
management, or both.
Class V Soils with little or no erosion

hazard, but with other limita-
tions impractical to remove,
that limit their use largely o
pasturc, range, woodland or
wildlile food and cover (in
practice this class Is mainly
used for level valley-floor
lands thatare swampy orsub-
ject to frequent looding).

\Y% v m It

Soils with very severe limita-
tions that make them gener-
ally unsuited to cultivation
and limit their use to pasture
or range, woodland or wild-
life.

Soils with very severe limita-
tions that make them unsuited
tocultivationand restricttheir
us¢ largely to grazing, wood-
land or wildlilc.

Soils and landforms with
limitations that precludce their
usc forcommercial plant pro-
duction and restrict it to ree-
reation, wildlife, water sup-
ply or acsthetic purposes.

Permanent limitations and vield potential are
the criteria used (o evaluate a given arca Lor its
sustainable agricultural suitability. The fol-
towing limitations in the sense ol an impair-
ment to agricultural use are being considered.

The procedure begins with a delinition and
description of land units. For cach land unit
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Table 3

LIMITATION AND INDICATORS IN THE USDA SYSTEM

Limitation (subclass)

Indicators

¢ risk of erosion

w excess of waler

s root restriction

¢ climatic conditions

- erodibility
- previous damage

- impaired soil drainage

- waler logging

- high water table

- lood

- shallowness of soil
- stones

- low water holding capacity
- low [ertility (permancnt)
- salinization/sodium

- lemperature
- moisture deficicney

In more recent studies additional criteria may be used.

timitation factors are sclected and cevaluated
accoding o their characteristics. The results
are then compared with a conversion table
which contains value limits for each land usc
class. Land units arc so assinged Lo a capabil-
ity class. The results are presented in maps
along with a commentary on soil condition,

The USDA concept has been internationally
accepled to the extent that other mehtods, like

the "FAO framework™ borrowed large parts of

it. A number of countrics developed national
methods that dircctly have their origin in the
USDA procedure.

The method is not up to date any more. The
USDA has alrcady developed a new system,
“Agricultural Land Evaluation and Site As-
sessment System™ (LESA), though it is used
so lar only in the USA. In this context
DAVIDSON [1982:G2.6]says the following:

“Incssence the system lacks a firm ecological
foundation in contrast to more recent schemes
ofland evatuation”. The pure mono-diciplinary
approach together with a confined objective
owards arable and non-arable arcas without
consideralion of cultivable plants consider-
ably restricts the meaninglulness ol this
method. McRAE [cLal. 1981:83] presents an
informative list ol advantages and disadvan-
lages:

Advantages of the USDA mcthod:

~ classification is rclatively casy to under-
stand;

~ qualitative approach corresponds with
today s limited knowledge about soil/envi-
ronment/plant intcraction;

— versatile, because casy adjustiments to local
conditions possible;
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— casy applicability by cxperts as well as
technicians; -

— general suitability evaluation with clear
dilterentiation of cultivable and nen-culti-
vable arcas;

— cmphasis on possible negative land usc
elfects supports soil conservation aspecls;

~ results canbe represented easily and clearly
in maps;

— broad application in industrialized and de-
veloping countries.

Disadvantages of the USDA method:

encourages subjectivity;

~ interactions between factors are not laken
mnto account;

— dilferentiation into cightclasses is too inac-
curate;

— classification portrays an unrcflected evalu-
ation ol the truc value of an arca;

— suitability for specific crops is not taken
nto account;

— socio-cconomic lactors are notconsidered;

— negative cvaluation may discourage in-
volved farmers;

— taking over soil unit from available s0il
maps as arca units is insutticient.

Duc to the large scale, requirements on dala
aquisition may be quite high, alothough crite-
ria arc possible to be assessed in the field
without oo many technical requircments. The
procedure itscli is deseribed in detail and
relatively easy Lo handle so that time is notan
important factor for the immediate evaluation
procedure. One person trained in soil scienee
is sulTicient to carry out an cvaluation.

The casy differentiation of the suitability
groups in cultivable and non-cultivable arcas

issufficientonly forstrategy planning. Alter-
native forms of land utilization arc not taken
into account hence planning options are not
provided.

DENT jet al. 1981:137] views the USDA
sysiem as very appropriate for farm planning.
He divides the procedure into seven steps:

(1) decide upon the arable land

(2) add fand for grazing, woodland ctc.

(3) il not alrcady there, locate the central
service point

(Hlocate watersupplies (wells, boreholes,
channels, weirs)

(5) setout the farm service road

(6)setoutmajor conservition work (storm
drains, walcrways)

(7) identity in outline bunds or other soil
conservation works which the farmercon-
structs himselt.”

The USDA method is certainly used for this
purpose, but that does not mean that it is
necessarily destined forit. Especialty for farm
planning as the most intense form of fand use
planning exact statements about field crops,
crop rotation, their water reguirements, cic..
arc needed. On this fevel of planning cco-
nomic considerations arc obligatory, since for
the farmer prolit maximiztion will be an im-
portan( maxim of choice. The basic question
should therefore be which cultivable plants
and farming systems are ccologically and eco-
nomically suitable, rather thanwhicharcas are
generally suitable for arable agriculture.

2. THE FAO FRAMEWORK FOR
LAND EVALUATION
In the carly 70s under the overall control ot the

FAO and with international cooperation, ¢s-
peciatly the Netherlands, Great Britain, and
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the USA, etforts were undertaken to consoli-
date methodsofland evaluation[BRINKMAN
ct.al. 1973]. This work lead to a frame concept
named ~Framework forland evaluation” [FAO
1976].

Mcanwhile the Framework might be the most
used land evaluation procedure.

The range of application possibilitics is very
broad and covers many areas of human
rescource demands. Many examples of appli-
cations can be found in the literature, although
it is often not clear if the postulated use of the
FAQO procedure has always been followed
according to its principles. Likewise there are
a good number of descriptions of the proce-
dureinits different variationsavailable: BEEK
[er al. 1987] BENEMMA [1978], BOUMA
et al. 1979], YOUNG |[et al. 1977], BOHLIN
[efal. 1981], DAVIDSON [1980:36], FAO
[1975:79], SIDERIUS [1984/1986], SYS
[1986], LANDON [1984]and THALEN et al.
1985].

The Framework aims at a suitability evalua-
tion of different (alternative) land uses for an
arca.  Thereby prevailing interactions and
level of technology are taken into account. A
multidisciplinary approach is propagated.

The methodology is based on six principles:
DAVIDSON {1992:80]

~1) Land suitability is assessed and classified
in relation to particular land uses.
This principle recongizes that land uses
vary in their requirements so that a field
highly suitable for one crop maybe unsuit-
able for another.

2) Evaluation requires a comparison of the
inputsand outputsnecded onditterenttypes
of land. This could be done by comparing
the costs of production with the economic
returns of ditferent types of land.

3) A multidisiplinary approach is requuired.
Contributions Irom such specialists as
crop ecologists, agronomists, pedologists,
climatologists, cconomists and sociolo-
gists are necessary in order to make a
comprehensive and sound assessment of
land suitability for a specified use.

4) The evaluation is made with caretul reler-
ence to the physical, economic and social
contextof the area under investigation. It
is fairly obious thatany land use proposals
have to be realistic for an area. It is
important lo take into account such
factors as cost of available labour and
skills of the labour force.

5) Suitability refers to use on a sustained
basis. The proposed usc of land must not
resultinits degradation through processes
such as wind erosion, water crosion or
salinization.

6) Different kinds of land use are compared
on a simple economic basis. This mcans
that the suitability for each use is assessed
by comparing the value of the goods pro-
duced to the cost of production.™

The Framework distinguishes two different
strategics: Inthe parallel approach, acquistion
and analysis of bio-physical and socio-eco-
nomic data may bedone simultancously, while
in the two stage approach, a qualitative land
suitability classilication is followed by an
cconomic and soical analysis. Figure 3 shows
these two approaches. The dotted line {rom
“Qualitative land classification™ 1o “Planning
decision” indicates a short cut olten used in
practice.
The procedure is outlined by the following
main activitics:
— deciding on the objective of the study and
on data and assumptions on the basis of
which the evaluation is madc.
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Figure 3: Two-stage and parallel approaches to land evaluation

INITIAL CONSULTATIONS

Two - stage approach

Basic survey
Qualitative land classification

Economic and social analysis
Quantitative classification

Source : FAO 1976:7

— describing land utilization types, tobe stud-
ied, the land use requirements and limita-
tions

— describing land unit and selection of rel-
evantland qualities (attributes of land which
can be measured or estimated).

— comparisonof the proposed land utilization
types with present land use.

— economic and social analysis.
— presentation of results.

Their stages of intensity are distinguished
which usually also indicate the mappingscales
[source:FAO 1976:52].

¢

— Reconnaissance level (1:500.000 -
1:120.000)

Surveys of land resources and development
potentials at national level belong to this
degree of detail. The economic analysis
remains very general. The land suitability
classification is a qualitative one. The
study is mostly  based on satellite data.

— Semi-detailed level (1:100.000 - 1:30.000)

More accurate objectives like feasibility
studies are possible. Economic analysis are

Parallel approach

Basic survey

Qualitative and Economic
quantitaive and social
classification anlaysis

Planning decisions

far more important than in the previous
level. The land suitability classification is
generally expressed in quantitative terms.
Mostly air  photographs are utilized with
a greater fieldwork component.

— Detailed level (1:25.000 - 1:30.000)

Here precise field surveys are essential,
often on farm-level or for project imple-
mentation.

Results of the physical ressource survey which
is commonly a soil or soil-landform survey is
presented in the formof “Land mapping units”
as spatial references. Theoretically possible 5
also the selection of mapping units which
more closely refer to the kind of land utiliza-
tion, like “management units”™.

Because the Framework is a procedure for
spacific land suitability classification the de-
scription of the type of land use to be evalu-
ated, is considered as an essential element of
the study. A distincition is made between two
types of land use: »

- Major kind of land use: Major subdivision
of rural land use, for example rainfed agricul-
ture, irrigated land, pastur¢ land, forestry or
recreation.
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- Land utilization type (LUT): Form of land
use described in greater detail [FAO 1976].

The decision which type is used depends on
the onjectives and level of detail. Land utili-
zation types are described not only in terms of
actual land uses or crops, but also with refer-
ence (o such factors as type of market orienta-
tion (subsitence or commercial production),
capital intensity, labour intensity, technology
employed, inftrastructure requirements, size
and configuration of land holdings, land ten-
ure and income levels. An example of a land
utilization type as given in the FAO Frame-
work [1976:10]

is rainfed annual cropping based on
groundnuts with subsistence maize, by
small holders with low capital resources,
using cattle-drawn implements, with high
labour intensity, on freehold farms of 5 -
10 ha.

It is also possible to describe multiple land
utilization types with different uses co-exist-
ing together and compound utilization types
with uses different areas of land within the
same functional unit-a mixed farm with both
arable and pasture.

Another pecularity concerns the criteria of
evaluation, for which complex factors are
preferred. They are in general more meaning-
ful for an evaluation as they are also able to
represent interactions between single param-
eters. The Framework distinguishes

- Land quality (site factor)

A complex attribute, directly related to a spe-
cifickind of  land use and assessed by land
characteristics (e.g. risk of erosion, wateravail-
ability, risk of flooding).

- Land characteristics

A parameter (and attribute) which can be
measured or estimaled, used for mapping of

land resources {e.g. slope, precipitation, soil
texture, salt content).

. For evaluation, the land use requirements are

compared with the land qualities whereby
variousdescription and evaluation tables (con-
version tables) are used:

tabular description of land mapping units;
- tabular arrangement of LUT - definitions;

— tabular description of land qualities per
land mapping unit;

— tables where LUTs are graded in terms of
degrecof limitation posed by a particular
land characteristic;

— tables of the results of evaluation per land
mapping unit

The FAO Framework does not give any rec-
ommendations concerning weighting ofevalu-
ation factors. Limitvalues are only mentioned
examplary in some guidelines [FAO 1983/
1984/1985].

The Framework recommends a quantitative or
at least semi-quantitative presentation of re-
sults preferred are economic dimensions. Itis
importanttodifferentiate between currentsuit-
ability and potential suitability. The former
describes the suitability for a defined land use
under the current condition of the site without
greaterimprovements. The second variant takes
effects of investments or other measurements
(terracing, drainage) into account. Necessary
specifications of suitability for planning pur-
poses are thereby possible.

The results of the land suitability classifica-
tion are given in four categories, representing
levels of decreasing generalization [FAO
1976:21]:

1 Land suitability orders reflecting kinds of

suitability

2 Land suitabilify classes reflecting degree of
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suitability within orders

3 Landsuitability subclasses reflecting kinds
of limitation, or main kinds of imporvement
measures required, within classcs

4 Land suitability units reflecting minor dit-
ferences in required management within
subclassces

At the order level an assessment i$ made as to
whether the land is suitable (S) or not (N) for
sustained usc of the kind under consideration
and yielding benefits which justify the
inputs.Classes indicate the degree of suitabil-
ity-up to a maximum of five. Subclasses
incicate the type of limitation and are repre-
sented by lower-case letters, [orexample S2M
for suitable land of class 2 with the specilic
limitation of moisture availability. The most
detailed level in the classification hierarchy is
the unit. Units vary in their production char-
acteristics orinminor aspects of their manage-
ment requirements. This level in the structure
is designcd to be applicable to individual
farms. Units are indicated by arabic numerals,
cg S2m-1, S2m-2, ¢le.

A land suitability report based on the FAO
Framework should give details about the fol-
lowing points:

1 the physical, social and economic context
as well as background data and assump-
tions in the approach

2 description of land utilization types or ma-
jor kinds of land usc

3 maps, tables and explanatory text showing
degrees ol suitablility of land mapping units

4 management and improvement specifica-
tions for each land utilization type with
respect to cach kind of land uscconsidered,
together with the diagnostic criteria

5 cconomic and social analysis of the conse-
quences of the various kinds of land use
considered

6 the basic data and maps from which the
evaluation was estimates.

The relevance and quality of the Framework is
unquestionable. Renowned institutes like ITC,
STIBOKA and LRD are using the Framework
in their projects as well as for training pur-
poses. Many examples ol applications can be
found worldwide and in the meanwhile it may
represent the most recognized methodology
for an objective-oricnted land suitability clas-
sification. The method is widely spread in
easternand southern Alrica (Botswana, Ethio-
pia, Kenia, Mosambique, Tansania and
Sambia) [FAO 1986] and in southeast Asia
(Indonesia, Philippines) [HUIZING
1986:1.10].

Advantages of the Framework are:

!

clear and relatively conclusive concept of
principles and procedure;

- flexibility of the approach allowing and
even requiring regional adjustments;

— wide application for difterent kinds of land
use and various mapping scales, until the
evaluation of the actualland usc;

— orientation towards an evaluation of com-
plex lactors with respect Lo specific land
utilization types;

— (atleasttheoretically) integrationofall land
usc aspects but also technological and so-
cial influences;

— spacious and further expanding documen-
lation with many examples is available;

—althogether, approach and procedure very
relevant for planning purposes;

Although theoretically provided for, social
and cconomic considerations are often leftout
with the explanation that this is a task of a
following further step ol analysis. [t is ques-
tionable it this weakness should be attributed
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to the method itself or to a delicient applica-
tion.

The procedure seems to be unsuitable for the
sclection of natural reserves (ccologically en-
dangered orother natural areas to be protected)
because of its production orientation.

The concept is principally designed for appli-
cation in developing countrics although in-
dustrialized countries are also included by the
FAO [BEEK 1984:279).

Requirements on time and finances depend
essentially onaccuracy and scale of the study.
No reliable details can be given but it may be
stated that a relatively high level of expertise
is required that usually involves higher costs.

3. RECENTLY DEVELOPED
COMPUTER TOOLS FOR DATA
ANALYSIS AND INTEGRATION FOR
LAND USE PLANNING PURPOSES

Relational Databases

The necessity o handie greatamounts of data,
to set up voluminous tables and to do many
recurrent caleulations lead to the logic devel-
opmental of clectronic data processing. With
relational databases for example it is now
possible to store, retricve and manipulate land
resource, land cover/use, farming systems and
socio-economicdata. A database structure with
basc tables linked by “common fields™ facili-
tates substantially the analysis and integration
ol data with information that is of direct rel-
evance for the development of land use sys-
tems. Data can be stored without prior aggre-
gation (original data c.g. slope steepness, soil
depth or larm size as oblained in the lield are
stored rather than slope class, soil depth class
or larm size class). Il necessary, aggregation
of the original data into classes can be done in
the database itsell and new more relevant
classes can casily be made, in casce standard
classifications are not satisfactory. This is

possible because the original data is dircctly
accessible inthe database [HUIZING 1992:42.

GEOGRAPHIC INFORMATION
SYSTEM

In the recent past there has been considerable
scientific and commercial development of
geographic information systems (GIS). The
advantages of GIS are its capability to permit
casy update ol information and to prescnt
results in forms requircd by users. It can
climinate data integration problems that are
causcd by the dilferent geographic units o
which differentdata sets are related. Crossing
and overlaying ol maps with different map-
ping units becomes an casy task (e.g. soil,
agro-climate, land use, watershed, and dis-
trict/village maps). Distance modules allow
the asscssment of interactions of (potential)
land uses, physical infrastructure and markets.
Prime advantages of GIS are also its rapidity
and quality, c.g. by Digital Terrain Modcls
(DTM), of its display and map production
facilitics.

MODELS

In the field of Tand evaluation various crop
predicting models have been developed. Two
main types of models are available:

- Empirical or expert models; and

- Simulation, dynamic or process models.
Empcrical or expert models usc decision rules
bascd on general and local expert knowledge.
Examples of such models arce:

- LECS (Land Evaluation Computer Sys-

tem) was developed in 1983
by WOOd [eral. 1983 | within thc FAO project
“Land resources cvaluation with emphasis on
outer islands project Indonesia.™ It contains

decision rules based on local conditions and
may nced substantial modifications when
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LECS is used in other areas.

- ALES (Automated Land Evaluation Sys-
tem) was developed at the Agricultural
Department Cornell University, Ithaca, New
York by ROSSITER [1988] with coopera-
tion of WAMBECKE and TOLOMEO.
This computer program allows to create an
expertsystem for land evaluationon project
and regional level. It is based on decision
trees that structure local and expert
knowedge and canbe describedasan“empty
box” with menus through which this
knowldge can be stored, retrieved and ed-
ited. ALES from version 2.1 onwards is
available as commercial software.

Simulation or dynamic models are based on
known (plant growth, soil, hydrological) pro-
cesses. These models are, in general, more
universally applicable than expert models.
They contribute to a better evaluation of the
impact of dynamic (seasonal or fluctuating)
characteristics of land on plant growth. How-
ever, before their application in a certain area,
they still require oftensubtantive data for their
calibration and validation. Examples of such
models are:

— ALMANAC was developed at the Grass-
land Soil and Water Research Laboratory at
Temple, Texas [ALLANJONESet.al 1987).
This model simulates such processes as soil
temperature regime, hydrology, erosion,
nutrientcycling, and crop growthand yield.
The overall package is designed to assist
with general agricultural management.

The simulation of crop growth based on
geno-type specific coefficients which de-
scribedifferences in growthof various crops
and crop cultivars.

—~ WOFOST (acronym for World Food Stud-
ies) has been developed at the Centre for
World Food Studies in Wageningen, The
Netherlands [KEULEN VAN etal. 1936].

Similarto ALMANAC itmodeis the growth
and production of annual crops according
to crop species, soil type, hydrologic condi-
tions and weather during the growing sea-
son {from emergence to maturity. Although
WOFOST is gencrally recognized as a sci-
entifically elegant crop simulation model,
DIEPEN [et.al 1989] point out the limita-
tions of the assumptions and simulation
procedure, for example the time resolution
of one day is inadequate in dealing with
infiltration of runoff.

Another negative point is the tremendous
data requirement of the programme.

CRIES (Comprehensive Resource Inven-
tory and Evaluation System) developed at
Michigan State University, has two main
menus, 4 geographical information system
and an agro-economic information system.
The merit of this packageis the integration
of GIS capabilities with modelling. Usc of
the yield module within CRIES allows
prediction for thirty different crops. Data
requirements include temperature, precipi-
tation, relative humidity, wind velocity,
solar radiation, sowing dates, crop selec-
tion, length of growing stages, soi} texture
and slope gradient, soil moisture character-
istics in the root zone, and root develop-
ment over various growing stages
[SCHULTINK et al. 1987:187].

DSSAT (Deccision Support System for
Agrotechnology Transfer) developed by the
International Benchmark Sites Network for
Agrotechnology Transfer (IBSNAT)
[THORNTON et al. 1991]. Part of this
package is a database of soils, weather and
crops so that users can run models which
simulate the outcomes of allernative man-
agement practices. The system allows the
prediction of agricultural yields according
to different climatic change scenarjos. In
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the early versions  of DSSAT, models are
included for predicting yields of maize,
peanuts, soybean and wheat. Applications
are not limited to yield prediction, but can
also be used for impact assessment of envi-
ronmental change. Other  possibilities of
the package are to explore yield outcomes
from intercropping of different crops using
varying management strategies and also to
translate yield figures into economic terms
for individual farms. Forthis,farming sys-
tems are simulated with yield predictions as
one important input. Anintegral minimum
dataset on soils, crops, weather, manage-
ment and yields atlows the immediate vali-
dation of crop yield models for one or more
areas in order to be applied further for
analogous areas.

INTEGRATED LAND USE MODELS

Information on land resources are acquired to
be incorporated into land use management or
planning decisions. In practice, managers or
planners have to make decisions on the basis
of a wide range of considerations. The physi-
cal suiiability of land need to be compared
with the societal goals as expressed in priori-
ties such as those given to economic returns,
need fornew housing, and landscape or habitat
conservation. To provide such a synthesis of
land resource information with goals and ob-
jectives for land use an integrated approach of
land evaluation may be adopted. Land use
options are identified foreachland unitand the
extent to which such uses are critical in the
land units. The following approach represents
a methodological development of the FAO
Framework for Land Evaluation and is given

as an example:

LUPLAN has been developed in Australia by
the Division of Wildlife and Ecology, CSIRO
(IVEand COCKS 1983;1VEet.al. 1985). The
package application consists of three inherent
components. First, information itacquired for
the study area, subdivided into mapping units
or planning zones. These zones are then rated
in terms of their attractiveness for a range of
land uses on the basis of different policy
guidelines. These ratings express the relative
contribution which each mapping unit can
make to the achievement of each specified
policy. In the third step the reiative impor-
tance of the different policy guidelines is
assessed. Each policy is assigned a relative
preference to ensure that those considered
more important are given higher votes than
those deemed of less imporiance. The
LUPLAN package includesa database on the
mapping units (inventory capability) and has
the ability to provide attractiveness ratings for
cach potential land use (evaluation capabil-
ity). On the basis of the ratings the most
attractive land uses can be determined for ecach
mapping unit (allocation capability). Results
of LUPLAN are given in the form of percent-
ages which express the extent to which indi-
vidual land use plans achieved the guiding
policy. A review then follows and assigned
votes to policies may be changed. Further
runs of LUPLAN are then necessary until
acceptable results are achieved. In Australia,
LUPLAN has been used as an aid to rural and
conservation planning. This approach has the
merit of being able 0 assess the extent to
which particular land usc plans meet policy
objectives. '
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