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Abstract

GeographIC mformatlOn systems (G IS) have come a long way from obscunty In the
1980s to now become commonplace In umversitIes, mternatlOnal research
mstitutlOns, government departments, and pnvate busmesses where the technology
IS used for a wIde range of applIcatlOns In the last few years, ItS applIcatlOn has been
mcreasmg In agncultural research and development The InternatlOnal Workshop on
HarmomzatlOn of Databases for GIS AnalysIs of CroppIng Systems In the AsIa
ReglOn, held 18-19 Aug 1997 at ICRISAT, Patancheru, IndIa examIned the current
status of aVailable software optlOns, database reqUirements, aVailabIlity of data,
database storage and exchange procedures, optlOns for GIS outputs and optImIzatIon
of reglOnal mteractlOns In the use of GIS for croppIng system analysIs With respect to
ASIa GIS speCIalists from mternatlOnal agncultural research centers (IARCs) and
natlOnal agncultural research systems (NARS) of ASIa revIewed state-of-the-art
know-how In USIng GIS as a research tool for the charactenzatlOn of target
enVironments, sOlI, water and nutnent management, Integrated pest and dIsease
management, and sustaInable land-use systems The workshop focussed on three basIC
questlOns what mformatlOn IS aVailable?, m what form IS the InformatlOn
avaIlable? ,and In what form should the GIS output be?

RecommendatlOns were made on the effectIve use of G IS and on the possIbIlity of
harmomzIng datasets for common use by IARCs and NARS The workshop was
followed by a hands on traInIng program on the use of GIS In analysIs of croppIng
systems of Bangladesh, IndIa, Nepal, Pakistan, and Sn Lanka The country case
studIes prepared dunng thIS traInIng program Will be published as a separate volume
The present publIcatlOn mc1udes status papers descnbmg GIS as a research tool, types
of GIS software aVailable and ItS use m dIfferent mstitutlOns

The research activIties were supported by the
ASIan Development Bank and donors supportmg
ICRISAT's unrestrIcted core activIties
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Preface

The InternatIonal Workshop on HarmoruzatIOn of Databases for G IS AnalysIs of
Croppmg Systems m the AsIa RegIon was held 18-19 Aug 1997 at ICRISAT,
Patancheru, IndIa The Workshop was followed by a hands-on traInIng program on
the use of GIS In analysIs of croppIng systems conducted dunng 20-29 Aug 1997 The
workshop and traInIng program were developed by ICRISAT, the RIce-Wheat
ConsortIUm for Indo-GangetIc PlaIns, and the Cornell UnIVersIty SOlI Management
CRSP Project that has also InItIated nce-wheat research actIvItIes In the Indo­
GangetIC PlaIn Both events were sponsored by and funded by these three partners,
and these proceedIngs have been prepared and funded by the Cornell Umversity SOlI
Management CRSP Project and the ICRISAT Legumes In RIce- and Wheat-based
CroppIng Systems Project (S4) ThIS workshop was specIfIcally deSIgned as a
prelude to a major S4 project workshop on Legumes In Rice and Wheat CroppIng
Systems of the Indo-GangetIC PlaIn - ConstraInts and OpportUnItIes held 15-17
Oct 1997

G IS specIalIsts and Interested SCIentIsts from several InternatIonal InstItutIOns and
AsIan natIonal agncultt..ral research systems (NARS) partICIpated In the workshop on
database harmomzatIOn InternatIOnal Center for Integrated MountaIn Development
(ICIMOD), Nepal, Centro InternacIOnal de Agncultura TropICal (ClAT), ColombIa,
InternatIOnal RIce Research InstItute (IRRI), PlulIppInes, InternatIOnal Programs
DIvISIon, Natural Resources ConservatIOn ServICes, USA, Centro InternatIOnal de
MeJoramiento de MaiZ y Tngo (CIMMYT), MexICO, Nepal, Bangladesh, IndIa,
Pakistan, Sn Lanka, and ICRISAT, IndIa

The partICIpants dIscussed the present status of GIS and ItS use In further
charactenzation of croppIng systems ConstraInts and opportumties of USIng G IS by
natIonal agncultural research systems were IdentIfIed speCIfIcally to supplement
conventIOnal approaches of research In thIs context, traInmg courses for speCIalIzed
skill development, such as the one that followed thIS workshop, were apprecIated for
shared use The workshop proved to be a tImely InItIatIve, and prospects of
collaboratIve research In usmg G IS as an IntellIgent analytIC tool are encouragIng

We sIncerely belIeve that thIS volume on G IS analysIs of croppIng systems, WIth
speCIfIC reference to harmOnIZatIOn of databases for GIS analysIs of croppIng systems
In the ASIa regIon, wIll prOVIde a useful gUIde to the present status of G IS and ItS use
In agncultural research A separate volume on the case studIes developed dunng the
traInIng course WIll further IdentIfy the need and usefulness of GIS In fOCUSIng
agncultural research and development In the AsIa regIOn

The EdItors
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Welcome Address

F R Bldmger1

It IS my pleasure to welcome you to thIS InternatIonal Workshop on HarmOnIZatiOn
of Databases for GIS Analys1s of Croppmg Systems m the AS1a RegiOn, and the
assoClated hands-on traInIng program on the use of GIS m analys1s of croppmg
systems of Bangladesh, IndIa, Nepal, PakIstan, and Sn Lanka I understand that
resource persons and part1c1pant traInees have already amved for the hands-on
trammg program and therefore I extend my welcome to them also

ThIS IS a tImely mItIatIve of Dr C Johansen, Dr S Pande, and other colleagues of the
Legumes In Rlce- and Wheat-based Croppmg Systems' Project (S4) w1thm the

context of ICRISAT's MedlUm-Term Plan (MTP) (1998-2000) WhIle the four
targets of the MTP-prospenty, d1vers1ty, enVlronment, and mclus1veness--eapture
ICRISAT's proposed focus for the MTP penod, those fam1har w1th the Institute w111
recognlZe that these are not InCOns1stent Wlth the pnont1es, obJectives, goals, and
values of the past The proposed 1998-2000 agenda 1S evolutlOnary, rather than
revolutionary, SInce strategic research In close partnershIp W1th stakeholders reqUlres
a long-term approach, and emerges from a broad and contInUOUS consensus-bUlldIng
process Nevertheless, strong currents of change underhe th1S evolutiOn, partlCularly
In response to changIng donor mterests, new sClentIfIc developments, and the
mcreasmg strength of many other NatiOnal Agncultural Research Systems (NARS)
partners Th1s evolutiOn, we thInk, has been captured In ICRISAT s operatiOnal
mandate for the MTP penod In the new MTP penod, we need to focus on the
apphcatlon of new sClentIfIc tools to more thoroughly charactenze the genetlC
resources research that we hold m trust for the world communIty In th1S process, we
can ass1st NARS to strengthen the1r capaClty and germplasm collectiOns In
germplasm enhancement research, our emphas1s wdl be more on baslC and strateglC
research, espeCIally the 1dent1fIcatiOn of molecular markers for res1stance to blOtlC
and ablOtlC stresses We need to strengthen blOtechnology, GIS, and modehng to
supplement conventlOnal approaches In crop 1mprovement In natural resource
management research, we also need to harness the new tools avaIlable to allow us to
conduct systematic, strategic analys1s of the natural resource base We also need to
use the tools of GIS and modehng to develop extrapolatlOn domams for technolog1es
developed at partlCular locations, and to track the1r adoptlOn

Further, we Wlll be fOCUSSIng on enhanCIng research partnersh1ps w1th NARS and
non-governmental organlZatlOns (NGOs) and wIll mcreasmgly replace m-serVlce
traInIng courses for teChnIC1anS and extenslOn staff Wlth more speClallZed sClent1fIc
tramIng a1med at strengthenIng NARS human resources Th1s should result m
substantially mcreased numbers of V1S1tIng SC1entIsts to ICRISAT from NARS

I ICRISAT Patancheru Andhra Pradesh 502 324 India
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Through networks, strong NARS wIll be encouraged to take a lead m developmg
flnlshed technologIes that ICRISAT can no longer generate

In thIS changed operatlOnal process, the respectIve roles and comparatIve
advantages of vanous actors m the global R&D system need to be clanfled The
ultImate purpose of such actIVIties IS to Improve the quantIty and quahty of crops that
farmers grow m the semI-and tropICS (SAT) and beyond That IS where we hope our
unlfled efforts WIth you WIll contmue In thIS regard, the support and cooperatlOn of
NARS, NGOs, UnlVersitles, and other organlZatlOns m Indo-GangetlC PIam countnes
and Sn Lanka IS hIghly apprecIated and IS eVIdent m thIS meetmg Therefore, not only
do I WIsh to welcome you to thIS GIS workshop and trammg course) I also WIsh you a
comfortable, successful) and frUItful stay here at ICRISAT

2



Inaugural Address

It IS a great pleasure to welcome all of you to ICRISAT and to the HarmomzatlOn
Workshop In the GIS trammg program followmg the workshop, partICIpants from
Bangladesh, IndIa, Nepal, PakIstan, and Sn Lanka Will learn the use of G IS as a tool to
mterpret and analyze temporal and spatIal datasets of crops, theIr dlstnbutlOn,
enVIronmental parameters and datasets on bIOtIC and ablOtIC stresses The purpose of
thIS exerCIse IS to apply G IS technologIes to croppmg system analySIS

We belteve that the new arrangements and mvestments m the new approach, such
as GIS, as mentlOned by Dr F R BIdmger, WIll best positlOn ICRISAT to respond to
the dynamIC external enVIronment we face We made the chOICes about our future
research portfoltos m the MTP m an analytICal, mteractIve, and transparent fashIon,
and m thIS dIrectIOn, the present workshop and trammg program on G IS IS one of the
steps we have taken under the changed research emphaSIS and portfolio

Our future research portfolio IS based on the close collaboratlOn between NARS
and ICRISAT These Jomt research partnershIps WIll mclude VIsltmg SCientIsts, who
Will constItute a central mechamsm for strengthemng NARS human resources
Increased personnel exchanges, secondments, and Jomt appomtments WIth advanced
research mstltutlOns Will enhance complementantles and enable strong outputs,
compensatmg for decreased mternal staff numbers resultmg from declmmg core
resources We WIll be focussmg on such new SCIence mvestments and tools as
bIotechnology, GIS, and modelmg, to mcreasmgly supplement conventlOnal
approaches of research In thIS context, trammg courses for speCIalized skIlls, such as
the forthcommg one on GIS, WIll be orgamzed for shared use We look forward to
workIng together to ensure that our partnershIp reaps the rewards expected by our
stakeholders, because unless we do so, theIr future support WIll be found more
demandmg than It IS today

I am confIdent that we WIll come away from thIS workshop satIsfIed WIth the
efforts that each of us WIll have contnbuted m makmg It a success I hope that the
recommendatlOns that evolve from thIS meetmg WIll prOVIde a sound baSIS to use GIS
as a tool to analyze constramts and IdentIfy opportumties for crop dIverSIfIcation,
espec18lly With respect to opportumties for greater mcluslOn of legumes m the nce­
wheat croppmg systems of the Indo-Gangetic PIam reglOn

Once agam, I welcome all of you to these meetmgs

1 ICRISAT Patancheru Andhra Pradesh 502324 India
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Framework and Objectives of the Meetings

Suresh Pande'

I would lIke to extend my welcome to all of you to this InternatIOnal Workshop on
HarmonIZation of Databases for G IS AnalysIs of CroppIng Systems In the Asia
RegIOn, and to the hands-on traInIng program on the use of GIS In analysIs of
croppIng systems that wIll follow the workshop In their mtroductory addresses, Drs
F R BidInger and S M VIrrnam have adequately explaIned the shIft In ICRISAT s
research portfolIo and the need for USIng new sCIentifIC tools to supplement
conventIonal approaches In crop Improvement and natural resource management
research It IS In thiS new MTP penod that we are aImIng at the applIcatIOn of GIS
and modelIng to more thoroughly charactenze and analyze prospects for our target
productIon systems

At ICRISAT, we are ImplementIng a special project on crop diversIfICatIOn In
cereal-based croppIng systems legume technologies for nce- and wheat-based
crOppIng systems of South and Southeast AsIa (desIgnated as the S4 ProJect) The
ObjectIves of thIS Project are to
• quantIfy the scope for greater InclusIOn of legumes In nce- and wheat-based

croppIng systems,

• develop technolOgIcal optIons (genetic and management) for alleVIatIng the major
bIOtIC and abIotIc constraInts to adoptIon of legumes,

• evaluate Improved technologIes on farmers' fIelds to catalyze adoptIOn and elICIt
feedback on further research needs and adoptIOn constraInts, and

• assess adoptIOn and quantIfy the Impact of Improved legume-based technologies
for nce- and wheat-based systems

The S4 Project targets the Indo-GangetIC PlaIn where both nce and wheat are
grown (often In hIgh-Input continuous rotatIons) and tropICal nce-based systems (In
tropical regIOns unSUItable for wheat) The Project IS conducted JOIntly WIth the
natIonal agncultural research systems (NARS) of Bangladesh, IndIa, IndoneSIa,
Nepal, PakIstan, Sn Lanka, and Vietnam The Project IS hnked WIth the Rice-Wheat
ConsortIUm for the Indo-GangetIC Plam, With respect to legume optIOns for nce­
wheat systems, and thereby It IS also lInked With other CGIAR InstitutIOns (e g ,
CIMMYT, IRRI, IIMI) and advanced research Institutes CARl) Ce g, Cornell
UmversIty, USA) WIth research and development Interests In nce-wheat productIOn
systems The operatIOnal aspects of the S4 Project are funded by the AsIan
Development Bank The broad categones of actlVltles of the S4 project are
charactenzatIOn of target enVIronments, SOlI, water, and nutnent management,
Integrated pest and dIsease management, and sustaInable land-use systems

I ICRISAT Patancheru Andhra Pradesh 502 324 IndIa
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ThIS GIS HarmomzatlOn Workshop and the assocIated trammg program evolved m
our attempts to address the fIrst of these actIvItIes Our ImtIaI questIOns mcluded
'what mformatlOn IS aVaIlable" , m what form"', and m what form should our GIS
outputs be" SImIlar questIOns were also faced by the RIce Wheat ConsortIUm m
theIr mtentlOns to better charactenze nce-wheat systems It wa-s realIzed that most of
the envIronmental and socIoeconomIC databases of relevance would be common
across crops of mterest such as nce, wheat, and legumes ThIS workshop and trammg
program was developed along WIth the RIce-Wheat ConsortIUm and the Cornell
Umverslty SOli Management CRSP Project that was also Imtlatmg nce wheat
research actlVltIes In the Indo-GangetIC PIam The workshop and trammg course were
sponsored and funded by these three partners, and these proceedmgs were funded by
the Cornell UmversIty SOlI Management CR5P Project and the ICRISAT 54 Project
ThIS workshop and traInIng course were essentIally deSIgned as a prelude to a major
54 Workshop on "Legumes In RIce and Wheat Croppmg Systems of the Indo­
GangetIC Plam-Constramts and Opportumtles held on 15-17 Oct 1997

The objectIves of the GIS HarmomzatIOn Workshop are to
• prepare an update on appropnate GIS software optIOns, and establIsh protocols

for mterchangeabllIty of G IS formats

• dISCUSS database reqUIrements and their aVaIlabilIty

• establIsh database storage and exchange procedures

• prepare an update on optIOns for GIS outputs, partICularly hardcopy

• develop recommendatIOns for optlmlzmg regIOnal mteractIOn m the use of GIS for
croppmg systems analySIS

I hope that our umted efforts WIll be able to generate databases and IdentIfy
regIons where legumes can playa greater role m the sustamabllIty of the cereal-based
croppmg systems m the AsIa regIon I WIsh you a comfortable, successful, and fruItful
stay here at ICRISAT I and my colleagues WIll always be With you to help you update
your knowledge of GIS, and use m prepanng country case studIes

6
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Software In Use at Cornell University

SO DeGlona1

IntroductIon
The Cornell UmversIty, USA, has served as one of the plOneenng instItutlOns in the
field of remote senSing, 1 e, the process of detectIon and analysIs of reflected,
emItted, and transmItted electromagnetIc energy to dIscnminate enV1ronmental
features It was In the 1930s that Cornell UmversIty (CU) began offenng academIC
courses and extenSIOn courses' and workshops, and conductIng research In the use
of aenal photography and photogrammetnc methods

The Cornell InstItute for Resource InformatlOn Systems (IRIS) evolved by
combInIng and re-orgamZIng long-establIshed programs In resource mventory and
remote sensmg from the College of Agnculture and LIfe SCiences and the College of
EngIneenng The InstItute, estabhshed In the Center for the EnVIronment (CfE)
dunng May 1996, was formerly known as the Cornell Laboratory for EnVIronmental
ApplIcatIOns of Remote Sensmg (CLEARS), a program affIlIated to the CfE smce
1984

The mISSIOn of Comell IRIS IS to advance the charactenzatlOn, understandIng, and
evaluatIon of envIronmental systems through the applIcatIon of resource mventorYI
aerospace remote sensmg, geographIC informatIOn systems, global pOSItIOnIng
systems, and related spatIal mformatlon technologIes ThIS mISSIOn IS founded on
scholarshIp, teachmg, and publIc semce at local, reglOnal, and global scales The major
objectIves of the program are to
• enhance the denvatIOn of mformatIOn from maps, aenal and satellIte Imagery, and

other remotely sensed data

• dIsseminate knowledge of map and Image understandmg, and spatI81 data
proceSSIng, analYSIS, and management

• operate an enV1ronmental mformatlon sCience and technology faCilIty for access
exchange, study, and VIsualIzatIOn of spaTIal data and InformaTIon

1 Center for Resource InformatIOn Systems Cornell UmversJty 917 BradfIeld Hall Ithaca NY 14853
USA

DeGlona S D 1999 Software m use at Cornell Umverslty Pages 9-15 In GIS analYSIS of croppmg systems
proceedmgs of an InternatIOnal Workshop on HarmomzatlOn of Databases for GIS AnalYSIS of Croppmg
Systems In the AsIa RegIOn 18-19 Aug 1997 ICRISAT Patancheru IndIa (Pande S Johansen C Lauren
J and Bantuan FT Jr eds) Patancheru 502 324 Andhra Pradesh Incha and Ithaca New York 14853
USA InternatIOnal Crops Research Institute for the SemI And TropICS and Cornell UmversJty
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Organizational structure
To accomplIsh these obJectiVes, Cornell IRIS IS composed of three mterdlsClplmary
programs
• the Resource Inventory Program seeks to advance map and Image understandIng,

Improve the denvatlOn of envIronmental InformatIon from remotely sensed
data, and Implement Inventory and mappIng methods for commUnItIes and
organIzatIons

• the Remote Sensmg Program seeks to develop advanced spectral pattern
recognItIon algonthms, evaluate and enhance spectral and spatIal Image
classlflCatlOn methods, and evaluate advanced sensor systems

• the GIS Program seeks to advance spatIal modelIng and analysIs methods, assess
spatIal data qualIty, and Integrate spectral and spatIal models for the
charactenzatlOn of envIronmental systems

Audience
The pnmary audIence of Cornell IRIS Includes sCIentIsts, educators, and students at
all levels of educatIOn, and profeSSIOnals employed In the publIc and pnvate sectors,
pnmanly In the envIronmental SCIence and management COmmUnItIes The
InstItute s research, educatIon, and publIc servIce actIvItIes support envIronmental
assessment and sustaInable development programs locally and globally

Research fOCI

The research program of Cornell IRIS seeks to optImIze the use of remote senSIng
systems, GIS, and global posItIOnIng systems (GPS) to Inventory and mOnItor
envIronmental resources, partICularly those assoCIated WIth terrestnal and aquatIc
systems InterdISCIplInary research projects assess the dIstnbution and dIverSIty of
envIronmental systems, map land-use dynamICs In temperate and tropICal
ecosystems, model and VIsualIze nutnent and pollutant transport at landscape scale,
charactenze plant stress USIng spectrometnc methods, and develop spectral-temporal
claSSIfIcatIOn and mappIng algonthms

CreatIve contnbutlOns by Cornell IRIS Include artIcles In sCIentIfIC Journals, trade
Journals, and newsletters, technIcal reports, gUIdebooks and technIcal manuals, and
chapters In books, reVIews of books, manuscnpts, and proposals, InVIted
presentatIOns, analog and dIgItal databases and archIves, and VIdeos

In addItIOn to ItS own research and teachIng actIVItIes, the InstItute collaborates
WIth other research programs by offenng SCIentIfIC and technIcal support and
consultatIOn, provIdmg access to InfOrmatIon, mstrumentatIon, and space, and co­
authonng proposals, handbooks, SCIentIfIC manuscnpts, and technIcal reports

10



EducatIon focI
The extenslOn program of Cornell IRIS seeks to convey the knowledge gamed In

apphed research projects related to the Inventory, analYSIS, and management of
enVIronmental resources The ultimate goal of ItS educatIOnal program IS to sustaIn
and enhance envIronmental assessment and sustaInable development of
commumties Cornell IRIS educates and assIsts techrucal and polIcy-makmg
representatIves, resource managers, and environmental professIonals and educators
Current educational programs Include I shortcourses and workshops offered
penodIcally In resource Inventory, remote sensmg, GIS, and global posItIomng
~ystems, and 2 development of curncula, teachmg materIals, and laboratory- and
field-based exerCIses for academic courses and workshops, as well as SCIence and
enVIronmental educatIon programs

Current research and outreach actIvity
• Inventory dlstnbutlon and dIverSIty of enVIronmental resources, mapping of

submerged aquatIC vegetation (Hudson River, USA)

wetland vegetatIon dynamiCs (Hudson River, USA)

ecologlcal commUnItIes and bIOlogICal dIverSIty (New York State, USA)

agrIcultural dIstncts (New York State, USA)

• Map land-use dynamICS In temperate and tropICal ecosystems

wetlands and land-use mappIng (Tonawanda Creek, NIagara FrontIer, USA)

enterpnse mappmg for conservatIon farmIng In tropIcal uplands (PhIlIppmes)

mappIng forest fragmentation In tropICal ecosystems (Costa Rica)

mapping land cover change In protected areas (Honduras, Costa Rica)

mOnItonng environmental Impact of rural water development projects
(Ghana)

• Model and VisualIze nutnent and pollutant transport to assess enVIronmental
Impact

estimatIOn of rutrogen fate and transport (Fall Creek Watershed, New York,
USA)

estImatIon of pestICIde fate and transport (CanaJohane Watershed, New York,
USA)

• Charactenze enVIronmental stress usmg spectrometnc methods

hyperspectral charactenzatIOn of ocean color

spectral measurement of chlorOSIS m stressed vegetatIOn

spectral detectIon of mICronutnent stress m crops

• Develop and enhance curncula for formal and nonformal educators

proVIde InstructlOn and traInmg to SCIence teachers (New York State and
regIon, USA)
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provIde mstructlOn and trammg to faculty and staff (Cornell Umverslty, USA)

prOVIde mstructlOn and trammg to students (New York State, USA)

prOVIde mstructlOn and trammg to envIronmental professlOnals (worldWIde)

Institute resources
Cornell IRIS mamtams a collectlOn of several hundred thousand aIrcraft- and
spacecraft-denved Images that features extenSIve and hlstonc coverage of New York
State IRIS IS also a repOSItory for and dIstnbutor of New York topographIC and
wetland maps prepared by the US GeologICal Survey and the US FIsh and WIldhfe
Servlce, New York Land Use and Natural Resource Inventory (LUNR) maps, and the
offICIal maps of New York State agncultural dlstncts Cornell IRIS also maIntams a
collectlOn of techmcal pubhcatlOns related to remote sensmg, GIS, and global
posltlOmng systems

TechnologICal resources mclude optICal Instruments for Image analysIs, GIS, laser
spectroscopy, cartography, and fIeld spectroradlOmetry GIS and dIgItal Image
processmg are aVailable for research projects and software development DeVICes for
noncomputer Image analysIs Include zoom and nonzoom stereoscopes, monoscoplC
and stereoscopIC transfer scopes, a color-addltlVe VIewer, and densltometers The
Inst1tute also mamtams a laser fluorosensmg faClhty deSIgned for analyzmg water
samples Other eqUlpment Includes a dIazo pnnter, a spectroradlometer and data
logger, a thermal radlOmeter, underwater lrradlance meter, and photographIC
cameras and darkroom eqUlpment

GIS and Image processmg faCIlities and equipment

Cornell IRIS G IS Program proVldes a shared computmg resource for the Cornell
commumty ThIs faClhty IS supported by mcome from vanous grants as well as from
direct umverslty and college support The laboratory mamtams secured access 24
hours a day, normal laboratory hours are 0800-1800, dally

The eqUlpment and software have been mstalled over the last several years and
represent a WIde range of capabJ1ltles The current conflguratlOn of computer
hardware resources mclude UNIX-, Wmdows NT-, Wmdows 95-, and DOS-based
systems shanng processmg and data usmg a 100MB local area network (LAN)
(FIg 1) Internet connectlVlty IS prOVIded to the Cornell Umverslty backbone

UNIX

The UNIX system mcludes SUN Ultra2 (wi 384MB RAM 20 24-blt mOnitor),
SUN SparclO (wi 96MB RAM 19' 8-blt mOnitor), and a SpareS (wi 64MB RAM,
19" 24-blt mOnitor) workstations All workstatlOns share access to approxImately
48GB of dIsk space, an 8-mm tape dnve, 150MB cartndge tape dnves, CD-ROM
dnves, 12GB optICal dnve, and an Altek backht dlgltlzmg tablet Each workstatlOn
prOVIdes multI-user hcensmg for Arc/Info, ArcVlew, and ERMapper software

12
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Wmdows NT

The Wmdows NT system mcludes two DELL GXPro 200MHz PentIUm Pro
workstatlOns, each wIth 128MB RAM, 20" 24-blt mOnItor, 4MB VIdeo, 4GB of SCSI
dIsk space, CD-ROM dnve, 16-blt sound, and IOMEGA JAZ cartndge dnves, one
DELL 300MHz Dual-processor PentIUm II workstatIon WIth 128MB RAM, 21" 24­
bIt mOnItor, 8MB VIdeo, 9GB of SCSI disk space, CD-ROM dnve, 16-blt sound All
systems are configured WIth NT Arc/Info, ArcVlew, MIcrosoft OffICe 97, and Exceed
(for X-Wmdow emulatlOn) In addItIOn, the NT verSlOn of ERMapper IS mstalled on
the Dual-processor workstatIon

Wmdows 95

The Wmdows 95 systems mclude two Gateway 2000 P-IOO PentIUm workstatIOns
each WIth 32MB RAM, 17" color mOnItor, 2GB dISk space, and CD-ROM dnve Both
systems are confIgured WIth Arc/Info, ArcVlew, MICrosoft OffICe 95, and Exceed
(for X-Wmdow emulatIOn) Anonymous fIle transfer protocol (FTP) IS supported by
a 486-33 Wmdows 95 workstatIOn WIth 16MB RAM, 6GB dIsk space, IOMEGA ZIp
and JAZ cartndge dnves

All systems have access to HP LaserJet 5P and Epson LQ 510 pnnters Large
format (35" WIdth, roll feed) color pnntmg IS provIded WIth a HP DeslgnJet 650c
Complementmg the above systems are
• two IBM Wmdows 95 laptop computers WIth Arc/Info and ArcVlew

• fIVe GTCO Rollup dlgltlzmg tablets (24" 20")

• four Tnmble GPS UnIts (two Pathfmder Pro, two GeoExplorer)

• four Colorado, and ZIp parallel port backup deVices

Afflhated academiC programs
CollaboratIve research and educatIOnal programs are routmely conducted With
several academIC umts across several colleges, departments, and centers Such UnIts
Include Colleges of Agnculture and Life SCiences, Engmeenng, Vetennary MedICme,
and ArchItecture, Art, and PlannIng, the Center for the EnVIronment the Center for
Theory and SImulatIon m SCIence and Engmeenng, and the Cornell InstItute for
SocIal and EconomIC Research

Members of Cornell IRIS staff are responSIble for the content and ImplementatlOn
of Cornell s academIC program In remote sensmg and geographIC mformatlOn
systems Remote sensmg IS offered as a major or mmor area of concentratIOn for a
PhD, MS, MPS or ME degree m the Graduate Field of ClVlI and EnVironmental
Engmeenng The use of remote sensmg, geographiC mformatIOn systems, and global
positIOnIng systems for spatIal modelIng and analySIS of envIronmental systems IS
offered through the EnVIronmental InformatlOn SCience and SOlI SCIence
concentratIOns m the Graduate FIeld of SOlI, Crop, and Atmosphenc SCiences
Several undergraduate and graduate academIC courses m remote sensmg and G IS are
offered by faculty affIlIated WIth IRIS
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Fundmg
IRIS receIves core fundmg support for non-faculty academIC salanes and operatIons
from the College of Agnculture and LIfe SCIences Rice Hall m the College of
Agnculture and LIfe SCIences and the College of EngIneenng provIde laboratory and
offIce space for IRIS The Department of Sod, Crop, and Atmosphenc SCIences
proVIdes space and partIal adminIstratIve support In Emerson Hall, and maintaInS the
BradfIeld EnvIronmental Computmg Classroom for academIC teachmg, extenslOn
and outreach, and research m envIronmental SCIence Support for research and
extenslOn projects comes from a vanety of sponsored projects from several Federal
and State agencIes, and umts of local government
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Software In Use at CIAT

G Hyman1

An effICIent and functIonal GIS laboratory has an Infrastructure strong In both
human resources and software and hardware resources that are capable of addressmg
the needs of the parent organIZatIOn Many GIS speCIalIsts report that as much as
80% or more of the cost of startIng a GIS project can be attnbuted to the
development of human resources m the form of trammg and labor costs, and to the
processmg of mformatIOn needed for analyses Although the selectIOn and
confIguratIOn of hardware and software are not lIkely to be the key determInants of
the success of a GIS operatIOn, they can certaInly be the source of faIlure If they are
not carefully conSIdered In the deSIgn of the laboratory The ultImate cntena for the
deSIgn of a G IS faCIlIty should be how well the mfrastructure WIll address the need to
map and analyze agncultural systems and other aspects of the enVIronment related to
the organIZatIOn s needs The purpose of thIs short paper IS to share perspectIves of
CIAT s expenence In the deSIgn and confIguratIOn of GIS software and hardware for
our G IS laboratory

The Centro InternaCIonal de Agncultura TropICal (ClAT-InternatIonal Center
for TropICal Agnculture), CalI, ColombIa, and most other InternatIOnal agncultural
research centers have been usmg geographIc analySIS technology SInce the foundmg of
the CGIAR system Computers have changed the way we analyze the spatial
dImenSIons of crop productIOn, natural resources, and genetIC resources We have
progressed from mterpretatIOn and cartographIC manIpUlatIOn of paper maps through
basIC raster systems, to the now more complIcated GIS packages that have
SOphIstICated analySIS capabIlItIes A common mIstake IS to assume that a
SOphIstIcated and hIgh technology hardware and software confIguratIOn WIll translate
Into Improved analySIS and mSIght SometImes the OppOSIte occurs, because we get
mIred m the compleXItIes of the software and hardware when we should be focusmg
our attentIon on the agncultural problem and the best way to solve It

Any hardware confIguratIOn must take Into account project needs, staff SIze,
software trends, and other conSIderatIOns Perhaps the most Important consIderatIOn
IS the selectIOn of the operatIng system Most new GIS software development IS
targeted to networked PC systems Wmdows NT IS mcreasmgly the platform of
chOIce for software developers and G IS users Networked PC systems also have the

1 Centro InternaclOnal de Agncultura Tropical (CIAT) Apdo Aereo 6713 Cah Colombia

Hyman, G 1999 Software In use at CIAT Pages 16-18 In GIS analySIS of cropp1Og systems proceed1Ogs of
an International Workshop on HarmomzatlOn of Databases for GIS AnalYSIS of Cropp1Og Systems 10 the
AslaReglOn 18-19Aug1997 lCRISATPatancheru IndIa (Pande S Johansen C Lauren J andBantllan
F T Jr eds) Patancheru 502324 Andhra Pradesh IndIa and Ithaca New York 14853 USA InternatIonal
Crops Research Institute for the SemI And TropLcs and Cornell Umverslty
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advantage of bemg less expenSIve than bUlldmg a UNIX-based workstatlOn or
mimcomputer systems Large GIS laboratorIes, however, WIll hkely need the power
of UNIX-based hardware systems As CIAT has been developmg large chmate,
admmistratIve dlVlslOns, populatIon, census and crop databases, It would be dIffIcult
for the Center to convert to networked PCs exclUSIVely Many GIS experts beheve
that for a large operatlOn, the PC technology needs Improvement and I beheve thIs
has been our experIence at CIAT

Almost all G IS operatIons WIll need both raster and vector software capabIhty The
general rule In planmng software needs has been to use vector systems for data
development and storage and raster systems for analysIs and modelIng Tms approach
IS changmg as vector analysIs capabIlItIes Improve and as new data structures are
developed Vector systems are more effICIent for data mput, edItIng, and storage
because they hold mformation for the geograpmc features where they occur Raster
systems hold mformatlOn for grId cells throughout the entIre area of mterest whether
each mdiVIdual cell IS a geographIC feature or not A great majorIty of GIS analyses
and modelIng IS carned out WIth raster systems The cellular grId structure IS SUIted to
overlay, flow, neIghborhood, and other analyses because It IS relatIvely SImple and easy
to Implement when compared to vector systems A smart hardware configuratlOn
WIll address the need for both raster and vector utIlItIes and wIll have effICIent
programs for converSlOn between the two systems

A clear trend In GIS development IS the use of non-GIS software m the
development of a laboratory FIgure 1 show the types of non-G IS software that are
part of the CIAT faCIlIty Most systems have always used some database software for
management of tabular or attrIbute data Usmg the orgamzatlOn s standard database
software as the manager of tabular GIS data IS usually a sound strategy Some GIS
software packages may not be able to handle an organIZatIon s standard database
software In thIS case, data converSlOn capabIhties WIll be needed At CIAT, we have
also taken advantage of our center-WIde statIstIcal software package for analySIS of
tabular data lmked to dIgItal maps

One dIsadvantage of standard statIstICal analySIS software packages IS the lack of
spatIal statIstICS capabIhties Many G IS packages are lackmg m theIr capabIhty to
perform spatIal mterpolatlOn, spatIal regresslOn, and other dIstmctly spatIal statIstICal
analyses The need for these types of speCIalIzed capabIlItIes should be analyzed m the
context of the type of analyses that WIll be carned out

Other mathematICal and speCIalIZed software can add to the capacIty for
geographIC analySIS CIAT IS experImentmg WIth the use of neural networks for
claSSIficatIOn problems and other analyses These types of tools have not yet proved
to be WIdely applIcable, but may prove useful for speCIalIZed tasks GIS VIsualIzatIOn
software can help researchers mterpret geographIC mformatlOn m a more effICIent
manner SpeCIalIzed visuallZatlOn software should be conSIdered for sharIng the
results of CIAT s research WIth ItS partners and stakeholders

Remote sensmg capabIlIty IS needed by most G IS laboratOrIes focused on
agrIcultural problems and natural resources management Some laboratOrIes may be
able to outsource thIS work Some GIS packages lIke IDRISI and Arc/Info have Image
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proceSSIng capabihty In other cases, the orgamzatiOn will need the capaCity of high­
end remote senSIng packages The need for remote senSIng software will often
depend on the scale of analyses Broad scale analyses of land cover may be difficult
for small G IS labs Remote senSIng analysis of reference sites could easily be
accomphshed with basiC image processIng software
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GIS Capacities and Activities at CIMMYT

The development of GIS capabilIties at the Centro InternatIOnal de MeJoramlento de
Malz y Tngo (CIMMYT-InternatlOnal Center for the Improvement of Maize and
Wheat), MeXICO, IS founded on the pnnClple that the Center should mamtam a
credible mass' and not develop a major center for agncultural apphcatlOns of GIS

CIMMYT reqUlres m-house capabllltles to apply G IS to maize and wheat research
but Just as Importantly, the Center should be able to partlClpate effectively m reglOnal
fora and 10 developmg collaboratlOns with natIOnal agncultural research systems
(NARS) and other institutIOns UnderlYing thiS strategy IS the belIef that GIS IS such
a large and fast-evolvmg fIeld, that the Center IS better adVised to seek strategIC
alhances rather than trying to satisfy an mmze- or wheat-related GIS needs mternally

ActiVIties of CIMMYT s GIS/Modehng Laboratory are dIVIded between
supporting the Maize and Wheat programs 10 such areas as reVISIOn of their crop
mega-enVIronments, and partIClpatmg In the research actIVIties of the Natural

Resources Group, where the GIS/ModelIng Laboratory IS housed Examples of
ongomg research projects Include developing methods for mterfacmg G IS and crop
SImulatIOn models and charactenz10g wheat productIOn environments of the Andean
reglOn Major support projects for the Programs mcIude reVISion of the maIZe and
wheat mega-enVIronment claSSifICatIOns and a detailed study of sub-Saharan maIze
productIon regIOns We also process numerous requests for mmor support 10 project
proposal preparatIOn, generatlOn of crop dlstnbutIOn maps, and Similar activities

Awareness bUlldmg IS also a challenge Researchers at CIMMYT are very
Interested In GIS, and there IS a need to assist them In making effICient use of GIS
Our £Irst step IS to prOVIde a one-day mtroductlOn to GIS m the context of
CIMMYT s research needs We expect to follow thiS With mstructlOn m the use of
Simple GIS tools, but It IS unclear whether we should start With ArcVlew or the
Simpler, ArcExplorer

Recogmzmg our hmlted m-house capablhty, we rely on outSide collaboratIOn and
on secondary data sources Collaborators have mcluded the Centro InternaClonal de
Agncultura TropICal (CIAT), the Integrated InformatIOn Management Laboratory
(IIML) of Texas A&M Umverslty, USA, and the Global Resource InformatlOn Data

I Centro InternatIOnal de MeJorarmento de MaIZ y Tngo (CIMMYT) LIsboa 27 PO Box 6 641 06600
MeXICO, D F MeXICO

WhIte, J W 1999 GIS capacIties and actIVItIes at CIMMYT Pages 19-21 In GIS analysIs of cropptng
systems proceedmgs of an InternatIOnal Workshop on HarmOnIzatIOn of Databases for GIS AnalYSIS of
Croppmg Systems In the Asia Region 18--19 Aug 1997 ICRISAT Patancheru India (Pande S Johansen
C Lauren J and Bantllan, FT Jr eds) Patancheru 502 324 Andhra Pradesh India and Ithaca New
York 14853 USA InternatIOnal Crops Research Instltl1te fer the Semi And TroPICS and Cornell UmversIty
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(GRlO)-Arendal As our laboratory gaInS expenence, we expect to extend these links
to a broader range of InstitutlOns

Our laboratory has a sIngle UNIX workstatIon and fIve PCs IncludIng a WIndows
NT fIle server The maIn group of software we use IS the lIne of EnvIronmental
SCIence Research InstItute (ESRI) products IncludIng Arc/Info and ArcVlew The
other packages used occasIOnally mclude Surfer and lORISI (DOS and Wmdows
verSIOns) We are m the process of evaluatIng vanous packages for spatIal
mterpolatIOn mcludIng ANUSPLINE (Hutchmson 1995) The cost of mamtaInmg
the only UNIX system WIthm CIMMYT has been hIgh, so we are also studymg the
optIon of migratmg our workstatIOn operatIOns to an NT workstatIOn

Although many SCIentIsts and NARS collaborators express Interest m USIng GIS,
we have senous doubts whether' SImple GIS software such as ArcVIew wIll be cost
effectIve Thus, we are explonng approaches for provIdIng G IS or map vlewmg
functIons wIth lower-cost software such as MapObjects, MapObjects LT and
ArcExplorer (all products from ESRI, Inc) The former two packages reqUire
mterfaces wntten In VIsual BasIC or SImIlar languages and seem best SUited for lInkmg
to databases such as the InternatIOnal Crop InformatIon System (ICIS) and the
SustaInable FarmIng Systems Database (SFSD) ArcExplorer IS essentIally a map
VIeWIng tool and would allow us to dlstnbute large sets of maps m electromc format,
eIther as compact dIsks (CD-ROM) or VIa the Internet

Another approach to make GIS more useful IS to develop tools that a SCIentIst can
use together WIth a GIS speClaltst to conduct common types of quenes of spatIal data
The SpatIal CharactenzatlOn Tool (SCT) developed by John Corbett and assocIates at
Texas A&M pertmts users to query cltmate, SOlI or other gndded surfaces to defIne
zones that are SImIlar to a gIVen POInt set of data or zones that fall WIthIn a user­
speCifIed range of values The SCT IS wntten In Arc/Info Arc Macro Language (AML)
for UNIX workstatIOns, but the system IS beIng ported to Wmdows NT, whICh wIll
make It more accessIble

For GIS tools to be used effectIvely, users, whether m NARS, non-governmental
orgamzatlOns (NGOs) or In the ConsultatIve Group on InternatIOnal Agncultural
Research (CG IAR) Centers, WIll reqUIre access to large sets of spatIally referenced
data Such data wIll become mcreasIngly avaIlable over the Internet, but It IS
unrealIstIC to assume that mdlVldual researchers wIll have the tIme to search for all
relevant data Thus, CIMMYT may need to serve a data orgamZIng and re­
dIstnbutlOn functIOn We have already produced a compact dIsk of sOlI and weather
data for CIMMYT staff m sub-Saharan Afnca and are collaboratIng WIth Texas A&M
Umverslty In the productIOn of Country Almanacs that combIne dIVerse sets of
spatIally referenced data WIth map VIeWIng tools programmed WIth MapObjects

Developmg capacity to mterface GIS WIth crop models IS a pnonty for CIMMYT
Since thiS WIll permit the combined investigatIOn of spatial and temporal trends In

productIOn To minimize the time dediCated to re-programmIng GIS Interfaces we
prefer to use standard model and mput and output formats, as evolved out of the
InternatlOnal Benchmark Sites Network for Agrotechnology Transfer (IBSNAT)
concept of minimUm datasets and now bemg promoted by the InternatIOnal
ConsortiUm for Agncultural Systems Appltcations (ICASA) (Ritchie 1995) Two
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tools for IInkmg G IS to models are currently under reVIew One IS AEG IS/WIN
(Engel and Jones 1997), whlCh IS wntten m the Avenue macro language of ArcVlew
The other IS the MappIng and GIS AnalysIs Tool of DSSAT 3 1 (Thornton et al
1997) ThIS tool hnks to GIS through fIle exchange and can be used wIth vanous GIS
fIle formats
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Software In Use at NBSS&LUP

Introduction
The NatlOnal Bureau of SOlI Survey and Land Use Planmng (NBSS&LUP), Nagpur,
IndIa, was establIshed m the year 1976 It IS a premIer mstitutlOn of the IndIan
CouncIl of Agncultural Research (leAR), New DelhI, IndIa The objectIves of
NBSS&LUP are to prepare SOlI resource maps at natlOnal, state, and dlstnct levels
and to provIde research mputs m SOli resource mappmg, SOlI correlatlOn and
classifICatlOn, sOlI genesIs (mcludIng soIl mineralogy and SOlI mICromorphology),
remote sensmg applIcatIons, land evaluatlOn, land-use plannmg, land resource
management, and database management usmg G IS to OptimIze land use These
actIVItIes are carrIed out at SIX reglOnal centers located at Bangalore, Calcutta, Jorhat,
Nagpur, New DelhI, and UdaIpur The Bureau maps agro-ecologICal and SOlI
degradatlOn at the country and state levels to assess and momtor soIl health as a gUide
to vIable land-use planmng These research actlVlties whose ultImate objectIve IS
sustamable agnculture development have resulted m the IdentlficatlOn of soIl
potentIal and problems The Bureau has the mandate to correlate and claSSIfy IndIan
SOlis and to mamtam a NatIonal RegIster of all establIshed SOlis senes The mstitutlOn
proVIdes m-servICe trammg to staff of the soIl survey agenCIes m SOli survey
mterpretatlOn and land evaluatlOn for land-use planmng

GIS at NBSS & LUP

The need for a computer-based GIS to manage sot! and land resource data was felt
essentIal as early as 1987 As a fIrst step, NBSS&LUP SCIentIsts were sent for trammg
to UK and USA In 1989, a modest PC-based GIS WIth SPANS VerslOn 4 software
was obtamed from the Natural Resources InstItute (NRI), UK ThIS was the
begInnmg of applIcatlOn of GIS m SOli resource management at NBSS&LUP At
present, the Bureau has a PentIUm PC-based G IS system WIth dIgItIzer, plotters,
pnnters, etc

1 National Bureau of SOlI Survey and Land Use Plannmg (Indian Council of Agncultural Research)
Nagpur 440 010 Mahrashtra India

MaJI, A K 1999 Software In use at NBSS&LUP Pages 22-24 In GIS analYSIS of cropping systems
proceedings of an InternatIOnal Workshop on HarmomzatlOn of Databases for GIS AnalYSIS of Cropping
Systems In the Asia RegIOn 18-19 Aug 1997 ICRISAT Patancheru India (Pande S Johansen C Lauren
J and Bantilan FT Jr eds) Patancheru 502 324 Andhra Pradesh India and Ithaca New York 14853
USA InternatIOnal Crops Research Instltute for the Semi And TropiCS and Cornell Umverslty
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Activities usmg GIS

The NBSS&LUP, bemg the nodal agency of the country In sOli resource mventory, and
management uses G IS to mamtam and charactenze a huge volume of data every year
Major GIS actlVltIes mclude
• creatmg and updatmg the sOlI resource database (spatIal and nonspatIal)

• spatIal modelmg for mterpretative results

• land use/land cover mappmg

• landscape ecologICal studIes

• studIes on assessment land degradatIOn

• agro-ecologIcal zomng

• thematIC mappIng

• harmomzation of datasets for mterpretation

• InfOrmatIon dISSemInatIon for dIstnct-level planmng

• development of expert systems for land evaluatIon and land-use plannIng

• desIgn and development for sUItable database management systems

To further the goals and mandate of the Bureau, the NatIonal SOli Resource Infor­
matIon Center (NASRIC) has been created ThIS wIll be the fIrst sOlI resource data­
base In IndIa based on thorough ground truthIng and mtensive sOlI survey work The
newly establIshed Agncultural Research InformatIOn System (ARIS) Cell of ICAR
wIll also benefIt from the NBSS&LUP database and GIS laboratory

GIS packages

The NBSS&LUP has a host of GIS packages that are beIng used to accomplIsh the
actIVItIes lIsted earlIer Some of them are also used for traInmg and teachmg The GIS
software aVaIlable at NBSS&LUP are

Software Source Platform

SPANS Ver 51 Intra Tydac, Canada (PC-based) DOS

SPANS Explorer Intra Tydac, Canada (PC-based) WIndows

PAMAPVer40 PAMAP GraphICS, Canada (PC-based) Wmdows

IORISI Ver 4 0 Clarke UnIVerSIty, USA (PC-based) DOS

ILWIS Ver 4 I lTC, The Netherlands (PC-based) DOS

Some of the above software are now beIng upgraded to latest verSIons
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Future of GIS at NBSS&LUP

NBSS&LUP has plans to establish an advanced workstatIon-based GIS laboratory
wIth better map pnntmg/map generatIOn faCIlitIes It has been proposed under the
NatIonal Agncultural TechnologICal Plan (NATP) to acqUIre a hIghend workstatIOn
compatIble for GIS wIth a large workmg memory and bIgger data storage cap.aCIty
The software front IS also proposed to be ennched wIth an advanced Image analysIs
system and GIS
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Software In Use at ICRISAT

F T Bantllan Jr'

The GIS software m use at the IntematlOnal Crops Research Institute for the Seml­
And TropICs (ICRISAT), Patancheru, IndIa, SInce 1991, when GIS was first mtro­
duced, has been vector- and PC-based The sharp defImtlOn of geographIC features
that IS possIble WIth vector based systems IS an attractive feature contrIbuting to their
wide use It IS well SUited to dealmg wIth phenomenologically structured data (e g ,
sOlI areas, land-use umts, etc) and network analyses (telephone or transport net­
work)

However, a raster-based system IS more SUitable for dealing wIth contInuously
varying varIables such as temperature, raInfall, elevation, etc, that are varIables dealt
with In agrIculture apphcatlOns Useful datasets avaIlable from other CGIAR centers
and other mstItutIons are often In a raster format Most apphcatlOns of GIS reqUire a
umfled environment for vector and raster proceSSIng The foregOing reasons were the
motIvatlOn for the recent acqUiSitIon of a Umx workstatIon machme WIth a corre­
spondmg software system that can deal With both raster and vector data structures

Software
A hst of software In use at ICRISAT Includes

GIS software

• Arc/Info 3 4 2 (PC)

• ArcVIew 2 0 (PC)

• Arc/Info 701 (Umx WorkstatlOn)

• ArcVIew 3 0 (Umx WorkstatIon)
• Integrated Land and Water InformatIon System (ILWIS)
• IDRISI for Wmdows 2 0

I GIS Umt ICRISAT Patancheru 502324 Andhra Pradesh India

ICRISAT Conference Paper no CP 1377

Banulan, FT, Jr 1998 Software 10 use at ICRISAT Pages 25-26 In GIS analySIS of cropp1Og systems
proceed1Ogs of an InternatIOnal Workshop on HarmomzatlOn of Databases for GIS AnalYSIS of Croppmg
Systems m the AsIa RegIOn 18-19 Aug 1997 ICRISAT Patancheru India (Pande S Johansen C Lauren
J and Banttlan FT Jr eds) Patancheru 502 324 Andhra Pradesh India and Ithaca New York 14853
USA InternatIOnal Crops Research Institute for the Semi And TropICS and Cornell Umverslty
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Database software

• FoxPro

• Access

Ongoing applications
The ongomg apphcatlOns of GIS at ICRISAT are
• dehneatIOn of productIOn systems In southern and eastern Mnca usmg the FAO

Length of Growmg Penod and DigItal ElevatIOn Model

• charactenzatlOn of productiOn systems In southern and Eastern Mnca USing the
continental datasets In the Spatial CharactenzatiOn Tool CD-ROM from Texas
A&M Umversity, USA

• relating area and yields of major legumes (including gram, Oilseed, forage, and
green manure legumes) and their trends, to Influence of factors of the phYSiCal
enVironment, biotiC stresses, alternative cropping optiOns and SOCIOeconomiC
conSideratIOns m order to determme prospects for Increased use and productiOn of
these legumes In nce and/or wheat croppmg systems of the Indo-GangetiC Plam

• estimatIOn of spillover effects of sorghum germplasm and parental matenals USing
the FAO Agro Ecological Zones (AEZ)

<ism mapping of WIld relatives of groundnut m Latin Amenca In relatlOn to
Climate, m order to assess gaps m collectiOns and to understand the baSiS of
distnbution of diverSity

• mappmg of potential areas for peanut clump ViruS disease and identifymg high-nsk
areas m the peanut-&rowmg regions of India, based on pedochmatic charactenstics
of the survey pomts
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Software In Use at ICIMOD

B BaJracharya'

The Mountam EnVIronment and Natural Resources InformatIOn ServICe (MENRIS)
at the InternatIonal Centre for Integrated Mountam Development (ICIMOD),
Kathmandu, Nepal, has been worlung for the dissemmatIon of GIS and remote
sensmg technology m the Hmdu-Kush Himalaya (HKH) regIon Its major actIvItIes
are 1 capacIty buildmg of the national mstItutlons of the regIOnal member countnes
through trammg, hardware, and software support, 2 bUIldmg a digital database of
HKH at distnct level, and 3 conductmg case studIes for the applIcatIOn of GIS/
remote sensmg (RS) to mountam-speCiflc issues

The mam GIS and image processmg software m use at MENRIS/ICIMOD are
• Arc/Info 7 0 3 Umx verSIon

• Arc/Info 3 5 (PC)

• ArcView 3 0
• Earth Resources DigItal AnalYSIS Software (ERDAS) PC 7 5

• ERDAS Imagme 8 0 for Wmdows 95

• Integrated Land and Water InformatIOn System (ILWIS) I 4 DOS VersIOn

• ILWIS 2 0 for Wmdows

• IDRISI VerSIon 4 0 for DOS

• IDRISI VersIon 2 0 for Wmdows

MENRIS is m the process of acqwnng the Spatial Analyst and Network Analyst
extenSIons of ArcVlew GIS It is usmg Arc Explorer, a free software from the
EnVIronmental Systems Research InstItute (ESRI) that can be downloaded from the
mternet to tram polIcymakers Another software, MapObJects, obtamed from ESRI
IS used to develop a computer-based tralnlng (CBT) program on GIS Through
speCial arrangements with ESRI and Uruted NatIons EnvIronment Programme­
Global Resource InformatIon Database (UNEP-GRID), Bangkok, Thailand,
ICIMOD has been facilItatIng the distnbutlOn of ESRI software at special UN pnces
to itS collaboratmg mstitutIOns

I InternatIOnal Centre for Integrated Mountain Development (ICIMOD) PO Box 3226 Kathmandu
Nepal

BaJracharya, B 1999 Software In use at ICIMOD Pages 27-28 In GIS analysIs of croppmg systems
proceedings of an InternatIOnal Workshop on HarmOnizatIOn of Databases for GIS AnalYSIS of Cropping
Systems m the Asia ReglOn 18-19 Aug 1997 ICRISAT Patancheru IndIa (Pande S Johansen C Lauren
J and Bantilan FT Jr eds) Patancheru 502 324 Andhra Pradesh India and Ithaca New York 14853
USA InternatIOnal Crops Research Instltute for the Semi And TropiCS and Cornell University
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The hardware used for GIS and remote sensmg (RS) at MENRIS are
• IBM RISC 6000 3 BT servers

• IBM 43P workstatIons

• PentlUm PCs wIth 32 to 64 MB RAM

• Computer compatIble tape (CCT), Exabyte, optIcal dnvers, ZIp dnves and a CD
wnter for data backup
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Climate and Soli Surfaces

J W White" J Corbett2, and G Coutu2

ChmatlC and edaphlC condItIons are pnmary determInants of crop productIon They
affect crop speCIes both dIrectly and through Influences on agronomlC practIces,
dIseases, pests, and weeds, and SOCIOeconomlC factors Thus any attempt to examIne
spatIal vanatIOn In crop productIon or of Impacts of productIon must consIder the
effects of clImate and sod

TradItIOnally, spatIal vanatlon In clImatIc and edaphlC data have been presented
through maps To reduce the potentIal number of maps and faCIlItate InterpretatIon,
the InfOrmatIOn was often summanzed as agrochmatlC zones or sOlI groups GIS offers
tools for mampulatIng and presentIng such data In a more dynamIc and quantltatIve
manner Zones or groups may be defIned for a specIfic set of crop or system­
dependent cntena And the data may be coupled WIth such other tools as crop models,
to Improve the accuracy and scope of the analyses

ClImatlC and edaphIc data can be represented In GIS systems USIng both raster
(gnd) and vector (polygon) formats However, SInce such data usually show
contInUOUS vanatIOn, raster formats are preferred For example, total preCIpItatIOn,
mean maXImum temperature or surface SOlI pH may be represented as a raster surface
where each cell IS aSSIgned a value equal to the mean value for that map umt (FIg 1)

Source data usually come from measurements at specIfIC pOInts, such as weather
statIons or sod sample locatIons Thus, surfaces have to be created by InterpolatIng
POInt data over the study area There IS stIll consIderable controversy concernIng the
best approach for InterpolatIon SImple methods such as mImmum curvature and
Inverse-dIstance-squared weIghtIng may be adequate for relatIvely umform areas WIth
hIgh denSIty of source data However, for the more complex SItuatIons that are typlCal
of agncultural systems, co-kngIng (KItamdIs 1997), thIn plate splInes (HutchInson
1989, 1995) or other methods of geostatIstlCs are preferred These allow aUXIhary
data to be used to further Improve InterpolatIOns, and some methods produce
estunates of InterpolatIOn error

Centro InternatIOnal de MeJoramiento de MaiZ YTngo (CIMMYT) Llsboa 27 PO Box 6641 06600
MexICO D F MexiCO

2 Texas A&M UnIVerSIty College StatIon Texas 77843 2475 USA

WhIte, J W Corbett, J, and Coutu, G 1999 Cltrnate and sol! surfaces Pages 3]-36 In GIS analYSIS of
croppmg systems proceedmgs of an InternatIOnal Workshop on HarmOnIzatIOn of Databases for GIS
AnalYSIS of Croppmg Systems In the Asia RegIon ] 8-] 9 Aug] 997 ICRISAT Patanchem IndIa (pande S
Johansen C Lauren J and Bantilan FT Jr eels) Patanchem 502324 Andhra Pradesh India and
Ithaca New York ] 4853 USA InternatIOnal Crops Research InstItute for the SelTI1 And TropICS and
Cornell UruverSIty
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SInce elevatlOn often has strong relatlOns with temperature, preClpltatlOn, and solar
radiation (Fig 2), elevation IS the 'covanate' most commonly used to Improve
InterpolatlOns of chmatlc data WithIn a region Data for elevation are obtaIned from
digital elevation models (DEMs) such as GTOP030, that provide elevatlOn data on a
30 arc-second (approXImately I km) gnd (Anonymous 1997) In generatIng surfaces at
the regIonal or contInental level, problems have been noted In detectIng raIn shadows
and accountIng for effects of large bomes of water These might be overcome With
addltlOnal covanates such as Wind-direction and dIstance from coasthnes Alternative
approaches Include USIng neural networks (ElIzondo et al 1994) or more complex
weather models (Daly et al 1994)

Interpolatmg soIl traIts IS more problematIC SInce they are Influenced by parent
matenal, clImate, and processes of deposition and erosion Under the SOTER proJect,
efforts are underway to use DEMs and remote senSIng to Improve regional soIl
mappIng (Baumgardner 1995)

For the nee-wheat regIon, the only chmate surfaces available appear to be those
recently developed by the International Irngatlon Management Institute (IIM!) and
the Umverslty of Utah (FIg 1) These surfaces were based on the World
MeteorologICal OrgamzatlOn (WMO) data and other sources, and were Interpolated
on a 2 5 km gnd They Include both basIC weather parameters and denved vanables
such as potential evapotransplratlOn The developers of these surfaces recogmze that
these are prelImInary surfaces and welcome other researchers to partiCIpate In efforts
to Improve the surfaces (D Molton, IIMI, personal commumcatlOn) The GTOP030
DEM (Anonymous 1997) may also be used to produce regional surfaces With a fIner
gnd SlZe (approXImately 1 km)

Although detailed SOlI maps (1 250,000 or 1 50,000) are available for most of the
Indo-GangetIc PlaIn region, these are not In digitized formats The maIn regIonal map
that can be used In GIS IS the FAO 1 5,000,000 map Besides IdentifyIng SOlI groups,
these have semi-quantItative data on depth, water holdIng capacIty, texture, pH, and
other traits that are more directly apphcable to models
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GIS Database for Mountain Agnculture

B BaJracharya1

Background
The mountam areas of the Hmdu-Kush HImalaya (HKH) regIon present great
challenges to the efforts of development The socio-ecologIcal dIversIty, margInalIty,
and fragIle ecosystems of the mountams make the Issues of sustamable development,
envIronmental sustamabIlIty, and economIC growth more dIffIcult The regIon sustams
over 150 mIllIon people Further, It affects the lIves of more than three tImes that
number m the plams and nver basms of South ASIa The rapIdly mcreasmg mountam
populatIon IS addmg to the poverty and IllIteracy problems m the regIOn These
problems are strongly related to agnculture, forestry, lIvestock, urbamzatIOn
mfrastructure, and a host of other mterlInked Issues There are Issues mvolvmg food
and forest productIon, marketmg and manufactunng, and mamtenance of sustamable
productIon systems, and locally specIfIc Issues of farmers strugglmg to make a IIvmg
amIdst scarce resources

The InternatIOnal Centre for Integrated Mountam Development (ICIMOD),
Kathmandu, Nepal, works mamly at the mterface between research and development,
and acts as a faCIlItator for generatmg new mountam-speCIflc knowledge of relevance
to mountam development WIth the pnmary objectIve of helpmg promote the
development of an economICally and enVIronmentally sound mountam ecosystem and
ImproVIng the IIvmg standards of mountam populatIons In the HKH regIOn, ICIMOD
attempts to ensure that new knowledge IS shared among all relevant mstitutIOns,
organIZatIons, and mdIVIduals m the regIon

Importance of agncultural development
Over two-thIrds of the populatIon m the HKH are dependent on farmIng as theIr
pnmary source of lIvelIhood Hence, the task of overcomIng poverty and ImproVIng
the well-beIng of mountam people must begm by addressmg the problems of mountam
agnculture The mIllIons of small mountam farms must be seen as a focal pomt of
problems and also opportumtles m sustamable mountam development

1 MountaIn EnVlronment and Natural Resources InformatIOn ServIce (MENRIS) InternatIOnal Centre
for Integrated MountaIn Development (ICIMOD) PO Box 3226 Kathmandu Nepal

BaJracharya, B 1999 GIS database for mountaIn agnculture Pages 37-44 In GIS analySIS of croppIng
systems proceedIngs of an InternatIOnal Workshop on HarmomzatlOn of Databases for GIS AnalYSIS of
CroppIng Systems In the As13 RegIOn 18-] 9 Aug] 997 ICRISAT Patancheru Incha (Pande S Johansen
C Lauren J and Bantllan FT Jr eds) Patancheru 502 324 Andhra Pradesh Incha and Ithaca New
York ]4853 USA InternatIOnal Crops Research Institute for the Serru And TropICS and Cornell Umverslty
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The need for pnmary focus on agnculture IS also valId In the plaIns of the
developIng countnes In the regron The deCIsIve factor for development lIes In the
Improvement of the SOCIOeconomIC condItIons In rural areas where the maJonty of the
populatIon lIves and whose maIn occupatIon IS agnculture (APO 1997) Almost all the
rural development programs In thIS regIon speCIfIcally arm to raIse farm productlVlty,
WIth addItIonal ObjectIves of generatIng employment opportumtles and prOVIdIng
adequate hOUSIng, schoolIng, and health faCIlItIes

Need for an mtegrated approach

There has been a general lack of understandmg of the natural and human processes
affectIng these mountams m the past The development mterventlons that were
deSigned were often sectoral m nature and mamly addressed the symptoms rather than
the causes of the problem The aVailable data on resources and enVIronment are
generally dIspersed among many agenCIes and cannot be complIed effICiently for
multIsectoral, problem-onented analySIS What IS now needed IS an Integrated
approach to sustaInable development that reconCIles the economIC needs and
aspIratIons of the people WIth the reqUIrements for mamtammg bIologICal productIVIty
and ecologICal balance

GIS as a tool for mtegratlon

Advances In computer and commumcatrons technology have presented a umque
opportumty for planners and deCISIon-makers to apply speCIfic systems and techmques
to address the Issues of rural development In an Integrated manner (APO 1997) GIS,
remote senSIng, and global positIOmng systems (the 3-S technology) are evolVIng as
effICIent tools that Integrate bIophySICal and SOCIoeconomIC data whICh can be used to
develop alternative strategIes to address complex and multIdImenSIOnal problems
Advances In satellIte Image processmg and computer analySIS have made It pOSSIble to
evolve a realIstIC, accurate, and umform database to faCIlItate the deCISIon makIng
process

Database as a foundation to a successful GIS

G IS IS a computer-based system capable of holdIng and USIng data descnbmg places on
the earth s surface A strong database IS the key to ItS successful apphcatlon It IS
charactenzed by two forms of data 1 attnbute data, statIstICS or textual, and Z
geographICal mformatIon, spatIal or locatronal data (FAa 1988) Through analySIS of
these two types of data USIng GIS techmques, It has now become pOSSIble to more
effectIvely answer questIOns lIke where?, what?' and what If?

Database deSign concepts
A successful database IS one that prOVIdes the pnnclpal users and stakeholders WIth
the InfOrmatIon they need to make sound and timely deCISIons and In a format the
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pnnClpal users can understand and manipulate (Lund 1994) A good des1gn from the
very begmnIng 1S necessary for developmg a successful database Database des1gn 1S a
structured deCislOn-makmg process about organIZatlOn of geographlC and attnbute
data maGIS Des1gn allows the database to be Vlewed m 1tS ent1rety and evaluatlOn of
how vanous aspects of the database need to mteract It allows for the early
1dent1flCatlOn of major 1ssues, potent1al problems, and des1gn alternat1ves (ESRI
1991)

Special aspects of GIS databases
The use of locatlOn as a spec1al kmd of key maGIS 1S the major conceptual d1fference
from conventlOnal database systems Smce the spat1al data represent the features of
a real world, there are 1ssues of appropnate proJectlOns and coordmate systems to be
dealt w1th Accuracy, preC1S1on, and t1melmess are among the vanous questlOns that
anse dunng 1mpiementatlOn of G IS as we have to rely on old maps and secondary data
wh1ch were deSIgned m a totally d1fferent framework

Des1gnmg a database for GIS apphcatlOn should have a broader perspect1ve than
the trad1tlOnai management mformatlOn system (MIS) The des1gn process of a
database has several steps (ESRI 1991) Any database should be des1gned w1th the
user m mmd The needs of users mS1de the organIZatlOn and the potent1al users outs1de
should be assessed before begmnIng the des1gn process Strong management, and user
support and mvolvement IS necessary for a useful and praCTIcal des1gn (Lund 1994)
Data aVallab1hty needs to be assessed and the data sources, 1ssues related to data
acqulSltlOn, scale, accuracy, and cost should also be resolved The system should be
1mplemented over a speCined area to test for functlOnahty, performance, and
flex1b1hty before real 1mpiementatlOn The need for major changes m the structure
may be reahzed whIle dealmg Wlth the real-Me problems dunng the pIlot study

The fmal system should be able to meet the expectat10ns put forward by the users
dunng the needs assessment However, the system should be fleXlble enough to make
some mmor changes as may be reqUlred m the course of t1me Open-ended systems
that offer poss1b1ht1es for future expanSlOn are more sustaInable (McCloy 1995)

Case studies for GIS applications In agnculture
The Mountam EnVlronment and Natural Resources InformatlOn SefV1ce (MENRIS)
at ICIMOD was estabhshed m 1990 as a resource center for the HKH reglOn for the
study and apphcatlOn of GIS technology Smce then, 1t has focused 1tS actlVlt1es on
trammg and capaclty-bUlldmg for apphcatlOn of GIS and remote sensmg (RS),
estabhshment of a d1g1tal HKH database for mstltutlOnal networkmg, and computer
apphcatlOns and development

MENRIS has carned out a number of case stud1es w1th speClflC focus on the
mountam areas Two of 1tS recent case stud1es are related to the apphcat10n of G IS/RS
to mountam agnculture ~pphcatlOn of G IS for Planmng Agncultural Development
m the Gorkha D1stnct and LamJung D1stnct InformatlOn System for Local Planning
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and Assessment of Natural Resources USIng GIS and RS Technology Both studies
are supported by Deutsche Gesellschaft fur Techmsche Zusammenarbeit (GTZ), the
German agency for techmcal cooperation Some of the approaches and fIndIngs of
the LamJung study are presented here as an example of G IS database development
and ItS applicatIOn to the real world sItuation

The LamJung Case Study

The scope of the project was to bUild up a distnct InfOrmatIOn system that would
enable the deCiSIOn-makers m LamJung DIstnct and the GTZ-supported proJect, and
itS project partners to better VIsualize eXistIng natural and Infrastructural situatlOns,
Integrate natural SCience and SOCIOeconomiC data, and use the InfOrmatIOn thus gamed
for improved area-speCifiC planmng, and momtonng of programs and natural resources
(Trapp 1995, Trapp and Moo11996)

Database design and development

The InfOrmatIOn system is based on pnmary as well as secondary data (Tables 1 and 2)
There are two pnnCipal dlVlsIOns In the group of pnmary InfOrmatIOn layers
• InfOrmatlOn on natural resources and land use, retneved from maps published by

the Land Resource MappIng Project (LRMP 1986), the One Inch topographiCal
maps of the Indian Survey (IS), and two sets of satellite imagery of Feb 1984
(Landsat MSS) and May 1994 (Landsat TM)

Table 1 LamJung Dlstnct InformatIon System baselIne data layers

Map scale!
Data layer resolution Source

Lam]ung Dlstnct boundary
Dramage system (nvers)
ElevatIOn contours III 500 foot mtervals

and spot heights
Land utlhzatton m 1979
Land utlhzatton m 1960
Satelhte Imagery
Satelhte Imagery
Land capablhty m 1979
Land systems
Ecology and ecologICal zones
MeteorologICal data of statIOns m central

and western Nepal
Road and trail network
Bndges and fords
Vtllage Development Centre boundanes

Settlement locatIOns
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1 50,000
163,360
163,360

1 50,000
163,360
80m
30m
1 50,000
1 50,000
1 250,000

1 125,000
1125000
1 20,000
1 50,000
1 63360

LRMP 1986
One Inch (IS 1960)
One Inch (IS 1960)

LRMP 1986
One Inch (IS 1960)
Landsat MSS, 3 Feb 1984
Landsat TM, 13 May 1994
LRMP 1986
LRMP 1986
after Dobremez et al 1970 81
HMG Nepal 1966 86

Central ServICe Map SBD 1989
Central ServIce Map SBD 1989
HMG Nepal 1989
One Inch (IS 1958 62)
One Inch (IS 1960), field survey



Table 2 LamJung Dlstnct InformatIOn System settlement database

Item

I Households and populatIOn
2 Food suffIcIency
3 Employment
4 EducatIOn/schools
5 ServIces
6 DIstance to servIces
7 People tramed
8 LIvestock
9 Land use

10 Commumty forestry
II CraZlng area of sheep
12 Nursenes
13 LandslIdes
14 Dnnkmg water faCIlIties
IS IrngatlOn faCIlItIes
16 Cottage mdustnes
17 Development agenCIes

Parameters

men/women, caste/ethmCIty, landholdmg, age
number of months
number of months and where
boys/gIrls attendmg school school type
agnculture, health, post offIce, bazaar, polIce
m mIles and hours
agnculture, health, cottage Industry, masonry
types, number
type, agnculture, crop productIon
locatIOn, SIze, user group, management plan
wInter/summer, other dIstnct
type (frUit, forest, vegetable), year, ownershIp
locatIOn, year, area affected
source, schemes cost,status
source, schemes, cost, status
type, number
NCO, year number of households, sector

• InformatIOn on populatIon fIgures and other socIOeconomIC data, compIled from
the NatIOnal Census 1991 and from a settlement level baselme survey covenng
1110 settlements conducted by Rural Development through Self-help PromotIOn,
LamJung, m 1995 In collaboratIOn WIth th~ Dlstnct Development Centers (DOC),
LamJung, and the VIllage Development Centers (VDC)

ThIS InformatIOn was then applIed to acqUIre more knowledge by creatmg
secondary layers, e g, on the topography (aspect, slope gradIent), elevatIon zones,
clImate (temperature and mOIsture regImes), agroclImatlC zones, and land cover
Pnmary and secondary InformatIOn layers were used to buIld on models USIng raster
GIS (100 m resolutIOn) In order to arnve at an approXImatIOn of 1 land-use changes
over the last three decades, fOCUSIng on forest cover, 2 changes In accessIbIlIty to road
Infrastructure, and 3 potentIals In hortICultural/potato development

Hardware and software

PC Arc/Info 3 5 was used for data mput and dlgltlZlng ILWIS on a PC platform was
used for Image proceSSIng Arc/Info 703 on an IBM RISC System/6000 and AIX
OperatIOn System was used for geographIc analySIS

Data storage

The data are stored m PC Arc/Info format compIled m subdlrectones, Ie, coverages
The database IS eIther stored m <coverage name>\PATDBF files (1 e, polygon or
pomt attnbute tables) or <coverage name> \AATDBF fIles (I e , arc attnbute tables)
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The \PATDBF and \AATDBF database fIles can be retneved and updated usmg
dBASE software

Constramts and limitations
Despite technolOgical advancement of G IS and RS, their dramatIC declmmg costs, and
Improved user-fnendly software, the potential benefits of GIS have not been fully
explOited (Pradhan and Shrestha 1997) The use of G IS and RS must mvolve
awareness of the limitatIOns of not only the available data but also the understandmg
of envIronmental processes and the technology muse

In the HKH reglOn, It IS not always the technologIcal hurdles that prevent
successful GIS ImplementatIOn There are such other lImltmg factors as data
standardization, data access and exchange, defiCient mstitutlOnal framework, complex
topography, and lack of trained personnel

Data quality and standards
One of the key Issues facmg GIS usage today IS the absence of acceptable standards m
the regIOn GIS can be useful only If the accuracy and acceSSibility of mformatlOn IS
standardized As m the case of Gorkha and LamJung studies, data accuracy was limited
by the fact that the main features of the database were digitized from maps on
different scales Maps of Village Development Center (VDC) boundanes aVailable
from the cadastral survey are not complete and are Without proper reference pomts
The quality of the database on settlements vanes from VDC to VDC due to the
varymg degree of acceSSibility and inconsistency of enumerators The Initial Idea to
apply GPS technology for thiS purpOiie had to be dropped due to the lack of a handy
mstrument and the large number of settlements that made It ImpOSSible to VISit each
of them

Data access
Unnecessary restnctlons of topographICal maps m the regIOn limit their use The
policy m thiS respect should be rational, keeping In mmd the pace of modern trends,
Without compromlsmg the speCifIc needs of mdlVldual countnes There IS also a need
for institutIOnal arrangements, both Within the mdlvldual countnes and wlthm the
region, to faCilitate mutual shanng of data The ultimate goal should be to develop
national and regIOnal GIS capabilities With appropnate networks mterlmkmg them

ConclUSion

There are many hurdles and limitations m applymg GIS m the mountain areas,
speCially In a less-developed region like HKH However, It IS essential to make the
best use of what IS available and take advantage of the developments m global
technology trends With more case studies and pilot proJects, there IS a need for
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developIng methodologies and models to address mountaIn-speclflC problems And
above all, It IS Important to share the knowledge thus gamed and dlssemmate
the technology for the benent of the people The frUItful shanng of knowledge
or mformatton demands standardIzatIOn of databases, data defInItIOn, and
methodolOgies
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Farming Systems and Socioeconomic Database
for the Hindu-Kush Himalaya Mountain Region

PM Tulachan'

Background
Mountam ecosystems m the Hmdu-Kush HImalaya (HKH) regIon are complex and
charactenzed by what the InternatIOnal Centre for Integrated Mountam Development
(ICIMOD) calls mountam speCIfICITIeS, such as maccesslblltty, margmaltty, fragIlIty,
dIversIty, mche, and adaptatIOn mechamsm They conSIst of a range of umque agro­
ecologIcal zones, each has speclnc agncultural/farmmg systems, and a mosaIC of
SOCIOeconomIC dIversIty such as dIverse ethmc groups and commumtles wIth speCInc
socIO-cultural values and local dIalects or languages

Presently, there IS a lack of systematICally collected and collated data charactenzmg
each agro-ecosystem m each umque agro-ecologlCal zone, whICh can be used to
effectIvely address the speCInc needs of peoples under dIfferent mountam farmmg
condItIOns Therefore, one of the major programs for sustamable mountam
development should be a systemaTIc, quantItatIve exploratIOn and charactenzatlon of
agncultural systems and socIetIes m the HKH

These compnse a valuable resource to charactenze specIfIc agncultural systems and
farmmg commumTIes to formulate mountam-speclflC development strategIes and
polICIes for alleVIatmg poverty and conserVIng the enVIronment

Tills paper bnefly descnbes nve broadly clasSIfIed farmmg systems m the HKH It
addresses speclnc Issues hke, "Why IS there a need for a dIfferent approach m
collectmg agncultural systems and SOCIO-economlC data m the mountams , and 'What
kmds ofdata are Important and how are these data gomg to be used for modelmg?' The
relatIOnshIps between these data and GIS and remote sensmg (RS) technologIes are
descnbed Fmally, some practIcal Issues of collectmg relIable fIeld data are also
presented

1 Mountain Farming Systems DlVlslOn InternatIOnal Centre for Integrated Mountain Development
(ICIMOD) PO Box 3226 Kathmandu Nepal

Tulachan, PM 1999 Farming systems and SOCIOeconomic database for the Hmdu Kush HImalaya
mountain regIOn Pages 45-52 In GIS analySIS of cropping systems proceedings of an InternatIOnal
Workshop on HarmomzatlOn of Databases for GIS AnalYSIS of Cropping Systems m the Asia RegIOn 18-19
Aug 1997 ICRISAT Patancheru Inma (pande S Johansen C Lauren J and Bantllan FT Jr eds)
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Mountain farming systems
Mountain farming systems represent vanous speoflc blO-physlCal conditions and
soooeconomlC orcumstances of mountam commumties The five broadly classIfied
farmmg systems m the HKH are descnbed below

Pastoral farmmg systems

Pastoralism IS an entIrely livestock-based farming whICh Includes nomadIC,
transhumant, and sedentary systems AnImal herds graze on hIgh pastures and
rangelands dunng the summer Dunng the harsh wmters of feed scarCIty, they are
taken to the foothills and mountam valleys and graze fallow fIelds Crop reSIdues,
straws, and stovers supplement the feed needs Pastoral farmmg IS commonly
practIced m the high northern mountams of Nepal, Bhutan, and bordenng areas
between Pakistan and Chma The landscape compnses hIghland pasture and
rangeland

Agro-pastoral farmmg systems

ThIS IS predommantly a livestock productIon system complemented by subSistence
foodgram crop cultivatIOn SubSIstence crops are grown on nver beds or on the flat
land of narrow valleys Ammals are raIsed on hIghland pastures dunng the summer,
and taken to the valleys and foothills (lower hills) dunng the harsh wmters Livestock
IS the mam source of cash mcome Such farmmg systems are most common m the hIgh
mountainS of Pakistan, Nepal, IndIa and Bhutan

Farmmg systems dommated by foodgrams or mixed crops

SubSIstence food crops such as wheat, maize, barley, potato, and mIllet dommate the
system With a few head of livestock Integrated WIth crop productIon Some pocket
areas, havmg access to road networks, grow cash crops such as potato, omon, and garlIc
for commeroal purposes Generally, flat valley and fertIle nver bed fIelds are used for
the cultIvatIon of major foodgram crops such as nce and wheat Cereal food crops such
as maize and mIllet are grown on upland slopes, and steep terram IS used to grow
potato ThIS IS a common practICe In Nepal, India, and Bhutan

Farmmg systems dommated by orchards or horticultural crops

ThIS type of farmmg system IS also called mche-based farming of hIgh-value cash
(HVC) crops Vanous pockets m the mountains have extremely favorable agroclImatlC
and sod condItIOns SUitable for a vanety of fruits, vegetables, vegetable seeds,
spICes, herbs, and medICinal plants WhIle apple farming In BaluchIstan (Pakistan) IS m
flat valley bottoms, It IS mostly on upland slopes m HImachal Pradesh (IndIa) and In

the Raptl Zone (Nepal) CitruS, mamly mandann, IS mostly cultIvated on upland
slopes of mid-mountams of Nepal and Bhutan Wherever IrrIgatIOn water IS avaIlable,

46



the cultivation of fruits IS Intercropped with the productIOn of vegetables, vegetable
seed, legumInous forages, and fodder grasses There has been an IncreaSIng trend of
grOWIng off-season vegetables on upland slopes

Shlftmg ]hum farmmg

Commonly pracnced In northeastern India, Bhutan, some mid-mountaIns of Nepal
and bordenng areas between Myanmar and ChIna, ]hum or shiftIng agnculture In these
areas IS now at a crossroads due to mcreaSIng populatIOn pressure resultmg m less time
for regeneranon of vegetation TradItIOnal approaches for ]hum cultivatIOn are still
bemg employed and are sustaInable m some parts of the HKH Alder tree based ]hum
farmmg m some areas of Nagaland IS an example lhum fields are also afforested With
mdlgenous tree species EcolOgically, ]hum farmmg IS a favorable option If suffICient
time IS allowed for regeneranon of natural vegetation, but m order to make It
economICally Viable, the sound development efforts made by local people should be
complemented by the mtroductIOn of Improved seed and ferttllZer technolOgies

Database of mountam farmmg systems m HKH-attempts
at ICIMOD
It IS generally agreed that the natIOnal governments offiCial agncultural statistICS are
madequate to deal With the data gaps m agncultural systems (Rhoades 1997)
ICIMOD, as an mternatIOnal center for mountam development, has a comparative
advantage m creatmg a systematIC database and mformatIOn system on mountam
agnculturallfarmmg systems, With the abilIty to retneve, store, and Integrate data m a
computenzed form that IS complementary to other databases A systematIC database
on mountam farmmg systems and commumtles IS needed not only for research
targetIng and pnontlZatIOn, but also equally Important for agncultural plannmg, polIcy
analySIS, and advocacy

ICIMOD has begun creatIng a systematic computenzed database by USIng
MICrosoft Access for WIndows 95 The purpose IS to capture speCifIC mountaIn
farmmg and SOCIOeconomic data m a systematic and user fnendly way In the form of
graphs, figures, tables, and trends Presently, we are usmg secondary sources such as
government statistICS, gray lIterature, travel reports, consultant and project reports,
case studies, and momtonng and evaluatIOn reports of vanous projects

We are also makmg sure that the data structure IS compatible With G IS applicatIOns
We can establIsh a lmk between attribute data created m a separate Database
Management System (MS Access 95) and GIS software to present speCific
SOCIOeconomic attnbutes/charactenstlCs of mountaIn commumtles and farmIng as
graphICS or maps

The database should be lIke the Himalayas and the Himalayan people always
changIng, shlftmg, and adaptIng (Rhoades 1997) By haVing a sound database,
ICIMOD Will have a umque opportumty to assist HKH countnes In planmng, and
program and polIcy formulatIOn for the agncultural development of mountam areas
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Remote sensmg (RS) technologies
Although GIS/RS technologies are powerful enough to do spatial analysIs, there are
many non-spatial attnbutes that would become equally Important for planmng and
programmmg, pohcy analysIs and deCislOn-makmg For example, diversity m terms of
sOCio-cultural values of different mountam commumtles and thetr farm economies,
profltablhty or economies of farm enterpnses, and farm technologies, mteractlOns
among different crops, and lowland-upland hnkages cannot be captured by G IS/RS
technologies, but these are cruCial m the decIsion makmg process Agncultural
productlVlty and sOli fertlhty data need to be collected to examine trends m
productlVlty In relatIOn to the declmmg/mcreasmg level of SOli fertility Many other
data such as the use of different crop vanetles and Inputs such as composts, chemICal
fertlhzers, and pestICides are reqUired for pohcy analysIs and planmng purposes

Need for a different approach for collectmg agncultural
systems and socioeconomic data m the mountams
ThiS IS cruCial In view of the fact that much of the past work on agnculture and
SOCIOeconomic surveys conducted by vanous orgamzatlOns has not emphaSized
mountain charactenstlcs Oandscape, aspects and types of farming systems, etc) while
collecting data Much emphaSIS was gIVen to a sampling framework based on farming
populatIOn Irrespective of mountain speCifiCities and farmmg systems types As a
result, the data collected do not represent speCific farming and socIOeconomIC
conditIOns, and consequently are of limited use for research targetmg and
pnontlzatlon, and area-based planning or mICro-level planning and policy analySIS

Landscape largely determines the type of farmmg system The fertile valley, nver
baSin, and seml-Irngated terraced fields are generally cultivated With summer nce and
wmter wheat On upland slopes and steep terram, subSistence crops such as maize and
millet are grown However, the relatively accessible areas have upland slopes being
used for cash crops such as off-season vegetables and fruits Farmmg commumties and
their sOCIOeconomic Circumstances may also Influence the type of farmmg system
under a speCifiC mountain conditIOn

Therefore, there IS a need to develop a survey research methodology whICh
conSiders the bIOphySical and SOCIOeconomic diverSity of the mountains With an
objective of Identifying comparable areas for the exchange of knowledge, expenence,
and technology In the regIOn

Contents of database
Ultimately, the aim IS to create a Computenzed Mountain Agnculture and
SocIOeconomIC Database that Will assist m formmg effective deCISIOn support systems
for sustamable agnculture development The emphaSIS Will be on
• mformatlon profiles of sOCIoeconomIC attnbutes of mountain farming commumtles

• charactenstlcs of agncultural systems m each umque agro-ecologlcal zone to fill the
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knowledge gaps about dIversIty of mountaIn agnculture systems and farmIng
SOCIetIes of HKH

• systematIC delIneatIOn of comparable farmIng systems WIthIn each ecoregIOn, and
IdenttflcatlOn of constraInts and opportUnItIes of each comparable farmIng system
for research planmng, targetIng, and pnonty settIng

• economIC Importance of the farmIng systems In questIon, and potentIal for
extrapolatIOn of knowledge/results at appropnate scale levels, and technologIes
between SImIlar systems (Rhoades 1997)

• farm economIes of farmmg systems m each UnIque agro-ecological zone, mcludIng
theIr economIC roles In the lIght of the rapId transformatIon In the HKH

FIeld-level data from a few selected representatIve mountaIn dIstncts m each ofthe
HKH countnes WIll enrICh the agnculture and sOCIoeconomIC database system
However, emphaSIS should be on GIS/RS technologIes, ground truthmg of secondary
data, and collectIOn of pnmary data

Modeling for agricultural development planning and
declslon-makmg
DIstnct data can be used for modelmg the dIstnct as a whole concentratmg on
problems lIke food secunty for evaluatIng dIfferent InterventIOns Such models can
concentrate on
• enhanCIng agncultural productlVlty and food secunty

• ImproVIng farm Income and employment

For thIS purpose, we can first assess the present agncultural SItuatIOn In terms of
productlVlty, farm Income and employment, food secunty status, and constraInts and
opportUnItIes Based on thIS assessment, SImple agncultural models can be developed
fOCUSIng on food secunty and farm Income WIth InterventIOn optIOns that can be
controlled by planners and declSlon-makers The model can prOVIde a senes of
dIfferent optIons (attnbute data output) as a declSlon menu for agncultural planners
For example, a model can be developed on government pohcy mput subSIdy versus
output subSIdy-whICh one IS cost-effectIve m addreSSIng the food seCUrIty Issue m
acceSSIble areas versus maccessible areas" AgrIcultural deCISIOn-makers wIll be
mterested m such practtcaiissues that are dIrectly relevant to theIr planmng processes

The data output can be generated first by usmg lmear programmIng conductmg
sensItlVlty analySIS Then, a G IS expert needs to estabhsh hnks between these
attrIbute data output and eXIstIng spatIal InformatIon (remote sensed or otherWIse)
USIng GIS software, resultIng m maps, shOWIng land-use plan, crop SUItabIlIty, food
surplus/defiCIt area, and accessIblhty for appropnate targetIng of dIfferent segments
of the populatIOn WIthIn a partICular dlstnct/state/provInce

FIeld-level data need to be collected by survey methods, rapId rural appraIsal (RRA)
and prImary rural appraIsal (PRA) WIth these data, any of several speCIfIC models,
e g , the optImal land-use system, can be developed to deal WIth speCIfIc farmIng
systems, populatIOn and area withm an admInIstratIve UnIt (e g , dIstnct) Mountams

49



have 10catIOn-speClflc problems because of diverse bIOphysICal and SOCloeconomlC
conditIOns For example, the present GIS-based crop sUitabilIty model that takes Into
account biophysICal SUitabilIty might misrepresent areas groWIng certaIn crops very
specifIC to a partICular mountaIn enVIronment and whose specifIC parameters are
diffICult to be usedhdentlfled In the model

Practical Issues of reliable agnculture and SOCioeconomiC
data collection

WhIle we collect pnmary data on agncultural systems and socioeconomlC data, we
need to generate rellable and relevant data Use of unreliable data mIsleads planners
and deCISIOn-makers So, It IS cruClal for both top level planners and field workers to
understand practICal Issues of collectIng relIable field data
• QuestlOnnatre desIgn IncludIng relevant questIOns IS absolutely essential This Will

save both the researcher's as well as the farmer's time With a properly designed
questIOnnaire, an Interview With a farmer should not last more than 2 hours In the
mountaInS, because of vanous sOClo-cultural settIngs, some Interviewees are
conservative and some are open The checklist and survey questIOnnaIre should be
framed In such a way that they do not Include sensitive Issues that may offend local
farmers

• CoordlnatlOn and database There are some cases In Nepal of the same InstitutIOns
conductIng the same type of Interviews 4 to 8 times at the same site and dlstnct
Such overload would cause reluctance by farmers to cooperate In the future
MaIntaInIng a systematic database, and makIng a thorough review of the available
data can aVOid such problems

• IIBOSSIsm ll An aggressive attitude makes farmers nervous and reluctant to answer
openly, leading to unrelIable data gathenng Farmers should be approached In a
manner that Will make them comfortable MountaIn people are proud people-no
matter how poor they are and how hard they have to work, they lIke to lIve With
dlgmty

• SelectlOn of enumerators In most of the proJects, the enumerators are recruIted
from city or urban areas and are gIven lIttle traInIng Such enumerators Will have
both sOClo-cultural and commumcatlOn problems In the mountaIn areas Only
enumerators who know the local dIalect and culture should be recruIted

• Expert Judgment The researcher s expertise and Judgment, and fIeld observatIons
are Important to cross check the data filled In by the enumerators Furthermore,
askmg for data on mcome IS senSItIve It WIll always be preferable for a researcher to
compute or estImate the Income status of a farm household Instead of directly
askmg the farmer

• ElIte and male farmer btas A common practIce for a researcher IS to target elIte
farmers or Influential farmers Secondly, there IS a general tendency to only talk
With the household head-usually a male farmer-and not necessanly the real
workers In order to get relIable data, the IntervIew should be conducted With those
famIly members who are dIrectly Involved In a particular farm actlVlty For example,
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90% of lIvestock management actIvItIes are being carned out by women m the
mountams of Nepal, hence they should be targeted for mterviews about this
actIVIty

• DIscIpLmary bIas ThIS IS a senous problem A researcher s background could make
a bIg dIfference m terms of the purpose of data collected and ItS ImplementatIOn A
multIdIscIplInary team IS therefore needed

• Wrong approach Scene settmg IS Important to explain facts and purpose of data
collectIOn The confidence of the target group needs to be gamed The ultimate use
of the data and mformatIOn should be explamed and expectations regarding the
outcome should not be raIsed

• Wrong tImmg In order to obtain relIable data, farmers should be approached at the
nght tIme and/or m the nght season For some ethmc groups, dunng the off-season,
It would be m a tea shop where many farmers relax Dunng the peak season, It may
be the lunch hour around noon For some ethmc groups, It IS dunng the evenmg
when they are relaxed Wrappmg up of the intervIew should be done tactfully

• Traznzng and monztorzng All personnel conductmg the survey need proper
onentatIOn and trammg about the objectIve of data collectIOn For formal surveys,
enumerators from the local area must be well tramed, and they need to be
superVIsed dunng the survey work Proper momtonng dunng and after data
collectIon IS necessary

• EffICIency and cost effectweness This depends on proper plannmg and defmmg the
ObjectIves and usabilIty of the data collection There IS always a danger of collectmg
too much data Frammg data m a clear and conCIse manner for users convemence IS
another Important consideratIOn Entenng only relevant data m a computer,
analYZing relevant data and mformatIOn, and presenting them m a concise and
readable form wIll mcrease effiCIency and cost effectIveness of the database bemg
assembled
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Prospects for Legumes In the Indo-Gangetic
Plain-Database Requirements

M All' and 5 Pande2

The Indo-Gangetlc PlaIn (IGP) IS spread over Smd, Punjab, Baluchistan, and part of
North-West Frontier ProVInces of Paktstan, parts of Punjab, Haryana, Uttar Pradesh,
North Bihar, and West Bengal States of India, the western and central parts of
Bangladesh adJomIng the border of West Bengal (IndIa), and the southern Teral of
Nepal Agnculturally, thiS region IS highly productive and contnbutes substantially to
food secunty In the component countnes RIce and wheat are the predommant cereals
often grown In sequential croppmg under Irngated conditIOns, and sugarcane, cotton,
and potato are the major commercial crops Important food legumes mclude chlCkpea,
lentil, peas, pigeonpea, groundnut, soybean, urdbean, mung bean, and cowpea, they
are generally grown on margmallands m raInfed areas In diverse croppIng systems

CultlvatIOn of nce and wheat m sequentlal croppIng over the years has led to
problems of sOlI sickness' , nutnent deficiency, sOlI sahnIZatIOn, and a lowenng of the
water table These problems have raised concern among agncultural SCIentists,
pohcymakers, and farmers as to the sustamabl1lty of wheat croppIng systems
The InclUSIOn of legumes as cash, Intercrop, green manure or mam crops IS widely
acknowledged as an Important management practICe to mcrease sustaInable crop
productlon of the total system

In recent years, new croppmg systems that mvolve legumes e g , nce-wheat-cowpeal
mungbean, nce-chIckpea/lentl1, cotton-chICkpea, groundnut-wheat, soybean-wheat,
plgeonpea-wheat, etc, are beIng populanzed However, the low and unstable
productiVIty of legumes due to several bIOtlc and abIOtIC constramts slows the rate of
adoption It IS therefore ImperatIVe to systematlCally analyze the chmatlc, edaphlC,
blOtlc, and SOCIoeconomIC factors and farmmg systems of the IGp, and Identlfy the
most productlve enVIronments for legumes ThIs can be done by USIng databases for
each legume to be populanzed/Introduced In the cereal-based croppmg systems

Databases on the followmg aspects are needed If G IS IS to be used to analyze and
develop croppmg systems With partIcular emphaSIS on prospects for legumes

DlVlslOn of Agronomy Inrnan InstItute of Pulses Research (IIPR) Kanpur 208 024 Uttar Pradesh
India

2 ICRISAT Patancheru 502324 Andhra Pradesh Inrna

ICRISAT Conference Paper no 1378

Ah, M and Pande, S 1999 Prospects for legumes m the Indo Gangetic Plam-database reqUirements
Pages 53-54 In GIS analysIs of croppmg systems proceernngs of an InternatIOnal Workshop on
HarmomzatlOn of Databases for GIS AnalysIs of Croppmg Systems 10 the Asia RegIOn 18-19 Aug 1997
ICRISAT Patancheru Inrna (pande S Johansen C Lauren J and Bantuan F T Jr eds) Patancheru
502324 Andhra Pradesh Inma and Ithaca New York 14853 USA InternatIOnal Crops Research Institute
for the Semi And TropiCS and Cornell Uruverslty
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Climatic

QuantItatIve datasets (tIme senes) on such clImatIc vanables as raInfall (amount,
dIstnbutIOn (weekly), onset, IntensIty, WIthdrawal, dependable penod, and coeffICIent
of vanabIlIty, drought-IntensIty, penod and frequency, probabIlIty of haIlstorm),
temperature (ambIent mean, maXImum and mInImUm (weekly), frost probabIlIty,
penod and IntenSIty of occurrence), WInd (penod and IntensIty of hot WInds), relatIve
humIdIty, sunshIne hours, evapotranspIratIOn, etc, are essentIal for temporal and
spatIal analySIS and charactenzatIOn of the enVIronment of the IG P

Edaphlc

PhysIography (topography, latItude, longItude, altItude, draInage), phYSICal propertIes
(soIl texture, structure, bulk densIty, permeabIlIty, depth, presence of hard layer, water­
holdIng capaCIty), chemIcal propertIes (SOlI pH, soIl orgamc matter, catIOn exchange
capaCIty, avaIlable nutnent status, nature and extent of SOdIClty, salImzatIOn and aCIdIty),
and quantIfICatIOn of SOlI bIOta are the Important and most needed tIme senes data

BiotiC

TIme senes datasets on Insect pests, dIseases, nematodes and weeds, theIr occurrence,
IntenSIty, yIeld loss caused by them, theIr natural enemIes, and alternate hosts on
whICh they surVIVe or perpetuate In the off-season are needed for the meamngful
charactenzatIOn ofthe nce-wheat-legume croppIng systems of the IGP

Farming systems

DetaIled InformatIOn on the nature and type of enterpnses and theIr relatIve
contnbutIOn to famIly total Income, crops and croppIng systems (area, productIon and
productIVIty of dIfferent legumes dIstnct-wIse), IrrIgatIon (resource-capaCIty, source,
method, cost) etc, are needed to IdentIfy the role of legumes and assess prospects for
greater InclUSIOn of legumes In nce- and wheat-based croppIng systems

There IS also a need to quantIfy aVaIlabIlIty and use of farm machInery and equIpment
(type of farm Implements and machInenes) extent of mechamzatIOn, custom hmng of
heavy machInes), and other production Inputs (seeds, fertIlIZers, chemICals, etc, and theIr
avaIlabIlIty, use, cost benent ratio), and related vanables for the economIC assessment of
the present system and scope for legumes In the eXIsting croppmg system

Socioeconomic

SOCIoeconomIC datasets of farm famIly SIze, Income, and purchasIng capacIty, lIteracy,
SIze of holdIng, marketIng Infrastructure, pnce Index, domestIc reqUIrements, credIt
faCIlIty, agro-based Industnes, etc, are reqUIred to work out the economICal feasIbIlIty
of Includmg legumes In cereal-based croppIng systems
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Socioeconomic Datasets and Use of GIS

P K JOShi, S Pande, and M Asokan1

Introduction
GIS is one of the most powerful tools, now widely used, to understand vanous
agncultural problems more preCisely Volummous and complex datasets on
SOCIoeconomiC vanables complemented by a range of agroclimatiC and environmental
data can be analyzed and projected more effectively With the aid of G IS The use of
GIS m SOCiOeconomiC research can be grouped mto the followmg important areas
1 charactenzation of productiOn systems, 2 delmeatiOn of regiOns accordmg to
adoptiOn of improved technologies, and rnstnbutIOn of welfare gams, and
3 identifiCation of regiOns whIch may respond to policy and technologiCal
mterventIOns for socIal welfare Each research area needs large datasets and adequate
understanrnng of G IS applicatIOn

The mam objectives of tms paper are to 1 list the essential datasets needed for GIS
applicatIOn, 2 refer to SOCIoeconomiC data sources and analySiS usmg GIS, and
3 cite a few examples of GIS applicatIOn m SOCIOeconomiC research

Essential datasets for GIS
SOCiOeconomiC datasets alone- are of little sigmfIcance unless appropnately supported
by agroclimatiC and enVironmental data The follOWIng datasets are useful for GIS
applicatiOns m analytiCal SOCIOeconomiC research
• Land use pattern Geographical area, forest area, area put to nonagncultural uses,

barren and uncultIvable land, permanent pastures and other grazmg lands, land
under miscellaneous tree crops and groves not mcluded m the net area sown,
cultiVable wasteland, permanent fallow, current fallow, net area sown, area sown
more than once, gross cropped area

• Area, productlOn, and yteld ofpnnctpal crops SpatIal and temporal mformatIOn on
area, productiOn, and yIeld of all cereals, pulses, Ollseeds, cash crops, fruits, and
vegetables

ICRISAT Patancheru 502 324 Andhra Pradesh Incha

ICRISAT Conference Paper no CP 1379

Joshi, PK., Pande, S, and Asokao, M 1999 SOCIOeconomic datasets and use of GIS Pages 55-64 In GIS
analySIS ofcroppmg systems proceedmgs of an International Workshop on HarmomzatlOn of Databases for
GIS AnalysIs of Croppmg Systems In the Asia Region 18-19 Aug 1997 ICRISAT Patancheru India
(Pande S Johansen C Lauren J and Bantllan FT Jr eds) Patancheru 502 324 Andhra Pradesh
Incha and Ithaca New York 14853 USA InternatIOnal Crops Research Institute for the Semi And TropICS
and Cornell Umverslty
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• Input use SpatIal and temporal statIstICs on area under hIgh-yIeldIng vanetles,
IrngatIOn, human labor, ammal draft, fertIlIzer, pestICIde, machInery, and the cost of
cultIVatIOn

• Output and mput pnces SpatIal and temporal InfOrmatIOn on farm harvest and
retaIl pnces of Important crops and the prevaIlIng Input pnces WIll be reqUIred to
examIne the cost, profItabIlIty, and competItIveness of dIfferent crops In the regIon
The crops should mclude all cereals, pulses, Ollseeds, cash crops, fruIts, and
vegetables Data on mput pnces must mclude the pnces of seed, fertIlIzer,
pestICIde, labor wages by operatIon and gender, ammal (bullock) rental values,
machInery hIre charges, and cost of IrngatIOn

• InformatIOn on IrngatlOn Gross Irngated area, net Irngated area, Irngated area by
source, number of pnvate tubewells, number of publIc tubewells, number of
pumpsets (011 and electnc), IrrIgatIOn potentIal, cost of water

• EconomIC vanables Total work force (by gender), dependence on agnculture,
agnculturallaborers, poverty IndIcators (per capIta mcome, number of poor, etc ),
Import and export of agncultural commodItIes

• DemographIC mformatlOn Total populatIOn, urban populatIOn, rural populatIOn,
dlstnbutIOn by age and gender, lIteracy mdlcators (proportIon of lIterate males and
females), mortalIty rate

• Rural mfrastructure DenSIty of roads m rural areas, and number of regulated
markets, rural banks (natIOnalIzed, cooperatIve), electnfIed VIllages, sugar factones,
other proceSSIng mIlls, research centers, technology transfer agenCIes, staff engaged
m technology transfer

• BIOtIC and abIOtIC constramts InformatIOn on the extent of damage caused due to
bIOtIC constraInts such as pests, dIseases, and weeds, and applIcatIOn of pestICIdes,
InSectICIdes, and weedlCldes SImIlarly, mformatIOn on the extent and damage
caused by drought and other abIOtk constramts IS essentIal

• DegradatIOn of natural resources

Land degradatIon and waterloggmg Type of problem (a problem may be de­
fIned as soIl erOSIOn, nIls, gullIes, waterloggmg, SOlI salImty, runoff, etc ), extent
of land degradatIOn, soIl type, SOlI depth, area affected by waterloggmg, dura
bon of waterloggmg, water table, extent of ramwater run-off, estImate of yIeld
loss due to land degradatIOn

Resource allocatIOn to affected areas Crops grown In affected areas, use of
dIfferent mputs for crop productIOn m affected areas, YIeld, and net returns
under dIfferent levels of degradatIOn and waterloggIng

AlternatIve use of degraded land Area under forest, area under grassland, area
reserved for ammal grazmg, any other use of degraded land

• Land and ownershIp Owned land (lrngated/umrngated), leased-m land, leased-out
land, operated area, fallow land, quality of land, number of fragments, locatIon of
fragments, croppmg pattern by season
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• AdoptIOn of lmproved technologles AdoptlOn of Improved technologIes by crop and
by vanety, yIeld gains due to Improved technologIes, Income and other benefIts due
to Improved technologies

• Cltmate and sod InformatIon on rainfall, temperature, evaporatlOn, SOli type, SOli
depth, etc, are essentIal for the meamngful use of GIS In IdentIfying the sUltabIhty
of weather and SOlI for partIcular crOpping systems

Data source
NatlOnal, dIstnct and block-Wise mformatlOn may be collected on the above vanables
depending upon the analyses and objectIves Major data are avaIlable from pubhshed
and secondary sources However, there IS often a need to supplement data from
pnmary sources
• Important sources of State-WIse data In IndIa are as follows

Area, YIeld, and ProductIon of PnnCIpal Crops

Agncultural SituatlOn m IndIa

FertIhzer StatIstICS

Agncultural Census

Season and Crop Reports of dIfferent States

PopulatlOn Census

Bulletin on Food StatIstICS

LIvestock Census

EconomIC Survey

IndIan Agnculture In Bnef

IndIa MeteorologICal Department

NatlOnal Bureau of SOli Survey and Land Use Planning (NBSS&LUP)

• For other countnes, statIstICal bulletinS of respectIve countnes can be consulted
These can be supplemented by the FAa ProductlOn/Trade/FertIhzer Year Book

• InformatIon on land and water degradatIon IS not readIly avaIlable from publIshed
sources In IndIa, some State-WIse estImates are avaIlable and documented In the
publIcatIOn IndIan Agnculture In Bnef DIstnct-wise statIstICS on waterlogging
and land degradatIon are rarely avaIlable One has to rely more on survey data at
benchmark SItes The survey may be undertaken to measure the extent of
waterlogging and land degradatIOn In IndIa, the follOWing sources could prOVIde
thIS kind of InfOrmatlOn

NatIonal Bureau of SOli Survey and Land Use Planmng (NBSS&LUP)

NatIonal Remote Sensing Agency

Central SOlI and Water ConservatlOn Research and TraImng InstItute

Mlmstry of EnVIronment
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MInistry of IrngatIOn

SoIl conservatIOn departments In dIfferent States

• A lIterature reVIew WIll provIde substantIal InfOrmatIOn about bIotIC and abIotIc
constraInts to agncultural productIOn

• PublIshed InfOrmatIOn IS now avaIlable on the adoptIon of Improved technologIes
(partICularly Improved vanetles, use of fertIlIzers, IrngatIOn, applIcatIOn of
pestICIdes) However, reconnaIssance surveys are necessary for detaIled datasets on
vanety-wlse or specIfic technology-Wise adoptIOn SImIlarly, yIeld gaIns and
dlstnbutIOn of benefIts can be generated through reconnaIssance surveys

AnalySIS usmg GIS
The datasets lIsted above can be used m a vanety of ways G IS can aId m delmeatmg
regIons to understand the productIOn systems more systematICally, a few examples are
CIted below
- dehneatIOn of productIOn systems

- hlgh~ and low-growth regIOns In foodgram productIOn

- food surplus and defICIt regIOns

- target technologIes accordmg to constramts and technology traIts

- target pohCIes accordmg to resources and SOCIoeconomIC structure

- extent and damage due to degradatIOn of natural resources

- extent and seventy of damage caused by bIOtIC and abIOtIC stresses

Case studies

Differences In agncultural performance In the semi-and tropics of
India

A study was conducted to understand agncultural performance 10 the Indian semI-and
tropIcal (SAT) regIOns (JOShI et all) The study was confmed to the 136 dlstncts m
IndIa (now reorgamzed to 156), that have the charactenstlcs of a SAT enVIronment
Dlstnct-level data on key vanables were collated from vanous publIshed and
unpubhshed sources, IncludIng the Dlstnct-Level Dataset maIntamed at the
InternatIOnal Crops Research InstItute for the SemI-And TropICS (ICRISAT) from
1960 to 1990

A WIde range of crops can be cultIvated In the SAT regIOn due to ItS WIde
agrochmatlc dIverSIty These range from hIgh water use crops lIke nce and sugarcane to
low water reqUirement crops lIke mIllets, Ollseeds, pulses, etc To better IdentIfy
constraInts and propose appropnate solutIOns, promment croppmg systems were

JoshI PK Asokan M Chande1 B S Vlrmam S M and Katyal J C 1997 Agnculture performance
dIfferences In the semI and tropIcs of IndIa (Unpubhshed)
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delmeated usmg cluster analysIs The share of each crop m the gross cropped area
dunng the tnenmum average endmg 1990-91 was used as a key cntenon to delineate
clusters of dlstncts with similar crops and croppmg systems The cluster analysIs
yielded 13 major croppmg systems that were mapped Wlth the help of GIS (Fig 1)

To examme agncultural performance m the Indian SAT, the followmg mdICators
were compiled 1 agncultural mcome, 2 crop yields, 3 nsk and uncertamty, 4 crop
mtenslficatiOn, 5 crop diversificatiOn, and 6 sustamablhty These mdICators were
supenmposed over the croppmg systems usmg GIS Some resultant observatiOns are
listed below
• nee-wheat, and nee-based croppmg systems were located m the most favorable and

well-endowed regiOns m the SAT

• croppmg systems, hke sorghum, pearl millet-sorghum, and cotton-sorghum, were
confined to margmal and fragIle enVironments that were vulnerable to degradatiOn
of SOlI and water resources These systems were charactenzed as ramfed,
subSistence, poverty ndden, and prone to degradatiOn

• nee-wheat and nee-based croppmg systems were high-growth and low-nsk zones,
while sorghum, and pearl mIllet were low-growth and hIgh-nsk zones

• adoption of Improved technologies was much faster m well-endowed regiOns than
m poorly endowed regiOns

Adoption of Wilt-reSistant pigeonpea vanety ICP 8863

A senes of studIes have been undertaken at ICRISAT to track down the spread and
Impact of Improved cultlvars m farmer s fields, and thereby to demonstrate, m
quantitatIve terms, the benefits that flow from research mvestment m genetIC
resources, genetIC enhancement, pathology, and technology transfer One such study
by Bantilan and Joshi (1996) reported the results for ICP 8863, the Wilt-reSistant, and
medIUm-duratIon pigeonpea cultIvar released as Marutt

Pigeonpea IS generally grown m highly vanable SAT enVironments, where adoptIOn
IS not expected to be umform GIS was used to IdentIfy the target pIgeonpea zones,
where the Wilt (Fusanum oxysporum) problem eXisted Figure 2 shows the
dlstnbutlOn of plgeonpea throughout India, and highlIghts regIOns where the crop
occupies a relatively high percentage of gross cropped area Figure 3 shows the Wllt­
endemIC areas m central India Identified dunng the 1975-80 mternatiOnal survey of
plgeonpea diseases GIS maps were used to Identify the study trackmg areas and the
major fIndmgs were

• there has been a slgmficant adoptiOn and Impact of ICP 8863, wmch now
dommates the pIgeonpea tracts of northern Karnataka

• diffUSiOn to dlstncts m the nelghbonng States of Andhra Pradesh, Maharashtra, and
Madhya Pradesh also occurred

• the cultlvar occupies almost 60% of the plgeonpea area m the Wilt-affected dlstncts
of northern Karnataka, and the bordenng dlstncts of Andhra Pradesh and
Maharashtra
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• non-availabilIty of seed has constramed adoptlOn m the wilt-endemic areas of
eastern Maharashtra, but an mformal sector has evolved to meet the demand

• farmer-to-farmer seed dlstnbutlOn will remam the major source of adoptlOn of this
vanety m Maharashtra unless ItS release IS faClhtated m this State

Conclusion

On the basIs of the above diScussIon, It can be stated that GIS apphcatlOn can
systematICally Improve the quahty of SOCloeconomIC and pohcy research
Socleconomlc datasets need to be supplemented by agrochmatIC and envIronmental
data for effectIve use of the G IS approach

Reference
Bantdan, M C S , and Joshi, P K 1996 Returns to research and diffusion mvestments
on wilt resIstance m pigeonpea Impact Senes no 1 Patancheru 502 324, Andhra
Pradesh, IndIa InternatIonal Crops Research InstItute for the SemI-And TropICs
36pp
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_ Cotton + sorghum
_ Pearl millet + wheat + mustard
_ Pearl millet + sorghumo Sorghum
_ Sugarcane

_ Pearl millet + wheat
_ Rice + wheat

o Groundnuto Wheat + chickpea
_ Fmger millet

Maize + wheat
Rice
Soybean

FIgure I Major croppmg systems m the semI-and trOpICS (SAT) ofIndza
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Fzgure 2 DzstrzbutlOn ofpzgeonpea In Indza
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Production Systems Concepts

C Johansen'

Introduction
DenmtlOn of target productIOn systems IS essential for proper fOCUSIng of any
agncultural research and development (R&D) endeavor SpeClfICatlOn of applIcatIOn
domams should be the first step m the R&D process ThIs applIes to genetIC
Improvement as well as natural resource management (NRM) or agronomic
Improvement efforts Pnor to this decade, most publIcly funded plant breedmg
efforts have aimed at wide adaptatIOn, whICh would potentially favor widespread
release and use of Improved hnes and ease of seed productIOn However, m recent
years, a consensus has been bUIldIng that breedIng for specific adaptation may be the
best pathway to mcrease yields regIOn-wise and ensure the advantages of bIOdiverSity
(e g, Wallace and Zobel 1995) ThiS reqUIres preClse defimtlOn of assets and
constraInts m target enVIronments such that genotype x environment (G x E)
mteractlOns can be unraveled SimIlarly, m NRM/agronomlC research m tropICal
agnculture, It IS mcreasIngly beIng acknowledged that there has been lImited adoptIOn
In farmers fields of research station, site-speCIfic, research findIngs ThiS suggests
that apphcatlOn domams for such research had not been adequately defmed In the
first place, and that It should be done m the future

To better ensure reasonable return on R&D Investment, and help In pnontlZIng
what should be done, It IS adVIsable to conduct ex ante analyses A key factor
determInIng how reahstIC such calculatIOns Will be IS the abilIty to assess over what
area an Improved technology IS hkely to be apphcable and adoptable Furthermore,
clear defimtlOn and dIsplay of target productIOn systems for R&D efforts IS
hkely to Improve commumcatlOn With such stakeholders, as counterpart SCIentists,
admlmstrators, donors, and farmers In targetted areas

ThiS paper summanzes recent ICRISAT attempts to better defIne target
productIOn systems relevant to Its mandate a geographICal mandate of the semi-and
tropics and a commodity mandate for sorghum, mIllets, groundnut, chICkpea, and
plgeonpea

1 ICRISAT Patancheru 502 324, Andhra Pradesh India

ICRISAT Conference Paper no CP 1381

Johansen C 1999 ProductIOn systems concepts Pages 67-74 In GIS analySIS of croppmg systems
proceedings of an International Workshop on HarmomzatlOn of Databases for GIS AnalYSIS of Croppmg
Systems m the Asia RegIOn 18-19 Aug 1997 ICRISAT Patancheru India (Pande S Johansen C Lauren
J and Banttlan FT Jr eds) Patancheru 502 324 Andhra Pradesh India and Ithaca New York 14853
USA InternatIOnal Crops Research Institute for the Semi And TropiCS and Cornell Umverslty
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EXisting agro-ecozones
As many mappmg exerCIse the questIon of scale anses, whICh must be appropnate to
the purpose (e g , a CIty map to locate a partIcular bUIldmg or a country, regIOral, or
world map to locate a partICular CIty) On a global scale, the Food and Agnculture
OrganIZatIOn (FAO) has defined mne agro-ecologICal zones (AEZs) appropnate to
developmg country agnculture (TAC 1991)

1 Warm and and semI-and tropICs

2 Warm subhumld tropICS

3 Warm humId tropICs

4 Cool tropICS

5 Warm and and semI-and subtropICs wIth summer ramfall

6 Warm subhumld subtroplcs WIth summer ramfall

7 Warm/cool, humId subtroplcs wIth summer ramfall

8 Cool subtropICs wIth summer ramfall

9 Cool subtropICs wIth WInter ramfall

FAO has also proposed a scheme of regIOnal AEZs (RAEZs) to approxImately
comCIde natIOnal boundanes wIth AEZ boundanes, to faCIlItate use of natIonally
avaIlable data on crop statIstIcs, etc However, these AEZs and RAEZs are on too
large a scale to be of much use m targettmg ICRISAT research-the geographICal
mandate IS applIcable to only AEZs 1 and 5 although commodIty mandates do extend
mto other AEZs SImIlarly, natIOnal AEZ schemes are on a regIOnal basIs, and,
furthermore, classIficatIOn systems can dIffer between adjacent countnes, thus
complIcatmg extrapolatIon across natIonal boundanes Therefore, for ICRISAT s
purposes It appeared that a zonatIOn of mtermedlate scale was reqUIred

Development of ICRISAT's production systems
It was InItIally conceIved that a productIOn system (PS) should be a geographIC regIon
pnmanly defmed by sImllantIes m clImate and sOlIs Further, the PS should
encompass an area wlthm whICh sImIlar farmmg systems eXIst or are possIble (e g ,
sorghum/plgeonpea mtercroppmg) WhIle the clImate and soIl parameters, pnmanly
temperature regIme, length ofgrowmg penod (LGP), and soIl type, would be preCIse,
quantIfiable and relatIvely constant over tIme, the partICular farmmg systems may
vary over space and tIme Thus It was recogmzed that PS boundanes could not be
ngld and may change over tIme A set of 12 PSs for AsIa were mltIally descnbed
(ICRISAT 1995)
1 TransItIOn zone from and rangeland to ramfed, short-season mIllet/pulse/

lIvestock Eastern margms of the Thar Desert
2 SubtropICal lowland ramy and postramy season, ramfed, mIxed croppmg Central!

eastern Indo-GangetIc Plam
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3 SubtroplCallowland ramy and postramy season, Irngated, wheat-based Western
Indo-GangetIc Plam

4 TropIcal, high-ramfall ramy plus postramy season, ramfed, soybean/wheat/
chIckpea central IndIa

5 TropIcal, lowland, ramfed/rrngated, nce-based Eastern IndIa, Myanmar,
ThaIland, Southeast AsIa

6 TropIcal, lowland, short ramy season, ramfed, groundnut/millet Saurashtra
Pemnsula

7 TropIcal, mtermedlate ramfall, ramy season, sorghum/cotton/pigeonpea Eastern
Deccan plateau, central Myanmar

8 TropIcal, low-ramfall, pnmanly ramfed, postramy season, sorghum/oIlseed
Western Deccan plateau

9 TropICal, mtermedlate-length ramy season, sorghum/Ollseed/pigeonpea
mterspersed wIth locally Irngated nce Pemnsular IndIa

10 TroplCal, upland, ramfed, nce-based Eastern IndIa, Southeast AsIa

11 SubtropIcal, major groundnut and sorghum Chma

12 SubtropICal, mtermedIate elevatIOn, wmter ramfall and ramfed, wheat-based
West AsIa and North Mnca

FIgure 1 proVIdes a prelImmary G IS map of these productIOn systems m South
Asxa (more refined mappmg IS underway) A mimmum dataset of descnptors was
formulated to gIve a basIC descnptIOn of the mam charactenstICs, partIcularly m
relatIon to ICRISAT s mandate Table 1 gIves an example for PSI There has also been
further tabulatIOn of the major productIOn constramts and enVIronmental threats m
each PS

ProductIon Systems were sImIlarly defmed for Mnca (PS 13-24) and LatIn
Amenca (pS 25-29) (ICRISAT 1995 pp 68-70) The ICRISAT PSs are thus subsets
of the FAD AEZs, but natIonal-level agro-ecozone umts are usually subsets of the
ICRISAT PSs The prelImmary defmItion of these PSs reqUIred that they assIst In the
pnontIZation reqUIred for development of ICRISAT MedIUm-Term Plans It also
allowed for better fOCUSIng of projects to partIcular PSs, and of actIVItIes WIthIn
projects

However, further work on denmng a PS IS needed so that It can regularly be used
as a tool for ICRISAT research planmng, ImplementatIOn, and assessment (impact
analYSIS) More detaIled descnptor sets are needed to better defme boundanes,
particularly WIth respect to farmmg systems and SOCIOeconomIC parameters
Dataoase formats need to be deCIded upon PlottIng of all PSs In GIS format IS
needed-tills. work has so far only proceeded to some extent m South AsIa (FIg 1)
and West. AfrIca In defInmg PS boundanes, It would be essentIal to ensure
compatIbIlIty With other AEZ systems, global and natIonal, to permIt up- and down­
scalIng It would be counter-productIve for the ICRISAT PS system to be
mterpretable only to ICRISAT researchers It IS Intended to produce a research
bulletIn descnbIng ICRISAT s PSs, IncludIng theIr GIS maps, and theIr relatIonshIp
to other AEZ claSSIfIcatIon systems
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Table 1 MlOlmum dataset for descnblOg ICRISAT productIOn systems (PS), the
example of Production System 1 (PSI)

ProductIOn system 1

Relevant AEZ

Geographic zone

Latitude

PolItical subdlVlslOns

Length/time of groWing season

GroWing season(s) temperature

Growmg season ramfall

Major sOlI type(s)/WHC

Type of agnculture

Base cereal crop

ICRISAT crops

Other crops

Importance of ammal systems

1 and 5

And semi-and transition rangeland and ramfed zone

23-29°

Western and central Rajasthan, Haryana, northern
GUJarat and eastern Pakistan

< 90 days

Mean ramy season temperature 30 35°C

<500 mm

Sandy Entlsols, Andsols

Mixed subsistence

Dual purpose mIllet

Millet, wmter chickpea

Mungbean, mothbean, sesamum, guar

High for milk and meat, tractonzatlOn Important

Further refmement of agro-ecologlcal zonmg
The pnnClples of defmmg appropnate PSs may be extended to natIOnal or smaller
scales for more detailed studies of land use planmng and scenano analysIs The
methodology recommended for domg this has recently been publIshed by FAa (FAa
1996) Case studies are aVailable for Bangladesh (FAa 1988) and Kenya (FAa 1993)
However, there IS scope for Improved calculation of some of the key clImatIC
parameters The LGP IS usually calculated as the penod dunng whICh preCIpitatIOn
and stored SOlI mOIsture exceed half of the potential evapotranspiratIOn, at mean
temperatures above 5°C Bimodal and vanable wlthm the year ramfall patterns
complIcate such calculations VanatlOn over the years needs to be considered so that
the probabllItles of LGP can be calculated Better methods of calculatmg reSidual SOlI
mOIsture are also needed This can be markedly mfluenced by such factors as SOlI type
and profile charactenstICs, rootmg depth, crop type, and croppmg system (e g , sole
croppmg versus mtercroppmg)

CalculatIOn of thermal regimes can be Improved by determmmg heat umts
aVailable for plant growth and development, as cardmal temperatures for the more
Important crop species are now known However, photopenod effects on crop
phenology and partltlOmng (Summerfield and Roberts 1988 and Wallace et al 1995)
also need to be factored m
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Rather than usmg a IIstmg of clImatIC adaptabIlIty attnbutes of crops, as suggested
by FAO (1996), there are sufficIently robust crop models avaIlable for at least the
major crops (Van Evert and Campbell 1994, and McCown et al 1996) These would
assIst m matchmg crops to partICular favorable enVIronments and, alternatIvely, help
m Identlfymg crop charactenstIcs that lImIt theIr adaptatIon to partICular
enVIronments By companng modeled potentIal yIelds, gIven the clImatIc and soIl
base, WIth actual yIelds, say at a dIstnct level, yIeld gap analysIs and constramt analysIs
can be more easIly conducted Such exerCIses would proVIde valuable feedback to
breedmg and agronomIC Improvement programs

Conclusions

Methodology and crop physIOlogICal understandmg have now advanced to the stage
of bemg able to precIsely quantIfy target enVIronments and examme croppmg optIOns
wlthm them Thus, we should be better eqUIpped to undertake constramt analysIs
and more precIsely ascertam research pnontles Use of the tools avaIlable, such as
G IS, crop models, and G x E analysIs technIques, can be adjusted to the appropnate
scale, from regIonal to farm level It IS Important that agncultural sCIentIsts,
partICularly those workIng m threatened productIOn enVIronments (showmg SIgns of
unsustamabIlIty) should have access to, and use, the tools now generally avaIlable to
demonstrate how theIr partICular research IS bemg targetted ThIS IS not only for theIr
own guIdance but as a baSIS for future support for theIr research endeavors
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Considerations and Applications of GIS

P Reich and H Eswaran1

Introduction
GIS technology proVIdes the means to collect and use geographIC data to assIst m
deCISIOn-makIng for natural resource management A dIgital map IS generally of much
greater value than the same map pnnted on paper as the dIgItal verSIon can be
combIned WIth other sources of data for analyzIng InformatIOn Before the advent of
GIS technology, the amount of geograpruc data that could be analyzed, and the types
of analyses that could be performed, were hmited GIS makes It possIble to
synthesIze large amounts of dIfferent data, and to manage and retrIeve the data In a
useful manner WIth GIS, dIfferent layers of mformatIOn can be combIned and
analyzed to better study and understand the complex relatIOnshIps between the
Earth's ecosystems and the effect humans have on them GIS provIdes a powerful
means for agncultural SCIentIsts to better serVIce the general pubhc, farmers, and
other land users, In answerIng theIr questIOns and In helpIng them manage theIr land
In the most sustaInable manner

The purpose of thIS paper IS to proVIde an overVIew of GIS, adescnptIOn of the
components, functIOns, and benefits of USIng G IS technology Some examples are
Included to Illustrate the apphcatIOn of GIS technology

Components of GIS
GIS enables the user to mput, manage, mampulate, analyze, and dIsplay
geographIcally referenced data usmg a computerIZed system Each of the necessary
components of thIS system are IdentIfied below GIS IS compnsed of software,
hardware, data, and the users

1 World SoIl Resources United States Department ofAgnculture (USDA) Sod Conservation Service PO
Box 2890 Waslungton DC 20013 USA

ReIch, P, and Eswaran, H 1999 ConsideratIOns and apphcatlOns of GIS Pages 75-90 In GIS analysIs of
croppmg systems proceedmgs of an InternatIonal Workshop on HarmOnizatIOn of Databases for GIS
AnalysIs ofCroppmg Systems m the AsIa Region 18-19 Aug 1997, ICRlSAT Patancheru Imha (Pande S
Johansen C Lauren J and Bantdan FT Jr eds) Patancheru 502 324 Andhra Pradesh Incha and Ithaca
New York 14853 USA InternatIOnal Crops Research InstItute for the Semi And TropICS and Cornell
University
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Software

There are two types of software commerCial software, and publIc domam software
CommerClal software IS protected by copyrIght, can be expenSIve, and IS updated
perIodICally PublIc domam software IS not copyrIghted and IS often aVaIlable free of
charge, though updates may be uncertam

Currently aVaIlable commercIal GIS software mclude Arc/Info (ESRI), IDRISI,
Intergraph, Maplnfo, StrIngs (GeoBased), Synercom, Delta Map (Autometnc),
ERDAS, AE-GIS (Aeronca), and SPANS (TYDAC) WorldwIde, Arc/Info IS
probably the most popular GIS software package Examples of publIc domam GIS
software are AMS/MOSS/MARS/COS, GRASS, and SAGIS

Hardware

A typICal hardware confIguratIOn for a basIC G IS should mclude the followmg
eqUIpment a 486 166 MHz (or faster) IBM PC computer, wIth at least a 1 gIgabyte
(GB) hard dIsk and 64MB RAM wIth a VGA color momtor If map data IS to be mput,
a dIgItIzer wIth at least a 4-button cursor and a mlmmum surface area of 36 x 48
mches (91 x 122 cm) IS recommended For data output, a text prInter and an E-slze
(112 x 86 cm) pen or mkJet plotter are needed AD 25" tape drIve of 150 MB capacIty
IS necessary for managmg some of the large databases processed wIth GIS Dependmg
on the scale, a typICal GIS database Includmg about a dozen data layers may range In
sIze from 20 to 2 000 MB A CD-ROM drIve IS also recommended because many
large GIS datasets are aVaIlable on CD medIa These are about the mlmmum
reqUIrements for a GIS laboratory to be set up Computers wIth 2::10 GB hard dIsks
have now become common

Data

Two types of data are used m G IS-spatIal and tabular SpatIal data can be m the form
of a map, or as remotely-sensed data such as satellIte Imagery and aerIal photography
Each of these forms must be properly georeferenced (e g, latItude/longItude,
Umversal Transverse Mercator (UTM)) Tabular data can be any attrIbute data that IS
m some way related to spatIal data

Users

The most Important component of GIS IS the user Users can eIther be techmcal or
nontechmcal The techmcal user IS the person who has trammg In the use of GIS
software and uses It frequently The nontechmcal user IS any other person who may
not actually use the software but may use the data output by the GIS, these users are
largely Interested In the results of the analyses and may have no Interest or knowledge
of the methods of analysIs

Through user-frIendly mterfaces to the system, even the nontechmcal user can
have easy access to G IS analytICal capabIlItIes WIthout needmg to know detaIled
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software commands A simple mterface can consist of menus and pull-down graphIC
wmdows so that all the user has to do IS to make some choICes and answer a few
questions without needtng to learn speClfIC commands

Functions of GIS

A typICal GIS has five major functions mput, manage, mampulate, analyze, and
display geographic data Each of these functlOns are bnefly discussed below

Input data

G IS can digitize maps and Imagery, and mput eXlstmg spatial and tabular data Tabular
data IS generally typed on a computer usmg a relatlOnal database management system
software program ThiS software allows the data elements to be mdexed so that the
database can be quened Maps can be digitized usmg a vector format m whlCh the
actual map pomts, hnes, and polygons are stored as coordmates Data can also be
mput m a raster format In whlCh data elements are stored as cells m a gnd structure

Dlgltlzmg

One of the most Important features of GIS IS that It allows the mput of spatial
mformatlOn usmg a process known as dlgltlZlng The first step m dlgltlzmg IS map
reglstratlOn To register a map, at least four pomts havmg known coordmates must be
Identified and digitized These pomts Will usually be the four corners of the map sheet
whlCh tells the computer where the map IS located on the digitizer as well as ItS real
world coordmates

Once the map registration IS completed, the dlgltlzmg of map features can begm A
Ime IS dIgItized by tracmg It from node to node wIth the dIgitizer cursor A node IS
SImply the pomt where two hnes mtersect each other After all of the map features
are digitIzed, the map WIll probably reqUIre some edltmg All hnes must be properly
Jomed at the nodes A typlCal G IS has many commands that make edltmg qUIck and
easy After edItmg, the next step IS to label the map A label IS needed so that a feature
can be properly assoCIated wIth ItS attnbutes In a tabular database

The dtgitIZIng process IS labor-IntensIve and tIme-COnsumIng so It IS best to try to
fInd data that already eXIsts What are the factors that affect the acqUISItIOn of
eXIstIng data) Some of the data WIll SImply not be avatlable, and, dependIng on the
source, eXIstIng data can be expenSIve, espeCIally for satelhte Imagery The data may
be m a format that IS IncompatIble With the G IS software that IS beIng used Data
content and data quahty can also hmlt the usefulness of eXlstmg data

Data quahty IS a very Important Issue concernIng data Input When workIng With
multIple map layers In a GIS, the analytlCal results WIll only be as good as the least
rehable data layer The phrase garbage In, garbage out IS an Important yardstIck
here If the data used as Input Into a GIS database are full of errors, then any output
from It Will be useless The users of maps and reports that are output from G IS must
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be made aware of the source of the data and its reliability It is imperative that data
quality standards be implemented and mamtamed at all GIS sites

Managmg and manlpulatmg data

GIS can store, mamtam, distnbute, and update spatial data and assoClated text data
The spatial data must be referenced to a geographiC coordmate system, ie, latitude/
longitude, UTM

Spatial and assoClated tabular data can be mampulated m a number of ways that
make it more useful and manageable Quenes and retneval of digital map data and
tabular resource mformatlOn are Important functlOns of GIS Dependmg on the type
of user mterface, data can be quened usmg the Standard Query Language, or a menu­
dnven system can be used to retneve map data

GIS contams frequently used functIons to make map generahzatlOns FunctIOns
such as Ime and polygon thmnmg (also known as weedmg) remove unnecessary
pomts dunng data capture of a feature The program keeps only those pomts that are
necessary for the proper representatIOn of a feature Edge matchmg is another
function that proVIdes a means for Jommg maps together Scale and prOjectIOn
changes, dIstortIOn removal, and coordmate rotation and translatIOn can be
performed withm GIS, Just as vector and raster converSIOns Data is frequently
entered usmg a vector format ConverSIOn to a raster format faClhtates the use of
many analytiCal functIOns that will be descnbed later Data can be imported and
exported m vanous formats For example, data can be exported from GRASS and
imported mto Arc/Info and Vice versa ThiS means that data can be shared more eaSily
between different systems

Analyzmg data

Many analytical functions can be performed usmg gnd-cell (raster) data
Measurement and calculatIOn functions mvolvmg pomts, hnes, areas, distances, and
volumes can be performed With a GIS Vector (polygon) overlay and dissolve
functIOns are important G IS features that mvolve the composmg of multiple map
themes m order to create new map data and the assOCiated tabular data For example,
data layers for sOlI and land use can be combmed resultmg m a new map With
polygons contammg both sOlI and land use mformation BasiC anthmetiC functions
such as additIOn, subtractIOn, multiplicatIOn, and dlVlsIOn can be very useful Values
from dIfferent map layers can be used m an equatIOn to create a new map showmg the
results ThiS faCllitates the use of models based on Simple formulas

GIS can support buffer generatIOn, that Involves the creatIOn of new polygons
from pomts, hnes, and polygon features stored m the database If, for example, the
locatIOn of farm areas withm 100 m of a stream that receives pestiCide apphcatIOns
needs to be identified, the area could be found usmg a buffer command m GIS
Digital terram analySiS that mvolves the computatIOn of a vanety of outputs based on
digital elevatIOn data is also supported by GIS Some examples of outputs mclude
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watershed boundary generatlOn, slope and aspect maps, cross sectional Views, and
3-dlmenslOnal Views

Dlsplaymg data

GIS can proVide hardcopy maps, statistICal summanes, modelmg solutIOns, and
computer graphic displays for both spatial and tabular data A tYPICal report summary
may lIst the total area occupied by each soli type

Sources of error
There are many possible sources of error that GIS users must understand Datasets
may become obsolete, partICularly when dealmg with land-use data, the older the
data IS, the more maccurate It could become The area coverage of the map may not
be umform, 1 e , the mapper may have mapped at different mtensltles The user must
be aware of map scale when determmmg the proper use of a map For example, slte­
specific mterpretatlOns are mappropnate when usmg small-scale maps The user
should know the dlstnbutlOn and density of observatlOns used m creatIng the ongmal
map When convertmg data from vector to raster format, the SIZe of each gnd cell IS
Important, If the gnd cell size IS too large then detaIls from the ongInal map will be
lost And misuse of lOgiC dunng analysIs can result In the erroneous InterpretatlOn of
maps Table I IdentIfies possIble sources of error that may occur as data are processed
through each functIOn of a GIS Because GIS IS such a powerful tool for data
mampulatlOn, the opportumtles for misuse are great too An unscrupulous user <;:an
produce maps and analytICal data thfft serve hIS or her purpose while bemg

Table 1 PossIble sources of error durmg the processmg of GIS data

FunctIOn

Input

Manage

Mampulate

Analyze

Display

Sources of error

Poor qualIty of ongmal data
DlgltlZlng process
Database entry errors

Data update errors
Data compressIOn

Vector/raster conversIOn
Data mterpolatlOn
Over generalIzatIOn of map data

Misuse of logiC
Modelmg

Improper class mtervals
Plotted maps may not meet cartographic standards
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completely false All users can make senous mistakes If the analytICal results are not
thoroughly venned

When deciding whether or not to adopt GIS technology, there are a few things that
must be taken Into account There should be a long-term commitment with repetitive
use of the data, along with signifICant user training Hardware and software are
expenSive, and can become obsolete There IS a chOIce of uSing either commercial or
publIc domain software CommerCial software IS expenSive, but user support IS
usually good and the software IS mostly error free Pubhc domain software IS
generally available free of charge but may have less user support and a few errors m
the programs

Benefits
There are many benefits to be denved from Implementing a GIS program GIS
proVides greater accuracy for measurements and calculatIOns of lengths and areas on
a map It allows for easy access to large amounts of data, thereby provldmg timely
responses to user Inqumes It IS an excellent decIsion support tool, and It allows for
analySIS of 'what If" scenanos And lastly, spatial models can be Incorporated Into
GIS for landscape analySIS

Application of GIS technology
Several Journals and books (CAD-TS 1981, Landon 1984, Burrough 1986, and
FGISTM 1991) are aVailable on thiS subject, and the reader should consult them to
obtain Ideas for applicatiOn and, more Importantly, on how to handle digital
informatIOn As m any SCience, unrehable data must be rejected and should not be
used under any Circumstance However, the quahty of data may not be known to the
GIS speclahst and for thiS reason, It IS essential that the data source IS acknowledged
m the digital products A second Important rule IS that a map should not be enlarged
from ItS ongInal scale Ifthe ongmal map IS at a scale of 1 100000, the final product
may be at 1 250 000 or 1 500 000, but never at 1 50000 If several data layers are
being overlaid, the scale of the smallest scale map determines the largest scale of the
nnal GIS product An example IS proVided below to Illustrate the apphcatlOn of GIS

Clmanuk watershed study

The study covered the Clmanuk watershed m West Java, IndoneSia The watershed
covers approximately 425 000 ha and has a tropICal clImate

The objectives of the study were to evaluate the spatial dlstnbutlon of constraints
to sustamable agnculture, to match SOlI conditIOns to crop performance and thereby
recommend areas for crops, and to assess land use for the area to aid In land-use
policy deCiSIOns The ongmal survey was done m 1976 by the Food and Agnculture
OrganizatIOn (FAO) and the SOlI Research Institute of Bogor, IndoneSia (SOlI
Research Institute 1976) The SOlI map was digitized at 1 100 000 scale, there are a
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total of 622 polygons wIth 158 dIfferent map UnIts The followmg data were provIded
for each map UnIt USDA SOlI Taxonomy classIfICatIon to the subgroup level, slope,
depth, texture, coarse fragments, dramage, base saturatIon, catIon exchange capaCIty,
avaIlable phosphorus (P), exchangeable potaSSIUm (K), and pH

The maps were dIgitIZed usmg the GeographIC Resource AnalysIs Support System
(GRASS, verSIOn 40) GIS software on a UNIX operatmg system The tabular
attnbute data were entered on a relatIonal database system called INFORMIX, and
database quenes were made usmg the Standard Query Language (SQL) m
INFORMIX

FIrst, the sOlI boundanes were dIgitIzed, and the dIgItIZed map edIted Each
polygon was then labeled WIth a map umt number from the ongmal maps that related
It to the attnbute data hsted m a table The tabular attnbute data were later entered,
usmg a code, mto a INFORMIX database Codmg of the attnbutes makes It eaSIer to
query the data-base, usmg SQL, and also conserves computer storage space Table 2
hsts the codes used WIth the correspondmg attnbutes The database contams a record
for each of the 158 map UnIts, and each record has a coded value for each of the
dIfferent attnbutes

The fIrst map that was created showed the USDA SOlI Taxonomy claSSIfICatIon at
the order level (FIg 1) Maps shOWIng some Important soIl propertIes were then
created, and mcluded slope, depth, texture, dramage, pH, and avaIlable phosphorus

It IS useful to IdentIfy areas where there may be bIOphYSICal constraInts to
ImplementatIon of sustamable agnculture Based on some of the SOli propertIes m the
database, a bIophySICal constramts map was developed Four bIOphYSICal constraInt
classes were defmed unsustamable, mO"derate, few, and very few A map umt was
claSSIfIed as unsustamable If the slope was steep or very steep, or the depth was
shallow, or the coarse fragment was skeletal, or the pH was very aCIdIC or very
alkalme (Table 3) The resultmg map IS shown In FIgure 2, and IS a good example of
how the attnbutes of dIfferent SOlI propertIes can be used to create an mterpretlve
map

In addItIon to maps, a report was output that hsts the total area of each of the soIl
orders m the watershed (Table 4) WIthIn each order, the total area for each class of
the bIophySICal constramts map IS also reported Maps were then developed showmg
potentIals for growmg partIcular crops Crop potentIals were IdentIfIed usmg three
classes hIgh, medIUm, and low The two most Important SOlI propertIes that mfluence
each crop were IdentIfIed (Table 5) and were used to create the crop potentIal classes
shown m Table 6

Maps were produced Identlfymg potentials for such traditional crops as paddy
nee, upland nee, coconut, banana, and papaya Maps Identlfymg potentials for
nontraditIOnal crops were also made, and mcluded cocoa, roselle, Jute, 011 palm, and
rubber One reason for Identlfymg potentIals for these nontradItlOnal crops IS that
they could pOSSIbly prOVIde added economIC stablhty to the area whIle mamtamIng
the sustamablhty of the land
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Conclusion
It is important to note that at a scale of 1 100 000 the resultmg maps should only be
used for makmg a general assessment Site-specific mterpretations, e g , for a small
farm, are not appropnate usmg this data Only With more detailed site mformatiOn
can a reasonable assessment be made for a specific location

For the above example, the mterpretatiOns are theorettcal m nature and are based
only on the data available The methods used to make these mterpretatiOns were not
vahdated Future study of this area to gather more data is necessary for a more
comprehenSive assessment Crop selectiOn and land-use optiOns are largely
determmed by the prevaihng SOCioeconomiC conditions occurnng at a locatiOn
Therefore, demographiC data is cruCial 10 form1Og a vahd assessment of land-use
optlOns and crop potentials
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Fzgure 2 BIOphyszcal constraznts to the zmplementatIOn ofsustaznable agrzculture
Czmanuk Watershed West Java Indonesia (Source USDA-Natural Resources
Conservatzon Servzce World Resources)
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Table 2 Tabular database codes and attrIbutesI

Map umt
Numbered I to 158

SOIl
Four letter code used m the
Keys to Soli Taxonomy 1990 and
Proposed ICOMAQ Keys 1991

Slope
L = 0 5% level
ML = 0-15% moderately level
GSL = 5 15% gently slopmg
MSL = IS 35% moderately slopmg
ST = 35-50% steep, VST = > 50% very steep

Depth
S = 0 50 cm shallow
D = >50 cm deep

Texture
S = sand, LS = loamy sand, L = loam,
SI = slit, SL = sandy loam,
CL = clay loam, SICL = sl1ty clay loam
SIL = silt loam, SCL = sandy clay loam
C = clay, SIC = silty clay, SC = sandy clay

Coarse fragments
S = skeletal
G = gravelly
N = no fragments

I Database query example

Dramage
E = exceSSive, WE = well to excessive
W = well, MW = moderately well
SP = somewhat poor, P = poor,
VP = very poor

Base saturation
L = <35%, low, M = 36-75% medium
H = >75% lugh,
ND = no data

CEC (mellOO g sOli)
L = <=10 low
M = II 20 medIUm
H = >20 lugh
ND = no data

Available P (ppm)
VL = < I0 very low, L = 10-20 low,
ML = 20 40 moderately low,
M = 40-60 medIUm,
MH = 60-80 moderately high
H = 80-120 lugh, VH = > 120 very lugh.
ND = no data

Exchangeable K (me/IOO g soil)
VL = <02 very low, L = 02-03 low,
M = 0 4 0 5 medIUm
H=0610lugh
VH = >10 very lugh
ND = no data

pH Hp (125)
VAC = <42 very aCid, AC = 43-52 aCid,
SAC = 5 3-6 2 shghtly aCid,
N = 6 "1 7 2 neutral,
SAK = 7 3-8 2 shghtly alkahne
AK = 8 3-8 7 alkahne,
VAK = >8 7 very alkalme, ND = no data

Select map umt If slope = L or GSL and pH = SAC or N ThIS query would output all map umts that have a
slope whIch IS eIther level or gently slopmg and a shghtly aCld or neutral pH
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Table 3 BIOphysIcal constramts to Implementation of sustamable agrIculture
attrIbutes for each class l

Unsustamable

Moderate

Few

Very few

slope = S1; VST
depth = S
coarse fragments = S
pH = VAC, VAK

slope = CSL, MSL
texture = C, S, LS
coarse fragments = C
dramage = E, P, VP
base saturatIOn = L
CEC= L
available phosphorus = L, VL
exchangeable potassIUm = L, VL
pH = AC, SAK, AK

slope = ML
texture = SL
dramage = WE, SP
base saturatlOn = M
CEC = M
avatlable phosphorus = ML
pH = SAC

slope = L
depth = 0
texture = L, SI, CL, SICL, SIL, SCL, SIC, SC
coarse fragments = N
dramage = W, MW
base saturation = H
CEC = H
avatlable phosphorus = M, MH, H, VH
exchangeable potassIUm = M, H, VH
pH = N

Begmnmg With unsustamable any category chosen m one class IS excluded from all others The very few class has
no categones that were found m the f,rst three classes See Table 2 for a descnptlOn of the attnbute codes
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Table 4 Raster map category report!

Area Cover (%) Cover (%)
Order/constraint class (ha) Watershed Order

AlfIsols 84200 20 25
Unsustainable 20700 25
Moderate 63500 75

Andisois 75200 18
Unsustainable 48700 65
Moderate 26500 35

Entisois 26200 6
Unsustainable I 000 4
Moderate 20 000 76
Few 5200 20

Inceptisois 110 100 27
Unsustamable 23700 22
Moderate 84100 76
Few 2300 2

Molhsols 5600
Moderate 5600 100

Uitisois 98600 24
Unsustamable 37600 38
Moderate 61 000 62

Vertisols 10 700 3
Moderate 10700 100

Water 500 <I
Water 500 100

Total 411 100 100

1 ThIs table IS based on a report output directly from GRASS GIS usmg a sImple report generatIon command The
area occupied by each 5011 order 15 ldentlfled along wIth the area of each constramt class found Wlthm each order
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Table 5 Selected crop reqUIrements

RIce (Oryza satIVa)
Optimum pH 5 5-6 5 dry, 7 0 7 2 flooded
Alluvial sOlis of nver valleys and deltas are usually better sUIted to nce than hghter sOlis
Level slope IS best

Banana (Musa spp)
Optimum pH 6 5 range 5 5-7 5
Thnve best on free draining loam, will not tolerate any waterlogging

Cocoa (Theobroma cacao)
Optimum pH 6 5 range 5 5 7 5
Ideal sOli consists of aggregated sand, silt, and clay

Coconut (Cocos nuclfera)
Need freely draining light sods, and tolerate higher degree of SOli sahmty than most other

crops

011 palm (ElaelS gUlneensls)
ReqUIres deep, permeable SOlis, terrain should have slopes < 8 to 10 degrees unless

terracing already eXists Waterlogging IS harmful

Rubber (Hevea brasiliensiS)
Optimum pH 4 4 5 2
Needs deep, well drained soils

Jute (Corchorus spp )
Prefers fertile alluvial SOlis, In lowlands and IS usually grown In rotatIOn With nce

Roselle (HibiSCUS sabdanffa)
ReqUIres well dramed SOlis Grown on uplands
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Table 6 Crop potentIals attrIbutes for select crops I

Potentials

Crop Attnbute Low MedIUm High

RIce Slope MSL ML, GSL L
(paddy) pH AK, VAK SAK, VAC N,AC, SAC

RICe Slope ML GSL MSL
(upland) pH AK, VAK SAK,VAC N,AC, SAC

Banana and Slope L MSL GSL
Papaya pH VAC,AK,VAK AC, SAK SAC,N

Cocoa Slope L GSL MSL
Dramage Sp, p, VP E,MW WE,W

Coconut Slope ML, MSL GSL L
Texture Sandy Clayey Loamy

011 palm Dramage E, p, VP WE,SP W,MW
pH VAC, SAK, AK, AC,N SAC

VAK

Rubber Dramage MW, Sp' P VP W E,WE
pH N, SAK, AK, VAK VAC, SAC AC

Jute Dramage MW, SP P, VP E WE, W
Slope MSL ML GSL L

Roselle Dramage MW WE, W E
Texture Sandy Clayey Loamy

1 Categones with a slope> 35% were not IOcluded See Table 2 for a descnptlon of the attnbute codes
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Crop Dlstnbutlon Mapping Applications and
Techniques for Broad-scale AnalysIs of Crop
Geography

G Hyman'

ThIS paper descnbes the JnternatlOnal Center for TroplCal Agnculture s (ClAT)
project to map the broad-scale dlstnbutlOn of agncultural crops m mamland Latm
Amenca The data collectlOn and pre-processmg stages of data development are
descnbed Techmques for estlmatmg dlstnbutlOns wlthm admlmstratlve dlVlslOns are
consIdered The utlhty of remote sensmg mformatlOn IS evaluated and some baslC
apphcatlOns of crop dlstnbutlon mformatlOn are dIscussed

The CIAT crop production database
Maps of crop dlstnbutlOn are cntlCal for commodIty studIes, agroecologlcal modehng,
and numerous enVlronmental apphcatlOns Perhaps the most baslC need IS to know
how many hectares have been cultIvated, where the cultlvatlOn has occurred, and
how much food has been harvested As part of CIAT s goal of analyzmg land-use
patterns and dynamlCs, we have developed a database of crop productlOn for Latm
Amenca The mformatlon In thts database, Important for many CIAT actlVltles and
for those of our partners, has numerous uses for agncultural research Agroecologlcal
modelmg can help to determme If farmers are growmg the most appropnate crops for
the gIVen blophyslCal enVlronment The crop dlstnbutlOns help modehng of cltmatlC
and other enVlronmental changes and theIr effects on agnculture For example, the
modehng of expected changes m crop dlstnbutlOn caused by global warmmg reqUires
accurate maps of the current spatial extent of crops Crop dlstnbutlOns WIll be cntlCal
for contmental-scale land degradation research The georeferenced dIgital data allows
us to make the Imk between enVlronmental degradatIon and agnculture For CGJAR
SCIentIsts and our NARS partners, crop dlstnbutlon mappmg can help gUide our crop
Improvement programs by aldmg breeders to understand the relatlOnshlps between
crops and the environmental constramts m whIch they are grown

1 Centro InternaclOnal de Agncu1tura Tropical (ClAT) Apdo Aereo 6713 Cali Colombia

Hyman G 1999 Crop rnstnbunon mapping applicanons and techmques for broad scale analysIs of crop
geography Pages 91-96 In GIS analYSIS of cropping systems proceedings of an Internanonal Workshop on
HarmomzatlOn of Databases for GIS AnalYSIS of Cropping Systems In the AsIa RegIOn 18-19 Aug 1997
ICRISAT Patancheru Inrna (Pande S Johansen C Lauren J and Bantllan F T Jr eds) PatancheTU
502324 Andhra Pradesh IndIa and Ithaca New York 14853 USA InternatIOnal Crops Research InstItute
for the SemI And TropICS and Cornell Umverslty
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In the past, CIAT has developed digital maps of crop dlstnbutlOns and densities for
Latm Amenca, Afnca, and ASia, focusmg on the CIAT commodities In 1996, as part
of the EcoreglOnal Project for Latm Amenca, we Initiated a program to Improve our
contacts with crop data providers, update our prevIOus crop dlstnbutlon maps, map
new crops, and automate the process for future updates ThiS year our focus has been
on database development and automated mappmg of crop dlstnbutlOns

CIAT has obtained the most recent crop dlstnbutlOn data at the best available
geographic resolution for the 2I mamland Latm Amencan countnes Table 1 shows
the date of our most recent crop data, the number of crops we hold data for, the
collectIOn method, and the admmlstratlve level of the mformatlon The range of dates
of the InformatIOn pOInts out only one diffIculty of mergmg data from mdlVldual
countnes across a broad region The geographIC detaIl of the data also vanes For
example, Honduras recently completed a relatively detailed agncultural census, m
contrast, Costa RIca s last census was m 1984 Their current data are avaIlable only at
the natIOnal level Many countnes provide sample data rather than census data The
sample data are denved by accepted mternatlOnal standards and may actually be
better than the census data due to the difficulties of carrymg out a complete census
Nevertheless, all the mformatlOn must be carefully studied to assess ItS comparabilIty
from one country to the next We are Investlgatmg data qualIty problems m our
efforts to reduce errors and provrde metadata We have lInked over 75% of the
tabular crop data to the third-level admmlstratlve dlVlslOn maps So far our efforts
have focused on the pnnClpal crops of the regIOn and those of partICular Interest to
the CGJAR system However, thiS project has purposely sought to look at the broad
range of crops m order to take a more comprehenSive view of the agncultural sector
m Latm Amenca From the Number of crops column m Table 1, It may be noted
that we have gone far beyond our preVIous focus on CGIAR mandate crops

Raster modeling for geographic analySIS and Improvmg
crop dlstnbutlons wlthm administrative Units
The vector data structure of the CIAT crop database IS optimum for handlIng the
large amounts of crop data collected but IS defiCIent for many purposes While It can
store mformatlon for the admlmstratlve umt, It cannot display the dlstnbutlon of
crops wlthm the umt In the past, our methods to locate dlstnbutlon wlthm
admmlstratlve Units have rehed on the subjective mterpretatlOn of the map
techniCian To estimate the dlstnbutlon, the techmclan uses hiS knowledge of the crop
environments and map mterpretatlon skIlls The method IS qUIte useful and Will
produce accurate maps for the scale of the prOject However, thiS manual method has
two Important lImItations FIrst, the sUbjectIVIty of the work may hmit the data for
purposes of companson, espeCIally If different techmCIans work on the same map or
If tIme senes maps are used Secondly, the techmque IS tlme-consummg and therefore
lImited by the human resources that can be aSSigned to do the work

An even more cntICal hmItatlOn of the vector format IS ItS InsuffICIency for
modelmg purposes Perhaps as much as 90% of spatIal analySIS and modehng IS carned
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Table 1 CIAT crop dlstnbutlon databasel

AdmlIDstratlve Number of Collection
Country level Year crops method

Behze Department 1994 42 Census

Costa Rica Country 199395 14 Sample

El Savador RegIOn 1994 7 Sample

Guatemala Department 1989-95 6 Sample

Honduras MUnicipalIty 1993 63 Census

MexIco MUnIclpahty 1991 78 Census

Nicaragua Department 1995 9 Sample

Panama MUnIclpahty 199091 17 Census

Argentma Department 1991 6 Census

BollVla MUnICipahty 198795 20 Sample

BraZil MUniCipalIty 1993 62 Census

Chile Department 1979-94 40 Sample

Colombia Department 1993 26 Sample

Ecuador RegIOn 1991 93 93 Sample

Guyana Commune 199394 19 Census

French Guyana Dlstnct 1994 9 Census

Paraguay Department 1995 35 Sample

Peru Dlstnct 1993 229 Sample

Sunnam MumCipahty 1990-91 44 Census

Uruguay Department 1993 61 Census

Venezuela Federal Dlstnct 1984-85 25 Sample

Note that CIAT has taken a much more comprehenSIve approach to agnculturalland use analySIS by collectmg data
for a large number of crops ThIS IS a sIgnifIcant advance over prevIous work when only core commodItIes of CIAT
were studied
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out usmg raster data structures We have thus recognized the Importance of
redlstnbutmg the vector data to a raster format We earned out some prelimmary
work on this m 1996 and developed the first modelmg results thl:> year This type of
converSIon has not been attempted for agncultural crops However, DeIChmann
(1996) has developed vector to raster redIstnbution models for populatiOn data as
part of the UNEP/CGIAR InItiative on the use of GIS m agncultural research We are
usmg a SimIlar approach, tatlonng the work to crops mstead of populatIon

Our fIrst efforts to Improve crop dlstnbution mformatiOn wlthm admInistrative
Units have focused on the use of a contmental scale land cover map and an accessibIlity
map The contmentalland cover map was developed by the United States Geological
Survey (USGS) m conjUnctIon WIth the UnIted NatIOns EnvIronment Programme
(UNEP) Global Resources InformatIon Data (GRID) project The source data IS
from Advanced Very HIgh ResolutIon RadIOmeter (AVHRR) satelhte Imagery at
1 km spatIal resolutIOn-appropnate to continental scale analySIS In 1996, CIAT
provided some of our crop and land cover datasets to USGS for venficatiOn purposes
We contmue to work WIth USGS In theIr efforts to Improve the quality of these data

To better estImate the dlstnbutIOn of crops WIthm an admInIstratIve UnIt, we used
accessIbIlity mformatiOn on the assumptIOn that crops are more likely to be cultivated
m conjUnctiOn WIth the road networks that allow transport to storage faCilItIes and
markets ThIs very basIC assumptIon has a nch history m geographIC literature
(ChIsholm 1979) and we employ It here as a fIrst approXImatiOn With the expectatton
of refInmg our methods m the future The acceSSIbilIty map was developed usmg a
cost-dIstance approach The map utlhzes the DigItal Chart of the World (DCW) road
network and map of populated places (Defense Mappmg Agency 1994) Towns With
human populatIon of 10 000 or more are assumed to have maximum acceSSIbilIty
and represented by mdlVldual gnd cells on the dIgItal map For all roads and traIls, a
travel velOCIty IS assumed The roads are organIzed m a hierarchy so that highways and
paved roads are aSSigned greater velOCitIes than dIrt roads or tratls Areas at great
dIstance to populated places are less acceSSible than areas nearby towns For each gnd
cell, the time that It takes to reach a town IS calculated usmg dIstance and cost
functIons These tools are WIdely avatlable m standard GIS software packages (e g,
IDRISI, GRID-Arc/Info) The resultmg map gIves us an mdex of accessibIlIty for the
study area

The vector to raster converSIon of the crop data IS earned through m two phases
First, all areas m forest from the USGS land cover map are assumed to have no
cropland, effectIvely maskmg these areas out dunng future processmg Second, the
total crop area IS redlstnbuted withm the admInistratIve Unit based on the acceSSIbilIty
mdex The acceSSibilIty mdex IS transformed mto a mUnICIpality level potentIal
surface by dlVldmg the value at each gnd cell by the sum of the mdICes withm each
mUniCipalIty This IS a SImple way of weightmg areas according to their ease of access
to urban areas The weIghted potentIal surface IS then combmed With the crop data to
esttmate the dIstnbutiOn wlthm mUnICIpalIties The method stIll falls short of the
results obtamed by the mdlVldual techniCian makmg sUbjectIve Judgements about
where crops are cultivated Next year, our group WIll refine thIS process to mclude
such ancIllary data as elevatIon and clImate We expect to obtam results equal to those
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of our preVIOUS methodology, willie overcommg the problem of subjectIVIty and at
the same time automatmg the process

ApplicatIons
The processmg descnbed above has been automated and developed with a graphICal
mterface that allows a user to select a country and a crop for mappmg (Klass 1997)
The programs are then run, makmg a new pomt dataset for display and further
analysIs Users can choose the thresholds for displaymg the density of crop
productIOn This mterface effort has only Just begun and Will be renned m the future
along with the methodology Any of the crop data shown m Table 1 can now be
processed to produce maps The map of maIze dIstnbutIOn, together with a similar
map of wheat dIstnbutIOns, are CIAT s fIrSt maize and wheat maps ever (Hyman
1997) MaIze experts at CIMMYT are evaluatmg the map and ItS assoCIated data
They have high expectatIOns for usmg thiS mformatlOn for crop Improvement and
economIC analyses of their core crops

For studies of the whitefly ViruS, we have mapped the dIstnbutlOn of beans m
relatIOn to the known occurrence of bean golden mosaIC ViruS (BGMY) ThiS IS a
Simple applIcatIOn with potenTIally huge benents Researchers workmg on BGMV
can now defme cntICal areas of bean productIOn that are bemg affected by the Virus,
as well as those areas that should be protected from future InfestatIOn Once the
producTIon and VIruS data IS related to the phYSICal and human geography of bean
grOWIng regIOns, whitefly researchers can better understand the behavIOr of the ViruS,
espeCIally With respect to ItS spatial diffuSIOn

The crop and lIvestock mappmg efforts are slated to become key datasets for
several collaborative projects already under way The crop productIOn dataset will be
used as a vanable m the CIAT-UNEP mdICators project CIAT wIll use the data for a
study of crop dIstnbutlOns of Latm Amenca, an mvestigatlOn along the hnes of some
of the claSSICal agncultural reglOnalIzatlOn work carned out for North Amenca

One of the most Important aspects of our crop and lIvestock database efforts IS
mstitutIOnalIzatlOn of the work We will be able to analyze agnculturalland use m a
timely manner, at greater frequencies, and With an expanded view of the crops of
LaTIn Amenca
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Use of Remote Sensing In Dlstnbutlon of
Environment and Crop Dlstnbutlon

L Venkataratnam'

Introduction
PreCIse informatIOn on vanous natural resources-sOlIs, water, crops, forest, geology,
and clImate-on theIr degradatIon/depletIOn and contammatIOn IS essentIal for an
envIronmentally balanced development IndIa has varymg condItIOns of clImate, sOlIs,
flora, and fauna, dIversIfIed agncultural practIces, and land-use patterns Due to
unsCIentIfIC explOItatIOn of vanous resources, enVIronmental problems lIke land
degradatIon, drought, floods, deforestatIOn, and decrease In productlVlty levels are on
the nse Lack of relIable informatIon on natural resources from a relIable database has
also contnbuted to the aggravatIOn of the problems Therefore, for better
envIronmental management, there IS a need to prepare natural resources mventones,
study vanous enVIronmental problems sCIentIfIcally, and prepare actIOn plans for
sustamable development of natural resources

Development of remote sensmg technology
The applIcatIOn of remote sensmg technology m the study of natural resources has
resulted m the development of methodologIes for mappmg and momtonng natural
resources m a cost-effectIve manner ThIS IS due to the fact that remote sensmg
satellItes have a synoptIC VIew, cover the same area at regular mtervals, collect data m
multIspectral channels of the electromagnetIC spectrum, and data generated can be
analyzed on computers at a faster rate BesIdes, remote sensmg satellIte" provIde
more relIable and preCIse baselme mformatIOn on crops, SOlIs, and water resources
than conventIOnal surveys

The apphcatlOn of spacebome remotely sensed data for natural resources
Inventory began WIth the launch of the nrst Earth Resources Technology Satelhte
(ERTS-l)/Landsat-I m the 1970s Landsat-TM (ThematIC Mapper), Systeme
Probatalre d ObservatIOn de la Terre (Span, and IndIan Remote Sensmg Satelhtes

I National Remote SensIng Agency (NRSA) Balanagar Hyderabad 500 037 Andhra Pradesh India
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(IRS) wIth better spatIal and spectral resolutIon form the subsequent generatIOn of
satellItes that enabled mappIng and momtonng of vanous resources more effIcIently
SystematIC applIcatIOn of spaceborne remote senSIng data m mappIng vanous
resources enabled development of operatIOnal methodologIes to map and momtor
salt-affected sOlIs, eroded sOlIs, waterlogged areas, enVIronmental changes due to
mInIng, deforestatIOn, drought, floods, etc

Assessment and momtormg of natural resources

Remotely sensed data are bemg regularly utIhzed m generatmg mformatlOn on vanous
resources and also m momtonng the land degradatIon and enVironmental hazards In
the followmg sectIOns, the applicatIOn of remotely sensed data m SOli resources,
degraded lands, land use/land cover, envIronmental hazards, and crops IS dIscussed

Remote sensing of sOils

SystematIC applIcatIOn of spaceborne remote senSIng data In SOlI resources mappmg
enabled development of operatIOnal methodologIes to map sOlIs on a routIne basIs
VIsual mterpretatIOn of satellIte data from vanous satellItes lIke Landsat­
MultIspectral ScannIng System (MSS), TM, IRS, and SPOT, based on photoelements
and anCIllary data IS a common method In the preparatIOn of SOlI maps at vanous
scales OperatIOnal methodologIes were developed at the NatIOnal Remote Sensmg
Agency (NRSA), Hyderabad, IndIa, to prepare SOlI maps at 1 250000 and 1 50000
scales m vanous agroclImatlc regIOns of the country (NRSA and AISLUS 1986,
NRSA 1995, 1996) A SOlI map for the entIre country at 1 500 000 scale IS bemg
publIshed by the NatIonal Bureau of SoIl Survey and Land Use PlannIng
(NBSS&LUP), Nagpur In 1995, the Department of Space took up SOlI mappIng
under the project Integrated MISSIon of SustaInable Development on a 1 50 000
scale USIng IRS LISS (Lmear Image Self-ScannIng Sensor)-II data

LImIted work has been reported In the lIterature on SOlI mappIng USIng dIgItal
analysIs technIques Rehance on dIgItal technIques IS IncreaSIng In order to handle
volummous data Inflow and to meet the IncreaSIng demands for plannIng The utIlIty
of GIS m SOlI resources evaluatIOn IS also mcreasmg Major G IS applIcatIOns In SOlI
resources study are land capabIlIty classIflcatIOn, land Irngablhty claSSifICatIOn, water
management for crops, watershed management, crop SUitabilIty assessment, and
generatIOn of sustamable actIOn plans (NRSA 1996, Sharda et al 1993)

Mapping and mOnitoring of degraded lands

Remotely sensed data has been utilIzed to study the nature, dlstnbutIOn, and
magnItude of problems In vanous classes of degraded lands, namely eroded lands,
salt-affected SOlIs, shIftIng cultIvatIOn areas, waterlogged areas, raVInOUS lands, etc

NRSA, USIng remotely sensed data from Landsat MSS, TM, and IRS LISS-I/LISS­
II sensors, mapped and mOnItored the areas under eroSIOn and shlftmg cultIvatIOn In
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parts of Tnpura (NRSA 1990) In the study area, ml to sltght, moderate, and severe
to very severe erOSIOn classes were mapped along WIth areas under shlftmg cultIvatIOn
at 1 250 000 scale At I 50 000 scale, the above-mentIOned SOlI erOSIOn classes could
be mapped as pure umts and small areas that could not be mapped at I 250 000 scale
(due to scale lImItatIOn) could also be detected BesIdes current ]hum (shlftmg
cultIvatIOn) lands, abandoned ]hum areas could also be IdentIfIed and mapped
Computer-aIded dIgttal analysIs was attempted for the same test SIte NIl to sltght,
moderate to severe erOSIOn classes, and ]hum lands could be classIfIed In Tnpura
because dIgItal analysIs depends solely on spectral response of classes The morutonng
of eroded and shlftmg cultIvatIOn areas ill the study area usmg Landsat MSS data of
IS Apr 1978, and Landsat TM data of 26 Mar 1986, revealed that the area under ml
to slIght eroSIOn class decreased from 19 46% m 1978 to 5 62% m 1986 The area
under moderate erOSIOn has mcreased from 30 94 to 36 97% dunng the same penod
A SImIlar upward trend was found m the severe to very severe category dunng an
8-year penod The area under shlftmg cultIvatIOn mcreased from 5 13% m 1978 to
654% m 1986

NRSA m assoCIatIOn WIth NBSS&LUP (Nagpur), All IndIa SOlI and Land Use
Survey (New DelhI), and other central and state government orgamzatIOns, prepared
salt-affected SOlI maps for the entIre country at 1 250 000 scale USIng Landsat TM/
IRS Imagery ThIS has been made possIble due to the clear mamfestatlon of salt­
affected SOlIs on False Color ComposIte (FCCs) of satellIte data from bnght to dull
whIte tones WIthIn the background of normal soIls supportmg good crops The maps
showmg salt-affected SOlIs at 1 50 000 scale have been prepared for ltmlted areas
DIgItal techmques were also used to study the salt-affected SOlIs (Venkataratnam and
Rao 1977, Venkataratnam and RaVI Sankar 1992)

Both vIsual and dIgItal methods of analYSIS are used for momtonng the salt­
affected SOlIs Venkataratnam (1983, 1984) used the multltemporal data of Landsat
to momtor the salt-affected SOlIs VIs-a-VIS reclamatory efforts taken up by the state
government authontles for parts of Punjab and Haryana States The salt-affected
SOlIs were momtored m the Mampun dlstnct of Uttar Pradesh usmg Landsat MSS
data of 1975 and Landsat TM data of 1986 (Rao et aI, In press) The degraded lands
(salt-affected and waterlogged areas) occurrmg m the Sharada Sahayak Command
area were studIed at NRSA from 1975 to 1993, USIng satellite Imagery of every 5
years avaIlable from Landsat MSS, TM, and IRS sensors SImIlar efforts are bemg
made In other major command areas

Spaceborne multispectral data have also been utIlIzed m mappIng and momtonng
of waterlogged/wetlands/marshy areas because waterlogged areas appear In dIfferent
shades of blUIsh green or greemsh blue patches on satelhte data WIth smooth texture

Land use/land cover Inventory

InformatIOn on land use/land cover IS essentIal to Identify such land utIlIzatIon
aspects as croppmg pattern, fallow land, forests, graZing lands, wastelands, surface
water bodies, etc Remotely sensed data from TM, IRS, and SPOT are beIng used to
map land use and land cover at micro and macro levels In IndIa, land use and land
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cover of all the 447 dlstncts, dIstnbuted across 15 agroclimatlC zones have been
mapped on a 1 250 000 scale For some selected areas, maps of 1 50 000 scale were
also prepared The satellite data were also used for mOllitonng the land use/cover
changes over a temporal scale to enable Implementation of timely measures to arrest
degradatIon and conserve valuable land resources Satellite data enables mappmg of
surface water m tanks, lakes, reservOirs, and depressIOns HeavIly SIlted tanks could
be IdentIfied for pnontlzmg SOlI conservatIon m the upstream areas

Assessment of environmental hazards

SatellIte data from vanous sensors are employed to assess the Impact of mmmg,
deforestatIOn, forest fires, and aquaculture on the surroundmg enVIronment These
data are also used m assessmg natural disasters lIke drought, damage due to floods and
earthquakes, etc

Mmmg can cause severe ecologIcal ImplicatIOns If proper planmng and
management strategies are not adopted Remotely sensed data were found to be
extremely useful m assessmg the environmental Impact of mmmg In a study of the
Iron ore mIlling at Kudremukh m southern Inma (Anonymous 1990) usmg satellite
data of the pre-mmmg phase (1973, 1976) and the mmmg phase (1985, 1989),
environmental changes as a result of the mmmg activity have been mapped The total
forest area of 74 27 km2 m 1973 decreased by 10 8% by 1989, whIle the grasslands
area of 9794 km2 m 1973 mcreased by Z 8% dunng the same penod

Recently, m one of the studies at NRSA, the areas under prawn cultivatIOn along
the coastal areas of KrIshna and Guntur dIstncts of Andhra Pradesh were mOllitored
from 1973 to 1994 It was observed that although the prawn cultIvatIon areas started
ImtIally m barren/salt-effected areas, these areas are bemg extended mto pnme nce
fIelds and mangrove areas (Venkataratnam et al 1997)

The satellIte-denved vegetatIon mdex (VI), whIch IS senSitIve to vegetatIOn stress,
IS used to momtor drought conditIons on near real-tIme baSIS, helpmg deCISIon
makers to Illitlate strategies for mid-season correctIOns and other agronomic
measures The National Agncultural Drought Assessment and Momtonng System
(N-ADAMS) has been developed for fortmghtly assessment of drought m IndIa
Every year, floods m major nvers are bemg momtored usmg remote sensmg data to
assess the damage due to floods and to Identify nsk zones

Crop studies

An accurate and timely crop productIOn forecastmg system IS an essentIal element m
strengthemng the country s food secunty and dIstnbutIon system Remote sensmg
data can prOVide mformation on 1 spatial dlstnbutIOn of crops and their areas,
2 crop condItIOn assessment, and 3 crop yield predICtion The area s estimatIOn
procedure broadly consists of Identlfymg representative SItes of vanous crops/land
cover classes on the Image generatIOn of SIgnatures for different classes and classlfymg
the Image usmg trammg area statistICS Total enumeratIon or samplmg techmques are
employed to denve crop area statIstICS, dependmg upon the extent of the study area
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These procedures have been successfully operatIOnalIzed under the Crop Acreage
and ProductIOn EstImatIOn (CAPE) project for crops lIke paddy, sorghum, soybean,
wheat, groundnut, rapeseed-mustard, cotton, and Jute/mesta (SAC 1990,
Venkataratnam et al 1993) The remote senSIng technology proved ItS utIhty In
monocropped areas of large, contIguous and homogenous nature PIlot studIes are
bemg conducted USIng hIgh resolutIOn IRS-l C data under multIple croppIng
sItuauons

The condItIOn of the crop IS affected by such factors as supply of water and
nutnents, msect pest attack, dIsease outbreak, and weather condItIOns These stresses
cause physIOlogICal changes that alter the optICal and thermal propertIes of leaves and
bnng about changes m canopy geometry and reflectance/emIssIOn CondItIOn
assessment warrants muluspectral satelhte data at regular mtervals The NatIOnal
Oceamc and Atmosphenc AdmImstratIon (NOM)/Advanced Very HIgh ResolutIOn
RadIOmeter (AVHRR), and IndIan Remote SensIng (IRS)-Wlde ImagIng and FIeld
Sensors (WIFS) are beIng used to assess the crop condItIOn at regIOnal level, whereas
the fIner spatIal resolutIOn satellIte data (TM, IRS-LISS-II/III) are beIng used at
dIstnct and sub-dIstnct level CondItIon assessment IS normally done by computmg
vegetatIOn IndIces on gnd cell baSIS (SAC 1990)

YIeld IS mfluenced by a large number of factors such as crop genotype, SOlI
charactenstICs, cultural practICes, weather condItIOns, bIOtIC mfluences hke weeds,
dIseases, and pests Spectral data of a crop IS the Integrated mamfestatIOn of the
effects of all these factors The two approaches generally avaIlable for yIeld modelIng
are 1 relatmg remote sensmg data or denved parameters dIrectly to YIeld, and
2 relatIng to such bIOmetnc parameters as leaf area Index, bIOmass, etc, that m turn,
serve as Input parameters for yIeld models Efforts are bemg made to develop yIeld
and spectral mdex relatIOnshIps USIng spaceborne spectral mdIces such as the
normalIzed dIfference vegetatIOn mdex (NDVI)

ConclUSion
Remotely sensed data have been successfully used on an operatIonal baSIS m not only
prepanng the natural resources mventory but also m assessmg land degradatIOn and
other enVIronmental hazards The mformatIOn generated both by conventIOnal
methods and remote sensmg techmques IS bemg used to create databases m GIS
enVIronment for performmg mtegrated analyses to generate sustamable actIOn plans,
enVIronment management plans, etc Efforts are bemg made to use remotely sensed
data from IRS-l C/ID satellItes to map vanous resources at 1 12 500/1 10 000 scales
for mIcro-level planmng

101



References
Anonymous 1990 Input of m1010g actlVltles and super thermal power statlOns on
enVIronment Project report, RSAM/SAC/RSAG/ENVN/PR/08/90

NRSA (NatlOnal Remote Sens10g Agency) and AISLUS (All IndIa SOli and Land Use
Survey) 1986 UtIlIty and relatIve efficIency of vanous remote sens10g techmques 10
sOli and land use data abstractlOn, Chltradurga (RS) proJect, Karnataka, IndIa
Project report Karnataka, IndIa NRSA

NRSA (NatIonal Remote Sens10g Agency) 1990 IRS utilIzatIon programme SOli
eroslOn mapp10g Project report, Hyderabad, Andhra Pradesh, IndIa NRSA

NRSA (NatIOnal Remote Sens10g Agency) 1995 SOli survey for land Irngablhty
assessment - Snramsagar Project Phase-II, Andhra Pradesh, IndIa Hyderabad,
Andhra Pradesh, IndIa NRSA

NRSA (NatIonal Remote Sens10g Agency) 1996 SOli survey and land evaluatIOn for
agncultural land use plann10g 10 tnbal areas of Andhra Pradesh Project report
Hyderabad, Andhra Pradesh, IndIa NRSA

Rao, B R M, DWIVed], R S, and Venkataratnam, L (In press) Momtonng of salt
affected SOlis us10g remote sensmg data Geocarto InternatlOnal

SAC (Space ApplIcatIOn Centre) 1990 Crop stress detectIOn and condItIOn
assessment Ahmedabad, GUJarat, IndIa SAC 107 pp

Sharda, D, Rav] Kumar, M V, Venkataratnam, L, and MaHeswara Rao, T Ch
1993 Watershed pnontlsatlon for sOli conservatlon-a G IS approach Geocarto
InternatlOnal 1 27-33

Venkataratnam, L 1983 Momtonng of salImty 10 Indo-GangetIc plaInS of North­
Western IndIa USIng multI-date Landsat data In ProceedIngs of the Seventeenth
InternatIOnal SymposIUm on Remote SensIng of EnVIronment Ann Arbor, MIchIgan,
USA ERIM (EnVIronmental Research InstItute of MIChIgan)

Venkataratnam, L 1984 Momtor1Og and manag10g sOli and land resources 10 IndIa
us10g remotely sensed data In Proceed1Ogs of the AsIan Agncultural SymposIUm
ChIang Mal, ThaIland

Venkataratnam, L, and Rao, K R 1977 Computer aIded classIfICatIOn and mappIng
sOlIs and soIl lImItatIons USIng Landsat multIspectral data In Proceed1Ogs of the
SymposIUm on Remote SensIng for Hydrology, Agnculture and Mmeral Resources
Ahmedabad, GUJarat, IndIa Space ApplIcatIOns Centre

Venkataratnam, L, and Rav] Sankar, T 1992 DIgItal analysIs of Landsat TM data for
aSseSSIng degraded lands Pages 87-190 In Remote senSIng applIcatIOns and
geographICal mformatlon systems - recent trends New DelhI, IndIa Tata McGraw­
HIll PublIshIng Company Ltd

102



Venkataratnam, L, Knshna Rao, M V, RavI Sankar T, Thammappa, S S, and
GOpI, S 1993 Cotton crop acreage estlmatIOn and condltlon assessment through
remote sensmg method Pages 217-218 In Extended summanes, NatIOnal SemInar
on Ollseed Research and Development In Inma Status and StrategIes, 2-5 Aug
1993, Hyderabad, IndIa Hyderabad, Andhra Pradesh, Indla IndIan Soclety of
Ollseeds Research

Venkataratnam, L, Thammappa, S S , RavI Sankar, T, and Ams, S 1997 Mappmg
and momtonng of prawn farmmg areas through remote sensmg techmques Geocarto
InternatIonal 12 23-29

103



Interfacing GIS and Crop Simulation Models

A D Hartkamp, J W Whlte,1 and G Hoogenboom2

GIS faCllitates the management and analysIs of spatIal data GIS can also represent
vanatIOn over tIme usmg time-senes data from remote sensmg or sImIlar sources
(Marble 1984) ThIs approach can document histoncal trends but IS less useful for
evaluatIng dIfferent management scenanos or for extrapolatIng trends mto the
future Crop sImulatIOn models can descnbe processes over tIme but usually produce
outputs for speCIfIc sItes Thus, there IS a logICal mterest In placIng the sIte-speCIfIC
output of models m a spatIal context by mterfacIng GIS WIth models Examples of
possIble applicatIOns of an Interfaced G IS-model system Include
• pnontIzmg regIOns for potentIal Impact of such new agronomIC practICes as dIrect

sowmg of wheat after nce

• Identlfymg nce-wheat productIOn regIOns where mtrogen leachmg may be
espeClally hIgh

• evaluatmg the possible role of gram legumes m ImprOVIng SOlI fertIlIty or soIl
orgamc matter

This paper considers Issues related to termmology, strategies, and limItatIOns for
mterfacmg GIS and models, WIth emphaSIS on agncultural research

A model IS a sImplifIed representatIOn of a real-world sItuatIon We focus on
process based simulatIOn models, as opposed to rule-based (logICal) and empmcal
(regressIOn) models (Burrough 1996a)

In GIS applicatIOns to enVIronmental problems, the term modelIng also appears
frequently SpatIal modeling refers to the use of such techmques as reclassIfICatIOn,
overlaymg, and mterpretation that are used to produce summary maps (Yakuup
1993) EnVIronmental modelIng mcludes techmques rangIng from Interpolatmg
clImate data to the use of data models and remote sensmg Most of these are
computer-based tools rather than models per se, but enVIronmental modelIng also
mcludes such process based models as those used for groundwater flow and the fate
of contammants (Masha et al 1994)
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Strategies for interfacing
There are two fundamental Issues In InterfacIng G IS wIth models The fIrst IS the
level at whIch the software systems are combIned Are fIles passed manually from
one system to the other or, at the other extreme, are G IS and model functIons
programmed In a sIngle software language as a umfled system" ThIS IS essentIally a
problem of software development and management Three systems based on the
same sImulatIOn model, but Interfaced at dlffenng levels, should produce IdentICal
outputs The second Issue IS the logICal structure of the Interface ThIS Includes
whether the model sImulates all polygons or gnd cells and whether dynamIC
attnbutes of one map umt affect attnbutes of other umts

Level of mterfacmg

InterfaCIng' IS used to descnbe the overall concept of combmmg use of GIS WIth
models Three types of mterfaces can be recogmzed
• SImple lInkages use GIS to dIsplay sImulatIOn results, usually WIth some form of

spatIal mterpolatlon More complex lInkages use maps or a combmatlon of these to
process the data to produce a database contammg Inputs for a model LmkIng
usually reqUIres lIttle software modIfIcatIon SImple transfer of flies m ASCII or a
common bmary fIle format IS suffICIent An example of a hnked system IS the
SpatIal AnalYSIS Tool of DSSAT3 1 (Thornton et al 1997)

• Combmmg also Involves proceSSIng data In a GIS and dlsplaymg model results, but
the model IS configured WIth InteractIve tools of the GIS, and data are exchanged
automatIcally (Burrough 1996a) Use IS made of macro languages of the GIS or
other programmIng languages (TIm 1996) Several process-based models have
been combmed WIth GIS (Table 1)

• IntegratIon Imphes IncorporatIng one system In the other EIther a model IS
embedded m a GIS, or a SImple GIS (or GIS procedures) IS mcluded In a modelIng
system There are few examples of process-based models Integrated WIth GIS
(Tim 1996) More often, mtegrated systems use SimplIfIed models Examples
Include RAISON (Lam and Swayne 1991, Lam et al 1996) and EGIS (Deckers
1993)

All levels of mterfacIng reqUIre knowledge of GIS, modehng, and programmmg To
SImplIfy programmIng and subsequent use of Interfaced systems, there IS a clear need
for modular systems that support standards for Inputs and outputs, so that
models and GIS may be mterchanged easIly An example of thIS approach IS m the
DSSATlIeASA fIle standards (RItchIe 1995) that have been used to lInk models WIth
GIS In the Spanal AnalYSIS Tool (Thornton et al 1997) and to combme models and
GIS m the AEGIS and AEGISWIN systems (Engel and Jones 1996, Engel et al In
press)
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Table 1 Examples of models mterfaced wIth GIS packages

GIS Interface
Tool/Model system Focus type I DF2 Reference

AEGIS PC Arc/Info RegIOnal land use planmng C P Caltxte et al (1992)
Hoogenboom et al (1993)

AEGIS Arcllnfo RegIonal land use planmng C P Lal et al (1993)

AEGIS/WIN ArcVlew PreCIsIOn farmmg C P Engel and Jones (1996)
(DSSAT3) Engel et al (1997)

AGNPS VlrGIS Cropland management and pollution L P? HessIon et al (1989)

AGNPS ERDAS Hydrology/pollutIOn C R? OllVlen et al (1991)

AGNPS GRASS Watershed eroslOn/nutnent movement ? R Engel et al (1993)

AGNPS Arc/Info Water qualtty/pollutlOn C P Tlffi and Jolly (1994)

ANSWERS GRASS Watershed eroslOn/deposition R Rewerts and Engel (1991)
Srmlvasan and Engel (1991)

CMLS Ardlnfo Hydrology L P Zhang et al (1990)

CMLS Arc/Info Groundwater/herbIcIde fate C P Wtlson et al (1993)

CMLS ? PestIcIde fate ? Foussereau et al (1993)

DSSAT IDRISP Crop management modelmg UC R Thornton et al (1997)

EGIS swGIS Hydrology/pollutIOn I Deckers (1993)
(MODFLOW)

GLEAMS Arc/Info Hydrology groundwater L' P Stallmgs et al (1992)

GOA Ardlnfo Land sUltabtllty evaluatIOn L R Bnsson et al (1992)

GISMO (EPIC) GRASS ErosIOn cltmate vanabillty/sensltlVlty UC R Martm and Nelffian (1996)
Goddard et al (1996)

FLOWCONC Arc/Info PestlClde/herblclde fate UC P Lucke et al (1995)

MODFLOW Groundwater flow Hmaman (1993)

PLANTGRO Ardlnfo Forest productIOn planmng L P Pawltan (1996)

RAISON EnvIronmental modelmg I Lam and Swayne (1991)

RUSLE ? EroSIOn I BlaszczynkJ (1992)

STREAMS ? Hydrology/eroSIOn Oslm et al (1988)

SPUR ERDAS Watershed hydrology R Sasowsky and Gardner (1991)

SWAT GRASS Watershed hydrology water qualtty L R Snmvasan and Arnold (1994)

SWAT ArcVlew Watershed hydrology water qualtty UC RIP Stalltngs (pers comm 1996)

USTED (CLUE) IDRISP Land use planmng C R Stoorvogel (1995)

USLE MAP RegIOnal sediment load L R HeSSIOn and Shanholtz (1988)

USLE RegIOnal SOlI erosIOn L P Ventura et al (1988)

WOFOST Arc/Info Crop productIOn potential! L R van Laanen et al (1992)
land use plannmg

Hydrology P ? Stuart and St0cks (1993)

1 Interface type L = hnkIng C = combInIng I = IntegratIng
2 DF = data format P = polygon R = raster
3 Idnsl based but handles Surfer and Arc/Info gnd fdes In ASCII format
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Interface structure
The appropnate structure for mterfacmg GIS and models vanes wIth the research
problem Factors that affect the mterface structure mclude whether map umts can be
assumed to act mdependently of one another, the compleXIty and scale of the
processes bemg sImulated, the format and type of mput data, software systems
aVailable and m some mstances, preferences withm dIscIplmes (Stoorvogel 1995, TIm
1996, Burrough 1996b)

InteractIons among map umts

Map umts are saId to mteract when values of umts affect one another Examples
mclude water runoff, SOli erosIOn, microchmate, and pest or dIsease dynamtes Two
problems that must be faced are m whteh order should map umts be evaluated and
how should transfers among map umts be allocated For runoff, the order of
evaluatIon can be structured along hnes of flow down slopes or dramages, and flow to
adjacent umts can be partItIoned based on slopes

Scale and compleXIty

The spatIal coverage of a problem can vary from a subplot level up to a global level
Temporal scales can be m seconds to days or years Related scales affectmg the
mterfacmg strategy mclude measurement scale, ongmal map and GIS scale, data
mampulatIOn scale, modelmg scale, natural scale of the phenomenon, and scale of
apphcatIOn (Burrough 1996b) The necessary map scale IS often predefmed For
reglOnal studIes, maps of scales between 1 100 000 and 1 250 000 are often used,
whereas for farm-level apphcatlOns, maps of scales of 1 1000 and 1 2500 are more
appropnate (Gamty and Smgh 1991)

The appropnate scale for the model IS often less clear In thIS context, the term
scale has three components space, compleXIty, and tIme (Pennmg de Vnes 1996)

The spatIal scale IS often confmed to the scale at whteh model parameters are
collected The level of model compleXIty mvolves the detaIl used m descnbmg
processes m terms of theIr physIOlogteal compleXIty and subsequent mathematteal
representatIOn m the model When applymg models at regIOnal level or larger, there IS
a tendency to emphaSIze sImphftcatIOn However, Leenhardt et al (1995) concluded
that for SOli and water vanablhty, thIS IS not theoretteally JustIfIed For equal
expenmental effort, SImple approaches allow a greater spatIal samplmg denSIty, but
thIS IS at the cost of the sphere of vahdity of the results

Nature of the spatIal data for Inputs

If pomt data for weather or SOlis show large vanatlOn 10 space, the data can be
mterpolated usmg such methods as kng1Og, co-kngmg or thm plate splmes The
chOICe of method IS affected by spatIal dIstnbutIOn of the data The deCISIon whether
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to manage data In a raster (gnd) or vector \'polygon) structure IS often consIdered a
cntiCal step In developing G IS applicatiOns However, incompatIbIlitIes between
these structures have largely been overcome (e g , the SpatIal Analyst of ArcVIew),
and G IS and models may be mterfaced USing both data structures

Model runs In relation to type and size of spatial Unit

When the number of map umts IS large, vanous strategIes may be taken For
mteractIVe evaluatiOn of scenanos, a pOInt-and-shoot Interface can be used to
sImulate smgle or small sets of umts AlternatIvely, a subset of umts can be evaluated
WIth the Monte Carlo method, a subset of umts are chosen at random Vanous forms
of spatIal analySIS can be used to group umts by similanty of model Inputs (e g , SOlI
type) In a modIfIed Monte Carlo analysIs, umts are pre-stratIfied to ensure that
dIfferent regions are represented In proportiOn to theIr Importance For example,
vanable numbers of runs mIght be executed for dIfferent regiOns according to theIr
relatIve Importance as productiOn areas or of theIr SOlI types More runs may be
executed for border cells to reduce edge effects

Example of GIS and model mterfaces
ApplicatiOns of Interfaces of GIS and modeling have mcluded agroecologiCal
charactenzatiOn and zonatIon, scenano modeling, and Impact assessment (ex ante as
well as ex post), preClSlon farming, spatIal yIeld prediCtIon, climate sensItlVIty/
VarIabIlity studIes, and regIonal nsk analySIS (Bouman 1993, Hoogenboom et al
1993, Lal et al 1993, Bouman et al 1994, Petersen et al 1995, Stoorvogel 1995,
Mamillapalli et al 1996, and Stockle 1996)

We Will Illustrate a SImple applicatlon of G IS and modeling USing the CERES
wheat model to SImulate vanatiOn In wheat yIelds and mtrogen leaching for a
hypothetiCal regIon m Punjab, assummg a Single set of weather condItiOns and
cropping practiCes The soIl map recognIZed 14 dIfferent SOlI types, varying m surface
mtrogen content and mOIsture retentiOn parameters (drained upper and lower
limIts) ThIS infOrmatiOn was used to speCify 14 field types In the model control file
CERES wheat was run for each fIeld type for 3 years of weather data The regiOns of
hIghest gram yIelds (FIg 1) corresponded to the regIons WIth the lowest total nItrogen
leachmg over the season (Fig 2)

Challenges for the future

Data sources

Crop sImulatiOn models are often crItiCIzed for the large reqUirements of mput data
ThIS has lead to the promotiOn of 'mmimum datasets such as those promoted by
ICASA (RitchIe 1995), but these reqUirements often prove dIffiCult to satISfy even
for smgle locatiOns AvailabIlity of data can be restncted by concerns over data
ownershIp (Kam 1996), but mcreasmgly, data collected by government agenCies are
conSIdered public goods (Bauer 1996)
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Error analysIs

SpatIal data have IdentIfIable sources of error, mcludmg measurement, digitIzmg,
mterpolatIOn, and mampulatIOn BesIdes effects of errors m mputs, sImulatIOn results
may contam errors due to mcomplete understandmg of processes, dehberate
sImphfICatIOns m sub-models, or errors m programmmg ConventIonal error
propagatIOn theory can assess the qualIty of modelmg results only If they are
mfluenced by random errors For data used as model mput from a GIS, error due to
measurement and entry are usually random However, some techmques used m GIS,
such as lOgIC models (e g, sUItabIlIty classes), contam systematIc error of unknown
magmtude to whIch error propagatIOn theory IS unsUItable (Drummond 1987)
Burrough (1996b) recogmzed thIS problem and developed error propagatIOn rules for
several G IS procedures

Other attempts at error analySIS for GIS have used probabIlIty modelIng, but thIS
has proved problematIc because of the dIversIty of spatIal data processmg procedures
and the ngorous reqUIrements of probabIlIstIC data gathenng In a GIS, two major
classes of error and uncertamty are pOSItIOnal error (dIgItlZlng, georeferencmg) and
thematIC uncertamty and error For spatIal vanabilIty, fuzzy surfaces are used for
uncertamty analYSIS, and for error analYSIS, Monte Carlo methods (DaVIS and Keller
1996) are used For modelIng, valIdatIOn and Monte Carlo type uncertamty analySIS
can help determme error

In mterfacmg GIS and models, data resolutIon and model orgamzatIOn are often
changed, and error can mcrease because of aggregatIon effects De Roo et al (1989)
found that modelmg WIth the GIS-mterfaced verSIOn of the model predIcted 46%
more runoff and 36% more erOSIOn than WIth the ongmal model There IS msufficient
understandmg of how aggregatIOn and up- and down-scalIng mfluence error
propagatIOn HIll et al (1996) estImated error usmg Monte Carlo type IteratIve
processes for a range of model parameters, gnd resolutIons, and value estImates,
where the rules of Burrough (1996b) were not applIcable

CompleXity of systems and mterfaces

Although mcreased aVailabilIty of computer-based tools Improved the capabIlItIes for
analYSIS, there IS no guarantee that mcreased analytICal capabIlIty wIll Improve
SCIence Each computer-based tool IS developed WIth ItS own conventIOns,
procedures, and lImItatIons, and Imkmg them at a techmcallevel does not guarantee
understandmg or useful predICtIOn (Burrough 1996b) A growmg problem IS
understandmg how to structure the mterface to address a gIven research objectIve
Engel et al (In press) sought to produce an mterface that demands less GIS
knowledge of the crop modeler However, when modelIng and G IS become too easy,
the need for calIbratIOn, valIdatIon, and mvestigation may be neglected (Burrough
1996a) In addItIOn, mterpretatIOn of results IS mfluenced by the user Sknowledge of
the system
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Application of Statistics In GIS

S Chandra'

Introduction
GIS can be denned as systems for input, storage, analysIs, and output of
geographlCally referenced data (MagUlre et al 1991) that normally also involve a
temporal dImenslOn These systems are extensIvely used as software toolboxes for
1 integratlOn of geographlC data emanatIng from a multItude of sources,
2 ImplementatIon of spatIal data analysIs techmques (Fothenngham and Rogerson
1994), and 3 dIsplay of geographlC data in maps and SImIlar other forms

GeographlC data, whlCh GIS deals wIth, are essentIally spatIal in nature wIth a
tendency for the nearby geographlC pOints to be correlated m theIr values A temporal
dlmenslOn IS added to the problem when the same geographIC pomts are observed
over tIme For each geographIc pomt over tIme, a number of charactenstlCs such as
rainfall, mmlmum and maxImum temperature, and crops grown may be observed
The GIS data, then, m essence, become spatto temporal multwanate data that may
emanate from a multItude of sources-land-use records, weather records, and
remote sensmg These data can come m many dIfferent formats tabular data,
graphlCal data, maps, and rugItallmages These WIdely dIfferent features of GIS data
gIve nse mostly to an extremely large dataset

VanatIon IS an mtnnslC property of any set ofblOloglCal and physlCal data, GIS data
bemg no exceptIOn GIS data, being spatlO-temporal and multlvanate in nature, are
expected to be subject to a relatIvely larger scale of vanatIOn The total vanatIOn m
any dataset IS usually expected to compnse a systematlC component and a random
component What we look for IS that part of the vanatlon whlCh IS systematlC and
exhIbIts some clearly dlscermble patterns that only help us to take practlCal actlOns
The major task m deahng WIth G IS data, hke in any other data, IS how effectIvely and
accurately to descnbe, analyze, and summanze thIS WIde vanatlOn and thereby to be
able to separate the systematlC part from the random part of vanatlon To be able to
accomplIsh thIS task, the use of appropnate statlstlCal tools becomes necessary

I ICR1SAT Patancheru 502 324 Andhra Pradesh India

ICRISAT Conference Paper no 1380

Chandra S 1999 ApplicatIOn of statistics m GIS Pages 119-128 In GIS analYSIS of croppmg systems
proceedmgs of an International Workshop on HarmomzatlOn of Databases for GIS AnalYSIS of Croppmg
Systems m the Asia RegIOn 18-19 Aug 1997 ICRISAT Patancheru India (Pande S Johansen C Lauren
J and Bantllan FT Jr eds) Patancheru 502 324 Andhra Pradesh India and Ithaca New York 14853
USA InternatIOnal Crops Research Institute for the Semi And TropiCS and Cornell Umverslty
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ApplIcatlOn of statIstICS m G IS IS a relatIvely new area A modest attempt IS made
here to stIpulate the use of some avaIlable statIstICal tools to deal wIth GIS data
ApplIcatlOns of spatIal statIstICal methods and of multivanate statistICal methods are
discussed m thIS paper ThIs IS not mtended to be an exhaustive presentatlOn In this
paper an attempt has been made to further expand some of the Ideas presented m a
paper by Oiggle (1996) that can be referred to for further references and details

Spatial statistical methods
SpatIal statistICS represents a collectIOn of statistical methods that explICItly account
for the pOSItion of the geographIC locatlOns m the analysIs of geographIC data
VarIatlOn m geographICally referenced spatial data could be broadly clasSIfied mto
three categones contmuous spatial vanatlOn (CSV), dIscrete spatial vanatlOn
(DSV), and spatIal pomt patterns (SPP)

Contmuous spatIal vanatwn (CSV) represents a spatIal phenomenon wherem a
(random) vanable of mterest, say Y(x), can m pnnClple be conceIved to be obtamable
at any 10catlOn x withm a typICally 2-dlmenslOnal, geographiC reglOn The vanable
Y(x) may Itself be either contmuous, discrete, or categoncal Examples are
contmuous-amount Y(x) of SOli mtrogen at location x withm a field, dlscrete­
number Y(x) of orgamsms of a particular speCIes found m a SOli core sample centred
at 10catlOn x, categoncal-presence or absence Y(x) of a plant dIsease at locatlOn x
The CSV models, commonly known as kngmg models, were ongmally developed for
use m the mmmg mdustry and have more recently been used m soIl SCIence

Dlscrete spatwl vanatwn (OSV) represents sltuatlOns wherem a random vanable
of mterest, say Y

"
IS associated WIth each of a fImte or countably mfmlte set of fixed

geographicallocatlOns x" for example, the height Y, of an mdlVldual tree at locatlOn x,
m a plantatIOn A fundamental difference here, m relatlOn to CSV; IS that the
phenomenon of mterest eXIsts only at the partICular set of locatIOns x, under
conslderatlOn However, a DSV model could be applied to a CSV sltuatlOn proVIded
thiS can more effectively address the relevant practical questIOn An example of thiS IS
the spatIal analyszs of agncultural fzeld tnals WIth small plots Here, the locatlOn of
each plot IS assumed to be represented by a smgle pomt m a 2-dlmenslOnal space, and
the plot yields are analyzed With reference to these notwnallocatlOns, though the real
pICture IS that the yIeld Y, from the I-th plot comes from the entire plot area
representmg a contmuous space rather than a smgle pomt In a SimIlar vem, the
remotely sensed zmages of a land area are routmely presented as a set of values m each
of a number of small areal elements, called pzxels, which are then treated, as an
approxImatIon, as a rectangular gnd of pomts as m the case of an agncultural field
tnal The DSV model has also been used m geographICal epidemIOlogy for production
of dIsease atlases

In the case of spatIal pomt patterns (SPP), the locatIOns x, I =1,2, ,themselves
constItute the data For example, locatIOns of trees m a naturally regenerated forest
Such data are assumed to be generated by some underlymg stochastIC (random) pomt
process The SPP models were developed by foresters and ecologists m the context of
fIeld samplIng for plant commumtles observed m SItu
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Modeling contmuous spatial vanatlon
Let the underlymg spatIal vanatlon m a Z-dlmenslonal geographIC space be
represented by Sex), more succmctly represented as {Sex) x E R2}, where R2
represents the 2-dlmemsIOnal geographIc space wlthm whICh the geographIC pomts x
he To develop a model, we assume that the spatIal vanatIOn {Sex) x E R2} IS a
statIonary GaussIan (1 e , normal) stochastIC process wIth mean zero, vanance 0 2, and
spatIal correlatIon structure p(d) = corr{S(x),S(x-d)} ThIS spatIal correlatIon
structure Imphes that the correlatIOn between data at geographIC pomt x and at any
other geographIC pomt (x-d), d dIstance apart from pomt x, IS, IrreSpectIve of ItS
dIrectIonal placement, a functIon only of the geographICal dIstance d between the two
pomts

We collect a sample of n observatIons y, (1=1, ,n) from the n geographIcal
locatIOns x, (1 =1, ,n), and assume that any mdiVIdual observatIon y, IS descnbed by
the model (call It the CSV model)

Y, = J.L(x) + Sex) + z, 1=1, ,n (1)

where J.L(x) IS the average value (called 'expected value m statIstICs) at pomt JS ofthe
spatIally varymg phenomenon of mterest, J.L(x) + Sex) represents ItS actual value,
and Z, are measurement errors assumed to be mutually mdependent GaUSSIan
random vanables wIth mean zero and vanance.2 A5 an example, Sex) may descnbe
the spatIal vanatlon m the true amount of sOlI mtrogen, Z, the random errors (SImIlar
to expenmental error m a deSIgned expenment) mtroduced m determmmg SOlI
mtrogen m the laboratory

Dependmg on the SItuatIon at hand, one can take for J.L(x) a constant average value

(Z)for all xJ.L(x) = J.L

or represent J.L(x) by a regressIOn equatIon

J.L(X) = L ~JzJ(x) J =1, ,p (3)

wIth z.(x) bemg suItably defined geographICally referenced explanatory vanables
J

Application of CSV model

The CSV model (1) can be apphed to address many practical problems, some of
whIch are bnefly dIscussed below These apphcatIons fall under two broad categones
1 spatIal predIctIOn problems, and Z estImatIon problems

a An example of a spatIal predICtIon problem IS to predICt the reahz.atIOn of Sex) at
an arbItrary geograpmc pomt x, as shown m (d) below, on the baSIS of the n
avaIlable observed data pomts y= (Yl' ,yo) Here, It IS usual to speCIfy a very
SImple model for J.L(x), eIther a constant as m (2) or a SImple polynolmal trend
surface SImIlar to (3) The ultImate objectIve IS to use the predICted values of Sex)
to reconstruct an unobserved contmuous spatIal surface from the n observed data
pomts (x"y)
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b SometImes, mterest may he m the model parameters mvolved In I!(x) as In (3),
wIth the stochastte process Sex) bemg of secondary Interest For example,
ZImmerman and HarvIlle (1991) used thIs approach to analyze agncultural fteld
tnals They mcorporated the treatment effects and any concomItant vanable
mformatlOn Into a regressIOn model through I!(x), and used S(x) to account for the
resIdual unexplamed spatIal vanatlon In response

c Of speCIal Interest to a SOIl SCIentIst may be the determinatIOn of the underlymg
spatIal correlatIOn structure p(d) ThIS can be done WIth the help of the vanogram
For any statIOnary process, say Vex), the (seml-)vanogram IS defmed as

V(d) = (1/2) E{[Y(x) - Y(x-d)]2}

= (1/2) vadY(x) - Y(x-d)} (4)

where the symbol E stands for the 'average' value of the squared dIfference WIthin
the flower brackets, and var stands for vanance Burgess and Webster (1980)
present a good dISCUSSIon of many theoretIcal vanograms, including the frequently
used sphencal vanogram The values of V,/= (1/2) (Y,-Yl are fIrst calculated An
empmcal vanogram IS constructed as a scatter-plot of POints (d'I'V.), where
d,)= Ixl-x I represents the phySIcal dIstance between the geographIC pOints x, and
Xl It can be shown that EcYJ=V(d.), and, under the assumptIOns of CSV model
(1), V(d)='t2+a2{I-p(d)} The shape of the empmcal vanogram can, therefore,
be used to estImate an approxImate parametnc form of p(d) and to get Imtlal
estImates of.2 and a 2, and for any parameters m the chosen model for p(d) The
vIsual ImpreSSIOn of the empmcal vanogram, however, could be qUIte mIsleading
ThIS IS because the samplmg dIstnbutlon of V,)' beIng X2 under the GaUSSIan
assumptIOns, IS hIghly skewed A more practteal approach, therefore, IS to claSSIfy
the total range of the InterpoInt dIstances d,) Into a number of dIscrete classes,
compute the class mIdpOInts ~, and compute the averages Vkfrom the nkvalues of
V,! whose correspondIng dll fall Into the k-th class The empmcal vanogram IS then
constructed from the scatter-plot of pOInts (dk,Vk) Another potentIal approach,
rather than SImple averagIng WIthIn dIscrete classes, IS to use a more SophIstICated
nonparametnc smoother After a parametnc model for p(d) has been chosen, the
model parameters can be estImated eIther uSing the weIghted least squares
(Cressle 1991), or usmg restncted maxImum hkehhood (REML) (Laslett 1994)

d Once a model has been fItted, as m (c) above, It can be used to predICt the values of
Sex) at unobserved geographte locatIons X ThIS IS called kngmg The predteted
value, say s(x), of Sex) at the unobserved locatIOn x can be computed as

sex) = I! + g' ('t2 I + a2 R) 1 (Y -I! 1) (5)

where Y=(Y1' ,YJ ' g IS a vector WIth I-th element a2p( Ix-xII) , I IS a umt
matnx havmg 1 s on ItS dlaponal and D's elsewhere, R IS the spatIal correlatIOn
matnx WIth IJ-th element r( IXI-X) I), and lIS a vector each of whose element IS I
Under the GaussIan assumptIOn of model (1), the predIctor (5) IS E{S(x) Iy}
whteh mInImIZeS the mean squared error of predtetlon (MSEP) E{[s(x)-S(x)F}
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In sImple kngmg, substitutlOn of the estimated values of parameters!-L, .2, a2, and p
m (5) dehvers the predlCted value sex) at the unobserved locatlOn x In ordmary
kngmg, exphClt allowance IS made for estimatlOn of!-L In universal kngmg, the
constant !-LIS replaced by a regresslOn model

Modeling discrete spatial vanatlon
Suppose that random vanables Y, are observed at a sequence of regularly spaced
geographlC locatlOns x, We need a model to descnbe the Jomt dIstnbutlOn of the Y,
that, m a sensIble way, mcorporates the spatIal dependence amongst the Y,

One approach, due to WhIttle (1954, 1963) IS to use, based on the lmear time
senes models of Box and Jenkms (1970), the spatIal autoregressIve models An
example of such models IS the followmg first-order sImultaneous autoregressIve
model

Y,= ex (YoJ + Y,+J + Z, (6)

where Z, IS assumed to be a sequence of mutually mdependent normally (GaussIan)
dIstnbuted random vanables wIth mean zero

Another approach, due to Bartlett (1971), IS to use a fIrst-order conditlOnal spatIal
autoregresslOn model wherem the condItlOnal dIstnbutlOn of each Y" gIVen the
realIzed values YJ of all other YJ' IS normal wIth mean ex (Y,_I + Y,+I) and a constant
vanance Besag (1974) provIdes a systematlC account of methods of estimatlOn for
the conditlOnal spatIal models to descnbe dIscrete spatIal vanatlOn

Papers by WIlkmson et al (1983), Besag and Kempton (1986), and WIlhams
(1986) dISCUSS the apphcatIon of these models m the context of adJustmg the
mferences from agncultural fIeld tnals to take account of spatIal correlatlOn among
nearby fIeld plots A number of statIstIcal computmg software are now avaIlable to
undertake these spatIal analyses for agncultural fIeld tnals Some of these are TWO­
D, SAFE, NNDES, NNANAL Recently, these models have also found apphcatlOn m
epidemlOlogy, specIflCally m the productlOn of dIsease atlases (e g , Besag et al 1991,
Clayton and Bernardmelh 1992)

Modeling spatial POint patterns
Nearly all avaIlable models to descnbe spatIal pomt patterns (SPP) assume, exphCltly
or ImplICltly, that the pomts m questIon form a partIal reahzatlOn of a homogeneous
planar POIsson process ThIS IS the accepted standard of complete spatIal randomness
(CSR) SpeCIfic problems addressed usmg these models are development of tests for
departure from CSR, and estImators for the mtensity or mean number of pomts per umt
area DIscussed below are three types of models correspondmg to the manner m whIch
the data are collected DIggle (1981) presents graphICal methods to analyze SPPs
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Quadrat counts

POints may be sampled In Situ by recording the number of pOints In each of a set of
randomly plCked up samphng quadrats This sltuatlOn IS known as random quadrat
samphng AlternatlVely, contiguous quadrat samphng may be made In both cases,
two properties are used In the modehng process One IS that, for a homogenous
planar POlsson process, the number of pOints In any predetermined spatial reglOn
follows a POlsson dlstnbutlOn with mean proportlOnal to the area of the spatial regIon
Second, the counts In dlsJomt regions are assumed to be Independent Greig-Smith
(1952) presents an account of these two samplmg situations for apphcatlOn In plant
ecology

For the random quadrat samphng sltuatlOn, the resulting set of quadrat counts,
under CSR, forms an mdependent random sample from a POisson dlstnbutlOn with
mean AIA I,where IA liS the area of an mdlVldual quadrat and AIS the mean number
of pomts per umt area (called intensity) For observed counts yI' ' Yo' an estimator,
say L, for AIS

I = I, , n (7)

L m (7) IS a consistent estimator for the true mtenslty whether or not CSR holds A
commonly used test-statlstlC to test departure from CSR IS the Index of dlsperslOn I
defmed as

I = S2/m (y) (8)

where S2 and mCY) are the vanance and the mean of the sampled quadrat counts
respectively Provided that m(y) IS at least I, the statlstlCal slgmflCance of I can be
tested usmg the fact that, under CSR, (n-l)I follows a X2 dlstnbutlOn wIth (n-l)
degrees of freedom

The contiguous quadrat count data anse when a study region IS dlVlded mto a
regular gnd of square or rectangular quadrats If CSR holds, the resulting quadrat
counts still possess the same POisson dlstnbutlOn properties as m the case of random
quadrat samplmg However, the systematlC spatial structure permits more deeper
analyses If CSR hypothesIs IS rejected (Greig-Smith 1979)

Distance methods

The distance methods, usmg m Situ measurements, were developed as alternatives to
random quadrat samphng to estimate the mtenslty of a POint pattern and to test
departure from CSR In this method, each quadrat IS replaced by a samplmg pomt,
say P The distances of the nelghbonng pomts are measured from P Suppose Xk IS the
dIstance from P to the k th nearest pomt m a POIsson process of mtenslty A. Then

Yk = 27tA.(X\ - X\_I) (WIth Xa = 0) k= 1"n (9)

are mutually mdependent xZ vanates each With 2 degrees of freedom As suggested by
Holgate (1965a,b), Y

I
and Y z can be used as tests of CSR The ratlOnale therefor IS

that Y2 wIll tend to be stochastlCally smaller than YI m a spatIally aggregated pattern,
and stochastlCally larger m a regular pattern (Dlggle 1983, Chapter 3)
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Mapped patterns

ObservatIons collected m SItu, eIther usmg quadrat samplmg or dIstance methods,
have lImIted capaCity for statIstICal analysIs Data m the form a mapped pattern, Ie,
a complete set of n pomts x, (1= 1, ,n) In a desIgnated spatIal regIon, have a greater
potentIal for flttmg and valrdatmg explICit stochastIC spatIal models other than the
homogenous POIsson process RIpley (1977), under the assumptIon that the data
constItute a partIal realIzatIOn of a statIOnary IsotropIC spatIal pomt process, proposed
the use of K-functlon whIch IS defmed as

K(s) = k 1 E(p) (10)

where p IS the number of further pomts wlthm dIstance s of an arbItrary pomt of the
spatIal regIon K(s) can be estImated from the cumulatIve dlstnbutlon of dIstances
between all parrs of pOInts With a correctIon for edge effects Let the observatIOns be
x, (1= 1, ,n) correspondmg to locatIons of all n pomts In a planar regIon A For each
pomt XI' the observed number of POInts wlthm dIstance s of x, can be represented as

D(lIx,-xjll::; s) J::f.I = 1, , n (11)

where I() denotes the IndICator functIon, and II Xl-Xl II IS the EuclIdean dIstance
between pOInts Xl and Xl An estImator, say k(s), of K(s) can be obtamed as

k(s) = (IAI/n2) LL I(lIx,-xJII::; s) I=I"n (12)
I I~J

The estImator k(s) m (12) IS subject to a consIderable negatIve bras as POInts outsIde
A are not observed ThIS edge effect bIas can be substantIally reduced by usmg
estImators haVing the general form

k(s) = (I A I/n2) L L <I>,(x"X) 1= 1, ,n (13)
1 l;l!;J

for some SUitably chosen functIOn <I> (x,x) A WIdely used form of <I> (x,x), as pro-
s 1 J S I J

posed by RIpley (1977), IS the followmg

<I>,(x"x) = w(x"x)-lI(llx,-xjll::; s) (14)

where w(x ,x) IS the proportIOn of the CIrcumference of the CIrcle with centre x and
radIUS II x -XJ II which IS contained In the planar regIOn A

Under the null hypothesIs of CSR

K(s) = 1t S2 (15)

whICh provIdes a benchmark for asseSSing the underlymg spatIal structure For a
spatIal pomt process WIth aggregated pattern, K(s) > 1t S2 for all pOSItIve s For a
spatIal pomt process WIth regular pattern, K(s) < 1t S2 The K-functlon IS now Widely
used as a standard techmque In the analySIS of spatIal pomt patterns, mcludmg the
multlvanate patterns wherem the pomts are two or more qualrtatlvely different types
(LotwlCk and Silverman 1982)
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Multlvanate statistical methods
When P different charactenstlCs are observed on each of a large number N of
different objects, as usually IS the case with GIS data, this gives nse to a large data
matrix of order N x p, havmg N rows and P columns An example IS of data on
mmlmum and maximum temperature, ramfall, wmd speed, and day length, c011ected
for each of 450 geographic locatIOns wlthm some speCified geographic region This
gives us a data matnx of the order of 450 x 5, With N = 450 rows and P = 5 columns
In a given situatIOn, P may be even of the order of 15 or 20 Some of the aspects
related to handlmg such a large data matnx are
a To summanze the N x P multlvanate structure through an appropnate 2­

dImensIOnal representatIon WIth maXImum possIble retentIOn of the ongInal
vanatIOn In data Only then IS It possIble to more clearly comprehend the broad
features of the data

b To claSSIfy the N locations mto a few, say n = 4, homogenous groups based on the
values of their P charactenstlCs This may be required for the purpose of
stratificatIOn of the given geographIC regIOn mto a few homogenous subregIOns
This mformatlOn IS also a Vital mput for deslgmng an effiCient and cost-effective
samplmg strategy for future research and development stuches m the given
geographic regIOn

c To group the P charactenstlcs (vanables) mto a few, say p « P), cognate groups
This mformatlOn may be very useful to get nd of redundant and costly vanables m
future research and development work, and thereby considerably reduce the costs

A large number of multlvanate techmques are available to address the above
problems Some of the more commonly used are the PnnClpal Component AnalYSIS
(PCA), Pnnclpal Coordinate AnalYSIS (PCOA), Blplot, and a number of Cluster
AnalYSIS Techmques The PCA and PCOA are dimenSion reductIOn techmques, and
can be Implemented usmg the GENSTAT and SAS software programs The software
GEBEl and MATMODEL are partiCularly useful for PCA The Blplot, a graphICal
tool to geometncally see the structure In the N x P matnx, can be constructed usmg
either the GEBEl or the GENSTAT software Blplot particularly IS an effectIVe way
to look mto the relatIOnships among the N objects, among the P vanables, and the
mter-relatlOnshlps among N objects and P vanables Cluster analySIS attempts to
claSSify the gIVen N objects and/or P varables mto homogenous/cognate groups
Cluster analySIS, m ItS many different forms, can be carned out usmg the SAS,
GENSTAT, and GEBEl software
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Real-life Problems In Developing a Land-use Plan
USing Computenzed Systems

A K MaJI and M Velayutham'

Introduction
Allover the world, agncultural productlOn systems are changmg m response to sOClal
demands and ecologIcal conditlOns The role of SCIentIsts mvolved m land-use
plannIng studIes IS also changmg to meet present day challenges Land-use plannIng
exerCIses encompass a multIdISCIplInary approach to assess multidimenslOnal and
complex features of land, water, clImate, and blOtiC factors for appropnate
assessment of the productIVIty of lands Inappropnate use of these resources leads to
vanous types of degradatIOn and ecologIcal Imbalances, and ultImately affects the
socIal framework SCIentIfIC assessment of land resources IS, therefore, essentIal to
overcome the problems of degradatIOn, and to ascertam sustamable use of the natural
resources The assessment or evaluatIOn of these resources depends on a strong
mformatlOn-base establIshed through systematIC and obJectIVe-specIfic survey work,
mcorporation of farmers expenences, and secondary data sources The data thus
generated can help m mterpretIng the feasIbIlIty of land use for vanous purposes lIke
SIte selectlOn for developmental plannmg, sOli management, crop management,
pnme land preservatIon, and potentIal populatIon supportmg capacIty assessment
However, datasets generated for such actlVltIes are very large and managmg them
manually IS very dIffIcult Today s powerful computer systems have made It pOSSIble
to handle wIth relatIve ease the complex data management and analyses Involved

Computers In land evaluation
The modern era of land evaluatlOn began wIth the publIcatIon of A Framework for
Land EvaluatIon by the Food and Agnculture OrganIZatlOn (FAO 1976), and It was
felt necessary to have a computenzed system for land evaluation The first attempt In

thiS dIrectIon was made by Wood and Dent (1983) In IndonesIa Thereafter, many

1 National Bureau of Sou Survey and Land Use Plannmg (NBSS&LUP ICAR) Amravatl Road Nagpur
440 010 India

Mall, A K and Velayutham, M 1999 Real life problems m developmg a land use plan usmg computenzed
systems Pages 129-134 In GIS analysIs of croppmg systems proceedings of an InternatIOnal Workshop on
HarmOnizatIOn of Databases for GIS AnalysIs of Croppmg Systems In the Asia Region 18--19 Aug 1997
ICRISAT Patancheru India (pande S Johansen C Lauren J and Bantuan FT Jr eds) Patancheru
502324 Andhra Pradesh India and Ithaca New York 14853 USA InternatIOnal Crops Research Institute
for the Semi And TropiCS and Cornell University

129



countnes attempted to develop computenzed InterpretatiOn systems based on their
IndlVldual needs MlCroLEIS (De la Rosa et al 1992) IS one such program The
Automated Land Evaluation System (ALES) developed by ROSSiter (1990) can be
used to Implement provInCial, country, and regIOnal land evaluatiOn A G IS based
land evaluatiOn system, Integrated Land and Water Management InformatiOn System
(ILWIS), has been developed at the InternatiOnal Institute for Aerospace Survey and
Earth SCiences (lTC), The Netherlands (MelJennk et al 1988) Map analySIS based
land evaluatIOn can be accomphshed uSing GIS (Burrough 1986) IDRISI, developed
at Clarke's University, USA (Eastman 1990), provides vanous tools useful for
analysIs of data for land-use planning

Data for land evaluation/land-use plannmg
Problems can be encountered at any stage of land assessment studIes-from the
InitIal stage of data collectIOn, to the final deCiSiOn-makIng and the representation of
data In GIS outputs In India, In most cases, the data sources are tehstl/taluka/block/
dIstnct level admInistratIOns, where the data are collected With different ObjectIves
and purposes These data may not be the same as those deSIred by land-use planners
and/or may not reflect the real SItuatiOn (partICularly In the case of sOCioeconomIC
data) The quahty of data pnmanly depends on the source of the data, that are
ultimately used In the land evaluatIOn/land use planning exercises

Spatial reference of the data

Data pertalnmg to locatIOns are generally represented as pomt data, but m SOli maps a
representatIve polygon may Include some VItal InfOrmatiOn relevant to diagnostic
parameters for a SUitable land-use plan One of the dIffICulties encountered IS that
data for an entire area IS not available, leadmg to partIal coverage Such partial data
only allow extrapolatIOn of the deCISIOn to unrepresented areas, that mayor may not
be useful

Operational faults In data collection

Collection of data on natural resources, SOCioeconomic features, and croppIng
systems are generally carned out at different adminIstrative levels The Village-level
database remaInS at the block/tehstl offICe where major gaps In the database can eXist
As data follows the hIerarchICal structure from Village to tehszl to dlstnct, etc, the
volume of data grows enormously, and managmg and arranging them In a SUitable
database management system becomes tedIOUS and error prone Sometimes, data are
collected by persons not haVIng full understanding/competence In the subject Thus
the procedure for the collectIOn of data IS very Important as It forms the very basIC
element of any G IS analySIS
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Unit of the data

In India, the land measurement, yield measurement, sOCioeconomIC and other
parameters are reported at varyIng Units of measurement In some advanced farmIng
areas, the metnc system has been adopted, but most of the rural database IS reported
In local Units of measurement So, the addItIOnal task of data converSIon to a standard
level IS necessary to ensure cOmpatibIlity of data

Temporal variability of data

Sometimes the data collectIon penod vanes due to a lengthy data collectIOn
procedure or less manpower Involvement The present admInistratIVe system or the
fact that the data needed for analySIS are old In nature are other contnbutory factors
Old data generally represent the condItIOn at the tIme of collectIOn of data but the
real SItuation and attnbute value of the data changes over tIme Such a SituatIOn In
partICular occurs In the case of land-use data

Scale limitations

Scale of mappIng IS an Important aspect In representIng data A small-scale map
contaInS much coarser data than a large-scale map In GIS, database maps of two
different scales always pose problems of edge matchIng, regIstratIOn, etc The
problem IS agaIn compounded when there IS even a slight vanatIOn In the registratIOn
co-ordInates or latItudes and longItudes

Land-use requirements

In land evaluatIOn studIes, the land quality IS matched WIth land-use reqUIrements
(LURs) of a partICular crop It has been observed that land-use reqUIrements for
different crops are not available for speCifIC croppIng systems In India, and In major
cases, studies are conducted based on the cntena developed by FAO (1976) In such
cases, the results obtaIned may not fit well With the real SItuatIOn ThiS emphaSizes
the need to have LURs based on local case studies and expenmentatIOn In thIS
directIOn, NBSS&LUP, through a workshop and subsequent studies, have developed
LURs for fIve crops (NBSS&LUP 1993)

Economic SUitability evaluation

EconomIC SUItability evaluatIOn along With phySical SUItabIlity of land parcels has
been recommended In many fora EconomIC SUItabIlity classes are based on the
sOCioeconomIC features of the farmers of the area concerned, and depend on several
factors
• capaCity of the farmers to proVIde Input In terms of fertilIzer, IrngatIOn, pest

control, postharvest operatIon, etc
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• market pnce, marketIng opportumty, transport Infrastructure, storage faCIhty, etc

• satisfactiOn level of the farmer on economic returns, that may vary from farmer to
farmer

The above factors must therefore be considered before conductIng any economIC
SUItabilIty evaluation and ItS acceptabilIty by the farmIng sector

Crop sUitability models

India IS a country of diverse chmatIC conditions, phYSIOgraphIC vanatlOn, and sOlI
environments The crop adaptabilIty, croppIng system, and management practICes
have wide vanatiOn Under these CIrcumstances, a sIngle crop model Will not be
sufficient to fulfIl the needs of the country Therefore, It IS enVIsaged to have crop
models based on agroecologlCal zones both for Irngated and raInfed environments,
keepIng In view the local crops and food preferences

Data format
Vanous GIS packages are currently beIng used, some are vector-based, and others
raster-based The fIrSt problem that anses IS data compatibilIty between the different
systems However, conversion packages are now avaIlable that help overcome thiS
problem to a large extent

Incompatlblhty between packages IS another Issue Therefore, mterdlsCIplInary
work, lIke the one beIng discussed here on nce-wheat systems research, needs a um­
form software platform to aVOid dlffIcutles of data transfer and analysIs

Knowledge mterface
In the domam of spatial analysIs and ItS use, the mterface of vanous disCIplInes and
expertise are needed In land-use planmng ImplementatIOn, the polIcymakers and
ImplementIng authontles need to Interact and discuss the SCIentifIC fmdIngs On the
other hand, G IS experts need to understand the views of land-use planmng sCientists
even though they represent diverse fields of speCIalIZation The computer professIOnals
m GIS are reqUIred to prOVIde realIstIC solutions to the concepts of SOlI sClentlsts/
land-use planners In many cases, the latter group of sCientists feel madequate to
attempt computer applIcatIOns by themselves

Therefore, unless data sources are authentiC and spatially referenced, they may
lead to confusmg results Very often, different agenCIes report their data usmg local or
vaned umts which hInder smooth data handlIng Timely use of data IS also Important
to the deCISion-makers as old data depICt a picture that differs from current reality
However, old data are useful In predictIng temporal changes as In case of studies on
land-use/land cover changes of an area
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LECS-a land evaluatIon computer system
Manual 5 Bogor, IndoneSIa Mmistry of

Conclusion

The problems dIscussed here are the outcome of workmg expenence m the fIelds of
land evaluation and land-use planmng usmg computenzed systems The major cause
for such problems can be attnbuted to Improve understandmg of the system and
commumcatlOn gaps along the cham of speClalized work areas mvolved, from data
collectIOn to processmg to output If sUltable precautIOns are taken at vanous steps,
these problems can be mmlmlZed or eradicated The mterdiscIplmary mode of
actlVlty IS necessary to achIeve results m an accurate format
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Towards More Sufficient Use of GIS AnalysIs by
the CGIAR System and ItS Partners

S Chator1

Introduction
In 1994, as a fragIle peace returned to Rwanda, eIght centers m the CGIAR system
worked wIth nongovernmental orgarnzations (NGOs) and natIonal research systems
to multIply and dIsseminate the seed of SUItably adapted, Improved crop vaneties
Placed In the hands of returmng farmers, the seed helped kICk-start the rural
economy, speedmg the recovery of food productIon The Seeds of Hope ProJect, as It
was called, has smce become well-known outsIde the CGIAR as a landmark project
markmg the evolutIon of a new model of technology transfer m Afnca-a model that
IS proVIng effectIve m bnngmg the benefits of research to some of the world s poorest
people

What IS perhaps less well apprecIated-at least outsIde the CGIAR system-IS the
cruCIal role geographIcal analySIS played In the project s success At several centers,
mcludIng the Centro InternatIOnal de Agncultura TropICal (CIAT) , maps of the
dIstnbutIOn of relevant crops In neighbonng countnes were used to IdentIfy the areas
where seed adapted to Rwanda s dIverse enVIronments could be found The maps
were generated on computer, USIng data that had preVIously been collected for other
research purposes

The Seeds of Hope Project IS thus a potent example of how GIS can be applIed to
benefit, not Just researchers and planners, but the ultImate target group of the
CGIAR s research-resource-poor farmers The Project IS also a measure of the
progress made over the past decade In developmg and refInmg the tools of
geographIcal analySIS Dunng the EthIopIan famme of 1984/85, neIther the tools nor
the necessary InfOrmatIOn had been generated As a result, much of the seed aId
dIstnbuted at that tIme was poorly targeted

1 Consultant Umted NatIOns EnVironment Programme (UNEP)/Global Resource InformatIOn Database
(GRID)/Consultatlve Group on InternatIOnal Agncultural Research (CGIAR)

Chator, S 1!)99 Towards more effiCient use of GIS analysIs by the CGIAR system and Its partners Pages
135-144 zn GIS analysIs of cropping systems proceedings ofan InternatIOnal Workshop on HarmomzatlOn
of Databases for GlS AnalYSIS of Cropping Systems In the Asm RegIon 18-19 Aug 1997 lCRISAT
Patancheru India (Pande S Johansen C Lauren J and Bantllan FT Jr eds) Patancheru 502 324
Andhra Pradesh India and Ithaca New York 14853 USA InternatIOnal Crops Research Institute for the
Serm And TropiCS and Cornell Umverslty
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Geographic information systems
G IS systems can become a useful tool whenever informatiOn has a spatial dimensiOn
that would be easier to understand In a visual form Their advantages over
conventiOnal map making are several they allow the Job to be done much faster, they
allow different sorts of informatiOn to be Integrated and overlaid easily, and they are
more flexible and accessible to users With GIS, IndlVldual users can, for example,
update a map rapidly In response to new information

GIS IS a means to an end rather than an end In Itself It IS also Just one part-often
qUIte a small one-of the overall analytICal process reqUIred for effective research and
development, In combinatIOn With other tools and techmques, notably modelIng

What IS a GIS'

The words "GeographIC Information System can be Interpreted In two ways and
confuSing the two Ideas In admlmstratlve work has caused much consternatIOn In the
restncted sense, a GIS IS a sUIte of computer routines that help mampulate
georeferenced data In thiS sense, Arc/Info, ILWIS, IDRISI, and ERDAS are
examples of GIS, many others eXist

It IS when USing the term In a broader sense, In phrases lIke we are putting up a
G IS for the department of x In country y ,that the confuSion IS lIkely to occur For
over 10 years now, It has been bruited that G IS IS a solutIOn looking for a problem In
many cases, a lot of money was Invested In GIS software (restncted sense) and staff
traImng, only to find that lack of georeferenced data frustrated the endeavor A
wealth of detailed information IS aVaIlable on world agnculture but converting thiS
informatiOn to georeferenced form ImplIes a high cost

In thiS paper, GIS IS Interpreted In the broad sense-the software and the data
Only when we can explain the costs and Infrastructure Involved, Will we be able to
Inform admlmstrators Without Incurnng future disappOintment

G IS IS used In agncultural and environmental research and development In four
basIC ways
• to dlagnostlcally help research planmng For example, the InternaTIonal Livestock

Research Centre (ILRI), Nairobi, Kenya, used GIS to map the known and
probable dlstnbutlOn of the TIck species that cause thellenosls ThiS Will be useful
In IdenTIfying zones at varying degrees of nsk from the disease and defining
appropnate control strategies CIAT s 1990 strategIC planmng exercise relIed
heaVily on the use of G IS to define pnonty agroecologlCal zones In tropICal
Amenca

• to target research products accurately to areas where users WIll fmd them relevant
and acceptable Under the AsIan Rice-based Farmmg Systems Network (ARFSN),
based at the InternatiOnal Rice Research InstItute (IRR!), Mamla, PhilIppmes,
natIOnal SCientIsts used IRRI s GIS to IdentIfy the adoptIOn domam of dry seedmg
of nce and new nce vanetles In the PhilIppmes The Seeds of Hope ProJect,
mentIOned above, prOVides another example
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• to assess the zmpact of research or development, ezther ex ante or ex post ThIs IS a
partICularly powerful set of applicatIOns, as the mtegratIve capaCIty of GIS can be
used to predICt how a whole farmmg system or an ecology IS lIkely to evolve In
response to dIfferent pohcy or technology InterventIOns An example IS the
collaboratIve project between the InternatIonal Food Pohcy Research InstItute
(IFPRI), CIAT, and the BraZIhan NatIonal Research InstItute The project s
SCIentIsts are attemptIng to forecast local changes m land use and the degree to
whIch farmers m BraZIl wIll SWItch to soybean from other crops In response to
changes m mput and output pnces and the release of .new crop vanetles

• to further research, used as a pure (strategzc) tool For example, CIAT has used ItS
G IS together wIth statIstIcal techmques and genetIC markers to map the genetIC
dIverSIty of beans and other crops The results help breeders to locate hkely
sources of deSIrable traIts and prOVIde useful gUIdance for future germplasm
collectIon

GIS can be used m support of all of the CGIAR system s major objectIves
Increased agncultural productIvIty, better protected enVIronments, Improved
conservatIon of genetIC dIverSIty, better pohcy-makmg, and more eqUItable shanng of
the benefIts of research GIS systems have already proved theIr value as a tool to
support commodIty research They are also IncreaSIngly used to tackle the complex
Issues In natural resource management research Recent applicatIOns In thIS fIeld are
legIon-rangmg from assessIng eroSIOn nsks on slopIng land, through predICtIng the
effects of chmate change on crop dIstnbutIOn, to managIng coral reefs

Its user-fnendlIness makes GIS a tool of great potentIal m empowenng local
people to Improve the management of local resources ThIs IS hkely to be a major
growth area In the future Both InternatIOnal Water Management InstItute (IWMI)
and CIAT have launched projects that aIm to explore thIS potentIal at the watershed
level

Many CGIAR Centers now make effectIve use of an m-house G IS capaCIty But
there IS room for Improvement m the effICIency WIth whIch the CGIAR system as a
whole uses ItS collectIve G IS capaCIty These effICIency gams are the subject of thIS
paper

GIS and the CGIAR - a bnef hlstonc overview
CGJAR Centers have for long been mterested m usmg modern mformatlOn
technology m agncultural research TheIr exposure to GIS dates back to 1986, when
a workshop on charactenZIng, c1assIfymg, and mappmg of agncultural enVIronments
was held In Rome, orgamzed by the CGIAR and the Food and Agnculture
OrgamzatIOn (FAO) Several experts attended the workshop from orgamzatlons
outSIde the CGIAR that were already usmg G IS TheIr Inputs sowed the seeds for the
CGIAR Centers grOWIng mvolvement m theIr use In subsequent years

For two reasons, the development of CGIAR s capaCIty m GIS has mostly
occurred m an ad hoc manner FIrst, m the late 1980s, few Centers could afford the
conSIderable Investments then reqUIred to buIld a sOphIstICated G IS capaCIty ThIS led
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mdlVldual Centers to Invest as and when they could, to meet speClfIC needs Second,
because no mechanism eXIsted that allowed them to do so, the Centers dId not seek
complementanty, eIther In theIr GIS Investments or In the speClalIzed GIS serVICes
and products they offer

The phase of mcremental, ad hoc development lasted mto the early 1990s SInce
then, more powerful software has become aVaIlable, wIth eaSIer access to a WIder
range of databases A few among them lIke CIAT, have made more substantial
mvestments 10 both hardware and software, while the other Centers have made little
or no mvestment So the gap between centers wIth a strong or' weak capaClty 10

GIS has, If anythmg, grown dunng the 1990s (Table 1)

Table I Investment 10 staff, hardware and software by the CGIAR Centersl

CGIAR Center Staff Hardware

CIAT **** ****
CIMMYT *** **
CIP *** *
ICARDA ** **
ICLARM *
ICRAF *** **
ICRISAT *** **
IFPRI *
IIMI ** *
IITA * *
ILRI *** **
IPORI
IRRI *** ***
ISNAR *
WARDA *>1'* *

Software

***
*

*

*
*

*

**

1 Data obtained from an Informal emaIl survey and reinterpreted to cost range In US$ by PG Jones
> ]0000

10 000 - 50 000
50 000 - lOa 000

100 000 - 250 000
< 250 000

UNEP/GRID phase

In 1991, a group of Center Deputy Directors deClded to seek a more concerted
follow-up to the 1986 meetIng They submitted a project proposal to the
Government of Norway to convene a second workshop, held In 1992 at Arendal The
chOice of Arendal reflected the fact that thIS northern Norwegian town IS the locatIOn
of one of the G RID centers
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At the Arendal workshop, later known as Arendal I, the NorwegIan Government
offered to fund a project to promote cooperatIOn among the CGIAR Centers and
wIth UNEPIG RID centers on GIS-related Issues The proJect, entitled UNEP and
CGIAR Cooperation on Data, CapacIty BUIldmg and Networking Needs for the Use
of Geographical InformatIon Systems m Agncultural Research, was to be
coordmated m Arendal and to run InItially for a 2-year penod

In 1996, the NorwegIan Government agreed to fund a second phase, on conditIOn
that collaboratIOn among the Centers become self-sustammg by the end of the
proJect, In Apnl 1998 The project has several achievements to Its credIt It has
mcreased awareness, both among CGIAR stakeholders and at the Centers
themselves, of the power of GIS and the broad range of GIS applicatIons now
possIble In both commodIty and natural resource management research Interested
Centers have been VisIted and their G IS-related reqUirements assessed, as a basIs for
planning future collaboratIon Funds have been gIVen for several minI projects to
complete databases and make them avaIlable to users InformatIOn on eXIsting
databases has been complIed and will shortly be made aVailable m catalogue form
Two further workshops hosted In Arendal have prOVided opportUnitIes to exchange
expenences and Improve coordmatIOn

The project has also developed an effectIve multi-tier approach to obtammg
fundmg that IS well SUited to the complexIty of G IS research and to the need to
explore future research directIOns wIth a WIde range of potential partners As a first
step, small amounts of seed money are granted to Implement clearly defined tasks
These tasks are necessary steps m the preparatIon of larger project proposals that can
be later submitted, eIther to the project or to other potentIal donors ThIS approach IS
currently being used to develop a project on poverty mappmg and the proposal for
the development of a global crop and livestock database

The project s most sIgmfIcant achIevement was to demonstrate that SIzeable
effICiency gams can be achIeved through global or Inter-center collaboratIOn
Sustammg the Arendal process, m one form or another, IS vItal If the CGIAR system
and ItS stakeholders are to contmue to capture these gams

Poverty mappmg a shared objective requlrmg global
collaboration
All the CGIAR Centers share a goal to alleViate poverty To focus theIr efforts, they
need accurate data on where poverty occurs Such data would also aId the CGIAR S
Technical AdVISOry CommIttee (TAC) and donors m allocatmg research resources

Poverty mappmg, however, IS much more than an exerCise m GIS analysIs
Measunng poverty Itself IS dIfficult and raIses many methodologICal problems A Jomt
effort to compare methods and develop a standard approach IS needed, before
mappmg goes ahead

In a mmi-proJect supported by GRID-Arendal, a consultant IS bemg appomted to
conduct a literature reView and wnte a pOSItIOn paper on thIS subject, to seek experts
WIlling to take part m a workshop, and to IdentIfy potentIal natIOnal partners Under
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the proJect, CIAT sClentlsts will also seek funds for, and orgamze, the workshop Itself
The outcome of the workshop should be a project proposal to donors to fund a multi­
center effort on poverty mappmg-wlth a coherent methodology spelled out In the
project document

Advantages of collaboration

Capacity bulldmg

While most CGIAR Centers need a capacity to analyze and use relevant data
generated through GIS applIcatIOns, not all reqUire the faCllItles and expertise
necessary to generate data SystematIC collaboration would allow some Centers to be
servIce providers and others servICe users In other words, Centers that have not
Invested In bUlldmg a strong core of G IS expertise would be able to capture some of
the benefits of such mvestments made by other Centers

Similar arguments apply to the buIldmg of capacity at natIOnal level FlfSt, not all
parts of natIOnal systems, and perhaps not every natIOnal system WithIn a subregIOn,
would need to make large-scale mvestments In G IS expertise and eqUipment
Second, collaboratIOn would ensure coordmatlOn and hence coherence In developIng
and providIng trammg matenals and opportumtles to national programs and other
partners This would aVOId the competition between Centers that so bedeVilled the
promotion of the farmmg systems approach to research dunng the 1980s It was not
uncommon for natIOnal programs at that time to complaIn that five Centers were on
their doorsteps , each preachIng Its own version of the farmmg systems gospel It IS
Vital that the same fate does not befall the mtroductlOn of G IS at natIOnal level

SystematIC collaboration would allow the development of a coherent global
trammg strategy that would ratIOnalIze access to different levels of skills BasIC
trammg, for example, could be devolved to strong national or regional mstltutes,
whIle specific centers could meet more speCialIzed needs

Methodology development

As a relatively new tool, GIS frequently presents Its users With methodological
problems Often, It takes a slgmflCant Input of time and other resources to develop
and test solutIOns to these problems In many cases, considerable savmgs could accrue
through JOInt efforts to Identify needs and opportumtles m methodology
development, leadIng to an mter-center or global workplan allocatmg such research to
one or two partners, or to a lead Center With a comparative advantage m tacklmg the
problem In questIOn

Methodological problems often occur when G IS IS used In conjunctIOn With
models to predICt future trends In land use or In the adoption of new technology The
difficulties anse because such economic vanables as market pnces cannot easily be
matched to GIS coverages For example, In the JOInt project between IFPRI, CIAT,
and BrazIl, outlmed above, data on the elastICity of supply for soybean are aVailable at
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state level m BraZIl but not by regIOn Wlthm the state, complicating the task of
disaggregatIOn Under an Inter-center collaborative arrangement, IFPRI could be
asked to take the lead In solVing this problem, shanng ItS fmdmg Wlth other Centers

A further set of methodological problems concerns the introductIOn of G IS as a
management tool for local commumtles This IS an area of great potential, In whICh
little has yet been achieved The Issues are partly techmcal-what functIOns are
needed, what level of sophisticatIOn IS sUltable?-but also sOCIal-who m the local
commumty should have access, and who should have overall responsibility? Agam,
deslgnatmg a lead Center to coordinate work on these Issues and share the answers
With others could bnng conSiderable saVings

BUlldmg and sharing databases

Many cntlCal gaps In eXlstmg datasets need to be filled In additIOn, datasets can be
mamed to mcrease their relevance to a broader range of users CollaboratIOn m this

area bnngs effICiency gams both through economies of scale and by aVOiding the
duplication of efforts

A Center that IS already bUlldmg a database covenng ItS own mandate
commodities can, at little extra cost, mc1ude data on the commodities of other
Centers For example, under a project funded by the Inter-Amencan Development
Bank (lOB), CIAT IS currently mappmg the dlstnbutlOn of Important crops and
livestock species m Latin Amenca The data on crops Will be shared Wlth the Centro
InternaClonal de la Papa (CIP), the Centro InternaClonal de MeJoramlento de MalZ y
Tngo (CIMMYT), and other Interested Centers such as the InternatIOnal Crops
Research Institute for the Semi-And TropICS (ICRISAT), whICh as a result Wlll be
spared the expense of undertakmg this effort themselves Livestock data Wlll be
shared With ILRI MeanwhIle, ILRI IS compllmg data on livestock In Afnca A
collaborative project planned JOintly With other centers and natIOnal partners would
allow ILRI s database to mc1ude Important Afncan crops, making the results available
both to other Afncan and to the Latm Amencan centers POSSibly, ICRISAT and the
InternatIOnal Center for Agncultural Research m the Dry Areas (ICARDA) could
undertake similar exerCIses m West Asia-North Afnca and In the rest of Asia The end
result could be a snowballIng effect, leading to a Single global database shared by all
mterested Centers Global collaboratIOn would also allow projects to be undertaken
that are relevant to the whole CG JAR system, not Just one or a few Centers

Documentation on databases

Metadata, or In other words mformatIOn about databases-who holds them, what
they contain, how relIable they are, and so on-ean be more eaSily assembled and
disseminated through a collaborative arrangement The Imtlatlve In developing
metadata launched under the Arendal project needs to be continued after the project
has ended
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PossIble modes of operatIon
Vanous optIOns for sustammg G IS-related collaboratIOn WIthm the CG IAR system
and wIth Its partners have been suggested They mclude
• launchmg a system-wIde InItIatIve devoted solely to G IS use

• assoCIatmg the development of GIS use wIth that of the ecoreglOnal approach

• seektng support of the UnIted NatIOns EnvIronment Programme (UNEP) for a
new proJect, based m NaIrobI or elsewhere

• addmg GIS use to an eXIstmg system-wIde InItIatIve

ThIS paper restncts Itself to a bnef dISCUSSIOn of each of these optIOns, wIthout
mala.ng a recommendatIOn

Launching a System-wide initiative devoted solely to GIS use

The System-wIde mitIatIVe, leadmg to the System-WIde program, IS a relatIvely
new con('ept withm the CGIAR system It may represent a SIgnIfICant future
development path for the system, espeCIally If further ratIOnalIzatIOn and/or
dOWnSIZIng occurs

Although hIgh start-up and transactIOn costs are frequently mentIOned as the
major dIsadvantages of thIS mode of operatIon, they can be mInImIZed In the case of
a GIS-related InItIatIve, start-up costs would be reduced because a network IS already
operatIOnal TransactIOn costs could be lowered by such measures as tImIng Steenng
CommIttee meetmgs to comcide WIth workmg 5cIentifIC meetmgs or system-WIde
meetIngs (InternatIOnal Centers Week (ICW), MId-Term Meetmgs (MTM)-a
practIce the Arendal project has already successfully adopted-and usmg e-matl and
the Integrated VOIce Data Network (lVDN) systems, mstead of travel, to reduce
consultatIon and partICIpatIOn costs

Launchmg a System-WIde InItIatIve would reqUIre strong donor support A
leadershIp functIOn would be reqUIred at some pomt m the system, pOSSIbly m the
form of a secretanat rotated between partICIpatmg Centers The secretanat,
consIstmg of a pnncipal SCIentIst and a teChnICIan, would be responsIble for such
actlVltIe'i as promotIng database exchange, servmg as a cleanng house for trammg
requests, and organIzmg annual SCIentIfIC meetmgs Such a System WIde InItiative
devoted solely to G IS use would make the greatest Impact and savmgs of those
reVIewed

Assoclatmg the development of GIS use With that of the
ecoreglonal approach

Under thIS optIOn, ecoreglOnal centers would take the lead m developIng GIS-related
actlVlties for theIr mandate regIOn and commodItIes, whIle seektng to undertake low­
cost complementary actlVlties that would benefIt other regIOns

There are strong synergIes between thIS type of approach and the use of G IS A
recent proposal for an ecoregional approach to research m tropICal Amenca, for
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mstance, speClflCally enVIsages developmg a 'regIonal analytlCal capacIty for
pnontIzmg, targetmg, and extrapolatmg research results" and developmg land-use
databases and assoClated models to thIs end Tms optlOn permIts clanty m the
allocatIon of tasks, allowmg lead centers to specIahze m GIS Issues and actIvItIes
relevant to theIr reglOn It also helps clanfy relatIonsmps WIth natlOnal partners these
would always know whIch center should be theIr fIrSt "port of call' for GIS-related
needs

ThIs optlOn IS the most "natural , m the sense of bUIldmg on eXIstmg trends m the
evolutlOn ofthe CGIAR system Several ofthe actlVltIes mentlOned above, mcludmg
poverty mappmg and compIlmg global databases on the dIstnbutlOn of crops and
hvestock, would fit well withm thIs approach

DIsadvantages mclude the temptatlOn to let collaboratIon sImply l evolve , WIthout
provIdIng strong overall leadershIp across the CGIAR system as a whole, and WIthout
settmg aSIde any addItlOnal fundmg to Identify pnonties and ensure coherence For
thIS reason, thIS option, hke those mvolVIng a System-wIde InItIatIve, would reqUIre a
Secretanat (or a Steenng CommIttee) at CGIAR system level Agam, thIS could be
attached to a specIfic Center or rotated between Centers, and need not add a new
layer of bureaucracy at system or CG Secretanat level

Seeking UNEP support for a new project

Based at UNEP s NaIrobI headquarters, such a project would have the advantages of
bUIldmg on UNEP s expenence m operatmg the GRID system, WIth whIch It would
enJoy close hnks On the other hand, fundIng dIffIcultIes and the short hfe cycle of
projects mIght make thIS optIOn dIfflCult to launch and to sustam

As the NorwegIan Government has already ruled out a further extensIOn of the
Arendal process, the contmuatlOn of the current networkmg arrangement has not
been hsted as an optIOn However, under each of the above optIOns, the possIble role
of Arendal m proVIdmg contmUIng support would need to be consIdered

Adding GIS use to an eXisting System-wide Initiative

Attachmg GIS-related actlVlties to an eXIstmg System-WIde InItIatlVe has the
advantage of bemg relatIvely qUIck to Implement It would save an even greater
proportlOn of the start-up costs

However, the mynad apphcations of GIS m both commodIty and resource
management research, and pohey-makmg, make It dIfficult to select a relevant,
eXIstmg, System-wIde mitiative to host a GIS component GIven that the system
mcreasmgly emphaSIZes natural resource management, the soIls, water and nutnents
management mitIative IS a possIble candIdate But care would have to be taken to
ensure that commodIty research mterests dId not become the poor cousm' m such
an arrangement SImIlar arguments would apply If G IS-related concerns were
mcluded under the system-wIde InItIatlVe on mformatlOn for germplasm research
(System-wIde InformatIon Network for GenetlC Resources [SINGER]) or any other
system WIde program
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Conclusion

It IS vital for all stakeholders m the CGIAR system not to lose the momentum gamed
through the Arendal project There IS a real opportumty to turn GIS mto a highly
effective tool for meetmg the system s objectives more effICiently Reahzmg that
opportumty depends cntlcally on choosmg the nght way forward, strong leadership
wdl be reqUlred to embark upon It and to demonstrate ItS value to stakeholders

144



Concluding Session
Development of Recommendations



Development of Recommendations on
Harmonization

PartICIpants asse'1lbled mto fIVe groups to develop recommendatIons under the major
topICS of consIderatIOn It was mtended to propose procedures whereby databases
and outputs could be readIly exchanged, and there would be mmImal duplrcatlOn of
effort It was also mtended to establrsh the status quo and further efforts needed to
achIeve a sUItable output on constramts and opportUnItIes of legumes m nce- and
wheat-based croppmg systems ThIs would be treated as an example of usmg GIS m
croppmg systems analySIS Group WIse recommendatIOns are summanzed below

A Current Software Options
F T Bantdan (Group Convenor), A K Mall, S P Pandey, and H B Nayakekorala

The group pnmanly recommended a small and SImple approach m choOSIng
appropnate GIS hardware/software The needs of the InstItutIon or consortIUm, and
possIbIlrtIes for data and expertIse shanng should be emphaSIzed

• A mInImUm software platform was consIdered as

PC Arc/Info
for dIgItIzatIon, generatIon of coverages, overlay, plottmg, dIsplay

for vector data structures

wIdely used, expertIse IS therefore avaIlable

PC ArcVlew 3 x
for database query, dIsplay, plottmg for coverages already generated by PC
Arc/Info

very user-fnendly Wmdows mterface

for vector data structures

WIdely used, expertIse IS therefore avaIlable

IDRISI for Wzndows (optIon for dealIng WIth raster data structures)
cheap and user fnendly

mcludes capabIlItIes m Image processmg of remotely-sensed data

WIdely used, expertIse IS therefore avaIlable

RDBMS - dBase IV, FoxPro, Access
cheap and WIdely used
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• A m1mmum hardware optlOn was cons1dered as

PentlUm computer w1th CD-ROM reader

AO dIgItIzer

AO plotter, for plottmg maps A4 SlZe

Color Desk/Inkjet pnnter, for qUIck color pnnts of A4 maps

GPS, for georeferencmg survey data

CD-ROM wnter (optlOnal), for archIvmg volummous data

B Agncultural Production Databases

I P Abrol (Group Convenor), C Johansen, Y S Chauhan, and Masood Alz

It was re1terated that sound and comprehensIve agncultural databases are necessary
m order to understand eXlstmg sltuatIOns and trends, understand constramts to
productIon, and defme extrapolatlOn domams for Improved technolog1es Data are
reqUIred not only on area, productIon, and yIeld of mdlVldual crops, but also on
croppmg systems and patterns, and on such mputs as fertIhzer, pestICIdes, and
1rngatlOn

In Bangladesh, IndIa, Nepal, and PakIstan, mdlVldual crop data are normally
aval1able to d1stnct level on an annual bas1s, pubhshed m the relevant stat1stICal
yearbooks These yearbooks may also contam some agncultural mput data, such as
mputs of morgamc fert1hzers However, data are not normally avmlable on crop
vanetles (or names of hybnds), forages, green manures, croppmg systems, orgamc
manures, etc rh1S mformatlOn needs to be gathered from alternative sources,
mcludIng speCIfIC surveys

Crop statIstICs In yearbooks are already m the pubhc domaIn but they need to be
dIgIt1zed to be made more accessIble and Interpretable Data sources need to be
clearly acknowledged In all outputs NatlOnal databases need to be cross-referenced
WIth well-estabhshed databases, hke those of FAa

Where reported data appear suspect for any reason, some ground-truthmg 1S
adv1sed There needs to be much greater feedback and mteractlOn between data
generators and data users For example, mformatlOn on vanetles used In a reglOn
would conSIderably enhance the value of crop statIstICs, th1s would perm1t trackIng of
adoptIon of new vanetles Planners need to be made aware of the outputs now
poss1ble from sound databases, so that they would also be encouraged to promote
sound data collectlOn and tabulatlOn In order to better understand reasons for low
Y1elds m farmers f1elds, InformatlOn on blOt1C and ablOt1c stress factors needs to be
systematlcally recorded Slmple scorIng methods should be used (e g, no, low,
moderate or severe Yleld loss due to the stress)
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C Combining Remote Sensing and GIS

L 1tenkataratnam (Group Convenor), UK Deb, S Pande, and B K Khandpal

Remote sensmg IS clearly an Important tool to provIde fresh and retrospectIve
InfOrmatIOn on sOlIs, land evaluatIOn, land degradatIOn, crop dlstnbutIOn, and,
potentIally, stresses affectmg crops It can effectIvely be combIned WIth conventIOnal
technologies (e g , ground surveys) and other more recently developed tools (e g ,
GIS)

In IndIa, remote sensmg data from variOUS sensors lIke Landsat TM and IndIan
Remote Sensmg (IRS) satellItes are beIng used to prepare SOlI and land degradatIOn
maps of variOUS scales Forms of land degradatIOn such as salImty and alkalImty are
relatIvely easy to pmpoInt SatellIte data have been used partICularly In IndIa and
LatIn Amenca to prOVIde data on geographICal dIstributIon of crops However,
because of frequent cloud cover dUring normal grOWIng (1 e , ramy) seasons, It IS
necessary to use mICrowave data (SAR) for thIS purpose Research IS under way to
adapt satellIte spectral data for use In crop yIeld modelIng studIes (1 e , applIcatIOn not
yet valIdated)

Maps can be prepared at variOUS scales dependIng upon the objectIves of the study
Imtlally, soIl maps were prepared at scales of 1 250000 USIng Landsat MSS data, but,
WIth the Improvement of data resolutIOn, maps of 1 50 000 scale can be produced
WIth the aVailabIlIty of such hIgh resolutIon data as IRS 1C panchromatIC at 5 8 m
resolutIOn, the mappIng scale could be reduced to 1 12 500 However, for preparing
broader scale maps of larger areas depIctIng eIther SOlI or crop dIstributIOn, IRS WIFS
data at 180 m resolutIon WIll suffICe

Remote sensmg data IS avaIlable In dIgItal form and can be used as an mput layer to
G IS However, the software used for both remote senSIng and GIS need to be
compatIble (e g, ERDAS/ArcInfo) and have adequate storage capaCIty, data
portabIlIty, be user-friendly and avaIlable at a reasonable cost Use of GIS In
combmatIOn WIth remote sensIng enhances deCISIOn-makIng In three ways
• process Identlncatlon to enable companson of dIfferent acqulSltIOns through tIme

• IdentincatIOn of agricultural (and other) development problems

• evaluatIOn of pOSSIble techmcal InterventIOns for conservatIOn/reclamatIOn
measures
There IS scope for further methodology development In combInmg remote senSIng

and G IS for use In crop-SOlI-water management studIes and mappmg! momtonng of
soIl and land degradatIOn processes
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D Progress m Database Development for Analyzmg
Legumes m Rlce- and Wheat-based Croppmg Systems

S M Vmnam (Group Convenor) I D N R Paul, G S SIdhu, P Tulachan, A Ramaknshna,
and P KJoshl

The group discussed progress made so far m assemblmg the necessary data to analyze
constramts and opportumtles of legumes m nce- and wheat-based croppmg systems
of the Indo-GangetlC Plam ThiS mformatIOn would be presented as country chapters
at the workshop on thiS tOplC m October 1997 ThiS was considered as an overall case
study m applymg GIS techmques to croppmg systems analySIS The diSCUSSion mamly
referred to the Indo-GangetlC Plam of India, but knowledge aVailable for Bangladesh,
Nepal, and Pakistan was also updated

Dlstnct boundary maps are avatlable for all countnes, but boundanes have
changed m some countnes over years For example, m India It was deCIded to use the
1991 boundary status for the base map and adjust subsequent crop productIOn
parameters to those boundanes A Similar SituatIOn applles m Bangladesh

For all four countnes, there appears to be adequate data on such environmental
factors as SOlIs, ramfall, phYSIography, and length of growmg penod (as per FAO
denvatIOn)

Dlstnct-WIse data for the major legumes are also aVailable, up to the mld-1990s
For India, thiS mcludes chlCkpea, plgeonpea, groundnut, blackgram, mungbean, lentil,
soybean, and pea Similarly, dlstnct-wlse data are avatlable on nce and wheat area,
productIOn, and yield However, rellable and comprehenSive data on forage and green
manure legumes are not aval1able, to the knowledge of the group

Dlstnct-wlse data on ablOtlC and bIOtIC (e g, diseases, msect pests, nematodes,
weeds) are not available m a comprehenSive manner Only very broad ratmgs can be
given, based on sporadlC surveys and anecdotal reports But suffiCient expert
mformatlOn should be available to give ratmgs accordmg to the format m the book
AdaptatIOn of ChIckpea In the west ASIa North Afnca RegIOn! - I e absence, and
low, moderate and high mCldence of the constraint The group emphaSized the need
to establlsh a methodology for systematlC quantificatIOn, across space and time, of
abIOtiC and bIOtIC constramts

In conclUSIOn, the group conSidered that sufflClent data were already available,
or potentially acceSSible, to conduct a GIS-based analySIS of constraints and
opportumtles for legumes m the Indo-GangetlC Plain regIOn

Saxena N P Saxena M C Johansen C Vmnam S M and Hams H (eds) AdaptatIOn of chICkpea
In the West Asia North Afnca RegIOn Patancheru 502 324 Andhra Pradesh India InternatIOnal Crops
Research InstItute for the SemI And TropiCS and PO Box 5466 Aleppo Syna InternatIOnal Center for
Agncultural Research In the Dry Areas 270 pp ISBN 92 9066 336 7 Order code BOE 022
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E Options for GIS Outputs

5 P Kam (Group Convenor), G Hyman, Kamal Sah, and B BaJTacharya

Although attractIve and informatIve G IS outputs can be dIsplayed on-screen, thIS
group focused on how to convert the dIgItal format to hardcopy or other outputs
GIS datasets, map layers, and attnbutes are usually left In dIgItal form Only
processed results, In the form of mterpretive maps, graphs or tables reqUIre hardcopy
output as workmg copIes or of pubhcatIOn quahty

DIgItal products would normally be In the form of CD-ROMs, or could be put on
the Internet or World WIde Web Use of dIskettes would be mimmal due to the
voluminOUS data storage reqUIrements FIle formats would compnse datasets and/or
graphICs files Advantages and dIsadvantages of aVaIlable software are summanzed In
the table below

Software

PC Arc/Info
(speCIfically Arcplot)

ArcVIew

MapInfor

Arc/Info for Windows NT
(future)

Advantages

More cartographIC
optIons than ArcVIew
Cannot deal WIth gnds

CartographIC productIon
quahty, not satIsfactory
for pubhcatIOn quahty

Very good cartographIC
functIOnahty
Internal hnkage In
MICrosoft Excel

Can handle gnd output

DIsadvantages

Command mode, not so
user-fnendly-could be
standardIzed WIth macro
programs

Less popular software

The type of hardcopy products would depend on the target users CartographIC
quahty IS an Important conSIderatIon If formal pubhcatIOn IS conSIdered Necessary
eqUIpment Includes a color Inkjet plotter, WIth adequate buffer SIZe, and a shde
making facIhty A film wnter would be very expenSIve

Some Issues that need conSIderatIon In generatmg output are senSItIVIty of data,
clearance of source agenCIes, the need for standardIZatIOn (format standardIzatIOn,
acknowledgment, source CItatIon, umts of reporting, etc), and cartographIC Issues
(symbology, colors, black/whIte hatching)

The group recommended that ICRISAT acqUIres a dedICated umt for presentatIOn
of map output from G IS WIth the reqUISIte skIlled staff Such skIlls should Include
training In cartographIC pnnCIples
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Product names

Presented below is a list of product (and company) names referred to m the vanous
papers of these proceedmgs They are either registered trademarks or trademarks of
their respective owners The use of trade names m these proceedmgs does not
constitute endorsement of or discnmmatiOn agamst any product by Cornell
Umversity or by ICRISAT

Access (MICrosoft CorporatiOn, USA)

AEG IS/WIN (IBSNET) (Agncultural and Environmental GeographIC InformatiOn
Systems for Wmdows (AEG IS/WIN)

AIX Operatmg System (Hewlett Packard Company)

ANUSPLINE (Australian NatiOnal Umversity, Australia)

Arc/Info, ArcView, ArcExplorer (EnvIronmental Systems Research Institute (ESRI),
Redlands, Califorma, USA)

Colorado (Hewlett Packard Company)

dBASE IV (Borland InternatiOnal, USA)

DELL, DELL GXPro (Dell Computer Corporation, USA)

DeltaMap (Autometnc)

MS DOS (MICroSOft CorporatiOn, USA)

DSSAT (IBSNAT, Umverslty of Honolulu, Hawall, USA)

ERDAS (Earth Resources Data AnalYSIS Systems), ERDAS Imagme (ERDAS Inc,
Atlanta, Georgia, USA)

Epson LQ-510 (Seiko Epson CorporatiOn, Japan)

ER Mapper (Earth Resource Mappmg Pvt Ltd, San Diego, Califorma, USA)

Exabyte (Exabyte Corporation)

Exceed (for X-Wmdow emulation) (ProductlVlty through Software Inc (PtS))

FoxPro (MICroSOft CorporatiOn, USA)

Gateway 2000 (Gateway 2000 Inc, USA)

GEBEl (GEnotype By EnVIronment InteractiOn (Umverslty of Queensland,
Australia)

GENSTAT (Rothamsted, UK)

Arc/Info - GRID (Environmental Systems Research Institute (ESRI), Redlands,
CalIfornia, USA)

GTCO Rollup (GTCO CorporatiOn)

GTOP030 DEM (EROS Data Centre, USGS, USA)

HP DesignJet 650C, HP LaserJet 5P (Hewlett Packard Company)
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IBM RISC System/6000 (InternatlOnal BusIness Machmes, USA)

IORISI (Graduate School of Geography, Clark UmversIty, Massachussetts, USA)
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Maplnfo (Maplnfo CorporatIon, Troy, New York, USA)
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About Cornell Umverslty

Cornell Umverslty, located In upstate New York, USA, mcludes 13 colleges and schools
The umverslty s 13 510 undergraduates and 5 970 graduate and professIOnal students
come from all 50 States of the USA and more than a 100 countrIes Cornell IS an Ivy
League umverslty and also the land-grant InstItutIOn for New York State, commItted to the
three functIons of the land-grant svstem In AmerIca teachmg, research, and extenSIOn As
such It IS a umque combInatIOn of publIc and prIvate dlVlsIOns InterdisCIplmary study and
research are Cornell hallmarks, as IS attentIOn to undergraduate educatIOn The umverslty s
2 340 faculty members are actIve teachers as well as researchers State and Federal
government agenCIes, IndustrIes, and foundatIOns and other non-profIt orgamzatIOns are all
potentIal sources of research support StemmIng from the umverslty s land-grant role are
Cornell CooperatIve ExtenSIon (an educatIOn-outreach program for New York State
resIdents) and the notIon that the fruItS of Cornell research should extend mto the publIc
domam

Cornell Umverslty has been a leader In the arena of mternatIOnal agrIcultural and rural
development for much of thIS century The Department of SOlI, Crop, and AtmospherIC
SCIences (SCAS) has had a long and dIstInguIshed hIStOry at Cornell StudIes In SOlI and
crop SCIence at Cornell have eXisted from the early days of the umversity Today SCAS has
over 30 faculty members who teach over 50 courses The SCAS mISSIOn IS to develop
research teachmg, and extenSIOn programs that Will prOVIde pragmatIC solutIOns to
agrIcultural and enVIronmental problems, produce an educated populace, and advance the
understandmg of basIC natural processes The research program of the Department IS one of
the largest In the College

About ICRISAT

The semI-and tropICS (SAT) encompasses parts of 48 developmg countrIes mcludIng most
of IndIa, parts of southeast ASIa, a swathe across sub-Saharan AfrICa, much of southern and
eastern AfrIca, and parts of LatIn AmerIca Many of these countrIes are among the poorest
In the world ApprOXImately one-SIxth of the world's populatIOn lIves m the SAT, whICh IS
typIfied by unpredICtable weather, lImIted and erratIC raInfall, and nutrIent-poor SOlIs

1CR1SAT s mandate crops are sorghum, pearl mIllet, fmger mIllet, chICkpea, plgeonpea,
and groundnut, these SIX crops are VItal to lIfe for the ever-IncreaSIng populatIOns of the
semI-arId tropICS 1CRISAT s mISSIon IS to conduct research whICh can lead to enhanced
sustamable productIOn of these crops and to Improved management of the lImIted natural
resources of the SAT 1CRISAT commumcates mformatIOn on technologIes as they are
developed through workshops, networks, trammg, lIbrary servICes, and publIshIng

1CRISAT was establIshed m 1972 It IS one of 16 nonprofIt, research and traInIng centers
funded through the ConsultatIve Group on InternatIOnal AgrIcultural Research (CG1AR)
The CGJAR IS an mformal aSSOCIatIOn of apprOXImately 50 publIc and prIvate sector
donors, It IS co-sponsored by the Food and AgrIculture OrgamzatIOn of the Umted NatIons
(FAO) , the Umted NatIOns Development Programme (UNDP), the Umted NatIOns
EnVIronment Programme (UNEP), and the World Bank


