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Abstract

Land suitability assessment, in the context of land use plunning, is a bridging phuse
linking land resources assessment to any land use decision-making process. Like
elsewhere, land use suitability assessment in Ghana is influcnced by inherent conflicts
and a complex network of socio-economic and ecological constraints that call for a
flexible decision-making support teol able to incorporate mudtiple evaluation criteria,
including the opinions aof several stakeholders. in this paper, we report on a GIS-hased
multi-criteria approach to land suitability evaluation for pineapple production in the
Akwapim South Municipality of Ghara. The crop is an important export earner, having
coniributed significantly to foreign exchange receipts of the country since the 1980s
although its cultivation has alse increused land use conflicts and aggravated land
degradation. The studv relied on several decision support tools such as high spatiallh-
resolved remotely sensed data, geographical information system (GIS) and multi-criteria
decision analysis (MCDA), including analviical hierarchy process (AHP). The approach
enabled decision makers to evaluate the relative priorvities of locating sites for cultivation
of the crop, based on a set of preferences, criteria and indicators. Weighted Lincar
Combination (WLC) techniques were used 1o integrate fuzzy suitabiline criteria maps of
decision groups and a consistency ratio hetveen criteria was calcufated using the Saany
matriv cross-comparison techaigue. An flerative post-aggregation constraint was applicd
to identify potential sites as basis for delineating potential areas for pineappie
cuftivation. In the context of poteniiath high export market demands of the crop and its
significant cconomic contribution fo the local cconony, this sindy is of national
refevance. Morcover, the resudts in form of maps may alse be wsed bv agricultural
munagers dy decision-support fools, for instunce, to outline the most suitable land arcas
for subsidv support for increased pincapple production in the district,
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1.0 Introduction

In rceent years, considerable interest has grown around the use of GIS
icchnology tor planning and management of enyironmenial resources. One
major and usciul application ol GIS to planning and management is the
cvaluation of land for its suitability for a particular wility (Klosterman
2001). In this context. land suitability analysis is fundamental to land
management decistons. planning and utilization, providing a link between
resources assessment and the decision-making process. It concerns the
sclection of suitahle land on the basis of clearly defined ohjectives such as
cropping. irrigation or other management altcrnatives that arc physically
practicable, financially feasible and economically viable (IFA0Q 1985). Land
suitability analysis aims at identifying the most appropriate spatial pattern
for futurc Jand uscs according to specific requircments, preferences or
predictors ol some activity (Collins e af. 2001). Operationally. land
suitability analysis descrihes a procedure of land appraisal with a specific
land use objective in mind (FAO 1976, Corona et af. 2008). For a specitic
sustainabie land use. what is required is hasically a synthesis of the
complex relationships between differeat attributes of land such as soil
propertics. lund cover, topography and climate, which themselves are
dynamically  variable. Land suitability assessment s thercfore
consventionally cvaluated by matching requirements ol
biophysical/ccological, socio-cconomic and political factors ftor the
particular upplication with characteristics and qualities ol land components
(FAD TO85).

Though often desceribed as a decision support system, the adequacy of GIS
as a decision support tool has been questioned (Jankowski 1995, Sheppard
2001. Thomson and Schmoldt 2001, Sicber 2003). In terms of dccision-
making. most G1S packages are primarily based on manual techniques and
human judgments and decision rules which are not clearly defined and are
therefore  incapable of processing multiple criteria and  conflicting
objectives  {Carnver 1991). including a  subjective intcgration ol
veographical imformation as imposed by the user (Malezewsk: 1999y o
address these himitations. various  analyvtical procedures  collectivel
referred to as mudti-criteria dectsion making (MCDM) methods hase been
integrated with GIS to strengthen the decision support capabilitics of GIS
technology (Carver 1991 Malezewskt 1999, Jiang and Bastiman 20000
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GIS-based land suttability analvsis has Tound extensive apphcations
several felds  including  ceological  approaches for delinine Tand
suttahihiny habitad tor consenvattom o tlorg and fauna (Perema and
uckstein 19930 Store and Kangas 2001, Hhrzel o af. 20003 avnculture
(Cambell ef of. 19920 Kalogirou 2002, Booxanuphap ¢ of. 2004, Bingwen
20048 an Chuong and Bohme 2003)0 environmental impact assessment
(Morene and Scigel 1988, selection of the best site Tor public and private
sector tuethities (Fastman o7 </ 1993, Chureh, 2002) and recional planning
Clanssen and Rienveld 19900 Senes and Toceolint 19983, Others imclude
ourism (e.g.. Beedasy and Whyatt 1999), aero-ceology (e.g.. Mohamed o1
af 20000 Niller ¢f of. 19980 hazard mapping (Barredo ef /) 20000, soil
mapping {(c.o.. Liengsakul ¢f ol 1993) and forestry (e.g.. Phua and
NMinowa 2003, Corona e af. 2008).

2.0 Methods for GG1S-based Land Suitability Analysis

With recent advancement in mapping technologics of remote sensing. GIS
and elobad posittoning systems (GPS), land suitability analyvsis modelling
within the tramework of @ GIS has enormousls expanded (Pererra and
Duchstein 19930 Botorques-Tapia er of. 2000 Collins er of. (2001
wWentify three major groups of approaches o GIS-based land suitability
analvsis: (1) computer-assisted  overfay mapping. (1) mult-criteria
cvatuation methods. and (11} artificial intelligence (AL methods. The first
two are Turther explained below for their popularity in GIS-based land
suttability apphcations.

2.1 Overlay Mapping

Historically. GIS-based approaches o land suitability analvsis originate
[rom the applications ol hand-drawn overlay techniques used by American
landscape architeets in the late nineteenth and carly 20th centuries (Colling
et af. 2001 The map overlay approach. according to Malezewsk (2004).
has been typically applicd w0 land switability i the form of Boolean
aperations and weighted hnear combination (W1.CYy and has grown in
popularty because these procedures are casy o implement within the GIS
emvironment usig map aleehra operations. In additton. O Sullivan and
Unwin (2003) sugeest that the methods are casy (0 understand and
intuitively appealing to decision makers and theretore continue o play a
pivotal role in many GIS applications. includine techniques that are in the
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forefront of advanced land suitability cvaluation such as multi-criteria
decision analvsis (MCDA)Y (Malczewski 1999). artificial intellivence {AD
or geo-computation  methods (Ligtenberg ef ¢f. 2001, Xiao of of. 2002).
visualization methods (Junkowski er «f. 20001, and Web-GIS /hu and
Dale 2001, Rinner and Malcezewski 2002).

A major ¢riticism of the conventional map overlay approach is related to
the inappropriate methods for standardizing suitahility maps and untested
or unverified assumptions of independence among swutability criteria
(Peretra and Duckstein 1993). Heyweod ef of. (1995) contend that in many
case studics. the overlay land suitability models have been applicd
incorrectly and with dubious results because analysts (decision makers)
have ignored or been unawarc of these underlying assumptions. They
suggest that the classical Boolcan opcerations and WI.C  methods
oversimplify the complexity of the process of addressing land use planning
problems by focusing on the facts that can be effectively represented in
IS rather than on the right combination of facts and value judgments
(that arc ditficult to represent in a computer environment in general and
a GIS in particular). This limitation. according to Matezewski (2000}, can
be resolved by inteerating GIS and multi-eriteria decision making
(MCDM) methods.

2.2 Multi-criteria Decision Making Methods

The integration of MCDM techniques with GIS has greatly enhanced the
conventional map overlay approaches to land suitability analysis (Carver
1991, Malezewski 1999, Thill 1999), A GIS-based MCIDA can he
conceived as a procedure that combines and transforms input spatial and
aspatial data into an output resultant decision, The MCDM procedures {or .
decision rulesy define a relationship between the input maps and the output
map. The procedurcs involve the utilization of geographical data. the
decision maker’s preferences and the manipulation of the data and
preferences according to specHied  decision rules. Accordingly. two
considerations gre ol critical importance for spatial MCIDA: (i) the GIS
capabilitics of data acquisiion. storage. retrieval. manipulation and
analvsis, and (1) the MODM capabthitics for combining the geopraphical
data and the decision maker's preferences into uni-dimensional valaes of
alternative decisions.
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A number of multi-eriteria decision rules have been tmplemented in the
GIS envirenment Tor tackling fand suitability: problems. These decision
rales tall mto two maggor classes: mult-objective und  muld-attribute
deciston making methods (Malezewski 19961, Mului-objective methods are
concerned with making deals with the selection of the best aliernative
based on a series of conflicting objectives {Phua and Minowa 2005), The
are relatively inflexible and difficult o implement in land suitability
analvsis because they are based on mathematical programming models and
their potential as tools for GIS-based land-use suttabibity analysis has been
demonstrated in many works (coe Diamond and Wrigint 1988, Cambell of
al, 1992 Chuviccol 993, Cromley and Hanink 1999y Conversely. mulu-
attribule decision making methods are data-ortented and much casier to
implement in a GIS. cspeciadhy with regard to the raster data model
(Pereira and Duckstein t9Y6, Eastman e af. 1995). Consequently. there s o
considerable number o GIS mwlu-attribute  applications to land-use
suttability analysis.

For ncarly two decades. 1 number of multi-attribute (or multi-criteria)
evatuation methods have been implenmented in the GIS environment for
land suitabihty evaluavon. including W1.C and its variants (Carver 1991,
[Fastman 1997) and the analyvtic hicrarchy process (Banai19931. Among
these procedures, the weighted lincar comhination (WILC) and Boolean
overlay operations. such as intersection (AND) and union (OR), are
considered the most straightforward and popular (lastman 2006). The
WIL.C 15 a simple additive weighting based on the concept of a weighted
average (Fastman 2006). The decision maker directly assigns weights of
‘relative importance™ to cach attrihute map layer. A total score is then
obtained for cach alternative by multiplying the importiance weight
assigned for cach atiribute by the scaled value grven to the alternative on
that auributc. and summing the products over all attributes. When the
overall scores are caleulated for all of the alternatives. the altiernative with
the highest overall score s sefected.

The WLO procedure can be operationalized using any GIS svstem with
overtay capabilities. The overlay technigues allow the evaluation criterion
map lavers (input maps) to be combined in order to determine the
composite map laver (oufput map). the methods can be implemented
both raster and vector GIS environments and some GIS systems such as
Idrist have built-in routines for the WO method (sce llastman 20006,
There are. however. some fundamental limitations associated with the use
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ol these procedures in g decision making process. Jiang and Fastman
(20800 give a comprehensive discussion of those limitations and suvpest
that the Ordered Weighted Averaging (OWA) approach provides un
extension to and a generalization - of the conventional map combination
methods ina GIS.

OWA is a class of multi-criteria operators (Yager. T988). 1t invelves twao
sets ol weights: criterion importance weights and order weights. An
importance weight is assigned to @ given criterion (attribute) tor all
locations 1n a study arca to indicate its relative importance {according to
the dectsion-makers™ preferences) in the set of criteria under consideration.,
The order weights are associated with the criterion values on a location-
hy-location {ohject-by-object} basts. They are assigned to a location’s
attribute values in decreasing order without considering which attribute the
value comes from. The order weights are central to the OW A combination
procedures. They are assocuted with the degree of ORness. wlich
mdicates the degree to which an OWA operator is similar 1o the logical
connective OR i terms of its combination behaviouwr, The parameter s
alser associated  with a trade-ofl measure  indicating the degree of
compensation between eritera {Lastman 2006).

The parameters associated with the OWA operations serve as a mechanism
for guiding the GIS-based land-use suitability analvsis. The ORness
measure alfows for interpreting the results of OWA in the context of the
behavioural theary ol decision making (hang and Fastman 20000 e
OWA operations make it possible to develop a variety of land e
strategies ranging  from an extremely optimistic (the mintmum-type
strategy based ol the {ogical AND combination) through all intermediate
(the neutral-towards-risk  strategy. corresponding 1o the  conventionul
WELCY o an extremely pessimistic strategy (the maximum-tpe strategey
based on the Togical OR combinationy. Thus, OWA can be considerad s
anextension and o eeneralization of the comventional combination
procedures o GIS (hang and astman 20000,

Another mulu-attribute techmique. which has been mcorporated into the
GlS-hbased Tand-use suitability: procedures. is the Analyvtical Therarehs
Analysts (ATTPY method {(Saaty 19803 [t can be used in two distinetive
wavs within the GIS environment. First. it can be employed to derive the
welehts associated  with suttability (attributey map lavers. Then, the,
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warghts can be combined swith the atrbute map Tasvers ina way similar o
the Tinear additive combiation methads, This approach s of particular
mportance  lor problems imvoelving a large number of alternatives
represented by means of the raster date model. when 1t is impossible o
perform a pair-wise comparison ol the alternatives (lastman e of. 1993).
sceeond. the AHP principle can be used 1o ageregate the priortty tor all
levels of the hicrarchical structure. includine  the tevel representing
alternatives. In this case. a relatively small number of alternatives can be
cvaluated (Banat 1993, Jankowskt and Richard 1994, This approach s
also more appropriate for mplementation o the veetor-based  GIS
Clankowski 1993 | oshould be noted that AT can be used as o consensus
building tool n situations imvoelving & committee or in group decision-
making (Saaty 1980).

There are several problems associated with amplementing the MCODA]
methods 1 a GIS (Zhou and Civeo 1996). First, it s well-known that the
input-data to the GIS-multi-eriteria evaluation procedures usually have the
property ol taceuracy . imprecision and ambipuity . B ospite of this
hnowledoe, the methods (opiealls assume that the tnput data are precise
and aceurate. An approach ior deahing with impression and ambiguity in
the mput data (attribute values and deciston maker’s prelerences) 1s (o use
furzy set theory and fuzzy fogie (Zadeh 19635, Iisher 2000).

2.3 Fugoy Set Classification in Land Suitability Assessment

One problem with the tradwional multi-eriteria approaches to Lo
suitabitity  anabysis s that they do not assure o spatial pattern with
contivulty or compactiness i land allocations tor different fand use types.
Accentral and eritical issue o methodology in Land suttability ey aduation s
how to parameterize and combmne land atetbutes of & difTerent nature 10
vrder o model the productn e response of target species to g given set of
civronmental factors. Geo-spatial data consisting of discrete. sharply
bounded wmts 18 imeapable of representing the reality: the continuous
nature ol sariabilite ot enyirommental tactors and therr small-scale spatal
heterogeneity, Moreover. considerable Toss ot detatls may oveur whoen Jdata
Clussified according o such o ngid-data model are retrics od or combuined
using Boalean methods (Malezewskr 2004, Corona ef af. 20081,
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Lhe fuzzy set theory offers a uselul alternative in this respects it permits
the gradual assessment of the membership of elements it a set with the aid
ol o continuous scale of membership {Burrough and MceBonneld 19985 the
so=called membpership tuncrion. valued in the real unitinteryal FOL 1} on the
Boolean scale and |00 2553] on the byte scale . The Tuzzy set classilication
alows transition from one class o another 10 be deseribed by means ot a
membership function. |

In the apphcation of land suitabtlity evaluation. the use of a tuzzy sct
classification is particutarty helpful to model the productive response of
the target species o single envirommental factors. This can be better
expressed as a eradual transition tsott classificatton). rather than as abrupt
shifts from one class to another (hard classification). Such g gradual
transtion can be quanulied according to tuzzy membership tunctions
vadued mothe interval [O0 T] or [l 2550 where 1 or 235 means a complete
suitability {the environmental lactor matehes the ecological requirements
of the target species: the so called opfimm of the species) and O means no
suitabitity (Corona ¢r of. 20081, The appropriate furzzy membership
function is dependent on the best available knowledge of the target
specics” ceological regquirements. as drawn from  iterature and  lield.
knowledge (lastman 20063

Although the fuzzy logic approach to land-use suitability modeling iy
shown to have lower limitations than conventional techniques. the
approach is not without problems. The main difficulty associated with
applying the furzzy logic approach {o land suitability modceling is the fack
ol a delinite method  tor determining  the membership  function
(Malezewski 2004,

3.0  Study Setting, Objectives and Assumptions

Pmcapple is Ghana’s most important non-traditional export horticultural
crop. which has been contributing significantly to forcign exchange
receipts of the countrs since the 1980s (Takane 2004). albeit with several
technmical and  production  constraints  (Donkor  and  Agboka 1997,
Currently . exports of pincapples rom Ghana are primarily destined for the
Furopean market. In absolute terms. however. Ghana's pincapple exports
are far below those of her major competitors Hke Costa Rica and Cote
d'Ivoire tAchuoniel 2003). Consequently. increased and sustained Tuture -
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production ot the crop in Ghana to satisly the export market demands has
alrcady arcused government's interest (Daniclou and Ravry 20035, Ghana
Fxport Promotion Couneil 2008). Meanwhile, the contribution of the crop
to the local cconomy also remains substantially high. with potential tor
future increascs (11151 2006, Alari-Scfa 2007).

So far, pincapple production in Ghana has been concentrated particularls
in thc Nsawam-Aburi corridor {ligure 1) of the Akwapim South
Municipality. amidst increasing land degradation of most production sites
(Attua 1996; 2001, Pal 2003. Kusimi 2008). The increasing market
demands for pincapples continue to push farmers to expand cultivation ol
the crop. even to marginal lands. thus causing further ¢cological
degradation. This degradation could be controlled. however. through
carelud land use planning. with the first step of condueting a multi-criteria
land suitahility asscssment for pincapple cultivation, while giving due
consideration 1o environmental protection,

‘e main objeetive ol our study is to identify the most suitable land areas
for pincapple cultivation while conserving the environment. Another
objective is to identify such suitahle areas in terms of land use/land cover.
as potential sites for locating pincapple farms. Thesc identified arcas: (a)
should practically he changeable in terms of land use/land cover: (h) must
contain the minimum physical requirements lor pincapple cultivation: and
{¢c) must be associated with a hicrarchy of suitability for pincapple
cultivation. Tbese objectives can be achicved through a GIS-hased MCL.

In order to achieve the above objectives, in the context of available
ecospatial data. the following assumptions were made: (a) the present fand
cover pattern is unlikely to change significantly, (b) rainfall is a more
critical climatic factor for pincapple cultivation than temperature and () it
is mmpracticable  to  change  developed  arcas (mainly  built-up
infrastructurce), water bodies (mainly rivers and streams). and roads (or
pincapple cultivation.

40 The Study Area

The study area is the Akwapim South Municipality in the Iastern Region
of Ghuana. Located approximately 23 kilometres from Accra. the national
capital. the study arca hics at the South Eastern part of the Eastern Region.
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between latitude 3N and 338N and Tongitude 0" 07°W and 0°27" W
and covers o land arca of about 303 square kilometres. The Munteipality s
bordered in the North by the Suhum Kraboa-Coaltar and Akwapim North
districts. i the South by the Ga East and Ga West districts and the Tema
Municipal Arca and in the West by the West Akim Municipal (figure 1)
Nsawam, the district capital. s located just 23 km from the national
capital. Accera. According 1o the 2060 population census report. the
Municipality has a population of about 120.000. of which about 70%, arc
farmers.

[he Akwapim South district comprises the Densu Plans. the Ponpan
narrony corge Jnd the Akuapim Togo mountaim range. which rises over
1000 1ot aboye sca-lesel at Aburt. 10 is drained by the Densu River and it
trtbutary rivers and streams, The Densu River itsell s approximately 138
kilometres Tong and takes 1its source from the Atiwa mountain ranges noar
Kibtin the Fastern Region,

The Municipality is covered by two main vegetatton types. the moist seni-
dectduous Torest and the coastal savannah-grassland. The forest oceupies
almost 90%% of the municipal arca, covering the north, west and all of the
arca i the cast. The remaming 10% 1s to the south where coastal shrub
and grassland vegetation dominates. ‘This [orms the transitional zone
between the coastal savannah and the rain forest beit.

Fhe entire municipality falls within (wo distinet chimatic zones: the dry
cquatorial chimate of the south-castern coastal plains and the wet semi-
cquatortal climate {further north Trom the coast. Both climatic zones are
characterieed by o bimodal rainfall regime with different intensitics
thickson and Benneh. T980Y. The major rainy scason begins from May (o
July i the nunor from September o November, Mean annual rainfall is
about St near the coast and inereases northwards to about 1600 mm.
Femperatures are unilormly high throughout the vear. with o mean annual
remperature of about 27°C. March and April are the hottest months (32°C)
while August is the coldest month (23°C).
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5.0 Study Methodology
5.1 Definition and Planning

land suitability for pincapple. as a multi-criteria  decision making
problem. was lormulated based on the local ecolopical knowledee of cight
expert farmers of the crop. as well as the knowledee ol other experts
comprising three agricultural extension olficers, a district agricultural
officer and two representatives of buving and processing companies, all
draown Irom the study arca. Firsthy, the decision making problent was
formulated using the Analvtuical Hicrarchy

Process technique (Saaty 1980 Criteria (as factor and constraint maps)
were selected by g panel ol seven experts and evaluated using GIS
lechnigues. complemented by ficld data and the relevant literature, he
different phases of conducting the study are detwled and schematically
represented in figure 2 helow.
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Figure 2: Data requirements and decision {lowchart for GIS-based multi-
criteria decision making.

5.2 Data Requirement and Sources

The relevant data used in this study were sclected following an in-depth
literaturc revicw, consultation with expert farmers and agriculturists, and
screening among farming communities for which geo-referenced
information was available. The data were multi-disciplinary and included
climatic (annual mean rainfall), topograpbic (slope), pedological (soil
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texture). hydrological (rivers and streams), demographic (population).
transporiation (roads) and land cover data, The climatic data were oblained
from the Ghana Mcteorological Service. Population data of major towns in
the study arca (from the two most recent censuses of the country, 1985 and
2000) were oblained [rom the Ghana Statistical Service. Shape files of soil
tvpes. roads. rivers and strcams were acquired from the SR website
while slope data were obtained by processing a digital elevation model
(DEM) from SRITM (Shuttic Radar Topographic Mission). at a spatial
resolution of 90m. A Landsal 17TM scene (path 193 row 036, 2003
February. 12) was downloaded from the website of the Glohal Land Cover
Facility ol the Uiniversity ot Muaryland wehsite
(http://elcfumiacs.umd.cdu/index.shiml),  All - geo-spatial - data were
projected in ArcGIS 9.3 soltware o a Universal Transyerse Mercator
(LI'PM). Zone 30 North, spheroid WGS84 coordinate system and exported
1o Idrisi (Andes 15.0 edition). lurther data extraction. development and
mapping were donc using the Idrisi software.

5.3 Data Processing and Integration
5.3.1 Land cover data

The acquired Landsat F'EM image was dipitally processed and classificd
to produce 2 current land cover map of the study arca (loare 33 All s
reflective bands ol the image of the study arca (1082 columns x 691 rowsy
were produced by the Maximum likelihood classitication (Pal and Mather
2003y into five Tand cover categorics. Table 1 below shows the land cover
classes used and their respective interpretations.
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Table 1: Land cover classification schome used in elassification of Landsat
Hnagery.

1
Land Cover I Explanation

Predominantly grass and herb
mixture; with or without scattered
trees (0-35 trees/hectare)

Grass-dominated fallow

Moderately dense tree cover with

Tree-dominated fallow herb and bush cover; with or
without close canopy (>15
trees/hectare)

Moderately dense herb/thorny
Ticket vegetation bush with scattered trees (<15
trees/ hectare)

Arable farms either in active

Current cultivation o
cultivation or recently harvested.

Developed  infrastructure  and

Built-up and bare ground exposed soil surfaces

A more reeent Landsat inage ot the study arca could not be tsed because
available mages were significantly covered cither by clouds or stripped.
while use of other high spatallyv-resolved 1mages was curtailed by
prohibitive costs. The accuracy  of classilication was  evaluated b
constructing a classification crror matrix from random reterence samples
of 190 ground control points. An accuracy of 73.7 percent accepted.
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5.3.2 Development of criteria maps (constraints and fuctors}

ln MCE-GES applications. eriteria are evaluated using GIS and. remole
sensing techniques, coupled with field data and literature (Carver 19910,
All eriteria in the form of maps that contribute to achieving u particular
objective ought to be identilied and developed. Traditionally . ertteria maps
arc cither constraint or lactor maps {Imastman 2006). For our study. three
Boolean constraint maps were developed. First. arcas under development
in the form of urban/residential facilitics could not be considered as
potential production siles and were therefore constrained. On o Boolean
scale. all developed arcas were assigned a value of O whilst all others were
assipned a value of 1. To also exclude arcas close to human dwellings
[rom future cultivation. a 300-mecter buller was defined around all
urban/residential arcas {referred 1o as developed constraint). Because the
district is located in a hilly. undulating terrain, soil erosion accompanied
by siltation ol rivers/streams 1s a critical environmental concern (Attua
1996, Water Resources Commuission 20073, To address this concern. two
Boolcan constraint maps were applied. First, all arcas ol slope above 33%
gradient were constrained trom farming. Sceond. a 100-meter butler was
created around all rivers and streams.

In addition to the above constraint maps. seven other criteria maps were
developed. These comprised the current land cover and slope ¢both in
raster lormats) and five vector-based maps - annual mean ranlall. sotl
texture {classified into Nve according to proportions of ¢lay, silt and sand
in samples). rivers and streams (representing supplementary water),
population of major larming communitics (a surrogate 1or fabour
availability and markct accessibility) and roads network {surrogate lor
accessibility to transportation).

[n the subscquent steps. the criteria maps were standardized (o a fuzzy
scale and combined to identity the “most suitable™ sites for cultivation of
pincapple. The combination  procedure  followed  the  conventional
framework for GIS-bascd MCDM (Malczewski 1999), Three key steps
were involved in the combination of the criteria maps, which correspond
10 the three main components of the GIS-MODM sysiem developed within
an IDRISI-GIS cnvironment. These are described under seetions 3.2.3 to
5.2.5 below:
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5.3.3  Standardization of criteria with fuzzy method

Various approaches to prepare comparable and standardized  criterion
maps include  deterministic. probabilistic and  fuzzy approaches (see
Fastman ¢f ¢f. 1993 lor details). The method used lor standardization
fotlows closely that of Corona ¢f ¢f. (2008), The dilferent ertleria maps
were synchronized into comparable measurcable units on a byte scale (0-
235 and standardized to a continuous scale of suitability, using a multi-
criteria Tuzzy membership function (Fastman 2006) and evaluated by
experts. Table 2 below shows the Tuzzy membership functions apphied to
the standardization ot cach lactor map
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Table 2: Fuzzy membership functions used for standardization of criteria
maps

Factor Applied fozzy mewwvership function
Current land use 25
O Iand usa
1 - 3 Fl B classas
Annual mean rainfall 285
o
200 mm 15043 mm
Proximity w supplementary water | 256
sources (rivers and streams)
o} F 4 +
100m 3000m  S000m EOOM
Proximity to roads 286
=3
15km BOkm
Labour avauability
255
[n}
100 1500
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Soil texture sss
a taxturs
1 =z 3 A [ clanses
Slope 255
1]
A0%% FOVa

The adoption of a fuzzy approach to modelling the ecological relationship
between the productive response of a given crop species and single
environmental factors offered a sound alternative to hard classification
methodologies since such relationships are intrinsically characterized by
zones of gradual transition rather than by sharp boundaries (Corona ef al.
2008). Classification approaches based on the fuzzy set theory provide the
closest approximation between classic mathematical precision and the
imprecision of the real world, relatively decrease subjective choices and
increase rational decisions. In this manner, these methods create a conceptual
structure appropriate to decision making (Jiang and Eastman 2000). Since
most environmental factors are continuously variable and spatial
heterogeneous, the continuous classification of suitability was considered
more appropriate in representing the reality than the commonly appiied
discrete measure of suitability.

The advantage of the fuzzy standardization is that it permits a gradual
assessment of the membership of elements in a set with the aid of a
continuous scale of membership (Burrough and McDonnell 1998), valued in
the real unit interval of (0 to 1), where () represents a no suitability situation
and 1 a complete suitability (thus, the environmental factors maich the
ecological requirements of the target land use —an optimum). On a byte scale,
these limits of suitability are expressed as 0 to 255. In our study. fuzzy
membership functions were defined on the byte scale.
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5.3.4 Assignment of weights for standardization of criteria maps

A number of methods for objective asstgnment of weights 1o criteria
applicd in MCI have been proposed (Bastman 19993, In the context of
decision-making. weight assipnment to eriteria maps was carvicd out by an
independent panel ol seven experts. using an Analyte Hicrarchy Process
(ALHP) technique (Eastman 20066). The technique. first proposed by Saaty
(1980). derived a principal cigenvector of reciprocals of pair-wise
comparisons betwecen the criteria, from a 9-point continuous scale {see
FFastman 2006 [or details). The comparisons concern the relative
importance of any two criteria involved in the determination of the
assessment ohjective. where a value ot | suggests the (two criteria
contributing cqually to land suitability. while a value of 2 signilies that
one factor is 1wice more important than another. and so torth. The
consistency between the judgments was evatluated and a ratio of .03 was
achicved (Table 33 which was within (he acceptable range ol < 6,10
(Saaty 1980). This indicated a reasonable level ol consistency in the pair-
wise comparisons (Malezewski 1999).
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Table 3: Pair-wise comparison of weights using AHP for aggregation of
the fuzzy suitability values relative to each criterton

LU LA | AMR | PSW | PR S | ST
LU 1
LA 5 1
AMR 3 1 1
PSW 1 173 1/3 1
PR 3 1 1 3 1
S 173 1/3 1/3 1/3 173 11
ST 1 1 1 3 1 3 1
Consistency ratio = 0.05 (acceptable)

LU = Land use; LA = Labour availability; AMR = Annual mean rainfail;
PWS = Proximity to supplementary water; PR = Proximity to roads;
S = Slope; ST = Soil texture.

2.3.5 Aggregation of standardized criteria maps to final suitability map

Based on the relative importance of cach lactor in contributing to the studv
objective. weights assigned independently by experts to the criteria maps
were used for aggregation of the standardized criteria maps. Table 4 below
shows the cigenvector of respective weights applicd to the respective
critcria maps.
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Table 4: Weights Assigned by Experts for Aggregation of Standardized
Criteria Maps

Criteria Weight
Labour 0.09
Land use 0.22
Rainfall 0.20
River 0.08
Road 0.20
Slope 0.05
Soil 0.17

The WLC technigue within 1dnisi-GIS was used [or aggregation of the
criteria, on a pixel-by-pixel basis. where cach criteria map was multiplied
by 1ts weight and summed. A weighted average was caleulated and the
resultant image multiplicd with the three Boolean constraint maps
{developed. slope and river butler constraints) described under section
5.3.2 to "mask out™ all unsuitablc arcas (Eastman 2006) and gencrate a
potential land suitability map. The potential suitability map was ficld
validated from cxpert farmers’ knowledpe of 70 randomly sclecled sites
which were considered as potentially suitable for pincapple cultivation and
which could be located on the map. An agrcement of 87.8 percent was
found hetween the field information and the suitability map and. therefore.
the final suitability map was produced (figure 5 helow).

5.3.6 Extraction of land suitability area per land use/cover

In the last analytical phasc. the tand suitability compatihie with the current
land usc/cover types of the arca. derived from Landsat imagery (¢l figure
4 helow) was cxtracted. The objective was to provide data on optimal land
sites for allocation for pincapple production among the cligihle land cover
classes ol the study arca. The land cover classes. particularly built-up and
bare grounds. water bodics and higher slopes, whose conversions to
pincapplc cultivation were unlikely, were scl as constrainty of the analysis
(cf. scction 2.2.2). Henec, suitability ¢lasses were assigned only to pixels
{alling within polygons of the following classcs: tree-dominated fallows.



grass-dontinated Tullow s, thickets and carrent farmsy. The bywe-scaled el
fuzzy satabihits map was reclasstfied as follows: pixels assipined
suttability from 1 o just less than 138 as marginally suitable. 130 10 Just
less than 200 as moderately suitable and 200 and more as highly suitable
{FAQ 1976). Using the overlay method (multiplication). maps of cach of
the three suttability levels were combined with cach chigible fand cover
class, using Boolean operations. Suitability class statistics were caleutated
[or cach cligible land cover class according to the three levels of suitability
and reported.

5.3.7 Optimal sites allocation

Delincating  conticunous  arcas ol suttable land  rom the fival fuszs
suilability map meant deciding on which locations should be chosen from
the set of all locations. cach of which has some degree ol suttability. To
achieve this, a consultative meeting ol three expert farmers was arranged
for o decision on an appropriate suitability threshold and the required
minimum land arca for large scale culthvation of pincapple. A suitabiliy
threshold of 200 (on the 0-233 scale) and a minimum land size of 1000
hectares were agreed upon and used Tor a post-aggregation constraimt
mapping of land suitabitity, The procedure follows an iterative analvsis
explained comprehensively in Lastman (2006) and requires that the
following data arce specified: the name of the suitability map (image). the
suitability score threshold to be used. the minimum site size threshold (in
hecetares) and the name for the output image.

6.0  Results and Discussion
6. 1 Land use/Land cover

Figure 4 below shows the land cover map ol the study area derived from
classification of Landsat satellite imagery and Table 5 depicts the arca of
cach land cover. The dominant Jand cover is the grass-dominated faltow.
which covers 17591.04 hectares (43.44 percent of total land cover) the
whilc tree-dominated falow forms the sccond most dominant land cover
of 11611.08 hectares or 28.67 pereent of total land cover,

Current cultivation covered 6922.26 hectares or 17.09 percent of total land
cover and forms the third highest landscape cover, The next exienstve Jand
cover class is the buili-up/bare ground which constitutes 3132.81 hectares
or 7.74 pereent of the total land cover. The least land cover type is the,



70 Ghana Jogrnal of Geographs Vol 2 2010

thicket vegetation which torms 1237.86 hecetares or 3.06 pereent of all land
cover.

ﬂ'M.‘TR VW.V\‘
ST I = en
;
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- - S »
4 2 0 4 & 12
- e Kilom eters
+ Major towns Il Thicket vegetation
Aajor roads
o *urrent cultivation I Tree-dominated fallow I
Bl Euilt-up and bareground —  Grasg-dominated fallow
L 1}
LT ERL Lt

Figure 4: Land cover of the Akwapim South District from classification
of 2003 Landsat ETM" image.



[ and Seitahitinn Assessment lor Pincapple Production

Table 5: Area of Land Cover Classes (in hectares)

Land cover Tatal area (hectares) Percentage

Tree-dominated fallow 11611.08 28.67

Grass-dominated fallow 17591.04 43.44

Current cultivation 6922.26 17.09

Thicket 1237.8¢ 3.06

Buil{-up and bare 3132.81 7.74
ground

TOTAL 40495.05 100.00

6.2 Land Suitability Maps

The final fuzzy land suitability {or pineapple production is reported in
figure 5 and the respective arcas classified as highly suitable, moderaicls
suitable or marginally suitable arc shown in Table 5.

ez iy

raTE =" Tire

— b-raswx

- B vigh : 249

Low : 24
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Figure 5: Final land suitability -map
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The resubt indicates that 38.61 percent (or 13012.65 hectares) ol all
cligible land is highly suitable, 41.65 percent (or 14039.46 hectares) is
moderately suitable and 19.74 pereent (or 6631.27 hectares) is only
marginally suitable for pincapple cultivation.

I'able 5: Land arca at different fevels of suitability

1
l.evel of suitability [ Arca (bectares) fereentase
!
thghis sunabbe 13H2 63 Kol
Moderately suitable ) 1139 46 H.63
Muarginalhy suitable 6n31.27 19.71
TOTAL 3370338 TEHYLO0

6.3 L.and Suitability in Relation to Land Use/Land Cover

Overlay analysis of the land suitability and land usc/land cover maps
provided data on.what proportion of cach land cover is highly suitahle,
moderately suitable or marginally suitahle for pincapple production. The
data as shown in Tahle 6 below suggest that tree-dominated lallows cover
a total of 10886.04 hcectares or 32,16 percent ol all suitable land:
comprising 2884.50 hectares or 8.52 pereent of highly suitable, 7572.33
hectares or 22.37 pereent of moderately suitable and 42921 hectares or
1.27 percent of marginally suitable land.
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Table 6: Total arca (hectares) of Land Use/Cover Types at Ditferent
I.evels of Suitability*

Land cover/land Arca highly Area Area
-And cover/an suitable moderately marginally TOTAL
use {hectares}) suitable suitable
{hectares) {hectares)
Tree-dominated 288450 TR72.33 41921 LI8RG.04
fallow (8.52%) (22.37%) (1.27%) (32.16%)
Girass-dominated 1988.37 11340.84 2184.84 15484.05
falliw (5.87%) {33.41%) (6.45%) (45.73%}
3168 818.82 206.64 1957.14
Thicket (0.09%) (2.42%) (0.61%) (3.12%)
vegetation
¢ 103.41 4871.52 1452.96 6427.89
urrent (0.31%) (14.39%) (4.29%) (18.99%)
cultivation
5007.96 2457351 4273.65 33855.12
1
T - g S <4 100.00%
TOTAL (14.79%) (72.59%) (12.62%) ( )

*Pereentage ol total suitable fand shown in brackets

About 15348405 hectares or 4573 percent of suitable land 18 under grass-
dominated tallows. This consists of 198837 or 3.87 pereent highly
suttable. T1310.84 hectares of 3341 percent moderately suitable and
218484 hectares or 6,45 perecent marginally  suitable land. Thicket
vegetation covers 105714 hectares or 3,12 percent of all suitable land.
comprising 31.68 hectures or 0.09 percent of high suttabilitv. 818.82
heetares or 2.42 percent ol moderate suitability and 206.64 hectares or
0.61 percent of marginal sultability. Arca of suitable land under current
cultivation is 6427.89 hectares or 18.99 pereent of total suitable land arca.
T'his consists of 103.41 hectares or 0.31 percent highly suitable. 48771.52
hectares or 14.39 percent moderately suitable and 1452.96 or 4.29 pereent
marginally suitable arcas.

Comparatively. in terms of potential suitable sites for locating pincapple
farms in the district. grass-dominated fallows were the most important,
followed by arcas of tree-dominated fallows. Land under current
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culiivation was the third most important tand cover suitablc for pincapple
cultivation and thicket vegetation was the least important of all.

6.4 Optimal Sites Allocation

A user's decision to sclect a site for cultivation, as cxplained under
scetion 2.4 above, was based on the degree of tand suitability desired and
the size of contiguous suttable land intended. The anatysis indicates that.
on a continuous [uzzy scale. as the threshold of Jand suitahility required is
tcreased, the size of potential contiguous suitahle fand correspondingly
reduces. and vice-versa. Iigure 6 (a-d) below demonstrates how changing
the suitability threshold while maintaining the same size of mimmum land
requirement cach time. influcnces optimal land allocation.

a. Site allocation at suitability b. Site allocation al suitability
ti:reshold of 100 and minimum land  fthreshold of 150 and minimum land
ze of 1000 hactares size of 1000 hectares

. 4 Y
&~ 4

i Shte allocation at suitability d. Site allocation at sultabillty
threshold of 180 and minimum Iand  [threshold of 200 and minimum lang
Isize of 1000 hectares size of 1000 hectares

Figure 6: Effect of suitability threshold on site allocation

In Agure 6a above. the suitabifity threshold was LOO (o o 0-2535 scale) at a
mintmum land size ol 1000 hectares. The result is that nearly all suitable
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land in the district was cligible for allocation many plots of land. cach
1000 or more heetares. would satisfy the user’s needs. When user land
requirement was defined at an increased suitability of 150 while requiring
the same minimum land size of 1000 hectares. relatively more arcas of
suitable  land became eligible (figure 6b). A further tnerease ol the
suitability threshold to 180 and then 200 at a minimum land size of 1000
hectares in both cases correspondingly reduced further the arca of eligible
land that could be accessed (figures 6¢ and 6d). In a decision-making
context, therefore, a compromise solution is required in the choice of
minimum fand size and degree of land suitability, for the allocation of
potential plots for the cultivation of pineapples.

Summary and Conclusion

In context of a MCPDM-GIS {ramework, suitable arcas of land for the
cultivation of pincapple were cvaluated. ‘The clfectiveness of the
procedure was in threc respects: (a) integration ol multi-disciplinary
spatial data, (b) incorporation of decision makers™ concerns in deriving the
study outcomes and (¢} gencration ol furzy suitabibity maps that arc
Hexible for planning and routine applications. This study demonstrates the
application ol the MCDM approach to addressing the complex decisions
ol mapping the responses of crop spectes to environmental attributes and
physical fimitations of the land. The output fuzzy suitability maps arce
products that can be used as tools by agricultural land managers for
deciston-making. ncluding the zoning of arcas for subsidy support tor
pincapple production,

Mindful that both land qualitics and the aspirations of sociely are
cssentially dvnamic, it is pertinent that Jand suitability analysis is framed
within an ovcrall adaptive approach involving frequent re-evaluation of
information needs and incorporation of multi-disciplinary perspectives of
stukcholders. In this way. land suitability cvaluation will not only respond
appropriately to socicty’s chanping values but also make its application
inore relevant within the context of a changing cnvironment.
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