
'l'ra ns. Iirsl. iliJiln (liographcrr
Vol. l-(. No. l. .lul. lqq3.

Ihi"TROUCTION

Outline o.l' tha pra.\tt1l ittlerndliotnI dareiol\'
nant itIitrrti ct,t;Iutt\irtttuntl itnd use plttnttittg

trt{:ht{)doi()glcs : TIlci"c itrc sL:\/ct'tll itsllce ts ol

thc discussit)l'l in tho arca ()l'land tl-sc planllillg/
land evalua1i11v1 s:1r6llvgrcl in liic: lnst twcnt'l

1'ftrrs. ih:il arc particul:11'li'; i11pr01l'1nt li)r thii

devclopmet:l ot'thissub.icct : Firsl. thc icaliza-

tion that r:valuiliiotl on thc bitsis ol'onc Iitctoi

rlnly' (c.g. r.ttil) is nrit sullicicrlll scc()nd, thc

dcnrand th;tl. l:rttd cvitlr.tatiott sltttuld prcscnt

clevciopmct.tt o1tlio1.t-s atrd ptlte ntiais; third. tlic

6svg[1rprllcol ol ntcthtlds lirr sncrci{ic ilrnd

suitabiliL-v cvaltrittiotl lol tlcl'ini:rl t,vpes tii land

tutilizatioit: itnd li.lLrrtlt. lhc rcllizalion rll thc

nr:cessitl' o1' ccttlogicitl- stlciitl and cctitttlntic
lactrtrs to [tr: intcglatcd lor plitnning pLt{loscs'

Thc i-irnrJ ResrtttlCcs Dcvck.lptnt:tlt Cuntrc

N{ETHODS OII LAND EVALUATION AND LAND TJSE PLANNING
f.CIR RURAT, AREAS : A REVIE1Y

IvlAliKljS KAPI'E1... Punc

AilS l'll-r\tl't: Mchlclrioiilqi:'s anii procctlurcs i:l land cr:lualitlns' as inlcgr;tl pirrls oI land usc

rrlr:;rrirrgIol.rtii:tiareas. 1,131i'5;1!r]cglCrllol)roi()ulldtitltngcsduting:hclq3(i's'l lttlrt'ssurcott

1.,,,i i,r-,.1t.'.,i,';,itig corrnlircs as l'9li'as in itrrli:::ttiilizcil countries alont rlilh lhr i1:r'ti::tsing

r|Plication irlcorl,rq;irttr lt:chnology and thc dcvcloPln{rlt ol nc\\'dala itttcgtalion attd Protcstilttl

". 
r-ltn,s l,il l.lriii tr,"r piant:ilig ptrrposcs rr ill coutt ihtllc tos'ittds a ltrrlitcr tlrllid tlcveloPntcttl r>l lrnd

rrsr 1;i.,rrr;iIi: rrtrlhirdoiogir:: 'l his ;rr:Pcr corttpalts thc l1\'o iqlcrn;tlionallv ('r)rlllll()ll tttcilltris : lltt'

il..\i-t,\ I-antl (';r;rabilitv Svslcnt and ihc I'r\O l'l'antcuork lor i.arrd I:r'alr.ratlol ltrtJ tlcsr'ribt's lhc

ri'crntll ritvclt lx"l c(\t)tl)uler lools for lhe;rnalvsi:: llnd ill!(trrlion r'l clrla lirr llilll !'\:ill:rlitrll irl

t!1e coirlcri i,i ihe. t:i\{) - fftrurcrvork". Aflcl an ill|oclrrcltrrr i>utiirir'. lrrlll ttltllto.ls irrc (l('scril}cd

::lllrriridly irroupti the ldilo\\,illr: poiuls :;r) lill) ot ll)e ntclhoil. b) rrtlgt ol a|ltlicalilrt.c) suhjccl-

11.1rpr..r1.1r. ei ) P':slr i;i icil Pri nci;tlcs. e ) Prt;c< tl lircs anrl l)rr)gICssi() !). t ) ranSlc oi tll:rP scrlt' ;t nd ir Vcl

,ri tlct:lil. F) t\l)c oir ntrPPinU ritr!ls. h) lrnrl usc. i; cril('rir il cliilurttioll. attrl !-) t:alu,rli'rrt

pr.rtcc,Jtrrcs. ,.\11 ase:snl(.i11 r:l ri caknesscs. litrrirali'ttts rtttrl slruttg I'oi;li ' is Iivc!l rrl ilr,'unrl rll i:acil

<lrscripiirrn.

(l-RDC) in Grcat Briurirl c()ncltrdcs l'rrttn it's
pro.icct cxpcricnces thc lirl ltxv ing rr;cltlircmcnLr

tilr a land evilluali()l] \\'hicli c;lll ho [tkr.:lt a\
trcnd indicat0rs.

l. i\4 ul t i- ci i sc ip ! i tt c r .r' it 1t y r xtt' lt

Prcjccts necii t() hitvc iitl'gcr tcams u'ith a

hroirclcr s[--cci;tlizatit)n i]nd tht: irbilitr' t() ('i]rl'y
oul nrorc conlpichc nsivc stiir-l ii's.

2. Abi!itt, Jor u Jlisi tru:tsLortnu!irttt

T'hc trc:ncl q()cs [i)r it r.;tpitl iilcntificatitln tll
di:r,clrtpntcnia I poLcIttilr ls.

j, lnlt -qrutiott

Soc io-tco ttttut ic lltc ttlrs itl I I uctlce Iitncl r.rti I izit -

t ions in rr dccts ivc tvll-t, iLtlrl t licrc li.rtr: llt; cd 1() hc

takcn into itcci)ulll.
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1. Q tut tt t i \tt tit e upproa c lt

Stronge r cntphasis is f aid on quan[iurtivc cvalu-
ation and prcscntation of thc rcsulLs.

5. ltlonitoring

Aspccts oI controll ing implcmcntarion/appl i-
cation rll' thc results ol land cvaluation gain

nrorc importance.

6. Intensilt'

Thc trcnd gocs lor a morc intcnsivc and de-
tailcd anal),sis ol smallcr arcas.

7. Structuring

An clficicnt systcnt ol'data prrocuremcnt and
prohlcnt a nlaysis is rcquircd u,hich prtlvides a

loqical stcp hy stcp approach, able to surantce
a comprcltensibl<; proccdurc.

Tltc ltllklrvinq rcc()tnlltcnclatitrns ol ir urlrk-
shop "Quantiliod land cvalual.ion: nccd l'or
I'urthcr mcthods" arc rcprcsclltalivo irnd vory
inlirrnrative. Thc conlorcltcc was orqanizecl
by thc lntcrnational Soc:icty ol'Soil Scicncc

0SSS) to{:etherwith tho FAO, and rhe lnterna-
tional Instituto lorAcrospacc Survey and Earth
Scicnccs (lTC), in Washinirton, April 1986.

" ( 1) To pr()m()tc thc aclaptation ol-lanclcvalu-
ation proccdLlrcs [o vitriable scalcs. lct,els ol
inlirrmation a nd d i l'l'crcnt uscrs.

(2) To prontotc thc incerrporation ol'local aud
rcgional cxportisc in nratters such a pcsts and
d iscascs. u,orkabiIity oI Iand. cconont ics. risks
and natural hirzanls.

'l'IiANSA(:flONS OIr 
.nlll 

INS',ll'l't,'l'[ oF TNDIA]t OIr (;tjocli^irHl'ilts

Thesc are not adpqulraly aqcounted lirr in lhe
prcscnt QLE and can lre incor]roralcd lry using
tcchniqucs such as oxpcrt systents, inclucling
local Iarmers" cxpgri{rncc, it0d sultistical ntlrd-
cls.

(3) To cncouritgo land cvaluators to incluelc
uscrs, such as plannels and lltrmers, in thc
establ ishnreql ol' gnals,

ob.jcu^tivcs iind relcvant LUTs: during the pro-
ccss rll'Ql.E.

(4) To cne'outgac thc dcvclopnrcnt ol mcthoclc,
that cl'lcctivcly usc incomplctc datir hases,
whilc at thc samc timc allorving lbr ancl cn-
couraqinq thc acq uis it ion it nd incttrpora l.iqru rll'
lclcal data.

(5) 'lir lbster tho clcvclopnlent and usc ol'
clcc:tronic cquipmcltl to girthcr and proccss
clata tirr rluick assessnrcrtt. prohle rn solvirul
irnd application in thc llchl,

(6) Trl e nururasc re scarch on thc r.elationships
irmong land use , larntin{ syslcnls antt sttils irr
order lrl rlcrivc knou,lcrdgc l'lrrnr lirrttrcl.s' cx-
periencc.

(7) To prolnotc thc dil'lusittn ol'land cr,aluA-
tion llroccdures und rcsults [() tarqet Llsors

through cducation ancl domonstration.

(8) To estitblish pcrm;rncnt data collccrion
progritnlmcs lbr (rr) crolltinuous tcsl.ing. irnd
l'ccdhack ol land otaluation rcsult.s, and (b)
monitoring dynamic lirncl charactcristics and
cl ual i tics lirr upda ti ng da t;r lrascs" IBEEK c t u l.
.l9tt7 : 15ttl.

Q[.]; = Quanlil'icd liind cr.'aluation

I-[')-l = L-rnd utilizltiorr tyirc

Irrtt:rnationrI Stricty ol'SoiI Sc:icncc

St i c:hti rrg lirclcnr kllcli n g, W:r ge rr i ngcn.'l-ltc Ncl hcr.l;i nds

Inlcrnatiotlrl Inslitutir till Acr,rsltlr:c Srirr.,ty rind llrrth Sr,ir:ncr:, I:nst'hcdc.'l'hc Nctiret.llrnds.

lrtternrrtiorr;rlsoil I(clcltrncc uncj lnl-ornr:rlion (lr:nlrc, w:rgcningcn,'l-lrr Ncthc-rlrini.ls
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Topics oI othcr conl'orcnccs on land cvalLla-

tion, organizod by the FAO or ISSS togcthcr

u,ith rclcvant organisatitlns rcad as lblklws:
" La nd cvaluation c:ritoria lirr irrigatitln"', 1 c)79.

Romc IFAO 19791, "Land cvaluation stan-

dards liir rainlcd agriculturc". 19t10' Romc.

{FAO 19801, "Land cvaluation lirr lorestry",

l9ti0 Wagcningcn, ILABAN ]9811, "Land

evirlua f ion l or cxtcnsivc erazing", I 983 Addis

Ahirba, ISTDERIUS 1gtJ4l, "Land cvalttatiott

tor land - usc platrnittg and cottscruatirln in

slopin{ Areits", 191J4 Enschcdc' ISIDERIUS
I g,Sil 

l. 
"l-:rncl r.:r,alttatirrn itnd larnting systonls

sr.rrr.'cy". 1t)t)3.

l-lrcsc symposiutns ltavc prtx'ctJ ttl bc qoal-

sctttL)rs sinccr thcY arc gcncrallv (lrganizcd hY

scvcrirI i tttcrttit tittniti Iy rccongizcd inst itutiotls,

One ol thr: rnrtrc rocottt cttttl'crcnccs organized

by ISSSr rvorkshttl'rs itl collttirorittion rvitlt thc

FAO. Agriculturitl Wirgcnincn, STIIICKAl,
tl-Cs, ISRIC", ilnd Gcographical lnstituti: Uni-

vcrsity Utrccltt, k)ok plilcc in Wagonittctt'

l9.Stl, uttclcr thc titlc: "Land quirlitics in spacc

iind timc" ltiOUlvlA ct.al.l9tt9l' Tltc thc-

ntir t ic l'Ocus r,vits . tt cxpcric ttccs rvil h crll'l1pu tc r

s r,rpptlrtccl lit ntl cva I uir t iotr pt'tiqrit ntmcs, Gotl-

graphical Inlortnatiott Systcnls (GlS), and is-

sut:s r)l lcvcls ttl scrtlc ilt'td dctilil. Rcsults itnr-l

rccommcncl:ttions rctcr to issttcs tll'data pro-

cu rcntc nt (guicle I int:s, nlol h()cls, Icvc I ttl'tlcta i['

irpplicirtion ol' rcnlotc scnsinq. atrd itllbrnia-

tion lcchttr.tlogy). developmcut ttI nttldcls

(simutatiorr), utilizittioll and prcsctltittiott ol'

srriI sulvcys. r,'ir riit[r i I i t.v- (rI I' cvit Ittit t irltt - cri tc-

riir). irpplicittiou ol' ittlirrnriltion tcchnolouy

(ct'l'icicncy). tr;rinin!r, ttttcl contntunicatiott

(dtlcumcntit tion).

'fl-IOTVIASSON lel a/. l(),S9: 23()l rccttgttizcs

ma.jor dcvclopmctlt tctldctlcics during thc lirst

tcn vcitrs as:

1. thc rr:cougitiort rtl'thc ttcccssit,v lilr simplc-

tri-ltitnclle . Iarqc clrrthtlgrapltic and tithular
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s01s 0[ data,

2. tho acceptanco tlf thc gcncral usc r-'r[ "land

qualitics'" like rvorkahility or dryness, cor-

rchting closcly 'uvitlt soil ilnd clintatc'

3. thc change tiom singlc to multiplc cvalua-

tion systcms. For cxampfs, l?lnd potcntial

evaluation is rcplaccd by cvaluation oIcrop
sLrirrhility and onvir()nmonla I risks,

4. a shil'ting o['tho targotqr()up or clicnts l ront

larme r/cx tcns io n-u'tl rkc r tttrva rds ptll i t ica I

clccision-makcr.

Thc nrrtst rcccnt dcrvcloptncllts colnprisc mocl-

c I I i ng rl l' conrlll cx I ir ndscitpc phcntlttlcnil ; "cx-

pert modcls" lor lattd cvitlLtittitln using ulcc-

tronic clata pfoccssin{, itnd thcrir intcgrittirtn in

a Gcil.qrirplt ic I n lirrntil t io tr Sys Ict.l.t ( GIS).

N'lost promising is tlte intcgralion ol' [rrrning
systom antaysis u'ith litnd cv;tluittitln in thc

way it has l'rccn dotrc hy FAO and I'[C rccol]tly

IFAO cl rrl. 191)01, 
-l'ltis conccpt coulel lrc thc

basis ltlr il str(ll'lqcI tlrgt:t qrtlull ancl plallninq

oricntatirttt,

1.l]HIi USDA LAND C.\PAI}ILI'TY
SYSI'EVI

Tltc ctltrccpt ol'latld cirpahility \\'its clcvcl()l)ed

during thc 1930s itt tht: USA, but thc widc-

sprcacl adoption ol litnd capahility scltontcs

onl-v bt:gan a I'tcr 1960. J'hc itsscssnrcnt o I lit ttd

capahiIity ittvolvcs il tt cvitIttit tiott tl l'tltc dcgrtrt:

rll lintitatirln p()scd by pcrnlilncllt rlr scnli-

pcnnitllcnt ittlrilltttcs ol' lil ttcl t{) ()llc or lr()l'o
lirncl usc:s. 'l"ltis lnctltod hlts thcrclbrc hcctr

rcl'crrcd to its il "proscrilltivc apprtlach" in

contrast l() il "prcscriptiVc itpllrtlitc:h", lvltich

has tl'tc hcst possiblc trtilizirtiott as iLs go:rl ol

cvaluittiott. rathcr th;ttt thr.: dctcltnillatitln tll'
land usc limitittitlns.

Thc Anrcrican work dtrring tltc 1930s u'its a

rcsp()rlso trl thc scrious soil crtlsiott prrltllcttts

rvhich occ:urrccl thcn, cspccially in tlrc N4icl-
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Wcst. Thc aim ol thc;rppraisal was to exprcss

thc risk of crosion and tti indicatc sustainablc
land uscs. Thc maps wr)rc thus desigucd to
providc an important input to tho lirrmulation
rll'soil clrnscrvation sche mes. Thc proilur-'tiot't

ol'[and c:apabilitir map was e ncouragcd by thi:

incrcasing a\,!'arcncss that convcntional soil

rnaps wcrc not bcing widely used. An early
revieu, t'r[ Amcrican work on land capability,

irsscsslncnt is givcn by HOCKENSMITH itnd

sTEEt-E I r e4el.

The "LISDA - Land Capability Systcnt" rvits

puhlishcd by thc Srlil Conscn,atitln Scn,icc
(SCS) ol thc Unitcil Statcs Asricirlturitl Dc-
parl.mcnt in Scptcmtrcr l9(>i IKLINGEBItTL
at ul. 1961 l. 'Ihc nrcthodolouy u,as tirr.r rcsult
ol dc:cirdc-long cxpcricncc ot thc SCS in
Amcrica, establishing a ncw dcvcli:pmcnt ilt

the t'icld ot'land cvitluation. Thc proci:durc is

thc rclirrc wcl I dcscritlcd in spccia I isl I i lrrraturc

IDAVIDSON 1()8{}: DENT ct a!, i!)ti.ll
t,lUlZING 19S3: HUNDSON 198(;: lrtndon

le84: LUNDGREN 1e7-51.

Thc prilnc ;rim ol tltc rncthotl is lti :tsst:s:; thc

degrce ttl' limitatiott trt lancl uso or p()tontial
inrposcd bv lirnd chirrlcte ristics otr tl.tc hiisis ol'

pcrr.nanorlt propcrties. Thc ntcthorl :tssisLs ir lso.

" ( t) to hclp landorvncr and ollrci's inlcrprct thc

soil mitps.

(2) to introducc Lrscr-( k) tho dctail ol' thc soil
m;rp itscll'.

t3') to make possihlc bt'oad gcncralisations

bascd olt soil potcntials" limitatirlns in

usc. and nlirnil.qcn)ctli ;lrrlhlctits"
II(LINGEBIEL cr al. 1i)(ri : 1 l.

'fhc rangc ol'application lics in thc suitirbility
classil'ic;rtirln ol'it qiven itrca lirr cultivatittn.
grirzing irnrl lirrr:stry. This is dttnc "primarily

on thc hasis ol' thcir cirpirhility to ltrttducc
c()rnn.)()n cullir,;rtccl crops irnd pitsture plants

\vithtlut dertrtriot'itliotl ()vcr it klng pcriod ol

't'ttAN sA gf I oNS oF'ruIl IN STI'i'r l'f|.,, oF IN t)tn N oI (;EocRApH Fltts

timc" [FAo t974:Zl.

Thc USDA mcthod is rrscd worldrviclc, irr

India, in thc Philippines, Malarvi. Pakistan,
Vcnuzucla anil Sorllh-Al-rica. I t's it

monodisr,,:iplinary soil scicncc irpproitch rvith
emphasis on srtil conscrvatiott rrnd rvith con-
s ideration o l' cl ima tiu^ co ndi tions, huI withrtu t

rcqard to cconomic and social aspccls.

Scvcral spccilicd principlcs anrl assumptions
lbrm th,.^ bitsis rtl' 1hc cv:ilLration proccdurc.
s()nrc ol thcnr arc rlutlincd bclorv
IKLINGEBIEL et al, .1961 

:41:

- thc sr.ritability classil.ication is intcrprcling
the clirssilicrrtion hirsccl thc eonrbincd cl-
lbcts rll pcrnliurcnt stlil. cl inr;rtic and lanrJ

chirractcrislics.

- soils ol thc sam0 r:iiprrltility cl;rss irrc ottly
sirlilar in point r-,1'thcir irglicultural limitir-
tions.

- il m()dorirtely high Icvcl ol'rnanagcmont is

aSSLlnlod iitr the p;rrl. ol tltc: litnd trscr. 'l'his

levcl is considcrcil tr: bc' rr:irso rtirhlc' firr thc

ill'lir in t;uc:titltt.

- linliting iircttlrs (str'119's, risk ol lloitclin,,
soluhlc sirlts). techuicirlly lb;rsiblc t() rc-

m(lvc with.ius(if iirbli: cxpcncliturcs, arc n()t

appraiscd as pcrnriurclr( Iitttit;r tktns.

* soils suitablc [brcLllliVirtitln arc irlso a[)pr(]-

prialc lirr othe r hntl uscs Iikc qritsslittitl.

pasiul'c. lilrcst or rviidlil'e.

, tltc ciri:;rlriiity irsscssntr.:nt tll'ir soil ntav be

rc-cvir I uirtc,tl rt l'tct' i ltc irr-lo1l t ion ttl' ulctts u tt:-

mcnts rvhiclt could hclp to clirttinittc ltrcttlrs
ol l intitir tiotts tlurably.

- lactors such its distunr'c to nlu'kct. tyitcs ol

roirrls. sizc and -ch;rlto ()l' th{-) soil itrcls.
locatiort rvithin lit:ltls. itbilill, antl t'(rsource s

ol' inclividual l;rnd u-scrs. ;rnd rriltcr ilspccts
rll' lirnd orvncrsltip irr.c l]()[ [irkctt inttt ac-

c()unt.
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- soils ullsLlitlblc lirrmcchanised l'armincarc
rtot to hc includcd in classcs I-lV.

"Soil nrappine units", having similar charac-
tcristies and luckrrs, arc used as spatial rel'cr-
cncc units. Thcsc arc c(ltlscqucntly soil units.
Accordinq to FAO l1c)742) thc proccdurc is
bascd on thc anah,sis tll intcnsivc soil survcys,
publishcd in thc US on sc;rlcs ol'1 ;20,000 and
1:15.1t40.

Thc USD filothod has thrcc lcvcls in its classi-
l'ica tion structurc.

I . C u pabil it1) c'lrl.t.l

This is thc broadcst eatc-illrry and a total ol
cir.lhtclasses arcdef incdand labcilcd I toVIIl,
indicati nc dcgrcc ol' I imitation.

2. C u ptt b i I i t t, s ultc' I u s's

'I'hcsc suhclasscs inclicatc thc typc ol lintit:r-
tions cncountorcd withitr thc: classcs. [-irniLir-
tions such as an crosional haza rd. r'otltinq zi'xlc
rcstriction, ancl problcnts ol climalc, stonincss,
lorv li:rtility, salinity ()r wctness arc indicirtertl
b1, rr lettersuhscript. Forcxanrplc,class II with
mitlor limitations imposccl by cxccss tvaLcr
irnd clirnirIic characteristics is indicirtr:cl irs

llrvc.
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3. Cupubliq, unit

this is a suhciivision ol thc su['rclllss. Lanr-l iu
onc capabilitv unit r:l*rrly includcs ntany clil-
lbrcnt soils hut has littlc vitriation in dcqrec
and lypc ol' linritation to lirnd usr.:. br:t in
adclition is srrit:rtrlc lirr simitar crops undcr
similar l'arm and ntitnitgcntcnt schcmcs. Thc
yicld rangc ol'crops rvithin capability units irr

such circumslintccs shor-rld not Lrc grcirtcr than
25 pcr ccnl IDAVIDSON l9i)/;5191.

Thc USDA systcm dcl'inc-s ptltcrrtials lirr a

rangc o[ land uscs. ralhcr thcn spceilic and
cxactly de l'ined land uscs.

Thc "hettcr" il land unit thc nt()re \/ilriahlc iLs

lirtrtl use potcntial. Ar*rs r.ll cl:rss (l) arc
possihlc lirr ull uscs. rvlicrc class (VIll) is
uscirblc lirr tvikllilc. Altogctlrcr cight lancl

clirsscs arc clil'lcrcrttialcd accorcling to thcir
Iinrit;rtion-\, dcscribcd thortrnulrIy irr the liantl-
book I Kl-lNGEIlliiLct. al. 1 9(r l :(r l. 

-fhc [rricl
sLrmniary ol thcsc clirssc:s irs prrtvitlcd lty
YOI.JNG 11973:1"11 is qiyi.rtt |clgrv.

Noic that classcs I to IV arc cullivublc u,hile
thc lcntaining clirs-\cs ilrc not.

Tablc I

TJSDA CAPABILIT'Y IiY.\Lt.lA'rlON STIIUCTTJRE IDENI' ET AI-.198t: l3l]

Capahility, Class Capabilitv
suhclass

Cirpatrilitl,
unit

Soil rn;rppinr
unit

;t rir blc

a ra blc

a rirblc

l ra trlr:

rto n-a ra blt:

non-a ra blc

nrltt-a ra bk'

I

Il _*-_>
III
IV

VI

vil

IJr. '_->
I Irv

lls

Iic
I Irvc

c[C

P sr: rirrs

Q scrics

R srrritrs

Ili:- |

llc-2

llc-3

c [('
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'l'uble 2

INTENSITY OF LAND USE AND LAND CAPABILITY CLASSES

Vcry intcnse cultivatiot'l

I ntcnsivc cultivati()n

Moclcratc eultivittion

Litnitccleultivation

lntensive grazirtg

Mudcratc grazing

Limitcd grazing

F()rcstry

wildlitb

VIII VII VI V IV JII II 1

Cllss I

Clirss ll

CIass lll

Class IV

Class V

Soilswith tbrv limitations that

rcstrict thcir usc.

Soils rvith somc limilittions
that rcd ucs thc clttlice o l'1lla n[s

or rcquirc mrldcrirtc conscr-
vatiort prirctices.

Soils witlt scvcro Iimiurtiolts
thlt rctiuco thc cltoicc ttf plirnls

or rcquirc spccial conscn/it-

tiolt praclic:cs, tlr botlt.

Soils with vcry scvclc lintita-
tions tltat restrict thc choicc

ol'planLs. rccluirc vcrY carclul
managcmcnt, or both.

Soils rvith littlc or no crtlsiolt
Ir:rztrrd. but u'ith other lintitit-
tions itnltr;tctical trl rcm()vc.

thzrt liniit tltt:ir ttsc litrtlcl,v ttt

pastul'c. rirngc. rvoodlitud or

ivildlil'c lirod itntl covcr (in
prirctic:c thi,s class is mainlY

rrscd litr le1rgl vnllcy-tltlt)l'
lands that arc swttnlpY orsull-

.lcct lo l)'cqucnt llootling).

Class VI Soils rvith vcry scvr: rc lirnita-
tions that nr;rkt: thcnt gcncr-

ally unsr-ritcd to cultivation
;rnd limit thcir usc t0 p:Ntule
oI rilngc. rvotldland or u,ild-
Iitc.

Class VII Soils with YCry scvcrrc lirnita-
tions that nrakr-r thcnt unsuitocl

to cul tiva titlrt a nd rcstrict their
usc largcly t() llritzin!1. wttod-
lirnd or rvildlil'c.

Class VllI Soils and landlirrnls u'ith
I inti tat iLrns that prccl udc thc.ir

usc lirr comtncrci;tl plir nt pro-
tluctiou attd rcstrict it trt rcc-
1c;11 ir)n, u,iltllil'c, w'atcr sup-

lrly rtr acsthctic purposcs.

Pcrm;rncnt limitatiolts and vic:ld pittcnti:tl itrc
thc critcria uscd to cvitlLl,lto it givcll itrcit lor its
susLrinitblc aqricultural sttitirhilil),. -l-hc li)l-
Iowing linritations itt tltc scnst: ol alt itnpair-
mcnt to agricultural uso in.c hcing cottsidcrccl.

'lhc prrccdurc hcgitts rvitlt ir dcl'inititln and

doscription r.rl'land uttit.s. Fttr oitc:h litnd unit
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'l'lble 3

I-IMITATION AND INDICATORS IN T}IE USDA SYSTEM
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Limitation (subclass) lnd icltors

tl risk ol crosiolt

w cxccss o[ waler

s ro<ll rr:slrir:tiorr

c cl inra tic: contlitions

crcdibility
prcvious dl rrragc

inrPaircd soil drainauc

rvalt:r lclgging

hiqh watcr tal)lc

Uood

sltallorvrrcss ol' soi I

sloll(:s

kxv rvalt:r lrokliug capacity

Iow tcrtility (1;crnra nr:nl)

sa li rtizu t iorr/sod iu rn

krrttpcnr Ittru

nloislurc dcl it,irrrcy

lu nulrc rcec:nl sludics additionalcriir:ria nlay bc uscd

limitatirxr lactors arc s0lcctod itnd cvaluiltcd
accodins to thcir charactcristics. '[hc rcsults
arc lhcn c()n.lpitrcd rvith a conversion tablc
which c()nlilins valuc lirniLs lirr cach land usc
class. Land units arc so assingcrl ttt a capirhil-
ity class. Thc rosults arc prcscntctl in nraps
along rvith ,t c()mrncntirry on soil conditktn.

Thc USDA concept has bccn intcrnationally
acccptcd to thc cxtcnt that ()thcr nrchtrlds,likc
thc "FAO ll'trmcrvttrk" brtrrou,cd lar{c pirrts ul'
it. A numhcr of countrics r.lcvclupcd national
mcthods that dircctly havc thcir oriqin in thc
USDA proccclurc.

Thc nrcthr.td is not up lo datc :rny ntrlrc. Thc
USDA has already dcvclopctl a now systcnl,
"Aqric:ultur;rl Land Evaluution ;rncl Sitc As-
scssnlcnl Svstctn" (LESr\), thouqh it is uscd
so l:lr ()niy in thc USA. In this c()ntcxl
DAVIDSON [] 982:G2.6lsays rhc tirilowinq:

"ln csscncc thc systcm lacks a lirm ccoltlqical
lirunclirtion in contrast to nl()rc rcecnt schcmcs
ol landcvaIuatir)n"'. Thcpurc rnono-diciplinary
approach logcthcr with a conl'incd ohjcctivc
lorvitrd-s afltblc and non-irrltrlc arcas with.ut
cttnsidcratiorr ol- cultivablc plants consirlcr-
ablli rcstricts thc nlcilnillgl'rrlncss ol' tlris
mcrhod, McRAE lct.al. I <)ti I :it3l prcscnt.s iln
inlitnnativc list ol' itdvantiltos antl clisatlvan-
tagos:

Advantagcs ol' Lhc TJSDA rrrcthorl :

- classilicatiun is rclativcly casy to undcr-
sLrnd;

- qufllitativc ilppr()lrch corrcspttntls rvitlr
today's I i mi tcd k norv lcdgc ir [ro u t sr,r illcnv i-
ronnrcnt/plant inlcrilcti0n;

- vcrsal.ilc. bccar.rsc cirsy ad.justrncnt.s to loc:al
conditions possihlc:
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- citsy irpplicability by cxpcrts its rvcll as

tcchnicians;

- gcncral suitahility c','aluatitln ri,'itlt clcitr

clil'tercntiation oI cuitivatrlc itnd tion-culti-

vahl0 itrL)asl

- ctnlhasis on pr-rssiblc ncgativc litnd use

cllccts sullports stlil c0nscrvatiott aspects;

- rcsults citu bc rcprrcscntcd casily and cleitrly

in ntirps:

- broitd application in iltdustrialized and clc-

vclo1t inq t'otttttrics.

Disitdr,;tntagcs ot' the USDA mcthtlcl:

- cncr)uritgcs srth.icctivity;

- irt{crirctit)ns hctwccn I'acttlrs arc ilot tilken

ittttl itccottttt:

- tl il'lcrcntiation into ciglttclasscs is ttlo initr:-

c Ll rit [() I

- clirssi[ieitlion portrays;tri uttrcllcctcd evalu-

ation rtl' thc truc vttluc rll :t11 ilica:

- suitability lirr spccil'ic croprs is not takcn

inl.o uccount:

- sttc ir.l -c:ct)tlo Il1 ic I it cto rs il rc n() t r-:tl ns icl crcd ;

- ncgalive cvalulttion mity disctlttritqtr in-

volvcd lttrmorsl

- tirking rtvc:r st.ril uttii l'rotrt avitililllli-l s<lil

milps tts itrca uttiLs is instrllicicnt.

Duc to thc litrgc scirlc:. rr:tluitcnlcnls tlll data

:rcluisitiou ntity bc: cpritc high, altlthough crite -

ria irrc possillle trl llc ass(:sstrcl in thc ['icltl

rv i t htl u t t()( ) lllit lly tcchtticir I rctl tt i rcntc tt ts.'l'hc

proecciurc itrctl is clcscribcd in detail atlcl

rcltrtivcl)' crils)/ tL) handlc so tltitt tintc is not tln

irlrp()rtit nt l actrlr lbr tltc i tnntcd iittc cva l uit tiott

prrlccr-lure . Ottc pcrson trttittcd in soil scicrttco

is sr,rll'icictrt t() cillrY otrt illl cvrtltultitln'

'lltc citsv tlil'l'crcntiir tirln ol'thc srritability

.qr()ups in c:ultivitblc ittlr.l tlott-cultir ittlle itrcits

I'ltANSA( l'l lONS OF'l'l ll;, INS I l i Li'tr'l: OIr Il'l l )lAN (iir ()11(X;liAl'l lLll(S

is sr-rllicicnt onl), lor striltegv plttttninu. Allor-
native lilrnts tll l;tttcl utili.zation ill'c ll()t titkcn

into acc()unl helicc plitnnittg optitltrs arc n()t

providccl.

DENT let iLl. lt)li1:1371 vicu's thc USDA

s!'stcrn ils vcry allpropriittt: lor l'arm plannin-{.

I{c dividcs thc prtlcctlttrc inttl scvctt stcps:

(1) tlecidc upotl tilc aritblc land

(2) add land lirr gti:zirig, woodlatirl ctc.

(3) il'nrit illreiiLlY tltcrc, locatc ilic ccntritl

sorvicc pttirti

(.1)loc:a tc rvit te r supplics 1u'clls' borchtllcs,

chzrnltcls. wcirs)

(5; sct out tltc lltrttt scrvicu ttt:td

1 5)sc L o r.r t nrit j r-r r co lt-'c tv; t L itl ti rvtlr k ( s io rlll
ilt ir itts. \\'il l,t I\\';l Ys )

(7) iLlenlily iit otrllittc bunris or tlthcr soil

e() nsc f \/2r Ii() lt tvt lrks rv h ich tltc l tt tntr:r cou-

strllcts hintstlt'."

The USDA tncthotl is cur[rinly r'rscti lirr this

prlrposc. lltrl that 1[111'5, 1]r)t ttteittt thirt it i:
nccessaril-v tlcstincd lirr it. Espcciallv lirr lirrnl

planninu us the ntost inttlt.tsc: lirrm tll litt'ttl ttstr

planning cxact stiltcllicllts ill)otlt l'icld crtlirs.

cro1.l t'rt[ttiott. thcir rvitlcr rciluircnlonLs, ctc..

arc t.tcctlccl. On this lcvcl tll'plittrtlili!l cctt-

nonric consiclcrir ti()tts irrc otrliqltti-lry' sit-tcc lirr

thc Iarttrcr prol'it t-ttitxitliztion rvill bc an im-

portirnt tnaxint tll'cltoice . 'l'lto irirsic t1t'tcstiott

shtlulel tlturulirtc bc tvhich cultivablc piattts

ir ttd I it rttl i tl g systct.tts it rc cco loqicitl l,v it nd crco-

norrticirIIy'suititblc, rirtltr.lr thtrtl r,' hich arcas ar!)

gcnc r;rl I y s uitatrlc lirr rt t ithlc: irgricul ture.

2.'I'I{E }'AO FRAN'It'WOItK FOR
I-AND IiVALTJATION

ln thc ctrrly 7()s uttclt:r tltc ovcritll crllttrtll ot'thc

FAO and rr,itl.t itttt:rtrittiottilI ctlrlpcrittitlll, cs-

pcciirlly thc Nctltcrlittrr.ls. Clcirt Britit itt, ltnd
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tltc USA, eflirrts wcrc undertaken to consoli- 3)
datc methods o lland o,al uation IBRINKMAN
ct.al. 1t)73]. Thisivorklead to n lramcconcept
namcd " Framcu,rtrk lor Iand evaluation" I FAO
191(tl.

Mcanwhile the Framework might be thc most
used land cvaluation proccdure.

The range of application possibilitics is very
brtlad and covcrs many areas of human
rescourcc demands. Many examplcs ol'appli-
cations can bc lirund in thc litcraturc, although
it is ol'tcn not L-loar it thc pttstulated usc ol'the
FAO proccdure has always bcen lbllowed
accordins to iLs principles. Likcwise there are

a sood number ol dcscriplions ol thc proce-
dure in its dift'erentvariations available: BEEK
let al. 1e87] BENEMMA [19781, BOUMA
et ul. 1979), YOUNG fat ul.1977), BOHLIN

[et al. lL)811, DAVIDSON Ii980:3(r], FAO

11915:791, SIDERIUS 11984119861, SYS

[1986], LANDON [19t]4land THALEN [ct ai.
1 e8sl.

The Framcw()rk aims at il suitability cvalua-
tion ol'dil'lcrcnt (altcrnative) lancl uscs lor an
alca. Thcrcby previriling intoractions and

lcvcl ol tcchnology arc laken into account. A
multidisciplinary approach is propagatcd.

The mcthocloloul, is bascd on six principles:
DAVIDSON [1992:f]01

"1) Land suitability is assessed and classilicd
in relation to particular land uscs.

This principle rccortsizcs that land uses

vary in thcir rcquircrnonts so that a licld
highly suitablc ltir one crop maybe unsuit-
ablc lbr another.

2) Evaluation rcquires a contparison o[ the

inpu Ls a nd outiru Lsncoded on diI tbrcnt types

ol land. This could hc donc by comparinu
thc costs ol'production with thc ccrlnomic
rcturns of dittbrent typcs ol land.

4)

6l

A multidisiplinary approach is rcquuirccl.
Contrihutions liom such spcci;tlists as

crop cccllogis ts, agrotlom ists, pcdologists,
climatolocists, cconomists und sociokt-
gisls are nccessary in ordcr to ntake a

comprchensivo and sound asscssmcnt ttf
land suitability lbr a specified use .

The evaluation is madc with caretul rel'er-
cnco to the physical, ec()nomir: and social
contcxt of the area undcr investigation. lt
is lairly ohious thatany land use proposals
have tr-r bc realistic lbr an arca. It is
imporl.ant to take into account such
Iactors as cost ol availablc labour and
skills o[ the labour lbrcc.

5) Suitability rcfers to use on a sustained
basis. The prtlposod usc of land must not
result in its degradation through proccsscs
such as wincl crosion. water erosiun or
saliniza tion-

(, Dift'crcnt kinds ol'land usc, arc comparecl
on a simplc cconomic basis. This mcans
that the suitability lirr circh use is assessctl
by comparing thc virluc ol thc uoods pro-
duced tcl the cost ol productittn."

Tho Framcwork distinguishcs two dil't'crcnt
strategics: [n thc parirllcl approach, acquistion
and analysis ol bio-physic:rl and socio-eco-
nomic tlata may bc done sinrulta ncously, whilc
in thc two stagc approach, a qualitativc Iand
suitability classilication is lirllerwcd by an
cconomic and soical anllysis. Figurc 3 show's
thesc two appmaches. ['hc dottcd linc from
"Qualitalive land classil'icati( )n" trl " Plannins
decision" indicates a short cut oltcn uscd in
practice.

Thc procedurc is outlinccl hir thc lbllowing
nrain activitics:

- dcciding on tl'rc objcctivr: ol'thc study and
on datir and irssurnptions ol.r thc basis ol'
wltich thc cvaluatitln is ntadc.
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Figure 3: Two-stage and parallel approaches to land evaluation

Two - stage aPProach

INITIAL CONSULTATTONS

Parallel aPProach

Basic: survey

Qualitative land classitication

Econornic and social analYsis

Qua ntitative classifica tiort

Source: FAO 1976:7

- describing land utilizrtion types, to be stud-

ied, the land use requirements and limita-

tions

- describing land unit and selection of rel-

evant land qual ities (attributes of land which

can be measured or estimated).

- comparisonof the proposed land utilization

types with Present land use.

- economic and social analYsis.

- presentirtion ol results.

Their stages of intensity are distinguished

which usually also indicate themappingscales

[source:FAO 1976:52).

- R""c,nrruissance level (1:500'000 -

1:120.000)

Surveys of land resources anddevelopment

potentials at national level beldng to this

clegree of detail. The economic analysis

' remains very general. The land suitability
classilication is a qualiutive one. The

stucly is mostly based on satellite dala'

- Semi-detailed level (1:100'000 - 1:30.000)

More accurate objectives like feasibility

studies are possible' Economic analysis are

Basic: survey

Qualitative aud Econotnitr

quantitaive and social

classiticatiot anlaYsis

Planning decisions

tar more importnnt than in the previous

level. The land suitability classification is

generally expressed in quantitative terms'

Mostly air photographs are utilized with

a greater fieldwork componenl

- Detailed level (1:25.000 - 1:30'000)

Here precise field surveys are essential,

often 
-on 

farm-lcvel or tbr project imple-

mentfltion.

Resuls oIthe physical ressourcesurvey which

is commonly a soil or soil-landtbrm survey is

presented in the torm of " [;tnd mapping units"

as spatiat ret'erences. Thcoretically possible ft

also ttre selection of mapping units which

more closely refer to the kind of land uliliza-

tion, like "management units"'

Because the Framework is a procedure for

spacific land suitability c{assifictrtion the de-

scription of the type of land use to be evalu-

ated, is consideretl as zrn essential element of

the study. A distincition is made between two

types ol land use:

- Ma,ior kind of land use : Major subdivision

of ruial lanrl use, tor example raintbd agricul-

ture, irrigaterJ lantl, pasturc land, tbrestry or

re crcittitln.
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- Land utilizution type (LUT): Form of land land resources (e.g. slope, precipitation, soil
use described in greater detail [FAO L9761. texture, salt content).

The decision which type is used depends on
the onjectives and level ol deuail. Land utili-
z-ation lypes are described not only in terms of
ilr'tual land uses or crops, but also with ret'er-

enee to such lactors as type of market orienta-
tion (subsitencc 0r commercial production),
capitaI intensity, labour intensity, technology
employed, intiastructure requirements, size
antl 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 raintbd annual cropping based on
groundnuls with subsistence maize, by
small holders with low capital resources,
ming cattle-drawn implements, with high
labour intensity, on tieehold tarms of 5 -

10 ha.

It is also possible to describe multiple land
utiliz-ation typcs with ditlerent uses co-exist-
ing together and compound utilization types
with uses ditlbrent areas of land within the

same functional unit-a mixed tarm with both
arablc and pasture.

Another pecularity conccrns the criteria of
evaluzrtion, lor u,hich complex factors are

preterred. They are in general more meaning-
ful for an evaluation as they are also able to
represent interactions between single param-

ete.rs. The Framework distinguishes

- Land qualit,v (site lactor)

A compiex ;rttributc. dircctiy rclated to a spe-

cilic kind ol land use and asscssed by tand

cha racteristics (e. g. risk rt l' eros itln. rvater ava il -

atrility, risk oI tlooding).

- Ltnd characteristics

A parameter (and attribute) which can be

measured or estimated, used lor mapping of

For evaluation, the land use requirements are

compared with the land qualities whereby
various description and evaluation tables (ccln-
version tablcs) 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
degree of limitation posed by a particular
land characteristic;

- tables ol'the results of evaluation per land
mapping unit

The FAO Framcwork does not give any rec-
ommendations concerni ng weighting of eval u-
ation tactors. Limitvalues are only mentioned
examplary in some guidelines [FAO 1983i
1984/198s1.

The Framcwork recommends a quantitittive or
at least semi-quantitative presentation of re-
sults pret'erred are economic dimensions. It is
important to dift-erentiate between currentsuit-
ability and polential suitability. The lbrmer
describes the suitability lbr a defined land use

under the current condition of the site without
greater improvemenls. The secontl variant tzrkes

eft-ecs of investmenls or other measurements
(terracing, drainage) into account. Necessary
specitications ol suitability lbr planning pur-
poses are thereby possible.

The resul[s of the land suitahility classifica-
tion are given in fbur categories, representing
levcls of decreasing generalization [FAO
1976:21):

1 L-rnd suitability orders retlccting kinds of
suitability

2 krnd suitabilify classos retlccting clegrce of



64

suitability within ordcrs

3 Lrnd suitattility subclasses rcflecting kinds
of limitation, or main kinds of imporvcment
mcasures required, within classcs

;l Land suitability units rellecting minor dif-
t'erenccs in requircd managemcnt ri,ithin
subclasses

At the order level an assessmenl is made as to

whether the land is suitable (S) or not (N) tor
susLained usc ol'the kind under consideraticln
and yielding bcnclits rvhich justily thc
inpus. Classes ind icate thc degrce ol' suitabil-
itv-up to a maximum cll fivc. Subclasses

incicate thc typc ol'limitation and arc repre-

sented lry lowcr-casc Iotters, ltlr cxamplc S2M
Ior suitablc land ol'class 2 rvith thc spccitic
lirnitation ol moisture availability. The most
deta iled lovcl in the classilication hierarchy is

thc unit. UniLs vary in their production char-
acteristics or in minor aspccts ol thcir manage-

ment rcquirements. This lcvel in thc structure
is designcd to be applicable to individual
larms. Units arc indicated by arabic numcrals,
cg S2m-1. S2m-2, etc.

A land suitahility rcport based on the FAO
Framcwork should uivc dctails altont thc lol-
lorving points:

1 thc physical, social and ecrlnotnic contcxt
as rvcll as backgrounil daUr and assump-
tions in thc approach

2 description ol'land utilizatiorr types or ma-

.jor kinds of land usc

3 maps, tablcs and cxplanatory text shorving
dcgrecs o lsuitablility ol'land nrappinu units

4 manaqcmcnt and inrprovement spccifica-
tions lirr cach laud utilization !ype rvith
respe ct to cach kind ol'land uscconsidcrcd,
togcthcr with thc diaqnostic: critcria

5 cctlnomic and stlcial analysis tll the consc-
qucnccs of lhc variolrs kinds ol' land use

considcrcd

I'IIANSACI'I ONS OI.'t[IE I N S'I'ITI.] T'Ti OF I N D I AN OIT GIIOC ITAI'I I IJI{S

6 the hasic data and maps tiom which the

evaluation was cstimates.

The relcvance and quality of thc Framcwork is
unqucstionatrle. Rcnowncd ins ti tu tcs like lTC,
STIBOKAand LRD are using thc Framervork
in their proiects as wcll as lirr training pur-
poses. Many examples ot applications can be

tbund worldwidc and in thc meanrvhile it may
rcprescnt the most recognizcrl methodology
tbr an objective-oricnted lancl suitability clas-
sification. The methocl is widely sprcad in
eastern and southern Al'rica (Botswuna, Ethio-
pia, Kenia, Mosambiqus, Tansaniit and
Samhia) [FAO 198(rl and in southeast Asia
(lndonesia, Philippines) [HUIZING
1 98(r: 1 ,10 |.

Advantagcs ol' thc Fritmcrvork arc:

* clear and rclntivcly r:onclusive conccpl ol:

principlcs and proccdLrtc;

- tlexibility of thc approach allowing and

even rcquiring rcgional adiustrnents;

- widc application tbr clil't'crent kincls ol land

use nnd various mapping scalcs. until the

uvirluation tll thc actuirlland usc;

- orientatiun torvards an r:valuation o[ com-
plcx lac:tors u,ith rcspcct to spccilic land
utilization types;

- (at least theorctically) intcsration of all land

usc aspeL:ts but alstl tcchnok-rgical and so-

cial influcnccsl

- spacirlus and furthcr cxpitnding dttcumcn-
tation with milny cxamples is availahlc;

- althogethcr, apprrtach itnd prrtccdure ve ry

relcvant fbr planning purp()ses:

Although thcorctic:rlly providcd tbr, social

and cconomic considcrations arc ol'tcn lc[t out
with the cxplanation that this is a task of a

tbllowing furthcr stcp ol analysis. It is qucs-

tionable it'this wcakncss should bc itttributcd
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to thc method itscll or te a det'icient applica-
titln.

The procedurc secms to be unsuitablc lbr the
sclection tl f' na tural rcscrvcs (ccol ogicall y cn-
dangcrcd t)rt)thcr naturalareas to hc protcctcd)
bccausc of iLs production oricntatittn.

Thc conccpt is principally designcd for appli-
cation in developing countrics although in-
elustrializcrl countries arc also included hy the
FAo IBEEK 1e84:2791.

Recluiremcnls on time and linanccs depcnd
Oss(j ntially on acL:uracy and scale ol'the study.
No rcliablc de tails can bc givcn but it may be
statcd that a rclatrvcly high Icvcl ol- cxpcrlise
is rcquirecl that usually involvcs highcr codts.

3. RECENTLY DEVELOPED
CO]VIPUTER TOOI.,S FOR DATA
ANALYSIS AND INTEGRATION FOR
LAND USE PLANNING PURPOSES

Relational Databases

Tho nc:cessity to handlc greatamounts of clata,

to sct up voluminous tables and tcl do many
rccurrcnt calculalions lcad to thc ktgic devcl-
oprncntal of clcctronic da[r proccssing. With
relational databirscs lbr cxamplc it is norv
possiblo to storc. retrict,e and manipulatc land
rcsourcc. la nd cover/usc, Iarnting systcms ancl

socio-economicda t;t. A database structurewith
basc [rhles linked by "common liclds" lircili-
tatcs substantially the analysis and intcgratiorr
ol data w,ith inli:rmation that is ol- dircct rcl-
cvanco lbr thc dcvcktpmcnt of land use sys-
tcms. Data can bc stored rvithout. prior aggre-
gation (original tlata c'.9. slopc stccpncss, soil
deplh or lirrnr sizc as tlbtained in thc licld are
storcd rirthcr thirn slopc class, soil dcpth class
or l:rrm size cliLss). lf lrccessirrl,, aqgrcgilti()n
ol thc orieinai data into classcs can bc done in
thc databasc ilsel l' antl ucw nlorc rclcvant
classcs can casily hc nr;rdc. in casc standard
classif icatillts itrc not satistactorv. T'his is
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possible hecausc thc original dat:r is dircctty
accessihle inthcdatzrhase IHUIZING 7992:42].

GEOGRAPHTC I I{FORMATION
SYSTEM

ln thc reccnt past therc has hcen crlnsidcrabic
scientilic ancl commcrcial dcvcktpmcnt ol'
geographic inlbrmation sysrcms (GIS). Thc
advantases ol GIS aro its capability to permit
easy updatc ol' inlbrmation and to prescnt
results in fclrms rcquircd by uscrs. lt can
climinatc data integral.ion problcms that arc
causccl by thc dil'l'crent qcographic units to
rvhich dil-['ercnt data sets arc rclatcd. Crossinq
ancl ovcrlaying ol maps with dill'crent map-
ping unils bccomcs an casy task (c.g. soil,
agro-cl imatc, lartd use, w,atorshcd, and dis-
trict/village maps). Disurncc modules allow
thc asscssment rtl' intcractions ol (potcntial)
land uscs, physical infrasl.ructurc and markcLs.
Prime advantascs ol-GIS irrc also iLs rapidity
and quality, c.g. by Digiurl Tcrrain Motlcls
(DTM), ol' its displav and map procluction
trrcilitics.

MODELS

In thc tield ol land cvaluatior.r various crop
prcdictiug modcls huvc bccn devcloped. Trvo
main types ol'modcls arc availatrlc:

- Enrpirical or cxpcrt ntrldcls; and

- Sinrulaliott, dynantic ()r proccss modcls.

Empcrical or cxpcrt nrodels usc dccision rulcs
bascd on gcncral ancl local cxpcrt knorvlcrJgc.
Examples o1'such modcls arc:

- I-ECS (Land Evalual.ion Contputer Sys-
tem) rvas dcvclrpcd in I983

by WOOd fct ul. 1983lwithin rhc FAO pro.jcct
"Land resourccs cvalutrtitin rvith cnrphasis on
oul.er islands pro.ject Indoncsia." It contains
ilecision rulcs bascd tru local ctlnditions and
may ncccl substantial nrodil'ications rvhcn
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LECS is used in other areas.

- ALES (Automated [-and Evaluation Sys-

tem) was developed at the Agricultural
Department Comell 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
knowedgeand canbe described as an"empty
box" with menus through which this

knowldge can be stored, retrieved and ed-

ited. ALES from version 2.l onrvards is

available as commercial software.

Simulation or dynarnic models are based on

known (plant growth, soil, hydrological) pro-

cesses. These models are, in gencral, 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 oflen subtantive data for their
calibration and validation. Examples tlf such

models are:

- ALMANAC was developed at the Grass-

land Soil and Water Research [-aboratory at

Temple, Texas [ALLAN JONES et.al 19871.

This model simulates such processes as soil
temperature regime, hydrology, erosion,

nutrientcycling, and crop growth and yield.
The overall package is designed to assist

with general agricultural management.

Thc simulation ol'crop grclwth bascd on

geno-type specific coefficients which de-

scribe diffbrences in growth of variclus crops

and crop cultivars.

- WOFOST (acronym tbr World Food Stud-
ies) has been developed at the Centre tbr
World Food Studies in Wageningen, The

Netherlands [KEULEN VAN et.al. 19861.

TRANSACTIONS OF THE INSTITUTE OF INDIAN OF'GE,OGRAPHEIIS

Similar to ALMAI.IAC it modeis the growth
and production of annual crops according
to crop species, soil type , hydrologic condi-
tions and weather during the growing sea-

son from emcrgence to maturity. Although
WOFOST is generally recognized as a sci-

entifically elegant crop simulation modei,

DIEPEN [et.al 1989] point out thc limita-
tions of the assumptions and simulation
procedure, for example the timc resolution
of one day is inadequale in dcaling with
infiltration of runoff.

Another negative point is the tremcndous

data requirement of the pro-qramme.

- CRIES (Comprehensive Resource lnven-
tory and Evaluation System) developed at

Michigan State University, has two main
menus, a geographical information system

and an agro-economic inlbrmation system.

The merit of this packageis the integration
of GIS capabilities with modelling. Usc ol

the yield module within CRIES allorvs

prediction tbr thirty dilTerent crops. Datzt

requirements incl ude tempertrture, precipi-

tation, rclatirre humidity, wind velocity,
solar radiation, srtwing dates, crop selec-

tion, length of growing stages, soil texture

and slope gradient, soil moisturc character-

istics in the root zone, and root develop-
menl ()ver various growing stages

ISCHULTINK et ul. 1 987: 1871.

- DSSAT (Decisitu Support System for
Agrotechnology Transt'er) dcr,ckrpecl by the

lnternational Benchmark Sites Netwclrk ftrr

Agrotechnology Transfer (IBSNAT)

[THORNTON et ul. 19911. Part of this
package is a database of soils, weather and

crops so that users can run models which
simulate the outcttntcs tll alternative man-

agcnlent practices. The syste m allows the

prediction of agricultr"rral yiclds according
to diflerent climatic changc scenarios. In
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the early versions of DSSAT, models are

included tbr 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
tiom intercropping of different crops using
varyin_e;management strategies and also to

translate yield figures into economic terms
tbr individual tarms. Forthis,farming sys-

tems are simulated with yieldpredictions as

one important input. An integral minimum
dataset on soils, crops, weather, manage-

ment and yields allows the immediate vali-
dation of crop yield models tbr one or more
areas in order to be applied turther for
analogous areas.

INTEGRATED LAND USE I*ODELS

lntbrmation on land resources arc acquired tt'r

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 suitability of land need to be compared
with the societal goals as expressed in priori-
ties such as those given to econtlmic returns,
need lbrnew housing, and landscapeorhabitat
conservation. To provide such a synthesis of
land resource inlormation with goals and ob-
jectives tbr land use an integrated approach of
land evaluation may be adopted. hnd use

options are iden ti fied tbr each land unit and the

extent to which such uses are critical in the

land units. The tbllowing approach represents
a methodological development of the FAo
Framcwork fbr Land Evaluation and is given
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as an example:

LUPLAN has been developed in Australia by
the Division of Wildlit'e and Ecology, CSIRO
(IVEand COCKS 1983; IVEet.al. 1985). The
package application consists of three inherent
components. First, intormation itacquired for
the study area, subdivided into mapping unis
or planning zones. These zones are then rated
in terms clf their attractiveness for a range of
land uses on the basis of different policy
guidclines. These ratings express the relative
contribution which each mapping unit can
make to the achievement of each specified
policy. In the third step the relative impor-
tance of the different policy guidelines is

assessed. Each policy is assigned a relative
preference to ensure that those c'onsidered

more important are given higher votes than
those deemed of less importance. The
LUPLAN package includes a database on the

mapping units (inventory capability) and has

the ability to provide attractiveness ratings tbr
each potential land use (evaluation capabil-
ity). On the basis of the ratings the most
altractive land uses can he determined lbr each

mapping unit (allocation capability). Results
of LUPLAN are given in the fbrm of pcrcent-
ages which express the extent to which indi-
vidual land use plans achieved the guiding
policy. A review then tbllows and assisned
votes to policies may be changed. Further
runs of LUPLAN are thcn necessary until
acceptable resulls are ac-hieved. ln Australia,
LUPLAN has been used as an aid to rural and

conservation planning. This approach has the

merit of being able to assess the extent to
which particular land usc plans meet policy
objectives.
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