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Abstract

Geographic information systems (GIS) have come a long fvayn obscurity in the
1980s to now become commonplace in universities, irgdBomal research
institutions, government departments, and private basas where the technology
is used for a wide range of applications. In the last feary, its application has been
increasing in agricultural research and development. Trternational Workshop on
Harmonization of Databases for GIS Analysis of CroppiSgstems in the Asia
Region, held 18-19 Aug 1997 at ICRISAT, Patancheru, Ingfkamined the current
status of available software options, database requirésneavailability of data,
database storage and exchange procedures, options foroGt@its and optimization
of regional interactions in the use of GIS for croppingtem analysis with respect to
Asia. GIS specialists from international agricultural em<h centers (IARCs) and
national agricultural research systems (NARS) of Aseviewed state-of-the-art
know-how in using GIS as a research tool for the charazdéidn of target
environments, soil, water and nutrient management, mategl pest and disease
management, and sustainable land-use systems. The wapksbussed on three basic
guestions: "what information is available?", "in whdbrm is the information
available?", and "in what form should the GIS output be?"

Recommendations were made on the effective use of GlSoanthe possibility of
harmonizing datasets for common use by IARCs and NAR$e Torkshop was
followed by a hands-on training program on the use of GiSamalysis of cropping
systems of Bangladesh, India, Nepal, Pakistan, and Smika. The country case
studiesprepared during this training programill be published as aeparatesrolume.
The present publication includes status papers deisgyiG|S as a research tool, types
of GIS software available and its use in different instiions.
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Preface

The International Workshop on Harmonization of Data@sagor GIS Analysis of
Cropping Systems in the Asia Region was held 18-19 Au@71%t ICRISAT,

Patancheru, India. The Workshop was followed by a hands$raiming program on
the use of GIS in analysis of cropping systems conductaindgu20-29 Aug 1997. The
workshop and training program were developed by ICRTSAhe Rice-Wheat
Consortium for Indo-Gangetic Plains, and the Cornell Wity Soil Management
CRSP Project that has also initiated rice-wheat researctivides in the Indo-

Gangetic Plain. Both events were sponsored by and fundethdse three partners,
and these proceedings have been prepared and fundedeb@dmnell University Soil

Management CRSP Project and the ICRISAT "Legumes in Rical Wheat-based
Cropping Systems" Project (S4). This workshop was speadify designed as a
prelude to a major S4 project workshop on "Legumes ineRand Wheat Cropping
Systems of the Indo-Gangetic Plain - Constraints and dpmities" held 15-17
Oct 1997.

GIS specialists and interested scientists from séviert@ernational institutions and
Asian national agricultural research systems (NARS) iggrated in the workshop on
database harmonization: International Center for Indégd Mountain Development
(ICIMOD), Nepal; Centro Internacional de Agricultura Tioal (CIAT), Colombia;
International Rice Research Institute (IRRI), Philipes; International Programs
Division, Natural Resources Conservation Services, YS¥entro International de
Mejoramiento de Maiz y Trigo (CIMMYT), Mexico; Nepal, aBgladesh, India,
Pakistan, Sri Lanka, and ICRISAT, India.

The participants discussed the present status of GIS dasduse in further
characterization of cropping systems. Constraints apdootunities of using GIS by
national agricultural research systems were identifiggecifically to supplement
conventional approaches of research. In this contexintng courses for specialized
skill development, such as the one that followed this vetuidp, were appreciated for
shared use. The workshop proved to be a timely initiatiaamd prospects of
collaborative research in using GIS as an intelliganalytic tool are encouraging.

We sincerely believe that this volume on GIS analysis r@fpping systems, with
specific reference to harmonization of databases for @h8lysis of cropping systems
in the Asia regionwill provide a useful guide to thpresentstatusof GIS and its use
in agricultural research. A separate volume on the caseiestudeveloped during the
training coursewill further identify the need and usefulnessof GIS in focusing
agricultural research and development in the Asia region.

The Editors






Welcome Address

F R Bidinger *

It is my pleasure to welcome you to this International Wadrép on Harmonization
of Databases for GIS Analysis of Cropping Systems in theaARegion, and the
associated hands-on training program on the use of GlSnaysis of cropping
systems of Bangladesh, India, Nepal, Pakistan, and Snk&al understand that
resource persons and participant trainees have alreadyed for the hands-on
training program and therefore | extend my welcome to théso. a

This is a timely initiative of Dr C Johansen, Dr S Pande, ame&ocolleagues ofthe
"Legumes in Rice- and Wheat-based Cropping Systems" étro(84) within the
context of ICRISAT's Medium-Term Plan (MTP) (1998-2000).hile the four
targets of the MTP—prosperity, diversity, environmentdanclusiveness—capture
ICRISAT's proposed focus for the MTP periotthosefamiliar with the Institutewill
recognize that these are not inconsistent with the ptiesj objectives, goals, and
values of the past. The proposed 1998-2000 agenda is éwoduy, rather than
revolutionary, since strategic research in close pastim@ with stakeholders requires
a long-term approach, and emerges from a broad and aooumconsensus-building
process. Nevertheless, strong currents of change und#riseevolution, particularly
in response to changing donor interests, new scientifivebgments, and the
increasing strength of many other National AgricultuResearch Systems (NARS)
partners. This evolution, we think, has been captured iRIBAT's operational
mandate for the MTP period. In the new MTP period, we needotus on the
application of new scientific tools to more thoroughlyacacterize the genetic
resources research that we hold in trust for the world camity. In this process, we
can assist NARS to strengthen their capacity and germplallections. In
germplasm enhancement research, our emphaisisbe more on basic and strategic
research, especially the identification of moleculaarkers for resistance to biotic
and abiotic stresses. We need to strengthen biotechnol&d%, and modeling to
supplement conventional approaches in crop improvememt natural resource
management research, we also need to harness the newataolable to allow us to
conduct systematic, strategic analysis of the naturabuece base. We also need to
use the tools of GIS and modeling to develop extrapolatiomains for technologies
developed at particular locations, and to track their dbop

Further, wewill be focussing on enhancing research partnerstips NARS and
non-governmental organizations (NGOs) and will insiegly replace in-service
training courses for technicians and extension staff witdrenspecialized scientific
training aimed at strengthening NARS human resourcelsis Tshould result in
substantially increased numbers of visiting scientists ICRISAT from NARS.

1. ICRISAT-Patancheru, Andhra Pradesh 502 324, India.



Through networks, strong NARS will be encouraged to takkad in developing
finished technologies that ICRISAT can no longer generate

In this changed operational process, the respective srad&d comparative
advantages of various actors in the global R&D systeeednto be clarified. The
ultimate purpose of such activities is to improve the qugndnd quality of crops that
farmers grow in the semi-arid tropics (SAT) and beyondaflts where we hope our
unified efforts with you will continue. In this regarche support and cooperation of
NARS, NGOs, universities, and other organizations in h@angetic Plain countries
and Sri Lanka is highly appreciated and is evident in théeting. Therefore, not only
do | wish to welcome you to this CIS workshop and trainingrseu | also wish you a
comfortable, successful, and fruitful stay here at ICRTS



Inaugural Address

S M Virmani*®

It is a great pleasure to welcome all of you to ICRISATddo the Harmonization
Workshop. In the GIS training program following the wehlop, participants from
Bangladesh, India, Nepal, Pakistan, and Sri Lanka \Widfn the use of GIS as a tool to
interpret and analyze temporal and spatial datasets opscrtheir distribution,
environmental parameters and datasets on biotic andiabstresses. The purpose of
this exercise is to apply GIS technologies to croppingesysanalysis.

We believe that the new arrangements and investmentseiméw approach, such
as GIS, as mentioned by Dr F R Bidingen)l bestposition ICRISAT to respond to
the dynamic external environment we face. We made thmceb about our future
research portfolios in the MTP in an analytical, interaetiand transparent fashion;
and in this direction, the present workshop and traininggram on GIS is one ofthe
steps we have taken under the changed research emphasisoatidlio.

Our future research portfolio is based on the close colation between NARS
and ICRISAT. Thesejoint research partnershipsill include visiting scientists, who
will constitute a central mechanism for strengthening NAR®Man resources.
Increased personnel exchanges, secondments, ant gpimointments with advanced
research institutionswill enhancecomplementarities and enable strong outputs,
compensating for decreased internal staff numbers tiegulfrom declining core
resources.We will be focussing on such new science investments and to®ls a
biotechnology, GIS, and modeling, to increasingly suppdet conventional
approaches of research. In this context, trainingrees for specialized skills, such as
the forthcoming one on GISyill be organized for shared use. Wk forward to
working together to ensure that our partnership reaps ¢wanmds expected by our
stakeholders,becauseunlesswe do so, their future suppowill be found more
demanding than it is today.

| am confident that we will come away from this workshopisfad with the
efforts that each of uwill have contributed in making it auccess.| hope that the
recommendations that evolfeom this meetingwill provide a soundasisto use GIS
as a tool to analyze constraints and identify opportesitfor crop diversification,
especially with respect to opportunities for greateclusion of legumes in the rice-
wheat cropping systems of the Indo-Gangetic Plain regio

Once again, | welcome all of you to these meetings.

1. ICRISAT-Patancheru, Andhra Pradesh 502 324, India.






Framework and Objectives of the Meetings

Suresh Pande?

| would like to extend my welcome to all of you to this énhational Workshop on
Harmonization of Databases for GIS Analysis of CroppiBgstems in the Asia
Region, and to the hands-on training program on the aké51S in analysis of
cropping systemsthatwill follow the workshop. In their introductorgddressesDrs

F R Bidinger and S M Virmani have adequately explained shit in ICRISAT's

research portfolio and the need for using new sciantifools to supplement
conventional approaches in crop improvement and n&tuwesource management
research. It is in this new MTP period that we are aimihgh& application of GIS
and modeling to more thoroughly characterize and amealgrospects for our target
production systems.

At ICRISAT, we are implementing a special project on grdiversification in
cereal-based cropping systems: legume technologies rice- and wheat-based
cropping systems of South and Southeast Asia (designasethe S4 Project). The
objectives of this Project are to:

» quantify the scope for greater inclusion of legumes rine- and wheat-based
cropping systems;

« develop technological options (genetic and manageméott alleviating the major
biotic and abiotic constraints to adoption of legumes;

+ evaluate improved technologies on farmers' fields ttalgae adoption and elicit
feedback on further research needs and adoption comistraand

» assess adoption and quantify the impact of improved neghased technologies
for rice- and wheat-based systems.

The S4 Project targets the Indo-Gangetic Plain wherehbro¢e and wheat are
grown (often in high-input continuous rotations) andpgical rice-based systems (in
tropical regions unsuitable for wheat). The Project is duoated jointly with the
national agricultural research systems (NARS) of Bargghd India, Indonesia,
Nepal, Pakistan, Sri Lanka, and Vietnam. The Projecirikdd with the Rice-Wheat
Consortium for the Indo-Gangetic Plain, with respectlégume options for rice-
wheat systems, and thereby it is also linked with otB&I1AR institutions (e.g.,
CIMMYT, IRRI, IIMI) and advanced research institutes RN (e.g., Cornell
University, USA) with research and development insésein rice-wheat production
systems. The operational aspects of the S4 Project areletlrby the Asian
Development Bank. The broad categories of activitiefs tlhe S4 project are:
characterization of target environments; soil, watemd anutrient management;
integrated pest and disease management; and sustainatiada systems.

1. ICRISAT-Patancheru, Andhra Pradesh 502 324, India.



This GIS Harmonization Workshop and the associated trgipimogram evolved in
our attempts to address the first of these activities. Outial questions included
"what information is available?", "in what form?", and ‘ithat form should our GIS.
outputs be?" Similar questions were also faced by the Ribeat Consortium in
their intentions to better characterize rice-wheat systelt was realized that most of
the environmental and socioeconomic databases of retevanould be common
across crops of interest such as rice, wheat, and leguhiés.workshop and training
program was developed along with the Rice-Wheat Consortana the Cornell
University Soil Management CRSP Project that was alsdidting rice-wheat
research activities in the Indo-Gangetic Plain. The whogsand training course were
sponsored and funded by these three partners, and theseednogs were funded by
the Cornell University Soil Management CRSP Project ardItbRISAT S4 Project.
This workshop and training course were essentially desigiseea prelude to a major
S4 Workshop on "Legumes in Rice and Wheat Cropping Systeintheo Indo-
Gangetic Plain—Constraints and Opportunities" held onlI59ct 1997.

The objectives of the GIS Harmonization Workshop are to:

» prepare an update on appropriate GIS software options,eatablish protocols
for interchangeability of GIS formats

» discuss database requirements and their availability
« establish database storage and exchange procedures
« prepare an update on options for GIS outputs, particulaardcopy

+ develop recommendations for optimizing regional intg¢ran in the use of GIS for
cropping systems analysis

| hope that our united effortwill be able togeneratedatabasesand identify
regions where legumes can play a greater role in the sudtiity of the cereal-based
cropping systems in the Asia region. | wish you a comfiolga successful, and fruitful
stay here alCRISAT. | and my colleaguewill always bewith you to help you update
your knowledge of GIS, and use in preparing country casdiss.
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Software in Use at Cornell University

S D DeGloria®

Introduction

The Cornell University, USA, has served as one of thenpering institutions in the
field of remote sensing, i.e., the process of detectanmd analysis of reflected,
emitted, and transmitted electromagnetic energy to rdisoate environmental
features. It was in the 1930s that Cornell University (Ché&gan offering academic
courses and extension "courses" and workshops, anduedimd) research in the use
of aerial photography and photogrammetric methods.

The Cornell Institute for Resource Information SystemifRI§) evolved by
combining and re-organizing long-established programsresource inventory and
remote sensing from the College of Agriculture and LBeiences and the College of
Engineering. The Institute, established in the Cenfi@r the Environment (CfE)
during May 1996, was formerly known as the Cornell Lalbora for Environmental
Applications of Remote Sensing (CLEARS), a program ledfed to the CfE since
1984.

The mission of Cornell IRIS is to advance the charac&ion, understanding, and
evaluation of environmental systems through the aggilon of resource inventory,
aerospace remote sensing, geographic information sgsteglobal positioning
systems, and related spatial information technologiElsis mission is founded on
scholarship, teaching, and public service at localjaegl, and global scales. The major
objectives of the program are to:

* enhance the derivation of information from maps, aeria aatellite imagery, and
other remotely sensed data.

+ disseminate knowledge of map and image understandingd apatial data
processing, analysis, and management.

» operate an environmental information science andnetogy facility for access,
exchange, study, and visualization of spatial data ardrmation.

1. Center for Resource Information Systems, Cornell hsity, 917 Bradfield Hall, Ithaca, NY 14853,
USA.

DeGloria, S.D. 1999Software in use at Cornell University. Pages 9f1&IS analysis of cropping systems:
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Systems in the Asia Region, 18-19 Aug 1997, ICRISAT-PatmcHndia (Pande, S., Johansen, C., Lauren,
J., and Bantilan, F.T., Jr., eds.). Patancheru 502 32dhvanPradesh, India and Ithaca, New York 14853,
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Organizational structure

To accomplish these objectives, Cornell IRIS is composkthree interdisciplinary

programs:

» the Resource Inventory Progranseeks to advance map and image understanding,
improve the derivation of environmental informationofn remotely sensed
data, and implement inventory and mapping methods for comitres and
organizations.

+ the Remote Sensing Programseeks to develop advanced spectral pattern
recognition algorithms, evaluate and enhance spectrald aspatial image
classification methods, and evaluate advanced sensstersg.

+ the GIS Program seeks to advance spatial modeling and analysis methaskess
spatial data quality, and integrate spectral and spatialdefso for the
characterization of environmental systems.

Audience

The primary audience of Cornell IRIS includes scientistducators, and students at
all levels of education; and professionals employed i@ plublic and private sectors,
primarily in the environmental science and management comnities. The
Institute's research, education, and public servicevitds support environmental
assessment and sustainable development programs yoantl globally.

Research foci

The research program of Cornell IRIS seeks to optimize tse of remote sensing
systems, GIS, and global positioning systems (GPS) to ritorg and monitor
environmental resources, particularly those associateth werrestrial and aquatic
systems. Interdisciplinary research projects assess thtrillution and diversity of
environmental systems; map land-use dynamics in teniperand tropical
ecosystems; model and visualize nutrient and pollutanhspart at landscape scale;
characterize plant stress using spectrometric methodd;dawvelop spectral-temporal
classification and mapping algorithms.

Creative contributions by Cornell IRIS include articlimsscientific journals, trade
journals, and newsletters; technical reports, guideboakd technical manuals, and
chapters in books; reviews of books, manuscripts, andpgsals; invited
presentations; analog and digital databases and archares;videos.

In addition to its own research and teaching activitie® thstitute collaborates
with other research programs by offering scientific anchtécal support and
consultation; providing access to information, instrurtedion, and space; and co-
authoring proposals, handbooks, scientific manuscriptsd technical reports.
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Education foci

The extension program of Cornell IRIS seeks to convey thewkewge gained in

applied research projects related to the inventory, amalyand management of
environmental resources. The ultimate goal of its edooati program is to sustain
and enhance environmental assessment and sustainableelogement of

communities. Cornell IRIS educates and assists techni@ad policy-making

representatives, resource managers, and environmeprtdessionals and educators.
Current educational programs include: 1. "shortcodrsasd workshops offered
periodically in resource inventory, remote sensing, Gl&d global positioning

systems, and 2. development of curricula, teaching materiand laboratory- and
field-based exercises for academic courses and workshagpswell as science and
environmental education programs.

Current research and outreach activity

* Inventory distribution and diversity of environmentakoerces; mapping of:
- submerged aquatic vegetation (Hudson River, USA)
-~ wetland vegetation dynamics (Hudson River, USA)
-~ ecological communities and biological diversity (New Xd3tate, USA)
-~ agricultural districts (New York State, USA)
« Map land-use dynamics in temperate and tropical ecemsst
- wetlands and land-use mapping (Tonawanda Creek, NiaGewatier, USA)
- enterprise mapping for conservation farming in tropicplamds (Philippines)
- mapping forest fragmentation in tropical ecosystems s{@oRica)
— mapping land cover change in protected areas (HondurastaCRica)

— monitoring environmental impact of rural water develagm projects
(Ghana)

* Model and visualize nutrient and pollutant transport ®sess environmental
impact:
- estimation of nitrogen fate and transport (Fall Creek Wsted, New York,
USA)

- estimation of pesticide fate and transport (Canajah&Yiatershed, New York,
USA)

+ Characterize environmental stress using spectromatréthods:
-~ hyperspectral characterization of ocean color
— spectral measurement of chlorosis in stressed vegetation
— spectral detection of micronutrient stress in crops
+ Develop and enhance curricula for formal and nonformalcatbrs:

— provide instruction and training to science teachers (N¥erk State and
region, USA)
11



- provide instruction and training to faculty and staff (@ell University, USA)
- provide instruction and training to students (New Yotkt8, USA)
- provide instruction and training to environmental pssienals (worldwide)

Institute resources

Cornell IRIS maintains a collection of several hundredu$and aircraft- and
spacecraft-derived images that features extensive astbiic coverage of New York
State. IRIS is also a repository for and distributor of N¥ark topographic and
wetland maps prepared by the US Geological Survey ardu8 Fish and Wildlife
Service; New York Land Use and Natural Resource Inven{atyNR) maps, and the
official maps of New York State agricultural districtsoell IRIS also maintains a
collection of technical publications related to remotesseg, GIS, and global
positioning systems.

Technological resources include optical instrumentsifitage analysis, GIS, laser
spectroscopy, cartography, and field spectroradioynet&lS and digital image
processing are available for research projects and sodtwawelopment. Devices for
noncomputer image analysis include zoom and nonzoomeageopes, monoscopic
and stereoscopic transfer scopes, a color-additive eievand densitometers. The
Institute also maintains a laser fluorosensing facilitysigeed for analyzing water
samples. Other equipment includes a diazo printer, a spectiometer and data
logger, a thermal radiometer, underwater irradianceteme and photographic
cameras and darkroom equipment.

GIS and image processing facilities and equipment

Cornell IRIS' GIS Program provides a shared computingue= for the Cornell
community. This facility is supported by income from iars grants as well as from
direct university and college support. The laboratorgimains secured access 24
hours a day; normal laboratory hours are 0800-1800, daily

The equipment and software have been installed overldhie several years and
represent a wide range of capabilities. The current gamtition of computer
hardware resources include UNIX-, Windows NT-, Windo9&-, and DOS-based
systems sharing processing and data using a 100MB loed aetwork (LAN)
(Fig. 1).Internet connectivity is provided to the Corn#&lhiversity backbone.

UNIX

The UNIX system includes SUN Ultra2 (w/ 384MB RAM, 204-bit monitor),
SUN Sparcl0 (w/ 96MB RAM, 19" 8-bit monitor), and a Sfaw/ 64MB RAM,
19" 24-bit monitor) workstations. All workstations shaaccess to approximately
48GB of disk space, an 8-mm tape drive, 150MB cartritlyge drives, CD-ROM
drives, 1.2GB optical drive, and an Altek backlit digitigitablet. Each workstation
provides multi-user licensing for Arc/Info, ArcViewnd ERMapper software.

12
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Windows NT

The Windows NT system includes: two DELL GXPro 200MHz Hem Pro
workstations, each with 128MB RAM, 20" 24-bit monitofMB video,. 4GB of SCSI
disk space, CD-ROM drive, 16-bit sound, and IOMEGA JAZ ddge drives; one
DELL 300MHz Dual-processor Pentium |l workstation witl28MB RAM, 21" 24-
bit monitor, 8MB video, 9GB of SCSI disk space, CD-ROMva, 16-bit sound. All
systems are configured with NT Arc/Info, ArcView, Micrds@®ffice 97, and Exceed
(for X-Window emulation). In addition, the NT version of ERpper is installed on
the Dual-processor workstation.

Windows 95

The Windows 95 systems include two Gateway 2000 P-100 Pmntuorkstations
each with 32MB RAM, 17" color monitor, 2GB disk space, &D-ROM drive. Both
systems are configured with Arc/Info, ArcView, Microsofiffice 95, and Exceed
(for X-Window emulation). Anonymous file transfer poatol (FTP) is supported by
a 486-33 Windows 95 workstation with 16MB RAM, 6GB disk spatOMEGA Zip
and JAZ cartridge drives.

All systems have access to HP LaserJet 5P and Epson LQ-Gfhfeqs. Large
format (35" width, roll feed) color printing is providedith a HP DesignJet 650c.
Complementing the above systems are:

* two IBM Windows 95 laptop computers with Arc/Info and AriEw

« five GTCO Rollup digitizing tablets (24" ° 20")
« four Trimble GPS units (two Pathfinder Pro, two Geplocrer)
« four Colorado, and Zip parallel port backup devices

Affiliated academic programs

Collaborative research and educational programs aratimely conducted with
several academic units across several colleges, depatsmand centers. Such units
include: Colleges of Agriculture and Life Sciences, Hregring, Veterinary Medicine,
and Architecture, Art, and Planning; the Center for theviEsnment; the Center for
Theory and Simulation in Science and Engineering; and @uanell Institute for
Social and Economic Research.

Members of Cornell IRIS staff are responsible for the emmtand implementation
of Cornell's academic program in remote sensing and gpbgrainformation
systems. Remote sensing is offered as a major or minea af concentration for a
PhD, MS, MPS or ME degree in the Graduate Field of Civild aEnvironmental
Engineering. The use of remote sensing, geographicrmédion systems, and global
positioning systems for spatial modeling and analysisep¥ironmental systems is
offered through the Environmental Information Science arbil Science
concentrations in the Graduate Field of Soil, Crop, antinédspheric Sciences.
Several undergraduate and graduate academic courses ategeaansing and GIS are
offered by faculty affiliated with IRIS.
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Funding

IRIS receives core funding support for non-faculty acaitesalaries and operations
from the College of Agriculture and Life Sciences. RicelHm the College of

Agriculture and Life Sciences and the College of Engieg provide laboratory and
office space for IRIS. The Department of Soil, Crop, and Asmheric Sciences
provides space and partial administrative support in BmeHall, and maintains the
Bradfield Environmental Computing Classroom for acadergaching, extension
and outreach, and research in environmental science. Bupfor research and
extension projects comes from a variety of sponsoredeptejfrom several Federal
and State agencies, and units of local government.
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Software in Use at CIAT

G Hyman'

An efficient and functional GIS laboratory has an irstraicture strong in both
human resources and software and hardware resourcesreh@table of addressing
the needs of the parent organization. Many GIS specialisport that as much as
80% or more of the cost of starting a GIS project can beilaited to the
development of human resources in the form of training labdr costs, and to the
processing of information needed for analyses. Althougle téelection and
configuration of hardware and software are not likely to he key determinants of
the success of a GIS operation, they can certainly be theeaf failure if they are
not carefully considered in the design of the laboratorlye Tiltimate criteria for the
design of a GlSacility should be howvell the infrastructurevill addresgshe need to
map and analyze agricultural systems and other aspétie environment related to
the organization's needs. The purpose of this shortpépeo share perspectives of
CIAT's experience in the design and configuration of Gb&vgare and hardware for
our GIS laboratory.

The Centro Internacional de Agricultura Tropical (CIATrternational Center
for Tropical Agriculture), Cali, Colombia, and most othiaternational agricultural
research centers have been using geographic analysisdkecly since the founding of
the CGIAR system. Computers have changed the way we zmnalile spatial
dimensions of crop production, natural resources, aedetic resources. We have
progressed from interpretation and cartographic marapah of paper maps through
basic raster systems, to the now more complicated GIS apask that have
sophisticated analysis capabilities. A common mistake tds assume that a
sophisticated and high technology hardware and softwanéigaration will translate
into improved analysis and insight. Sometimes the oppostcurs, because we get
mired in the complexities of the software and hardware wlershould be focusing
our attention on the agricultural problem and the best teasolve it.

Any hardware configuration must take into account prbjeeeds, staff size,
software trends, and other considerations. Perhapsnihgt important consideration
is the selection of the operating system. Most new Gl3wsok development is
targeted to networked PC systems. Windows NT is increésitige platform of
choice for software developers and GIS users. Network€dsystems also have the

1. Centro Internacional de Agricultura Tropical (CIAT)pdo. Aereo 6713, Cali, Colombia.

Hyman, G. 1999 .Software in use at CIAT. Pages 16i0& S analysis of cropping systems: proceedings of
an International Workshop on Harmonization of Database&1S Analysis of Cropping Systems in the
Asia Region, 18-19 Aug 1997, ICRISAT-Patancheru, IfBande, S., Johansen, C., Lauren, J., and Bantilan,
F.T., Jr., eds.). Patancheru 502 324, Andhra Pradedh,dnd Ithaca, New York 14853, USA: International
Crops Research Institute for the Semi-Arid Tropics andh@ll University.
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advantage of being less expensive than building a UN&sdd workstation or
minicomputer systems. Large GIS laboratories, howewél, likely need the power
of UNIX-based hardware systems. As CIAT has been devatppgarge climate,
administrative divisions, population, census and crafalthses, it would be difficult
for the Center to convert to networked PCs exclusively.nM& IS experts believe
that for a large operation, the PC technology needs om@ment and | believe this
has been our experience at CIAT.

Almost all GIS operationwill need bothrasterand vector softwareapability. The
general rule in planning software needs has been to estor systems for data
development and storage and raster systems for asadysl modeling. This approach
is changing as vector analysis capabilities improve asdnew data structures are
developed. Vector systems are more efficient for datautn editing, and storage
because they hold information for the geographic festuvhere they occur. Raster
systems hold information for grid cells throughout theienarea of interest whether
each individual cell is a geographic feature or notgr&at majority of GIS analyses
and modeling is carried out with raster systems. Theutalgrid structure is suited to
overlay, flow, neighborhood, and other analyses bec#userelatively simple and easy
to implement when compared to vector systems. A smartivinare configuration
will addressthe need for bothraster and vectorutilities and will have efficient
programs for conversion between the two systems.

A clear trend in GIS development is the use of non-GIS wsafé in the
development of a laboratory. Figure 1 show the typesaf-GIS software that are
part of the CIAT facility. Most systems have always usedes database software for
management of tabular or attribute data. Using the omgdioin's standard database
software as the manager of tabular GIS data is usumlgound strategy. Some GIS
software packages may not be able to handle an org@miza standard database
software. In thiscase,data conversion capabilitiesll be needed At CIAT, we have
also taken advantage of our center-wide statisticatwsare package for analysis of
tabular data linked to digital maps.

One disadvantage of standard statistical analysisweo& packages is the lack of
spatial statistics capabilities. Many GIS packages lacking in their capability to
perform spatial interpolation, spatial regression, attteodistinctly spatial statistical
analyses. The need for these types of specialized capabiEhould be analyzed in the
context of the type o&nalyseghatwill be carried out.

Other mathematical and specialized software can add w® d¢hpacity for
geographic analysis. CIAT is experimenting with thse uof neural networks for
classification problems and other analyses. Thesestygfetools have not yet proved
to be widely applicable, but may prove useful for speze tasks. GIS visualization
software can help researchers interpret geographiormétion in a more efficient
manner. Specialized visualization software should amsidered for sharing the
results of CIAT's research with its partners and stetders.

Remote sensing capability is needed by most GIS labdestofocused on
agricultural problems and natural resources managemsome laboratories may be
able to outsource thiswork. Some GIS packages like IBIRand Arc/Info have image
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Figure 1. Software used in relation to GIS at CIAT.

processingcapability. In othercasesthe organizatiorwill need the capacity dfigh-
end remote sensing packages. The need for remote sessiftiggare will often
depend on the scale of analyses. Broad-scale analysesdfcklaver may be difficult
for small GIS labs. Remote sensing analysis of referentes stould easily be
accomplished with basic image processing software.
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GIS Capacities and Activities at CIMMYT

J W White?

The development of GIS capabilities at the Centro Intdomal de Mejoramiento de
Maiz y Trigo (CIMMYT—International Center for the Improment of Maize and
Wheat), Mexico, is founded on the principle that the Cendbould maintain a
"credible mass" and not develop a major center for agtical applications of GIS.
CIMMYT requires in-house capabilities to apply GIS to imeaand wheat research
but just as importantly, the Center should be able to pigie effectively in regional
fora and in developing collaborations with national agtiaral research systems
(NARS) and other institutions. Underlying this strategythe belief that GIS is such
a large and fast-evolving field, that the Center is bretaevised to seek strategic
alliances rather than trying to satisfy all maize- or whed&ated GIS needs internally.

Activities of CIMMYT's GIS/Modeling Laboratory are divedl between
supporting the Maize and Wheat programs in such areaseasion of their crop
"mega-environments," and participating in the reseamttivities of the Natural
Resources Group, where the GIS/Modeling Laboratory himused. Examples of
ongoing research projects include developing methoals ifiterfacing GIS and crop
simulation models and characterizing wheat productiorimnments of the Andean
region. Major support projects for the Programs inclu@gwision of the maize and
wheat mega-environment classifications and a detailaddys of sub-Saharan maize
production regions. We also process numerous requestsnfoor support in project
proposal preparation, generation of crop distribution snagnd similar activities.

Awareness building is also a challenge. ResearchersCaMMYT are very
interested in GIS, and there is a need to assist them ikingaefficient use of GIS.
Our first step is to provide a one-day introduction to GI% the context of
CIMMYT's research needs. We expect to follow this witlstiuction in the use of
simple GIS tools, but it is unclear whether we should starth ArcView or the
simpler, ArcExplorer.

Recognizing our limited in-house capability, we rely on sdé collaboration and
on secondary data sources. Collaborators have includedCentro Internacional de
Agricultura Tropical (CIAT), the Integrated InformatioManagement Laboratory
(I'ML) of Texas A& M University, USA, and the Global Reswe Information Data

1. Centro International de Mejoramiento de Maizy Trigo (GAMT), Lisboa 27, P.O. Box 6-641, 06600
Mexico, D.F. Mexico.

White, J.W. 1999. GIS capacities and activities at CIMMYT. Pages 19i81GIS analysis of cropping
systems: proceedings of an International Workshop ormidaization of Databases for GIS Analysis of
Cropping Systems in the Asia Region, 18-19 Aug 1997, I@RiBatancheru, India (Pande, S., Johansen,
C., Lauren, J., and Bantilan, F.T., Jr., eds.). Patanch02 324, Andhra Pradesh, India and Ithaca, New
York 14853, USA: International Crops Research Institotetie Semi-Arid Tropics and Cornell University.
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(GRID)-Arendal. As our laboratory gains experience, ex@ect to extend these links
to a broader range of institutions.

Our laboratory has a single UN I X workstation and fR€s including a Windows
NT file server. The main group of software we use is thee lof Environmental
Science Research Institute (ESRI) products includirg/Info and ArcView. The
other packages used occasionally include Surfer and IDRIBOS and Windows
versions). We are in the process of evaluating varigueckages for spatial
interpolation including ANUSPLINE (Hutchinson 1995)h& cost of maintaining
the only UNIX system within CIMMY T has been high, so wee also studying the
option of migrating our workstation operations to an NTristation.

Although many scientists and NARS collaborators egpriterest in using GIS,
we have serious doubts whether "simple" GIS software siscArcView will be cost-
effective. Thus, we are exploring approaches for pdovg GIS or map viewing
functions with lower-cost software such as MapObjectdapObjects LT and
ArcExplorer (all products from ESRI, Inc.). The formewd packages require
interfaces written in Visual Basic or similar languagend seem best suited for linking
to databases such as the International Crop Informatgstem (ICIS) and the
Sustainable Farming Systems Database (SFSD). ArcExplmregssentially a map
viewing tool and would allow us to distribute largessef maps in electronic format,
either as compact disks (CD-ROM) or via the Internet.

Another approach to make GIS more useful is to devebmpstthat a scientist can
use together with a GIS specialist to conduct commondygfequeries of spatial data.
The Spatial Characterization Tool (SCT) developed bynJGlorbett and associates at
Texas A &M permits users to query climate, soil or otheidded surfaces to define
zones that are similar to a given point set of data or zdahat fall within a user-
specified range of values. The SCT is written in Arc/InfacMacro Language (AML)
for UNIX workstations, but the system is being porteddondows NT, which will
make it more accessible.

For GIS tools to be used effectively, users, whether inRN6A non-governmental
organizations (NGOs) or in the Consultative Group onefnational Agricultural
Research(CGIAR) Centers,will require accesdo large setsof spatially referenced
data. Such datawill become increasingly available over the Internet, butisi
unrealistic toassumethat individual researchersill have the time tcsearchfor all
relevant data. Thus, CIMMYT may need to serve a data orgam and re-
distribution function. We have already produced a compmhsk of soil and weather
data for CIMMY T staff in sub-Saharan Africa and arelabbrating with Texas A & M
University in the production of "Country Almanacs" thadmbine diverse sets of
spatially referenced data with map viewing tools pramgmed with MapObjects.

Developing capacity to interface GIS with crop modsla priority for CIMMY T
since this will permit the combined investigation of sphtand temporal trends in
production. To minimize the time dedicated to re-programgnGIS interfaces, we
prefer to use standard model and input and output formassevolved out of the
International Benchmark Sites Network for Agrotechnolo@yansfer (IBSNAT)
concept of "minimum datasets" and now being promoted bg tnternational
Consortium for Agricultural Systems Applications (ICA% (Ritchie 1995). Two
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tools for linking GIS to models are currently under rewieOne is AEGIS/WIN
(Engel and Jones 1997), which is written in the Avenue méaorguage of ArcView.
The other is the Mapping and GIS Analysis Tool of DSSAT 3Thornton et al.
1997). This tool links to GIS through file exchange and banused with various GIS
file formats.
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Software in Use at NBSS & LUP

A K Maji'

Introduction

The National Bureau of Soil Survey and Land Use Planning (SSUP), Nagpur,

India, was established in the year 1976. It is a premiestifation of the Indian

Council of Agricultural Research (ICAR), New Delhi, Iredi The objectives of
NBSS&LUP are to prepare soil resource maps at nationalte stand district levels
and to provide research inputs in soil resource mappisgil correlation and

classification, soil genesis (including soil minergyo and soil micromorphology),
remote sensing applications, land evaluation, land-ys@anning, land resource
management, and database management using GIS to optiange use. These
activities are carried out at six regional centers locadedangalore, Calcutta, Jorhat,
Nagpur, New Delhi, and Udaipur. The Bureau maps agroegicdl and soil

degradation at the country and state levels to assess amdtom soil health as a guide
to viable land-use planning. These research activitid®wse ultimate objective is
sustainable agriculture development have resulted in tHentification of soil

potential and problems. The Bureau has the mandate tcelade and classify Indian
soils and to maintain a National Register of all estdi®ds soils series. The institution
provides in-service training to staff of the soil surveagencies in soil survey
interpretation and land evaluation for land-use plagnin

GIS at NBSS & LUP

The need for a computer-based GIS to manage soil and lasalnee data was felt
essential as early as 1987. As a first step, NBSS&LURBNiEts were sent for training
to UK and USA. In 1989, a modest PC-based GIS with SPANS Yardi software
was obtained from the Natural Resources Institute (NRUK. This was the
beginning of application of GIS in soil resource managemeat NBSS&LUP. At
present, the Bureau has a Pentium PC-based GIS systerh digitizer, plotters,
printers, etc.

1. National Bureau of Soil Survey and Land Use Planning @ndCouncil of Agricultural Research),
Nagpur 440 010, Mahrashtra, India.

Maji, A.K. 1999. Software in use at NBSS & LUPPages22-24 in GIS analysis of croppingystems:
proceedings of an International Workshop on Harmonizatof Databases for GIS Analysis of Cropping
Systems in the Asia Region, 18-19 Aug 1997, ICRISAT-Rateru, India (Pande, S., Johansen, C., Lauren,
J., and Bantilan, F.T., Jr., eds.). Patancheru 502 324dh&a Pradesh, India and Ithaca, New York 14853,
USA: International Crops Research Institute for the Sefmid Tropics and Cornell University.
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Activities using GIS

The NBSS&LUP, being the nodal agency of the country in sméburce inventory, and
management uses GIS to maintain and characterize a hugeneoof data every year.
Major GIS activities include:

+ creating and updating the soil resource database &parid nonspatial)
» spatial modeling for interpretative results

* land use/land cover mapping

* landscape ecological studies

» studies on assessment land degradation

* agro-ecological zoning

» thematic mapping

* harmonization of datasets for interpretation

* information dissemination for district-level planning

* development of expert systems for land evaluation amd-lese planning
» design and development for suitable database managesysiems

To further the goals and mandate of the Bureau, the NatiSodl Resource Infor-
mation Center (NASRIC) has been created. This will be fih& soil resource data-
base in India based on thorough ground truthing and intensoil survey work. The
newly established Agricultural Research Information 8wyst(ARIS) Cell of ICAR
will alsobenefitfrom the NBSS&LUPdatabaseand GIS laboratory.

GIS packages

The NBSS&LUP has a host of GIS packages that are being wsagdomplish the
activities listed earlier. Some of them are also used faining and teaching. The GIS
software available at NBSS&LUP are:

Software Source Platform

SPANS Ver 5.1 Intra Tydac, Canada (PC-based) DOS
SPANS Explorer Intra Tydac, Canada (PC-based) Windows
PAMAP Ver 4.0 PAMAP Graphics, Canada (PC-based) Windows
IDRISI Ver 4.0 Clarke University, USA (PC-based) DOS
ILWIS Ver 4.1 ITC, The Netherlands (PC-based) DOS

Some of the above software are now being upgraded to laegstons.
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Future of GIS at NBSS & LUP

NBSS&LUP has plans to establish an advanced workstatased GIS laboratory
with better map printing/map generation facilities.hds been proposed under the
National Agricultural Technological Plan (NATP) to adee a highend workstation
compatible for GIS with a large working memory and bigdata storage capacity.
The software front is also proposed to be enrichedhwah advanced image analysis

system and GIS.
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Software in Use at ICRISAT

F T Bantilan Jr?

The GIS software in use at the International Crops Rekelarstitute for the Semi-
Arid Tropics (ICRISAT), Patancheru, India, since 1991,emhGIS was first intro-
duced, has been vector- and PC-based. The sharp defindfigeographic features
that is possible with vector-based systems is an afuadeature contributing to their
wide use. It is well suited to dealing with phenomenolagjic structured data (e.g.,
soil areas, land-use units, etc.) and network analyseeplehe or transport net-
work).

However, a raster-based system is more suitable for dpalirth continuously
varying variables such as temperature, rainfall, elemtetc., that are variables dealt
with in agriculture applications. Useful datasets avddafrom other CGIAR centers
and other institutions are often in a raster format. Mastlications of GIS require a
unified environment for vector and raster processinge Tdregoing reasons were the
motivation for the recent acquisition of a Unix workdten machine with a corre-
sponding software system that can deal with both ramsber vector data structures.

Software

A list of software in use at ICRISAT includes:

GIS software

* Arc/Info 3.4.2 (PC)

+ ArcView 2.0 (PC)

* Arc/Info 7.01 (Unix Workstation)

* ArcView 3.0 (Unix Workstation)

¢ Integrated Land and Water Information System (ILWIS)
+ IDRISI for Windows 2.0

1. GIS Unit, ICRISAT-Patancheru 502 324, Andhra Pradestia.
ICRISAT Conference Paper no. CP 1377.

Bantilan, F.T., Jr 1998. Software in use at ICRISAT. Pages 25i@651S analysis of cropping systems:
proceedings of an International Workshop on Harmonizatf@atabases for GIS Analysis of Cropping
Systems in the Asia Region, 18-19 Aug 1997, ICRISAT-Rdtaru, India (Pande, S., Johansen, C., Lauren,
J., and Bantilan, F.T, Jr., eds.). Patancheru 502 324,rariRfadesh, India and Ithaca, New York 14853,
USA: International Crops Research Institute for the SAnd Tropics and Cornell University.
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Database software

FoxPro
Access

Ongoing applications

Th
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e ongoing applications of GIS at ICRISAT are:
delineation of production systems in southern and eastdrica using the FAO
Length of Growing Period and Digital Elevation Model
characterization of production systems in southern aadtdtn Africa using the
continental datasets in the Spatial Characterization To®-ROM from Texas
A & M University, USA
relating area and yields of major legumes (including mradilseed, forage, and
green manure legumes) and their trends, to influence dbrfacof the physical
environment, biotic stresses, alternative cropping apioand socioeconomic
considerations in order to determine prospects for aed use and production of
these legumes in rice and/or wheat cropping systems ofnde-Gangetic Plain
estimation of spillover effects of sorghum germplaamd parental materials using
the FAO Agro Ecological Zones (AEZ).

asm mapping of wild relatives of groundnut in Latin Americarelation to
climate, in order to assess gaps in collections and toerstdnd the basis of
distribution of diversity
mapping of potential areas for peanut clump virus deseasd identifying high-risk
areas in the peanut-growing regions of India, based on g@adatic characteristics
of the survey points.



Software in Use at ICIMOD

B Bajracharya '

The Mountain Environment and Natural Resources InfoioratService (MENRIS)
at the International Centre for Integrated Mountain Depatent (ICIMOD),
Kathmandu, Nepal, has been working for the dissemimatocd GIS and remote
sensing technology in the Hindu-Kush Himalaya (HKH) aygi Its major activities
are: 1. capacity building of the national institutionstloé regional member countries
through training, hardware, and software support; 2ilding a digital database of
HKH at district level; and 3. conducting case studies fioe tapplication of GIS/
remote sensing (RS) to mountain-specific issues.

The main GIS and image processing software in use at MEWRIIMOD are:
* Arc/Info 7.0.3 Unix version

e Arcl/info 3.5 (PC)

e ArcView 3.0

» Earth Resources Digital Analysis Software (ERDAS) PG 7.

« ERDAS Imagine 8.0 for Windows 95

* Integrated Land and Water Information System (ILWIS) D®S Version
« ILWIS 2.0 for Windows

* IDRISI Version 4.0 for DOS

* IDRISI Version 2.0 for Windows

MENRIS is in the process of acquiring the Spatial Arsdland Network Analyst
extensions of ArcView GIS. It is using Arc Explorer, a freeftware from the
Environmental Systems Research Institute (ESRI) theat be downloaded from the
internet to train policymakers. Another software, Map€&dig, obtained from ESRI
is used to develop a computer-based training (CBT) pmogmn GIS. Through
special arrangements with ESRI and United Nations Emsrent Programme-
Global Resource Information Database (UNEP-GRID), dak, Thailand,
ICIMOD has been facilitating the distribution of ESRIfseare at special UN prices
to its collaborating institutions.

1. International Centre for Integrated Mountain Developm@CIMOD), PO Box 3226, Kathmandu,
Nepal.

Bajracharya, B. 1999. Software in use at ICIMOD. Pages 27-#8GIS analysis of cropping systems:
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J., and Bantilan, F.T., Jr., eds.). Patancheru 502 32dh#a Pradesh, India and Ithaca, New York 14853,
USA: International Crops Research Institute for the SAmd-Tropics and Cornell University.
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The hardware used for GIS and remote sensing (RS) at RENare:
IBM RISC 6000 3 BT servers

IBM 43P workstations
Pentium PCs with 32 to 64 MB RAM

Computer compatible tape (CCT), Exabyte, opticaldrs, zip drives and a CD
writer for data backup.
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Climate and Soil Surfaces

J W White !, J Corbett 2, and G Coutu 2

Climatic and edaphic conditions are primary determisasitcrop production. They
affect crop species both directly and through influen@m agronomic practices,
diseases, pests, and weeds, and socioeconomic factars; dity attempt to examine
spatial variation in crop production or of impacts of guction must consider the
effects of climate and saoil.

Traditionally, spatial variation in climatic and edaphdata have been presented
through maps. To reduce the potential number of maps acilitéde interpretation,
the information was often summarized as agroclimatic @meoil groups. GIS offers
tools for manipulating and presenting such data inaendynamic and quantitative
manner. Zones or groups may be defined for a specific $etrap or system-
dependent criteria. And the data may be coupled with sticlr tools as crop models,
to improve the accuracy and scope of the analyses.

Climatic and edaphic data can be represented in GIS regstssing both raster
(grid) and vector (polygon) formats. However, since hsudata usually show
continuous variation, raster formats are preferredr. &ample, total precipitation,
mean maximum temperature or surface soil pH may be septed as a raster surface
where each cell is assigned a value equal to the mean vailuédt map unit (Fig 1).

Source data usually come from measurements at specifittgosuch as weather
stations or soil sample locations. Thus, surfaces haveetarbated by interpolating
point data over the study area. There is still considerabihtroversy concerning the
best approach for interpolation. Simple methods such asimum curvature and
inverse-distance-squared weighting may be adequateefatively uniform areas with
high density of source data. However, for the more cargltuations that are typical
of agricultural systems, co-kriging (Kitanidis 1997),imhplate splines (Hutchinson
1989, 1995) or other methods of geostatistics are prefieriThese allow auxiliary
data to be used to further improve interpolations, anthesomethods produce
estimates of interpolation error.

1. Centro International de Mejoramiento de Maiz y T{@dMMYT), Lisboa 27, PO Box 6-641, 06600
Mexico, D.F. Mexico.

2. Texas A &M University, College Station, Texas 7784324JSA.

White, J.W., Corbett, J., and Coutu, G. 1999Climate and soil surfaces. Pages 3186 |S analysis of
cropping systems: proceedings of an International Wamron Harmonization of Databases for GIS
Analysis of Cropping Systems in the Asia Region, 18—19 A28y 1ICRISAT-Patancheru, India (Pande, S.,
Johansen, C., Lauren, J., and Bantilan, F.T., Jr.,.iancheru 502 324, Andhra Pradesh, India and
Ithaca, New York 14853, USA: International Crops Reselarstitute for the Semi-Arid Tropics and
Cornell University.
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Since elevation often has strong relations with tempemtprecipitation, and solar
radiation (Fig. 2), elevation is the "covariate" mostnuooonly used to improve
interpolations of climatic data within a region. Data fevation are obtained from
digital elevation models (DEMs) such as GTOPQO30, that gleelevation data on a
30 arc-second (approximately 1 km) grid (Anonymous 1997 generating surfaces at
the regional or continental level, problems have beeted in detecting rain shadows
and accounting for effects of large bodies of water. Thmsght be overcome with
additional covariates such as wind-direction and distdnoen coastlines. Alternative
approaches include using neural networks (Elizondo et1®94) or more complex
weather models (Daly et al. 1994).

Interpolating soil traits is more problematic since ythare influenced by parent
material, climate, and processes of deposition and emodimder the SOTER project,
efforts are underway to use DEMs and remote sensing to ingpnagional soil
mapping (Baumgardner 1995).

For the rice-wheat region, the only climate surfaces lalgté appear to be those
recently developed by the International Irrigation Maemgnt Institute (I1MI) and
the University of Utah (Fig. 1). These surfaces were baged the World
Meteorological Organization (WMO) data and other souraesd were interpolated
on a 2.5 km grid. They include both basic weather parametetdsderived variables
such as potential evapotranspiration. The developerheaset surfaces recognize that
these are preliminary surfaces and welcome other researeh participate in efforts
to improve thesurfaces(D. Molton, IIMI, personal communication). The GTOPO30
DEM (Anonymous 1997) may also be used to produce regionécas with a finer
grid size (approximately 1 km).

Although detailed soil maps (1:250,000 or 1:50,000) arelabi@ for most of the
Indo-Gangetic Plain region, these are not in digitizedfats. The main regional map
that can be used in CIS is the FAO 1:5,000,000 map. Besatentifying soil groups,
these have semi-quantitative data on depth, water holdapgcity, texture, pH, and
other traits that are more directly applicable to models.
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GIS Database for Mountain Agriculture

B Bajracharya !

Background

The mountain areas of the Hindu-Kush Himalaya (HKH) omgipresent great
challenges to the efforts of development. The socio-apodd diversity, marginality,
and fragile ecosystems of the mountains make the issussistdinable development,
environmental sustainability, and economic growth edifficult. The region sustains
over 150 million people. Further, it affects the lives ofrmdhan three times that
number in the plains and river basins of South Asia. Tagidly increasing mountain
population is adding to the poverty and illiteracy prexbs in the region. These
problems are strongly related to agriculture, forestryyedtock, urbanization
infrastructure, and a host of other interlinked issuEsere are issues involving food
and forest production, marketing and manufacturingd araintenance of sustainable
production systems, and locally specific issues of fasmgtruggling to make a living
amidst scarce resources.

The International Centre for Integrated Mountain Devetemt (ICIMOD),
Kathmandu, Nepal, works mainly at the interface betwesesearch and development,
and acts as a facilitator for generating new mountaircgeknowledge of relevance
to mountain development. With the primary objective ofpie§ promote the
development of an economically and environmentallyrabmountain ecosystem and
improving the living standards of mountain populationglie HKH region, ICIMOD
attempts to ensure that new knowledge is shared amohgekdvant institutions,
organizations, and individuals in the region.

Importance of agricultural development

Over two-thirds of the population in the HKH are depenton farming as their
primary source of livelihood. Hence, the task of overcoegnpoverty and improving
the well-being of mountain people must begin by addrgssihe problems of mountain
agriculture. The millions of small mountain farms mus seen as a focal point of
problems and also opportunities in sustainable maumtdevelopment.

1. Mountain Environment and Natural Resources' InforomaService (MENRIS), International Centre
for Integrated Mountain Development (ICIMOD), PO BoX82 Kathmandu, Nepal

Bajracharya, B. 1999. GIS database for mountain agriculture. Pages 37r4@1S analysis of cropping
systems: proceedings of an International Workshop anmdnization of Databases for GIS Analysis of
Cropping Systems in the Asia Region, 18-19 Aug 199RI8AT-Patancheru, India (Pande, S., Johansen,
C., Lauren, J., and Bantilan, F.T., Jr., eds.). Patanch@2u324, Andhra Pradesh, India and Ithaca, New
York 14853, USA: International Crops Research Institutéife Semi-Arid Tropics and Cornell University.
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The need for primary focus on agriculture is also validthe plains of the
developing countries in the region. The decisive dadbr development lies in the
improvement of the socioeconomic conditions in ruraharwhere the majority of the
population lives and whose main occupationis agricgt( APO 1997). Almostallthe
rural development programs in this region specifically 40 raise farm productivity,
with additional objectives of generating employment ogpnities and providing
adequate housing, schooling, and health facilities.

Need for an integrated approach

There has been a general lack of understanding of theralatund human processes
affecting these mountains in the past. The develogmieterventions that were
designed were often sectoral in nature and mainlyesfed the symptoms rather than
the causes of the problem. The available data on respusad environment are
generally dispersed among many agencies and canmoatobnpiled efficiently for
multisectoral, problem-oriented analysis. What iswnoeeded is an integrated
approach to sustainable development that reconciles é¢lonomic needs and
aspirations ofthe people with the requirementsiaintaining biological productivity
and ecological balance.

GIS as a tool for integration

Advances in computer and communications technologye haresented a unique
opportunity for planners and decision-makers to amplgcific systems and techniques
to address the issues of rural development in an intedratanner (APO 1997). GIS,
remote sensing, and global positioning systems (thet&8nology) are evolving as
efficient tools that integrate biophysical and socimeemic data which can be used to
develop alternative strategies to address complex anltigsimensional problems.
Advances in satellite image processing and computelysis have made it possible to
evolve a realistic, accurate, and uniform databaseatdlifate the decision-making
process.

Database as a foundation to a successful GIS

GIS is a computer-based system capable of holding amd wisita describing places on
the earth's surface. A strong database is the key tgutsessful application. It is
characterized by two forms of data: 1. attribute datatistics or textual, and 2.
geographical information, spatial or locational dat#&A(1988). Through analysis of
these two types of data using GIS techniques, it has nesore possible to more
effectively answer questions like 'where?', 'what?" avidat if?’

Database design concepts

A successful database is one that provides the prinaipars and stakeholders with
the information they need to make sound and timelyisiess and in a format the
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principal users can understand and manipulate (Lund L9%good design from the
very beginning is necessary for developing a succesktdbase. Database design is a
structured decision-making process about organizabdrgeographic and attribute
data in a GIS. Design allows the database to be viewed iantirety and evaluation of
how various aspects of the database need to interact. Idwsalfor the early
identification of major issues, potential problems, adesign alternatives (ESRI
1991).

Special aspects of GIS databases

The use of location as a special kind of key in a GIS is thpnconceptual difference
from conventional database systems. Since the spatial dgresent the features of
a real world, there are issues of appropriate projectiorts @ordinate systems to be
dealt with. Accuracy, precision, and timeliness are agntine various questions that
arise during implementation of GIS as we have to rely tthroaps and secondary data
which were designed in a totally different framework.

Designing a database for GIS application should have ad®mw perspective than
the traditional management information system (MIS). Tdéesign process of a
database has several steps (ESRI 1991). Any databasddsheudesigned with the
user in mind. The needs of users inside the organizationtlangotential users outside
should be assessed before beginning the design proc&mmgSmanagement, and user
support and involvement is necessary for a useful andtipedcdesign (Lund 1994).
Data availability needs to be assessed and the dataesqussues related to data
acquisition, scale, accuracy, and cost should also belwes. The system should be
implemented over a specified area to test for functiapal performance, and
flexibility before real implementation. The need for mwajchanges in the structure
may be realized while dealing with the real-life problemsidg the pilot study.

The final system should be able to meet the expectatianisfgrward by the users
during the needs assessment. However, the system sheuftkxible enough to make
some minor changes as may be required in the course of tOpen-ended systems
that offer possibilities for future expansion are moustainable (McCloy 1995).

Case studies for GIS applications in agriculture

The Mountain Environment and Natural Resources' InfoigratService (MENRIS)
at ICIMOD was established in 1990 as a resource centethim HKH region for the
study and application of GIS technology. Since then,ag focused its activities on
training and capacity-building for application of GIS daremote sensing (RS),
establishment of a digital HKH database for institutionatworking, and computer
applications and development.

MENRIS has carried out a number of case studies with ifpefocus on the
mountain areas. Two of its recent case studies aréeela the application of GIS/RS
to mountain agriculture: "Application of GIS for PlanniAgricultural Development
in the Gorkha District" and "Lamjung District Informatid@ystem 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 Technische Zusammenarbeit (GTZ), the
German agency for technical cooperation. Some of the approaches and findings of
the Lamjung study are presented here as an example of GIS database development
and its application to the real world situation.

The Lamjung Case Study

The scope of the project was to build up a district information system that would
enable the decision-makers in Lamjung District and the GTZ-supported project, and
its project partners to better visualize existing natural and infrastructural situations,
integrate natural science and socioeconomic data, and use the information thus gained
forimproved area-specific planning, and monitoring of programs and natural resources
(Trapp 1995; Trapp and Mool 1996).

Database design and development

The information system is based on primary aswell as secondary data (Tables 1 and 2).

There are two principal divisions in the group of primary information layers:

* information on natural resources and land use, retrieved 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 District Information System: baseline dat a layers.

Map scale/

Data layer resolution Source
Lamjung District boundary 1:50,000 LRMP 1986
Drainage system (rivers) 1:63,360 One Inch (IS 1960)
Elevation contours in 500-foot intervals  1:63,360 One Inch (IS 1960)

and spot heights
Land utilization in 1979 1:50,000 LRMP 1986
Land utilization in 1960 1:63,360 One Inch (IS 1960)
Satellite imagery 80m Landsat MSS, 3 Feb 1984
Satellite imagery 30m Landsat TM, 13 May 1994
Land capability in 1979 1:50,000 LRMP 1986
Land systems 1:50,000 LRMP 1986
Ecology and ecological zones 1:250,000 after Dobremez et al. 1970-81
Meteorological data of stations in central HMG Nepal 1966-86

and western Nepal
Road and trail network 1:125,000 Central Service Map, SBD 1989
Bridges and fords 1:125,000 Central Service Map, SBD 1989
Village Development Centre boundaries  1:20,000 HMG Nepal 1989

1:50,000 One Inch (IS 1958-62)

Settlement locations 1:63,360 One Inch (IS 1960); field survey
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Table 2. Lamjung District Information System: settlement d atabase.
Item Parameters
1. Households and population men/women, caste/ethnicity, landholding, age
2. Food sufficiency number of months
3.  Employment number of months and where
4.  Education/schools boys/qirls attending school: school type
5.  Services agriculture, health, post office, bazaar, police
6. Distance to services in miles and hours
7. People trained agriculture, health/cottage industry, masonry
8. Livestock types, number
9. Landuse type, agriculture, crop production
10. Community forestry location, size, user group, management plan
11. Grazing area of sheep winter/summer, other district
12.  Nurseries type (fruit, forest, vegetable), year, ownership
13. Landslides location, year, area affected
14. Drinking water facilities source, schemes, cost, status
15. Irrigation facilities source, schemes, cost, status
16. Cottage industries type, number
17. Development agencies NGO, year, number of households, sector

* information on population figures and other socioecnitodata, compiled from
the National Census 1991 and from a settlement level h&sslirvey covering
1110 settlements conducted by Rural Development thrdejfthelp Promotion,
Lamjung, in 1995 in collaboration with the District Ddepment Centers (DDC),

Lamjung, and the Village Development Centers (VDC).

This information was then applied to acquire more knowkediy creating
secondary layers, e.g., on the topography (aspectegjopdient), elevation zones,
climate (temperature and moisture regimes), agrociienabnes, and land cover.
Primary and secondary information layers were usedutbdbon models using raster
GIS (100 m resolution) in order to arrive at an approximabf: 1. land-use changes
over the last three decades, focusing on forest c@echanges in accessibility to road
infrastructure; and 3. potentialsin horticulturaltpto development.

Hardware and software

PC Arc/Info 3.5 was used for data input and digitizing. ILSVon a PC platform was
used for image processing. Arc/Info 7.0.3 on an IBM RISystem/6000 and AlX
Operation System was used for geographic analysis.

Data storage

The data are stored in PC Arc/Info format compiled inditdctories, i.e., coverages.
The database is either stored in <coverage name>\PBF.fles (i.e., polygon or
point attribute tables) or <coverage name>\AAT.DBF f{lies., are attribute tables).
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The \PAT.DBF and \AAT>DBF database files can be retriewadl updated using
dBASE software.

Constraints and limitations

Despite technological advancement of GIS and RS, theimatic declining costs, and
improved user-friendly software, the potential benefifsGIS have not been fully
exploited (Pradhan and Shrestha 1997). The use of GIS and RS mvolve
awareness of the limitations of not only the availableadatit also the understanding
of environmental processes and the technology in use.

In the HKH region, it is not always the technological ti@s that prevent
successful GIS implementation. There are such other imgitfactors as data
standardization, data access and exchange, deficnenitutional framework, complex
topography, and lack of trained personnel.

Data quality and standards

One ofthe key issues facing GIS usage today is the abséaceeptable standards in
the region. GIS can be useful only ifthe accuracy and ssibdity of information is
standardized. As in the case of Gorkha and Lamjung studsgs, accuracy was limited
by the fact that the main features of the database weretidégi from maps on
different scales. Maps of Village Development Center (V)Di@undaries available
from the cadastral survey are not complete and are withoopgr reference points.
The quality of the database on settlements varies from VD & DoC due to the
varying degree of accessibility and inconsistency of ematoes. The initial idea to
apply GPS technology for this purpose had to be dropped duketdack of a handy
instrument and the large number of settlements that madmpgossible to visit each
of them.

Data access

Unnecessary restrictions of topographical maps in thgiore l[imit their use. The

policy in this respect should be rational, keeping in ththe pace of modern trends,
without compromising the specific needs of individual ctigs. There is also a need
for institutional arrangements, both within the individumuntries and within the

region, to facilitate mutual sharing of data. The ultimgtal should be to develop
national and regional GIS capabilities with appropriasgworks interlinking them.

Conclusion

There are many hurdles and limitations in applying GIS in theuntain areas,
specially in a less-developed region like HKH. Howeverjsitessential to make the
best use of what is available and take advantage of the dewelots in global
technology trends. With more case studies and pilot gotsj, there is a need for
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developing methodologies and models to address monxsf@ecific problems. And
above all, it is important to share the knowledge thus ghimed disseminate
the technology for the benefit of the people. The fruitfularshg of knowledge
or information demands standardization of databasesta ddefinition, and
methodologies.
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Farming Systems and Socioeconomic Database
for the Hindu-Kush Himalaya Mountain Region

P M Tulachan'

Background

Mountain ecosystems in the Hindu-Kush Himalaya (HKH)yion are complex and
characterized by what the International Centre for Ina¢gd Mountain Development
(ICIMOD) calls mountain specificities, such as inaccbdily, marginality, fragility,
diversity, niche, and adaptation mechanism. They ainsf a range of unique agro-
ecological zones; each has specific agricultural/fagnisystems, and a mosaic of
socioeconomic diversity such as diverse ethnic groupd @mmunities with specific
socio-cultural values and local dialects or languages.

Presently, there is a lack of systematically collected aallated data characterizing
each agro-ecosystem in each unigque agro-ecological ,zerteich can be used to
effectively address the specific needs of peoples und&erént mountain farming
conditions. Therefore, one of the major programs for a@onsble mountain
development should be a systematic, quantitative expilomaand characterization of
agricultural systems and societies in the HKH.

These comprise a valuable resource to characterize #pegificultural systems and
farming communities to formulate mountain-specific dbbpment strategies and
policies for alleviating poverty and conserving the gonment.

This paper briefly describes five broadly classifiedniamg systems inthe HKH. It
addresses specific issues like, "Why is there a need fatifeerent approach in
collecting agricultural systems and socio-economic datéhie mountains”, and "What
kinds of data are important and how are these data goihg tesed for modeling?" The
relationships between these data and GIS and remotenge(RE) technologies are
described. Finally, some practical issues of collegtireliable field data are also
presented.

1. Mountain Farming Systems Division, Internationaln@e for Integrated Mountain Development
(ICIMOD); PO Box 3226, Kathmandu, Nepal.

Tulachan, P.M. 1999. Farming systems and socioeconomic database for timelu-Kush Himalaya
mountain region. Pages 45-58 GIS analysis of cropping systems: proceedings of anrrat®nal
Workshop on Harmonization of Databases for GIS AnalyEBropping Systems in the Asia Region, 18-19
Aug 1997, IGRISAT-Patancheru, India (Pande, S., JolmarGe Lauren, J., and Bantilan, F.T., Jr., eds).
Patancheru 502324, Andhra Pradesh, India and Ithaca Ywrk 14853, USA: International Crops
Research Institute for the Semi-Arid Tropics and @Gdruniversity.
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Mountain farming systems

Mountain farming systems represent various specific fhgsical conditions and
socioeconomic circumstances of mountain communitielse Tive broadly classified
farming systems in the HKH are described below:

Pastoral farming systems

Pastoralism is an entirely livestock-based farming whioitludes nomadic,
transhumant, and sedentary systems. Animal herdsegmr high pastures and
rangelands during the summer. During the harsh wintersef fscarcity, they are
taken to the foothills and mountain valleys and graze falfeelds. Crop residues,
straws, and stovers supplement the feed needs. Pastaraling is commonly
practiced in the high northern mountains of Nepal, Bhutand bordering areas
between Pakistan and China. The landscape comprisghldrid pasture and
rangeland.

Agro-pastoral farming systems

This is predominantly a livestock production system coempénted by subsistence
foodgrain crop cultivation. Subsistence crops are growrriger beds or on the flat
land of narrow valleys. Animals are raised on highlamdtpres during the summer,
and taken to the valleys and foothills (lower hills) durthg harsh winters. Livestock
is the main source ofcash income. Such farming systemsias¢ common in the high
mountains of Pakistan, Nepal, India, and Bhutan.

Farming systems dominated by foodgrains or mixed crops

Subsistence food crops such as wheat, maize, barleyiqgodad millet dominate the

system with a few head of livestock integrated with cropdurction. Some pocket
areas, having access to road networks, grow cash cropsasugotato, onion, and garlic
for commercial purposes. Generally/flat valley andiierriver bed fields are used for
the cultivation of major foodgrain crops such as rice wheéat. Cereal food crops such
as maize and millet are grown on upland slopes, and steegitteis used to grow

potato. Thisis a common practice in Nepal, India, andtBhu

Farming systems dominated by orchards or horticultural crops

This type of farming system is also called niche-based fagnof high-value cash
(HVC) crops. Various pockets in the mountains have extely favorable agroclimatic
and soil conditions suitable for a variety of fruits, veddés, vegetable seeds,
spices, herbs, and medicinal plants. While apple fagnmnBaluchistan (Pakistan) is in
flat valley bottoms, it-is mostly on upland slopes in Hirhat Pradesh (India) and in
the Rapti Zone (Nepal). Citrus, mainly mandarin, is my<iultivated on upland
slopes of mid-mountains of Nepal and Bhutan. Wherevegation water is available,
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the cultivation of fruits is intercropped with the prodicat of vegetables, vegetable
seed, leguminous forages, and fodder grasses. Therédwas an increasing trend of
growing off-season vegetables on upland slopes.

Shifting jhum farming

Commonly practiced in northeastern India, Bhutan, somé-mountains of Nepal
and bordering areas between Myanmar and Chn or shifting agriculture in these
areas is now at a crossroads due to increasing populatessyre resulting in less time
for regeneration of vegetation. Traditional approach@sjhum cultivation are still
being employed and are sustainable in some parts ofthe HKIHer tree basefhum
farming in some areas of Nagaland is an examyamfields are also afforested with
indigenous tree species. Ecologicaljgum farming is a favorable option if sufficient
time is allowed for regeneration of natural vegetationt b order to make it
economically viable, the sound development efforts enhy local people should be
complemented by the introduction ofimproved seed andlfeeti technologies.

Database of mountain farming systems in HKH—attempts
at ICIMOD

It is generally agreed that the national governments'cdfiagricultural statistics are
inadequate to deal with the data gaps in agricultural esyst (Rhoades 1997).
ICIMOD, as an international center for mountain develepm has a comparative
advantage in creating a systematic database and informatystem on mountain
agricultural/farming systems, with the ability to retregwstore, and integrate datain a
computerized form that is complementary to other datebaA systematic database
on mountain farming systems and communities is neededomby for research
targeting and prioritization, butalso equally importéortagricultural planning, policy
analysis, and advocacy.

ICIMOD has begun creating a systematic computerized ds¢éalday using
Microsoft Access for Windows 95. The purpose is to captapecific mountain
farming and socioeconomic data in a systematic and usendly way in the form of
graphs, figures, tables, and trends. Presently, we simgusecondary sources such as
government statistics, gray literature, travel repprtonsultant and project reports,
case studies, and monitoring and evaluation reports eéws projects.

We are also making sure that the data structure is comleatitih GIS applications.
We can establish a link between attribute data created ireparate Database
Management System (MS Access 95) and GIS software to mpreseecific
socioeconomic attributes/characteristics of mountaommunities and farming as
graphics or maps.

The database should be like the Himalayas and the Himalgeople: always
changing, shifting, and adapting (Rhoades 1997). By rfva sound database,
ICIMOD will have a unique opportunity tassistH KH countries in planning, and
program and policy formulation for the agricultural desgment of mountain areas.
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Remote sensing (RS) technologies

Although GIS/RS technologies are powerful enough tosdatial analysis, there are
many non-spatial attributes that would become equatipartant for planning and
programming, policy analysis and decision-making. &cample, diversity in terms of
socio-cultural values of different mountain communiteasd their farm economies;
profitability or economies of farm enterprises, aratrh technologies; interactions
among different crops; and lowland-upland linkages careocaptured by GIS/RS
technologies, but these are crucial in the decision-mgkprocess. Agricultural
productivity and soil fertility data need to be colledtto examine trends in
productivity in relation to the declining/increasingvid of soil fertility. Many other
data such as the use of different crop varieties andtsipuch as composts, chemical
fertilizers, and pesticides are required for policwalgsis and planning purposes.

Need for a different approach for collecting agricultural
systems and socioeconomic data in the mountains

This is crucial in view of the fact that much of the pasirk on agriculture and
socioeconomic surveys conducted by various orgarimatihas not emphasized
mountain characteristics (landscape, aspects and tyff@sming systems, etc.) while
collecting data. Much emphasis was given to a samdliamework based on farming
population irrespective of mountain specificities afmdming systems types. As a
result, the data collected do not represent specifianfag and socioeconomic
conditions, and consequently are of limited use fasearch targeting and
prioritization, and area-based planning or microdeplanning and policy analysis.

Landscape largely determines the type of farmingeystThe fertile valley, river
basin, and semi-irrigated terraced fields are generallyivated with summer rice and
winter wheat. On upland slopes and steep terrain, sigingis crops such as maize and
millet are grown. However, the relatively accessibleaarhave upland slopes being
used for cash crops such as off-season vegetables ard.fRarming communities and
their socioeconomic circumstances may also influettoe type of farming system
under a specific mountain condition.

Therefore, there is a need to develop a survey researethodology which
considers the biophysical and socioeconomic diversiftyh@ mountains with an
objective of identifying comparable areas for the exuie of knowledge, experience,
and technology in the region.

Contents of database

Ultimately, the aim is to create a Computerized Mountaigri&ulture and
Socioeconomidatabasehatwill assistin forming effective decision support systems
for sustainable agriculture development. The emphasisbe on:

« information profiles of socioeconomic attributeswduntain farming communities.

e characteristics of agricultural systems in eachquiei agro-ecological zone tfti the
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knowledge gaps about diversity of mountain agriculturetesys and farming
societies of HKH.

» systematic delineation of comparable farming systemthim each ecoregion, and
identification of constraints and opportunities of eacimparable farming system
for research planning, targeting, and priority setting.

» economic importance of the farming systems in questiond aotential for
extrapolation of knowledge/results at appropriate sdaleels, and technologies
between similar systems (Rhoades 1997).

+ farm economies of farming systems in each unique agotegical zone, including
their economic roles in the light of the rapid transforioatin the HKH.

Field-level data from a few selected representativaintain districts in each ofthe
HKH countries will enrich the agriculture and socioeconomiatabasesystem.
However, emphasis should be on GIS/RS technologies, mfdouthing of secondary
data, and collection of primary data.

Modeling for agricultural development planning and
decision-making

District data can be used for modeling the district as a whadacentrating on
problems like food security for evaluating different intentions. Such models can
concentrate on:

« enhancing agricultural productivity and food security

e improving farm income and employment

For this purpose, we can first assess the present aturallsituation in terms of
productivity, farm income and employment, food secustgtus, and constraints and
opportunities. Based on this assessment, simple algui@l models can be developed
focusing on food security and farm income with interventimptions that can be
controlled by planners and decision-makers. The model provide a series of
different options (attribute data output) as a decigsianu for agricultural planners.
For example, a model can be developed on governmentypoiiput subsidy versus
output subsidy—which one is cost-effective in addregdime food security issue in
accessible areas versus inaccessible areas? Agricultural decision-makerswill be
interested in such practical issues that are directlgviant to their planning processes.

The data output can be generated first by using linear mmgring conducting
sensitivity analysis. Then, a GIS expert needs to eistablinks between these
attribute data output and existing spatial informatioenfpte sensed or otherwise)
using GIS software, resulting in maps, showing land-pken, crop suitability, food
surplus/deficit area, and accessibility for appropgidargeting of different segments
of the population within a particular district/state/prnoce.

Field-level data need to be collected by survey methoalgidrrural appraisal (RRA)
and primary rural appraisal (PRA). With these data/affiyseveral specific models,
e.g., the optimal land-use system, can be developed &b wéth specific farming
systems, population and area within an administrativie (eng., district). Mountains
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have location-specific problems because of diverse jsfral and socioeconomic
conditions. For example, the present GIS-based crop lsiliitta model that takes into
account biophysical suitability might misrepresent argeowing certain crops very
specific to a particular mountain environment and whopecHic parameters are
difficult to be used/identified in the model.

Practical issues of reliable agriculture and socioeconom ic
data collection

While we collect primary data on agricultural systems aodieeconomic data, we

need to generate reliable and relevant data. Use of aielidata misleads planners

and decision-makers. So, itis crucial for both top-levi@ahpers and field workers to

understand practical issues of collecting reliable fiedtad

* Quedtionnaire design. Including relevant questions is absolutely essential. Thiis
save both the researcher's as well as the farmer's.tihéh a properly designed
guestionnaire, an interview with a farmer should notaste than 2 hours. In the
mountains, because of various socio-cultural settingsme interviewees are
conservative and some are open. The checklist and sunvestionnaire should be
framed in such a way that they do not include sensitive ighuidsmay offend local
farmers.

* Coordination and database. There are some cases in Nepal of the same institutions

conducting the same type of interviews 4 to 8 times at theessite and district.
Such overload would cause reluctance by farmers to cadpein the future.
Maintaining a systematic database, and making a thoraoegtew of the available
data can avoid such problems.

+ "Bossism". An aggressive attitude makes farmers nervous and rettidtaanswer
openly, leading to unreliable data gathering. Farmersukhte approached in a
manner that will make them comfortable. Mountain peoptemoud people—no
matter how poor they are and how hard they have to work, kikeyto live with
dignity.

» Selection of enumerators. In most of the projects, the enumerators are recruited
from city or urbanareasand are giverittle training. Such enumeratorwill have
both socio-cultural and communication problems in the main areas. Only
enumerators who know the local dialect and cultureusthde recruited.

» Expert judgment. The researcher's expertise and judgment, and field oasens
are important to cross check the data filled in by the esmators. Furthermore,
asking for data on income is sensitivewltl always be preferable forr@searcheto
compute or estimate the income status of a farm houseimsit@ad of directly
asking the farmer.

» Elite and male farmer bias. A common practice for a researcher is to target elite
farmers or influential farmers. Secondly, there is a gahtrndency to only talk
with the household head—usually a male farmer—and notssgily the real
workers. In orderto getreliable data, the interview dddoe conducted with those
family memberswho are directly involved in a particulamiaactivity. Forexample,

50



90% of livestock management activities are being carrdeit by women in the
mountains of Nepal, hence they should be targeted for viders about this
activity.

» Disciplinary bias. This is a serious problem. A researcher's backgroundccmake
a big difference in terms ofthe purpose of data collectelimimplementation. A
multidisciplinary team is therefore needed.

* Wrong approach. Scene setting is important to explain facts and purpdsegata
collection. The confidence ofthe target group needs tgdieed. The ultimate use
of the data and information should be explained and expecmtregarding the
outcome should not be raised.

* Wrong timing. In order to obtain reliable data, farmers should be appredat the
right time and/or in the right season. For some ethnic grodpsing the off-season,
itwould be in a tea shop where many farmers relax. Durimgpidak season, it may
be the lunch hour around noon. For some ethnic groups, itiing the evening
when they are relaxed. Wrapping up ofthe interview shdngdlone tactfully.

» Training and monitoring. All personnel conducting the survey need proper
orientation and training about the objective of data catilen. For formal surveys,
enumerators from the local area must be well trained, tred need to be
supervised during the survey work. Proper monitoring dgrand after data
collection is necessary.

» Efficiency and cost effectiveness. This depends on proper planning and defining the
objectives and usability ofthe data collection. Therelisags a danger of collecting
too much data. Framing data in a clear and concise mannesdosg'lconvenience is
another important consideration. Entering only relevaatadin a computer;
analyzing relevant data and information; and presentingm in a concise and
readableform will increase efficiency and cost effectiveness of tfatabaséeing
assembled.
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Prospects for Legumes in the Indo-Gangetic
Plain—Database Requirements

M Ali! and S Pande?

The Indo-Gangetic Plain (IGP) is spread over Sind, PunBaluchistan, and part of
North-West Frontier Provinces of Pakistan; parts ofjRobpnHaryana, Uttar Pradesh,
North Bihar, and West Bengal States of India; the weastand central parts of
Bangladesh adjoining the border of West Bengal (India)d #re southern Terai of
Nepal. Agriculturally, this region is highly productiaad contributes substantially to
food security inthe component countries. Rice and wlhaeathe predominant cereals
often grown in sequential cropping under irrigated coiwndi$, and sugarcane, cotton,
and potato are the major commercial crops. Important fegdmes include chickpea,
lentil, peas, pigeonpea, groundnut, soybean, urdbeamg bean, and cowpea; they
are generally grown on marginal lands in rainfed areasviarde cropping systems.

Cultivation of rice and wheat in sequential cropping oviee tyears has led to
problems of "soil sickness", nutrient deficiency, salinization, and a lowering ofthe
water table. These problems have raised concern amongudigiral scientists,
policymakers, and farmers as to the sustainability dfeat cropping systems.
The inclusion of legumes as cash, intercrop, green maanureain crops is widely
acknowledged as an important management practice tcedser sustainable crop
production ofthe total system.

In recent years, new cropping systems that involve leguesrice-wheat-cowpea/
mungbean, rice-chickpeallentil, cotton-chickpea, wrdnut-wheat, soybean-wheat,
pigeonpea-wheat, etc., are being popularized. Howewbe low and unstable
productivity of legumes due to several biotic and abiatostraints slows the rate of
adoption. It is therefore imperative to systematicallyalgne the climatic, edaphic,
biotic, and socioeconomic factors and farming systems eflt&P, and identify the
most productive environments for legumes. This can beedmn using databases for
each legume to be popularized/introduced in the ceresd¢baropping systems.

Databases on the following aspects are needed if GIS li¢ tosed to analyze and
develop cropping systems with particular emphasis on paspfor legumes.

1. Division of Agronomy, Indian Institute of Pulses Reska{lIPR), Kanpur 208 024, Uttar Pradesh,
India.

2. ICRISAT, Patancheru 502 324, Andhra Pradesh, India.
ICRISAT Conference Paper no. 1378.

Ali, M., and Pande, S. 1999Prospects for legumes in the Indo-Gangetic Plain—datakequirements.
Pages 53-54in GIS analysis of cropping systems: proceedings of an latemal Workshop on
Harmonization of Databases for GIS Analysis of Croppipsténs in the Asia Region, 18-19 Aug 1997,
ICRISAT-Patancheru, India (Pande, S., Johansen, Q@relna J., and Bantilan, F.T., Jr., eds). Patancheru
502 324, Andhra Pradesh, India and Ithaca, New York 148523,: International Crops Research Institute
for the Semi-Arid Tropics and Cornell University.
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Climatic

Quantitative datasets (time series) on such climaticabdes as rainfall (amount,
distribution (weekly), onset, intensity, withdrawdkpendable period, and coefficient
of variability, drought-intensity, period and frequenqgyobability of hailstorm);
temperature (ambient mean, maximum and minimum (wegekinost probability,
period and intensity of occurrence); wind (period and msiey of hot winds); relative
humidity; sunshine hours; evapotranspiration, etce assential for temporal and
spatial analysis and characterization of the environnoéthe IGR.

Edaphic

Physiography (topography, latitude, longitude, altiéudrainage); physical properties
(soil texture, structure, bulk density, permeability ptle, presence of hard layer, water-
holding capacity); chemical properties (soil pH, soiganic matter, cation exchange
capacity, available nutrient status, nature and exaéaodicity, salinization and acidity),
and quantification of soil biota are the important and tmeeded time series data.

Biotic
Time series datasets on insect pests, diseases, nematndegeeds, their occurrence,
intensity, yield loss caused by them, their natural eesmiand alternate hosts on

which they survive or perpetuate in the off-season are redde the meaningful
characterization oftherice-wheat-legume croppingeyst of the IGR

Farming systems

Detailed information on the nature and type of enterprisad &heir relative
contribution to family total income; crops and croppingtgyns (area, production and
productivity of different legumes district-wise); irriggan (resource-capacity, source,
method, cost) etc., are needed to identify the role afrfegs and assess prospects for
greater inclusion of legumes in rice- and wheat-baseg@ming systems.

There is also a need to quantify availability and use ahfarachinery and equipment
(type of farm implements and machineries, extent of meidadion, custom hiring of
heavy machines), and other production inputs (seedslifers, chemicals, etc., and their
availability, use, cost benefit ratio), and related vdaator the economic assessment of
the present system and scope for legumes in the existingicrggystem.

Socioeconomic

Socioeconomic datasets of farm family size, income, @mrdhasing capacity, literacy,
size of holding, marketing infrastructure, price indexntestic requirements, credit
facility, agro-based industries, etc., are required tokvout the economical feasibility
ofincluding legumes in cereal-based cropping systems.

54



Socioeconomic Datasets and Use of GIS

P K Joshi, S Pande, and M Asokan 1

Introduction

GIS is one of the most powerful tools, now widely used,utalerstand various
agricultural problems more precisely. Voluminous anom@lex datasets on
socioeconomic variables complemented by a range of agna¢ic and environmental
data can be analyzed and projected more effectively withatleof GIS. The use of
GIS in socioeconomic research can be grouped into the folgwmportant areas:
1. characterization of production systems, 2. delinegatdd regions according to
adoption of improved technologies, and distribution oflfaee gains, and
3. identification of regions which may respond to policy atethnological
interventions for social welfare. Each research areeds large datasets and adequate
understanding of GIS application.

The main objectives of this paper are to: 1. list the essletatasets needed for GIS
application, 2. refer to socioeconomic data sources amalysis using GIS, and
3. cite a few examples of GIS application in socioeconomseaech.

Essential datasets for GIS

Socioeconomic datasets alone are of little significandess appropriately supported
by agroclimatic and environmental data. The followingadats are useful for GIS
applications in analytical socioeconomic research:

* Land-use pattern.Geographical area, forest area, area put to nonadtill uses,
barren and uncultivable land, permanent pastures ahdrograzing lands, land
under miscellaneous tree crops and groves not includechénnet area sown,
cultivable wasteland, permanent fallow, current falJonet area sown, area sown
more than once, gross cropped area.

» Area, production, and vyield of principal cropSpatial and temporal information on
area, production, and yield of all cereals, pulsesseatls, cash crops, fruits, and
vegetables.

1. ICRISAT, Patancheru 502 324, Andhra Pradesh, India,

ICRISAT Conference Paper no. CP 1379.

Joshi, P.K., Pande, S., and Asokan, M. 1999. Sociaecimdatasets and use of GIS. Pages 55&lIS
analysis of cropping systems: proceedings of an Inteonmal Workshop on Harmonization of Databases for
GIS Analysis of Cropping Systems in the Asia Region, 98Alg 1997, ICRISAT-Patancheru, India
(Pande, S., Johansen, C., Lauren, J., and BantilanJF,Teds.). Patancheru 502 324, Andhra Pradesh,
India and Ithaca, New York 14853, USA: International Cropsdarch Institute for the Semi-Arid Tropics
and Cornell University.
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Input use. Spatial and temporal statistics on area under high-yngldvarieties,
irrigation, human labor, animal draft, fertilizer, pestie, machinery, and the cost of
cultivation.

Output and input prices. Spatial and temporal information on farm harvest and
retail prices ofimportant crops and the prevailing ihptices will be required to
examine the cost, profitability, and competitivenessibffedent crops in the region.
The crops should include all cereals, pulses, oilseedsy casps, fruits, and
vegetables. Data on input prices must include the prioé seed, fertilizer,
pesticide, labor wages by operation and gender, animallqbk) rental values,
machinery hire charges, and cost of irrigation.

Information on irrigation. Gross irrigated area, net irrigated area, irrigated ayea b
source, number of private tubewells, number of public tublésy number of
pumpsets (oil and electric), irrigation potential, cobivater.

Economic variables. Total work force (by gender), dependence on agriculture,
agricultural laborers, poverty indicators (per capitaome, number of poor, etc.),
import and export ofagricultural commodities.

Demographic information. Total population, urban population, rural population,
distribution by age and gender, literacy indicators (prdpn of literate males and
females), mortality rate.

Rural infrastructure. Density of roads in rural areas, and number of regulated
markets, rural banks (nationalized, cooperative), giéed villages, sugar factories,
other processing mills, research centers, technologystearagencies, staff engaged
in technology transfer.

Biotic and abiotic constraints. Information on the extent of damage caused due to
biotic constraints such as pests, diseases, and weedspahidation of pesticides,
insecticides, and weedicides. Similarly, information dre textent and damage
caused by drought and other abiotic constraints is ¢isden

Degradation of natural resources

- Land degradation and waterlogging. Type of problem (@bpem may be de-
fined as soil erosion, rills, gullies, waterlogging, salinity, runoff, etc.), extent
of land degradation, soil type, soil depth, area affetigdvaterlogging, dura-
tion of waterlogging, water table, extent of rainwater-affi, estimate of yield
loss due to land degradation.

- Resource allocation to affected areas. Crops grown factdd areas, use of
different inputs for crop production in affected arealdi and net returns
under different levels of degradation and waterlogging.

- Alternative use of degraded land. Area under forest, angemgrassland, area
reserved for animal grazing, any other use of degraded. land

Land and ownership. Owned land (irrigated/unirrigated), leased-in land skxout
land, operated area, fallow land, quality of land, numbdragments, location of
fragments, cropping pattern by season.



Adoption of improved technologies. Adoption of improved technologies by crop and
by variety, yield gains due to improved technologies, inecand other benefits due
to improved technologies.

Climate and soil. Information on rainfall, temperature, evaporation, ggie, soil
depth, etc., are essential for the meaningful use of @aliglentifying the suitability
of weather and soil for particular cropping systems.

Data source

National, district and block-wise information may beleated on the above variables
depending upon the analyses and objectives. Major datawaiéable from published
and secondary sources. However, there is often a need gplesnent data from
primary sources.

Important sources of State-wise data in India are aWid:
- Area, Yield, and Production of Principal Crops

— Agricultural Situationin India

- Fertilizer Statistics

~ Agricultural Census

— Season and Crop Reports of different States

-~ Population Census

- Bulletin on Food Statistics

~ Livestock Census

— Economic Survey

- Indian AgricultureinBrief

- India Meteorological Department

- National Bureau of Soil Survey and Land Use Planning (NRESP)

For other countries, statistical bulletins of respeetiaountries can be consulted.
These can be supplemented by the FAO Production/TradeéliZertYear Book.

Information on land and water degradation is not readilgilable from published
sources. In India, some State-wise estimates are almilabd documented in the
publication "Indian Agriculture in Brief". District-wies statistics on waterlogging
and land degradation are rarely available. One has to r@lsenon survey data at
benchmark sites. The survey may be undertaken to measwe ektent of

waterlogging and land degradation. In India, the followsBayrces could provide
this kind ofinformation:

~ National Bureau of Soil Survey and Land Use Planning (NRESP)
— National Remote Sensing Agency

— Central Soil and Water Conservation Research and Traihisgitute
~ Ministry of Environment
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- Ministry of Irrigation
- Soil conservation departments in different States

» Aliterature review will provide substantial informan about biotic and abiotic
constraints to agricultural production.

* Published information is now available on the adoptodmmproved technologies
(particularly improved varieties, use of fertilizers, igation, application of
pesticides). However, reconnaissance surveys are swgefor detailed datasets on
variety-wise or specific technology-wise adoption. 8ary, yield gains and
distribution of benefits can be generated through recssaace surveys.

Analysis using GIS

The datasets listed above can be used in a variety of wah®.cén aid in delineating
regions to understand the production systems more systeatly; a few examples are
cited below:

- delineation of production systems

- high-andlow-growth regionsin foodgrain production

- food surplus and deficit regions

- target technologies according to constraints and teauyotraits

- target policies according to resources and socioeconaimiccture
- extent and damage due to degradation of natural resources

- extent and severity of damage caused by biotic and abgbtésses

Case studies

Differences in agricultural performance in the semi-ari d tropics of
India

A study was conducted to understand agricultural perfoimean the Indian semi-arid
tropical (SAT) regions (Joshi et’a). The study was confined to the 136 districts in
India (now reorganized to 156), that have the charactesisif a SAT environment.
District-level data on key variables were collated fromrious published and
unpublished sources, including the District-Level Dataseaintained at the
International Crops Research Institute for the Semi-Aridpics (ICRISAT) from
1960 to 1990.

A wide range of crops can be cultivated in the SAT region taets wide
agroclimatic diversity. These range from high waterarsgps like rice and sugarcane to
low water requirement crops like millets, oilseeds, psisetc. To better identify
constraints and propose appropriate solutions, promtin@opping systems were

1. Joshi, P X, Asokan, M., Chandel, B.S., Virmani, S.M., &adyal, J.C. 1997. Agriculture performance
differences in the semi-arid tropics of India (Unpub&dh
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delineated using cluster analysis. The share of eacp ¢mothe gross cropped area
during the triennium average ending 1990-91 was usedkay ariterion to delineate
clusters of districts with similar crops and cropping seyss. The cluster analysis
yielded 13 major cropping systems that were mapped with e &f G1S (Fig. 1).
To examine agricultural performance in the Indian SAT, tbBowing indicators
were compiled: 1. agricultural income, 2. crop yields,i8kand uncertainty, 4. crop
intensification, 5. crop diversification, and 6. sustbility. These indicators were
superimposed over the cropping systems using GIS. Somdtaes observations are
listed below:
« rice-wheat, and rice-based cropping systems were éakciat the most favorable and
well-endowed regions in the SAT

e cropping systems, like sorghum, pearl millet-sorghwand cotton-sorghum, were
confined to marginal and fragile environments that werkerable to degradation
of soil and water resources. These systems were charaeteras rainfed,
subsistence, poverty ridden, and prone to degradation.

» rice-wheat and rice-based cropping systems were higwgr and low-risk zones,
while sorghum, and pearl millet were low-growth and higsk zones.

« adoption of improved technologies was much faster ihlv@adowed regions than
in poorly endowed regions.

Adoption of wilt-resistant pigeonpea variety ICP 8863

A series of studies have been undertaken at ICRISAT to traskndthe spread and
impact of improved cultivars in farmer's fields, and thH®reto demonstrate, in
guantitative terms, the benefits that flow from reskaiovestment in genetic
resources, genetic enhancement, pathology, and tesgndtansfer. One such study
by Bantilan and Joshi (1996) reported the results for 18633 the wilt-resistant, and
medium-duration pigeonpea cultivar releasedvisuti.

Pigeonpea is generally grown in highly variable SAT enmm@&nts, where adoption
is not expected to be uniform. GIS was used to identify thgetapigeonpea zones,
where the wilt Fusarium oxysporuin problem existed. Figure 2 shows the
distribution of pigeonpea throughout India, and highlghégions where the crop
occupies a relatively high percentage of gross cropped &tigare 3 shows the wilt-
endemic areas in central India identified during the 18D5international survey of
pigeonpea diseases. GIS maps were used to identify the stadiing areas and the
mayjor findings were:

« there has been a significant adoption and impact of 1863, which now
dominates the pigeonpea tracts of northern Karnataka.

« diffusion to districts in the neighboring States ofdfra Pradesh, Maharashtra, and
Madhya Pradesh also occurred.

» the cultivar occupies almost 60% ofthe pigeonpea ar¢éhenvilt-affected districts
of northern Karnataka, and the bordering districts of AredhPradesh and
Maharashtra.
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* non-availability of seed has constrained adoption the wilt-endemic areas of
eastern Maharashtra, but an informal sector has evoloemidet the demand.

+ farmer-to-farmerseeddistributionwill remain the majosourceof adoption of this
variety in Maharashtra unless its release is facilitatedhis State.

Conclusion

On the basis of the above discussion, it can be stated tH&t &pplication can
systematically improve the quality of socioeconomic danpolicy research.
Socieconomic datasets need to be supplemented by amedad and environmental
data for effective use of the GIS approach.
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on wilt resistance in pigeonpea. Impact Series no.l.aRalteru 502 324, Andhra
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Cotton + sorghum

Pearl millet + wheat + mustard

Pearl millet + sorghum
Sorghum

Sugarcane

Pearl millet + wheat
Rice + wheat
Groundnut

| Wheat + chickpea

Finger millet
Maize + wheat
Rice

Soybean

Figure 1. Major cropping systems

the semi-arid tropics (SAT) of India.




Pigeonpea percentage of
gross cropped area

Figure 2. Distribution of pigeonpea in India.
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Incidence of fusarium wilt of pigeonpea in India, 1975-80.

Figure 3.
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Production Systems Concepts

C Johansen !

Introduction

Definition of target production systems is essentiar foroper focusing of any
agricultural research and development (R&D) endeavgrecHication of application
domains should be the first step in the R&D process. Tapplies to genetic
improvement as well as natural resource management (NRM)agronomic
improvement efforts. Prior to this decade, most publiciynded plant breeding
efforts have aimed at wide adaptation, which would poitdly favor widespread
release and use of improved lines and ease of seed pr@dudtiowever, in recent
years, a consensus has been building that breeding &mifgpadaptation may be the
best pathway to increase yields region-wise and entweadvantages of biodiversity
(e.g., Wallace and Zobel 1995). This requires preciseindgbdn of assets and
constraints in target environments such that genotype xirenment (G x E)
interactions can be unraveled. Similarly, in NRM/agramo research in tropical
agriculture, it is increasingly being acknowledgedtttteere has been limited adoption
in farmers' fields of research station, site-specifiesearch findings. This suggests
that application domains for such research had notbee@#equately defined in the
first place, and that it should be done in the future.

To better ensure reasonable return on R&D investment, teald in prioritizing
what should be done, it is advisable to conduct ex amtelyses. A key factor
determining how realistic such calculatiowsl| be is theability to assesver what
area an improved technology is likely to be applicable addptable. Furthermore,
clear definition and display of target production s&yss for R & D efforts is
likely to improve communication with such stakeholdees counterpart scientists,
administrators, donors, and farmers in targetted areas.

This paper summarizes recent ICRISAT attempts to bettkefine target
production systems relevant to its mandate: a geogcapmandate of the semi-arid
tropics and a commodity mandate for sorghum, millets, gdmwut, chickpea, and
pigeonpea.

1. ICRISAT, Patancheru 502 324, Andhra Pradesh, India.
ICRISAT Conference Paper no. CP 1381.

Johansen, C. 1999.Production systems concepts. Pages 67iY4GIS analysis of cropping systems:
proceedings of an International Workshop on Harmorionabf Databases for GIS Analysis of Cropping
Systems in the Asia Region, 18-19 Aug 1997, ICRISAT4Rdtaru, India (Pande, S., Johansen, C., Lauren,
J., and Bantilan, F.T., Jr., eds.). Patancheru 502 32dhrenPradesh, India and Ithaca, New York 14853,
USA: International Crops Research Institute for the SAnidTropics and Cornell University.
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Existing agro-ecozones

As in any mapping exercise the question of scale arisescwiriust be appropriate to
the purpose (e.g., a city map to locate a particularding or a country, regional, or
world map to locate a particular city). On a global scalee Food and Agriculture
Organization (FAO) has defined nine agro-ecological 2of&EZs) appropriate to
developing country agriculture (TAC 1991):

=

. Warm arid and semi-arid tropics

. Warm subhumid tropics

Warm humid tropics

Cool tropics

Warm arid and semi-arid subtropics with summer rainfall
Warm subhumid subtropics with summer rainfall
Warm/cool, humid subtropics with summer rainfall

Cool subtropics with summer rainfall

© ® N U NN

Cool subtropics with winter rainfall

FAO has also proposed a scheme of regional AEZs (RAEZs) pjoraximately
coincide national boundaries with AEZ boundaries, toilitate use of nationally
available data on crop statistics, etc. However, thegeZ# and RAEZs are on too
large a scale to be of much use in targetting ICRISAT aade—the geographical
mandate is applicable to only AEZs 1 and 5 although comhityomandates do extend
into other AEZs. Similarly, national AEZ Schemes are on egional basis, and,
furthermore, classification systems can differ betweadjacent countries, thus
complicating extrapolation across national boundari@herefore, for ICRISAT's
purposes it appeared that a zonation of intermediatée sgas required.

Development of ICRISATs production systems

It was initially conceived that a production system (B8puld be a geographic region
primarily defined by similarities in climate and soildurther, the PS should
encompass an area within which similar farming systemistesr are possible (e.g.,
sorghum/pigeonpea intercropping). While the climatel @oil parameters, primarily
temperature regime, length of growing period (LGPadaoil type, would be precise,
guantifiable and relatively constant over time, the parar farming systems may
vary over space and time. Thus it was recognized that PSdawies could not be
rigid and may change over time. A set of 12 PSs for Asia wiertgally described
(ICRISAT 1995):

1. Transition zone from arid rangeland to rainfed, sisedson millet/pulse/

livestock. Eastern margins of the Thar Desert.

2. Subtropical lowland rainy and postrainy season, fiedn mixed cropping/Central/
eastern Indo-Gangetic Plain.
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3. Subtropical lowland rainy and postrainy seasonjgated, wheat-based. Western
Indo-Gangetic Plain.

4. Tropical, high-rainfall rainy plus postrainy seasorainfed, soybean/wheat/
chickpea. central India.

5. Tropical, lowland, rainfed/irrigated, rice-basedEastern India, Myanmar,
Thailand, Southeast Asia.

6. Tropical, lowland, short rainy season, rainfed, grooamt/millet. Saurashtra
Peninsula.

7. Tropical, intermediate rainfall, rainy season, somgheotton/pigeonpea. Eastern
Deccan plateau, central Myanmar.

8. Tropical, low-rainfall, primarily rainfed, postrainyseason, sorghum/oilseed.
Western Deccan plateau.

9. Tropical, intermediate-length  rainy  season, sorgfuilpeed/pigeonpea
interspersed with locally irrigated rice. Peninsuladia.

10. Tropical, upland, rainfed, rice-based. Eastern and$outheast Asia.
11. Subtropical, major groundnut and sorghum. China.

12. Subtropical, intermediate elevation, winter railhfand rainfed, wheat-based.
West Asia and North Africa.

Figure 1 provides a preliminary GIS map of these produrctsystems in South
Asia (more refined mapping is underway). A minimum dataef descriptors was
formulated to give a basic description of the main chteastics, particularly in
relation to ICRISAT's mandate. Table 1 gives an examplePfS1. There has also been
further tabulation of the major production constraimisd environmental threats in
each PS.

Production Systems were similarly defined for Afric®S( 13-24) and Latin
America (PS 25-29) (ICRISAT 1995 pp. 68-70). The ICRISASsFare thus subsets
of the FAO AEZs, but national-level agro-ecozone units aseally subsets of the
ICRISAT PSs. The preliminary definition of these PSguiged that they assist in the
prioritization required for development of ICRISAT MediuTerm Plans. It also
allowed for better focusing of projects to particularsP&nd of activities within
projects.

However, further work on defining a PS is needed sa th&an regularly be used
as a tool for ICRISAT research planning, implementatiamd assessment (impact
analysis). More detailed descriptor sets are needed ttebedefine boundaries,
particularly with respect to farming systems and socimexnic parameters.
Database formats need to be decided upon. Plotting lofP85 in GIS format is
needed—this work has so far only proceeded to somengxte South Asia (Fig. 1)
and West Africa. In defining PS boundaries, it would bsseatial to ensure
compatibility with other AEZ systems, global and natignto permit up- and down-
scaling. It would be counter-productive for the ICRISAT P§stem to be
interpretable only to ICRISAT researchers. It is imded to produce a research
bulletin describing ICRISAT's PSs, including their GlSamps, and their relationship
to other AEZ classification systems.
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Table 1. Minimum dataset for describing ICRISAT production systems (PS); the
example of Production System 1 (PS1).

Production system 1

Relevant AEZ 1and5

Geographic zone Arid semi-arid transition rangeland aimfed zone
Latitude 23-29°

Political subdivisions Western and central Rajasthamy#ts, northern

Gujarat and eastern Pakistan
Length/time of growing season < 90 days

Growing season(s) temperature Mean rainy season teraperaf-35°C

Growing season rainfall <500 mm

Major soil type(s)/WHC Sandy Entisols, Aridsols

Type of agriculture Mixed subsistence

Base cereal crop Dual-purpose millet

ICRISAT crops Millet, winter chickpea

Other crops Mungbean, mothbean, sesamum, guar
Importance of animal systems High for milk and meat; trazédion important

Further refinement of agro-ecological zoning

The principles of defining appropriate PSs may be exégntb national or smaller
scales for more detailed studies of land use planning arghasio analysis. The
methodology recommended for doing this has recently bedgmighed by FAO (FAO
1996). Case studies are available for Bangladesh (FAO )1888 Kenya (FAO 1993).
However, there is scope for improved calculation of sonieth® key climatic
parameters. The LGP is usually calculated as the periochduwvhich precipitation
and stored soil moisture exceed half of the potential etrapgpiration, at mean
temperatures above 5°C. Bimodal and variable within tfear rainfall patterns
complicate such calculations. Variation over the yeasds to be considered so that
the probabilities of LGP can be calculated. Better mdthof calculating residual soil
moisture are also needed. This can be markedly influebgesich factors as soil type
and profile characteristics, rooting depth, crop type, anmpping system (e.g., sole
cropping versus intercropping).

Calculation of thermal regimes can be improved by deteimg heat units
available for plant growth and development, as cardiemhpgeratures for the more
important crop species are now known. However, photapereffects on crop
phenology and partitioning (Summerfield and Roberts 1888 Wallace et al. 1995)
also need to be factored in.
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Rather than using a listing of climatic adaptability ditries of crops, as suggested
by FAO (1996), there are sufficiently robust crop modelsilabée for at least the
major crops (Van Evert and Campbell 1994, and McCown el8986). These would
assist in matching crops to particular favorable enviments and, alternatively, help
in identifying crop characteristics that limit their gdation to particular
environments. By comparing modeled potential yields, givke climatic and soil
base, with actual yields, say at a district level, yield gaalysis and constraint analysis
can be more easily conducted. Such exercises would provatieable feedback to
breeding and agronomic improvement programs.

Conclusions

Methodology and crop physiological understanding havev ramlvanced to the stage
of being able to precisely quantify target environments exaimine cropping options
within them. Thus, we should be better equipped to undertakestraint analysis
and more precisely ascertain research priorities. Useheftbols available, such as
GIS, crop models, and G x E analysis techniques, can hestedf to the appropriate
scale, from regional to farm level. It is important that agtiural scientists,

particularly those working in threatened production eomiments (showing signs of
unsustainability) should have access to, and use, tbks toow generally available to
demonstrate how their particular research is being taegetThis is not only for their

own guidance but as a basis for future support for theigaieh endeavors.

References

FAO (Food and Agriculture Organization). 1988. Land resources appraisal of
Bangladesh for agricultural development. Reports 1-7mRpltaly: FAO.

FAO (Food and Agriculture Organization). 1993. Agro-ecological assessments for
national planning: the example of Kenya. FAO Soils Btilheno. 67. Rome, Italy:
FAO. 154 pp.

FAO (Food and Agriculture Organization). 1996. Agro-ecological zoning.
Guidelines. FAO Soils Bulletin no. 73. Rome, Italy: FAO. 78 p

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1995.
ICRISAT Report 1994. Patancheru 502 324, Andhra Pradesatial ICRISAT

McCown, R.L., Hammer, G.L., Hargreaves, J.N.G., Holzworth D.P., and
Freebairn, D.M. 1996. APSIM: a novel software system for model development,
model testing, and simulation in agricultural systems aed®e Agricultural Systems
50:255-271.

Summerfield, R.J., and Roberts, E.H. 1988Photo-thermal regulation of flowering
in pea, lentil, faba bean and chickpea. Pages 911i#82%orld crops: cool season food
legumes (Summerfield, R.J., ed.). Dordrecht, Netherland$uwer Academic
Publishers.

73



CGIAR (Consultative Group on International Agricultural Research), TAC
(Technical Advisory Committee). 1991.A review of CGIAR priorities — Part I:
Advanced working draft (AGR/TAC:IAR/91/14.1 A). Washitopp, DC, USA:
CGIAR.

Van Evert, F.K., and Campbell, G.S. 1994CropSyst: a collection of object-oriented
simulation models of agricultural systems. Agronomy Jar86: 325-331.

Wallace, D.H., and Zobel, R.W. 1995.Whole-system research complements
reductive research. Pages 833-848 Handbook of plant and crop physiology
(Pessarakli, M., ed.). New York, USA: Marcell Dekker.

Wallace, D.H., Yourstone, K.S., Baudoin, J.P., Beaved,., Coyne, D.P., White, J.W.,

and Zobel, R.W. 1995.Photoperiod x temperature interaction effects on the days
flowering of bean Phaseolus vulgarid..). Pages 863-891in Handbook of plant and
crop physiology (Pessarakli, M. ed.). New York, USAaMel Dekker.

74



Considerations and Applications of GIS

P Reich and H Eswaran !

Introduction

GIS technology provides the means to collect and use gpbgradata to assist in
decision-making for natural resource management. Atdlghap is generally of much
greater value than the same map printed on paper as the Idigtaion can be
combined with other sources of data for analyzing infotima. Before the advent of
GIS technology the amount of geographic data that coel@malyzed, and the types
of analyses that could be performed, were limited. GIS make possible to
synthesize large amounts of different data, and to mamageretrieve the data in a
useful manner. With GIS, different layers of informatioancbe combined and
analyzed to better study and understand the complex rekitips between the
Earth's ecosystems and the effect humans have on them.p@i\8des a powerful
means for agricultural scientists to better service theeg® public, farmers, and
other land users, in answering their questions and in hglph®m manage their land
in the most sustainable manner.

The purpose of this paper is to provide an overview of GdSlescription of the
components, functions, and benefits of using GIS techgywloSome examples are
included to illustrate the application of GIS technology.

Components of GIS

GIS enables the wuser to input, manage, manipulate, analgral display
geographically referenced data using a computerizedesystEach of the necessary
components of this system are identified below. GIS is coseg of software,
hardware, data, and the users.

1. World Soil Resources, United States Department of Agticel (USDA)-Soil Conservation Service, PO
Box 2890, Washington, DC 20013, USA.

Reich, P., and Eswaran, H. 1999Considerations and applications of GIS. Pages 7m0 S analysis of
cropping systems: proceedings of an International Wwgson Harmonization of Databases for GIS
Analysis of Cropping Systems in the Asia Region, 18-19 AWy 18CRISAT-Patancheru, India (Pande, S.,
Johansen, C., Lauren, J., and Bantilan, F.T., Jr., edsandP&ru 502 324, Andhra Pradesh, India and Ithaca,
New York 14853, USA; International Crops Research togei for the Semi-Arid Tropics and Cornell
University.
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Software

There are two types of software: commercial softwared poblic domain software.
Commercial software is protected by copyright, can be esipen and is updated
periodically. Public domain software is not copyrightetdds often available free of
charge, though updates may be uncertain.

Currently available commercial GIS software include:cAnfo (ESRI), IDRISI,
Intergraph, Maplnfo, Strings (GeoBased), Synercom, &eMap (Autometric),
ERDAS, AE-GIS (Aeronca), and SPANS (TYDAC). Worldwide, Arcfo is
probably the most popular GIS software package. Exampfepublic domain GIS
software are: AMS/MOSS/MARS/COS, GRASS, and SAGIS.

Hardware

A typical hardware configuration for a basic GIS should luge the following

equipment: a 486 166 MHz (or faster) IBM PC computer, watHeast a 1 gigabyte
(GB) hard diskand 64MB RAM with a V G A color monitor. If magtd is to be input,

a digitizer with at least a 4-button cursor and a minimuwmfage area of 36 x 48
inches (91 x 122 cm) is recommended. For data outpugxa printer and an E-size
(112 x 86 cm) pen or inkjet plotter are needed. A 0.25" tapeedof 150 MB capacity

is necessary for managing some of the large databasesspeac#ith GIS. Depending
on the scale, a typical GIS database including about andda¢a layers may range in
size from 20 to 2 000 MB. A CD-ROM drive is also recommendedabse many
large GIS datasets are available on CD media. These ar@t atiee minimum

requirements for a GIS laboratory to be set up. Compubhdty 10 GB hard disks
have now become common.

Data

Two types of data are used in GIS—spatial and tabular. Slpadsita can be in the form
of a map, or as remotely-sensed data such as satellite ignageraerial photography.
Each of these forms must be properly georeferenced (eatitude/longitude,
Universal Transverse Mercator (UTM)). Tabular data camahy attribute data that is
in some way related to spatial data.

Users

The most important component of GIS is the user. Usensaither be technical or
nontechnical. The technical user is the person who hasitrgiin the use of GIS
software and uses it frequently. The nontechnical useany other person who may
not actually use the software but may use the data outpuh®\yGtlS; these users are
largely interested in the results of the analyses and naag Imo interest or knowledge
of the methods of analysis.

Through user-friendly interfaces to the system, even thatexhnical user can
have easy access to GIS analytical capabilities withoeedimg to know detailed
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software commands. A simple interface can consist ofuseand pull-down graphic
windows so that all the user has to do is to make some chaoe answer a few
guestions without needing to learn specific commands.

Functions of GIS

A typical GIS has five major functions: input, manage, nparate, analyze, and
display geographic data. Each of these functions are lyriégidcussed below.

Input data

GIS can digitize maps and imagery, and input existing apatd tabular data. Tabular
data is generally typed on a computer using a relationsbdae management system
software program. This software allows the data elememtset indexed so that the
database can be queried. Maps can be digitized using arvemtmat in which the
actual map points, lines, and polygons are stored as coamek. Data can also be
input in a raster format in which data elements are stosedefls in a grid structure.

Digitizing

One of the most important features of GIS is that it allalwe input of spatial
information using a process known as digitizing. The figgtp in digitizing is map
registration. To register a map, at least four pointgitgaknown coordinates must be
identified anddigitized. Thesepointswill usually be the four corners of the mabpeet
which tells the computer where the map is located on theidagias well as its real-
world coordinates.

Once the map registration is completed, the digitizing aprfieatures can begin. A
line is digitized by tracing it from node to node with the digér cursor. A node is
simply the point where two lines intersect each other. AfdH of the map features
are digitized, the mapill probably requiresomeediting.All lines must be properly
joined at the nodes. A typical GIS has many commands tlekkermediting quick and
easy. After editing, the next step is to label the map. Allabeeeded so that a feature
can be properly associated with its attributes in a tabdhtabase.

The digitizing process is labor-intensive and time-canig, so it is best to try to
find data that already exists. What are the factors tha¢cafthe acquisition of
existing data? Someof the datawill simply not be available, and, depending on the
source, existing data can be expensive, especially fotldatenmagery. The data may
be in a format that is incompatible with the GIS softwarettisabeing used. Data
content and data quality can also limit the usefulnessxidtang data.

Data quality is a very important issue concerning data tnpyihen working with
multiple map layers in a GIS, the analytical reswif only be as good as thleast
reliable data layer. The phrase "garbage in, garbage ou#nismportant yardstick
here. Ifthedatausedas input into a GlSlatabaseare full of errors, then any output
from it will be uselessThe usersof mapsand reports that are outpbriom GIS must
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be made aware of the source of the data and its reliabilitis imperative that data
quality standards be implemented and maintained aC&8 sites.

Managing and manipulating data

GIS can store, maintain, distribute, and update spalih and associated text data.
The spatial data must be referenced to a geographic ooated system, i.e., latitude/
longitude, UT M

Spatial and associated tabular data can be manipuliated number of ways that
make it more useful and manageable. Queries and retriefveigital map data and
tabular resource information are important functions o8§GDepending on the type
of user interface, data can be queried using the StanQarery Language, or a menu-
driven system can be used to retrieve map data.

GIS contains frequently used functions to make map gdizations. Functions
such as line and polygon thinning (also known as weedirgghove unnecessary
points during data capture of a feature. The program keepy those points that are
necessary for the proper representation of a feature.e Bdgtching is another
function that provides a means for joining maps togeth&cale and projection
changes, distortion removal, and coordinate rotatiomd aranslation can be
performed within GIS, just as vector and raster coneeis Data is frequently
entered using a vector format. Conversion to a rastemébt facilitates the use of
many analytical functions that will be described lat®ata can be imported and
exported in various formats. For example, data can beoeep from GRASS and
imported into Arc/Info and vice versa. This means that data be shared more easily
between different systems.

Analyzing data

Many analytical functions can be performed using gridl-cdraster) data.
Measurement and calculation functions involving peintines, areas, distances, and
volumes can be performed with a GIS. Vector (polygon)kertay and dissolve
functions are important GIS features that involve thenposing of multiple map
themes in order to create new map data and the assod¢#&iathr data. For example,
data layers for soil and land use can be combined regulimna new map with
polygons containing both soil and land use informati®@asic arithmetic functions
such as addition, subtraction, multiplication, andidign can be very useful. Values
from different map layers can be used in an equation to er@atew map showing the
results. This facilitates the use of models based ompkaniormulas.

GIS can support buffer generation, that involves theatiom of new polygons
from points, lines, and polygon features stored in thalzee. If, for example, the
location of farm areas within 100 m of a stream that nexeipesticide applications
needs to be identified, the area could be found using a buféermand in GIS.
Digital terrain analysis that involves the computatiof a variety of outputs based on
digital elevation data is also supported by GIS. Some @tasnof outputs include:
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watershed boundary generation, slope and aspect mapss sectional views, and
3-dimensional views.

Displaying data

GIS can provide hardcopy maps, statistical summariesdeating solutions, and
computer graphic displays for both spatial and tabubdadA typical report summary
may list the total area occupied by each soil type.

Sources of error

There are many possible sources of error that GIS userst mnderstand. Datasets
may become obsolete; particularly when dealing with lasd-data, the older the
data is, the more inaccurate it could become. The area ge/e@fathe map may not
be uniform, i.e., the mapper may have mapped at differgiensities. The user must
be aware of map scale when determining the proper use @m fmor example, site-
specific interpretations are inappropriate when usingalsstale maps. The user
should know the distribution and density of observadiosed in creating the original
map. When converting data from vector to raster format,dibe of each grid cell is
important; if the grid cell size is too large then detailem the original map will be
lost. And misuse of logic during analysis can result in ¢éh®neous interpretation of
maps. Table 1 identifies possible sources of error that otayr as data are processed
through each function of a GIS. Because GIS is such a paweddol for data
manipulation, the opportunities for misuse are great tAn.unscrupulous user can
produce maps and analytical data that serve his or hepoper while being

Table 1. Possible sources of error during the processing & 1S data.

Function Sources of error

Input Poor quality of original data
Digitizing process
Database entry errors

Manage Data update errors
Data compression

Manipulate Vector/raster conversion
Data interpolation
Over-generalization of map data

Analyze Misuse of logic
Modeling
Display Improper class intervals

Plotted maps may not meet cartographic standards
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completely false. All users can make serious mistakeélseifanalytical results are not
thoroughly verified.

When deciding whether or not to adopt GIS technologyrdleee a few things that
must be taken into account. There should be a long-term comemit with repetitive
use of the data, along with significant user training. Heade and software are
expensive, and can become obsolete. There is a clodieging either commercial or
public domain software. Commercial software is expeasibut user support is
usually good and the software is mostly error free. Ruldomain software is
generally available free of charge but may have less sigpport and a few errors in
the programs.

Benefits

There are many benefits to be derived from implementing & @togram. GIS
provides greater accuracy for measurements and calooktof lengths and areas on
a map. It allows for easy access to large amounts of dahtaeby providing timely
responses to user inquiries. It is an excellent decisigrpstt tool, and it allows for
analysis of "what if" scenarios. And lastly, spatial misdean be incorporated into
GIS for landscape analysis.

Application of GIS technology

Several journals and books (CAD-TS 1981, Landon 1984rr&ugh 1986, and
FGISTM 1991) are available on this subject, and the neatleuld consult them to
obtain ideas for application and, more importantly, on how handle digital
information. As in any science, unreliable data must éeated and should not be
used under any circumstance. However, the quality of data mot be known to the
GIS specialist and for this reason, it is essential thatdata source is acknowledged
in the digital products. A second important rule is thanhap should not be enlarged
from its original scale. Ifthe original map is at a soafel:100 000, the final product
may be at 1:250 000 or 1:500 000, but never at 1:50 000.vHrak data layers are
being overlaid, the scale of the smallest scale map debesnihe largest scale of the
final GIS product. An example is provided below to illtege the application of GIS.

Cimanuk watershed study

The study covered the Cimanuk watershed in West Javagnesla. The watershed
covers approximately 425 000 ha and has a tropical climate.

The objectives of the study were to evaluate the spatidkitistion of constraints
to sustainable agriculture, to match soil conditions topcperformance and thereby
recommend areas for crops, and to assess land use for ehetaraid in land-use
policy decisions. The original survey was done in 1976ty Food and Agriculture
Organization (FAO) and the Soil Research Institute of Bpgodonesia (Soil
Research Institute 1976). The soil map was digitized at0LQ@O scale; there are a
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total of 622 polygons with 158 different map units. The éating data were provided
for each map unit: USDA Soil Taxonomy classification te gubgroup level, slope,
depth, texture, coarse fragments, drainage, base setnyatation exchange capacity,
available phosphorus (P), exchangeable potassium (Kd,peH.

The maps were digitized using the Geographic Resource Arsagupport System
(GRASS, version 4.0) GIS software on a UNIX operating systdhe tabular
attribute data were entered on a relational database systded INFORMIX, and
database queries were made using the Standard Query Igeng(g8QL) in
INFORMIX.

First, the soil boundaries were digitized, and the dagti map edited. Each
polygon was then labeled with a map unit number from thgimal maps that related
it to the attribute data listed in a table. The tabular httté data were later entered,
using a code, into a INFORMIX database. Coding of the aiteb makes it easier to
query the data-base, using SQL, and also conserves comsgtiotage space. Table 2
lists the codes used with the corresponding attribute®. ddiabase contains a record
for each of the 158 map units, and each record has a coded falieach of the
different attributes.

The first map that was created showed the USDA Soil Taxgnolassification at
the order level (Fig. 1). Maps showing some important sodpprties were then
created, and included: slope, depth, texture, drainage,gnd available phosphorus.

It is useful to identify areas where there may be bioptgisiconstraints to
implementation of sustainable agriculture. Based on soinleeosoil properties in the
database, a biophysical constraints map was developed. lfophysical constraint
classes were defined: unsustainable, moderate, few, and few. A map unit was
classified as unsustainable if: the slope was steep oy steep, or the depth was
shallow, or the coarse fragment was skeletal, or the pH weag acidic or very
alkaline (Table 3). The resulting map is shown in Figurert] & a good example of
how the attributes of different soil properties can beduse create an interpretive
map.

In addition to maps, a report was output that lists thaltatea of each of the soil
orders in the watershed (Table 4). Within each order, thaltartea for each class of
the biophysical constraints map is also reported. Mapsevthen developed showing
potentials for growing particular crops. Crop potengialere identified using three
classes: high, medium, and low. The two most importantmoiperties that influence
each crop were identified (Table 5) and were used to createrntbp potential classes
shown in Table 6.

Maps were produced identifying potentials for such trexdial crops as paddy
rice, upland rice, coconut, banana, and papaya. Maps ifyémg potentials for
nontraditional crops were also made, and included: cowszlle, jute, oil palm, and
rubber. One reason for identifying potentials for thesmtraditional crops is that
they could possibly provide added economic stability to dahea while maintaining
the sustainability of the land.
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Conclusion

Itis important to note that at a scale of 1:100 000 theltespymaps should only be
used for making a general assessment. Site-specifarpnetations, e.g., for a small
farm, are not appropriate using this data. Only with mogtaded site information
can a reasonable assessment be made for a specific location.

For the above example, the interpretations are theoreticahture and are based
only on the data available. The methods used to make timegpretations were not
validated. Future study of this area to gather more data ¢gssary for a more
comprehensive assessment. Crop selection and land-useonseptare largely
determined by the prevailing socioeconomic conditionsuosdag at a location.
Therefore, demographic data is crucial in forming a vadssessment of land-use
options and crop potentials.
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Figure 1. Soils classified by order (USDA Soil Taxonomy Classification), Cimanuk
watershed, West Java, Indonesia. (Source: USDA—Natural Resources Conservation
Service, World Soil Resources)
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Figure 2. Biophysical constraints to the implementation of sustainable agriculture,
Cimanuk Watershed, West Java, Indonesia. (Source: USDA—Natural Resources
Conservation Service, World Resources).
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Table 2. Tabular database codes and attributes

1

Map unit
Numbered 1 to 158

Saoil

Four letter code used in the
Keys to Soil Taxonomy 1990 and
Proposed ICOMAQ Keys 1991

Slope

L = 0-5% level

ML = 0-15% moderately level
GSL = 5-15% gently sloping

MSL = 15-35% moderately sloping

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;
S| = silt; SL = sandy loam;

CL = clay loam; SICL = silty 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

Drainage

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% high;

ND = no data

CEC (me/100 g soil)
L= <=10 low
M = 11-20 medium
H = >20 high
ND = no data

Available P (ppm)

VL = <10 very low; L = 10-20 low;
ML = 20-40 moderately low;

M = 40-60 medium;

MH = 60-80 moderately high

H = 80-120 high; VH = >120 very high;

ND = no data

Exchangeable K (me/100 g soil)

VL = <0.2 very low; L = 0.2-0.3 low;
M = 0.4-0.5 medium

H = 0.6-1.0 high

VH = >1.0 very high

ND = no data

pH H,O (1:2.5)

VAC = <4.2 very acid; AC = 4.3-5.2 acid;

SAC = 5.3-6.2 slightly acid;

N = 6.3-7.2 neutral;

SAK = 7.3-8.2 slightly alkaline
AK = 8.3-8.7 alkaline;

VAK = >8.7 very alkaline; ND = no data

1. Database query example:

Select map unit if slope = "L" or "GSL" and pH = "SAC" or "N". This query would output all map units that have a

slope which is either level or gently sloping, and a slightly acid or neutral pH.
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Table 3. Biophysical constraints to implementation of s ustainable agriculture:

attributes for each class .

Unsustainable slope = ST, VST
depth = S
coarse fragments = S
pH = VAC,VAK

Moderate slope = GSL, MSL
texture = C, S, LS
coarse fragments = G
drainage = E, P, VP
base saturation = L
CEC = L
available phosphorus = L, VL
exchangeable potassium = L, VL
pH = AC, SAK, AK

Few slope = ML
texture = SL
drainage = WE, SP
base saturation = M
CEC = M
available phosphorus = ML
pH = SAC

Very few slope = L
depth = D
texture = L, SI, CL, SICL, SIL, SCL, SIC, SC
coarse fragments = N
drainage = W, MW
base saturation = H
CEC = H
available phosphorus = M, MH, H, VH
exchangeable potassium = M, H, VH
pH = N

1. Beginning with 'unsustainable’, any category choseménclass is excluded from all others. The 'very fevsSdias
no categories that were found in the first three claSms.Table 2 for a description of the attribute codes.
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Table 4. Raster map category report .

Area Cover (%) Cover (%)

Order/constraint class (ha) Watershed Order
Alfisols 84 200 20 25

Unsustainable 20 700 25

Moderate 63 500 75
Andisols 75 200 18

Unsustainable 48 700 65

Moderate 26 500 35
Entisols 26 200 6

Unsustainable 1 000 4

Moderate 20 000 76

Few 5 200 20
Inceptisols 110 100 27

Unsustainable 23 700 22

Moderate 84 100 76

Few 2 300 2
Mollisols 5 600 1

Moderate 5 600 100
Ultisols 98 600 24

Unsustainable 37 600 38

Moderate 61 000 62
Vertisols 10 700 3

Moderate 10 700 100
Water 500 <1

Water 500 100
Total 411 100 100

1. This table is based on a report output directly from GRG$S using a simple report generation command. The
area occupied by each soil order is identified along withatha of each constraint class found within 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 soils of river valleys and deltas are usuallytbetsuited to rice than lighter soils.
Level slope is best.

Banana usa spp)
Optimum pH 6.5 range 5.5-7.5
Thrive beston free-draining loamwill not tolerate any waterlogging.

Cocoa Theobroma cacgo
Optimum pH 6.5 range 5.5-7.5
Ideal soil consists of aggregated sand, silt, and clay.

Coconut Cocos nuciferp
Need freely draining light soils; and tolerate higher éegof soil salinity than most other
crops.

Oil palm Elaeis guineens)s
Requires deep, permeable soils, terrain should havesslep8 to 10 degrees unless
terracing already exists. Waterlogging is harmful.

Rubber Hevea brasiliensjs
Optimum pH 4.4-5.2
Needs deep, well drained soils.

Jute Corchorusspp.)
Prefers fertile alluvial soils, in lowlands and is usgatown in rotation with rice.

Roselle Hibiscus sabdariffa
Requires well-drained soils. Grown on uplands.
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Table 6. Crop potentials: attributes for select crops

Potentials
Crop Attribute 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
Drainage SP, P, VP E, MW WE,W
Coconut Slope ML, MSL GSL L
Texture Sandy Clayey Loamy
Oil palm Drainage E, P, VP WE, SP W, MW
pH VAC, SAK, AK, AC, N SAC
VAK
Rubber Drainage MW, SP, P, VP W E, WE
pH N, SAK, AK, VAK VAC, SAC AC
Jute Drainage MW, SP, P, VP E WE,W
Slope MSL ML, GSL L
Roselle Drainage MW WE, W E
Texture Sandy Clayey Loamy

1. Categories with a slope >35% were not included. Sele Pafor a description of the attribute codes.
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Crop Distribution Mapping: Applications and
Techniques for Broad-scale Analysis of Crop
Geography

G Hyman'

This paper describes the International Center for Trdpikgriculture's (CIAT)
project to map the broad-scale distribution of agricudtuecrops in mainland Latin
America. The data collection and pre-processing staifedata development are
described. Techniques for estimating distributions witadministrative divisions are
considered. The utility of remote sensing informationeimluated and some basic
applications of crop distribution information are dissed.

The CIAT crop production database

Maps of crop distribution are critical forcommod#tudies, agroecological modeling,
and numerous environmental applications. Perhaps the basit need is to know
how many hectares have been cultivated, where the cultmahas occurred, and
how much food has been harvested. As part of CIAT's gbalnalyzing land-use
patterns and dynamics, we have developed a database opcoamction for Latin
America. The information in this database, importantrfmmy CIAT activities and
for those of our partners, has numerous uses for agticalltesearch. Agroecological
modeling can help to determine if farmers are growingrttoest appropriate crops for
the given biophysical environment. The crop distribusdrelp modeling of climatic
and other environmental changes and their effects oicagure. For example, the
modeling of expected changes in crop distribution cabseglobal warming requires
accurate maps ofthe current spatial extent of cropspdistributionswill be critical
for continental-scale land degradation research. Tloeagferenced digital data allows
us to make the link between environmental degradationagmitulture. For CGIAR
scientists and our NARS partners, crop distribution piag can help guide our crop
improvement programs by aiding breeders to understaedrélationships between
crops and the environmental constraints in which they aosvg.

1. Centro Internacional de Agriculture Tropical (CIABpdo. Aereo 6713, Cali, Colombia.

Hyman, G. 1999.Crop distribution mapping: applications and techngjiee broad-scale analysis of crop
geography. Pages 91-86GIS analysis of cropping systems: proceedings of tarhational Workshop on
Harmonization of Databases for GIS Analysis of Crogp@ystems in the Asia Region, 18-19 Aug 1997,
ICRISAT-Patancheru, India (Pande, S., Johansen, @relra J., and Bantilan, F.T., Jr., eds.). Patancheru
502 324, Andhra Pradesh, India and Ithaca, New York 14853.; International Crops Research Institute
for the Semi-Arid Tropics and Cornell University.
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In the past, CIAT has developed digital maps of crop dbsttions and densities for
Latin America, Africa, and Asia, focusing on the ClA®dmmodities. In 1996, as part
of the Ecoregional Project for Latin America, we initiat@grogram to improve our
contacts with crop data providers, update our previots distribution maps, map
new crops, and automate the process for future updateis. yElar our focus has been
on database development and automated mapping of csiphitions.

CIAT has obtained the most recent crop distributionadat the best available
geographic resolution for the 21 mainland Latin Amoam countries. Table 1 shows
the date of our most recent crop data, the number of crapshedd data for, the
collection method, and the administrative level of theormation. The range of dates
of the information points out only one difficulty of nggng data from individual
countries across a broad region. The geographic detaihefdata also varies. For
example, Honduras recently completed a relatively detaagricultural census; in
contrast, Costa Rica's last census was in 1984. Their cudan are available only at
the national level. Many countries provide sample datther than census data. The
sample data are derived by accepted internationaldatds and may actually be
better than the census data due to the difficultiesaofying out a complete census.
Nevertheless, all the information must be carefullyced to assess its comparability
from one country to the next. We are investigating dataldy problems in our
efforts to reduce errors and provide metadata. We Hhavked over 75% of the
tabular crop data to the third-level administrative idien maps. So far our efforts
have focused on the principal crops of the region arcbdhof particular interest to
the CGIAR system. However, this project has purppssught to look at the broad
range of crops in order to take a more comprehensive \akthe agricultural sector
in Latin America. From the "Number of crops" column in Teld, it may be noted
that we have gone far beyond our previous focus on CG hidhdate crops.

Raster modeling for geographic analysis and improving
crop distributions within administrative units

The vector data structure ofthe CIAT crop database gsimum for handling the
large amounts of crop data collected but is deficieartrhany purposes. While it can
store information for the administrative unit, it cannosplay the distribution of
crops within the unit. In the past, our methods to locdistribution within
administrative units have relied on the subjective iptetation of the map
technician. To estimate the distribution, the techaicuses his knowledge ofthe crop
environments and map interpretation skills. The meth®djuite useful and will
produce accurate maps for the scale of the project. Wewethis manual method has
two important limitations. First, the subjectivity dfé work may limit the data for
purposes of comparison, especially if different techansi work on the same map or
iftime series maps are used. Secondly, the techniqueamis-tionsuming and therefore
limited by the human resources that can be assignedtthd work.

An even more critical limitation of the vector format itsiinsufficiency for
modeling purposes. Perhaps as much as 90% of spatiglsssmand modeling is carried
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Table 1. CIAT crop distribution database'.

Administrative Number of Collection
Country level Year crops method
Belize Department 1994 42 Census
Costa Rica Country 1993-95 14 Sample
El Savador Region 1994 7 Sample
Guatemala Department 1989-95 6 Sample
Honduras Municipality 1993 63 Census
Mexico Municipality 1991 78 Census
Nicaragua Department 1995 9 Sample
Panama Municipality 1990-91 17 Census
Argentina Department 1991 6 Census
Bolivia Municipality 1987-95 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 1993-94 19 Census
French Guyana District 1994 9 Census
Paraguay Department 1995 35 Sample
Peru District 1993 229 Sample
Surinam Municipality 1990-91 44 Census
Uruguay Department 1993 61 Census
Venezuela Federal District 1984-85 25 Sample

1. Note that CIAT has taken a much more comprehensive apptoagricultural land use analysis by collecting data

for a large number of crops. This is a significant advanee previous work when only core commodities of CIAT

were studied.
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out using raster data structures. We have thus recognized ithportance of
redistributing the vector data to a raster format. Weriedr out some preliminary
work on this in 1996 and developed the first modeling restiis year. This type of
conversion has not been attempted for agricultural crogswever, Deichmann
(1996) has developed vector to raster redistribution model population data as
part ofthe UNEP/CGIAR initiative on the use of GIS in agttaval research. We are
using a similar approach, tailoring the work to crops iadtef population.

Our first efforts to improve crop distribution informatiovithin administrative
units have focused on the use of a continental scale land coap and an accessibility
map. The continental land cover map was developed by thi¢eldnStates Geological
Survey (USGS) in conjunction with the United Nations Enwiment Programme
(UNEP) Global Resources Information Data (GRID) projeThe source data is
from Advanced Very High Resolution Radiometer (AVHRR) dlite imagery at
1 km spatial resolution—appropriate to continental sabalysis. In 1996, CIAT
provided some of our crop and land cover datasets to US @ 8efufication purposes.
We continue to work with USGS in their efforts to improve theality of these data.

To better estimate the distribution of crops within an austrative unit, we used
accessibility information on the assumption that crogsrapre likely to be cultivated
in conjunction with the road networks that allow transptirtstorage facilities and
markets. This very basic assumption has a rich history ingrgedhic literature
(Chisholm 1979) and we employ it here as a first appration with the expectation
of refining our methods in the future. The accessibilitaprwas developed using a
cost-distance approach. The map utilizes the Digital €bathe World (DCW) road
network and map of populated places (Defense Mapping Ager94). Towns with
human population of 10 000 or more are assumed to have mamnimecessibility
and represented by individual grid cells on the digital miagr. all roads and trails, a
travel velocity is assumed. The roads are organized ireeafchy so that highways and
paved roads are assigned greater velocities than dirt roadsails. Areas at great
distance to populated places are less accessible thas mearby towns. For each grid
cell, the time that it takes to reach a town is calculatsthg distance and cost
functions. These tools are widely available in standaid® Goftware packages (e.g.,
IDRISI, GRID-Arc/Info). The resulting map gives us an indehaccessibility for the
study area.

The vector to raster conversion of the crop data is carredugh in two phases.
First, all areas in forest from the USGS land cover map amnasd to have no
cropland, effectively masking these areas out during ffeitprocessing. Second, the
total crop area is redistributed within the administratimnit based on the accessibility
index. The accessibility index is transformed into a nuipality level potential
surface by dividing the value at each grid cell by the sum efitldices within each
municipality. This is a simple way of weighting areas adéog to their ease of access
to urban areas. The weighted potential surface is then coedbwith the crop data to
estimate the distribution within municipalities. The thed still falls short of the
results obtained by the individual technician making ecglive judgements about
where crops are cultivated. Next year, our graufl refine thisprocessto include
such ancillary data as elevation and climate. We expeobtain results equal to those
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of our previous methodology, while overcoming the problefmsubjectivity and at
the same time automating the process.

Applications

The processing described above has been automated andopedelith a graphical
interface that allows a user to select a country and a coopnfipping (Klass 1997).
The programs are then run, making a new point dataset feplayi and further
analysis. Users can choose the thresholds for displayimg tensity of crop
production. This interface effort has only just begun artl be refined in the future
along with the methodology. Any of the crop data shown inl&@ab can now be
processed to produce maps. The map of maize distributiogether with a similar
map of wheat distributions, are CIAT's first maize and whewps ever (Hyman
1997). Maize experts at CIMMYT are evaluating the map amsdadsociated data.
They have high expectations for using this information ¢@op improvement and
economic analyses of their core crops.

For studies of the whitefly virus, we have mapped the dbsition of beans in
relation to the known occurrence of bean golden mosaic ViRI&EMV). This is a
simple application with potentially huge benefits. Reskars working on BGMYV
can now define critical areas of bean production thatheieg affected by the virus,
as well as those areas that should be protected from fumnfiestation. Once the
production and virus data is related to the physical and mugeography of bean
growing regions, whitefly researchers can better undadsthe behavior of the virus,
especially with respect to its spatial diffusion.

The crop and livestock mapping efforts are slated to becdmy datasets for
several collaborative projects already under way. The gnogmuctiondatasetwill be
usedas a variable in the CIAT-UNEP indicators projecCIAT will use thedatafor a
study of crop distributions of Latin America, an investiga along the lines of some
of the classical agricultural regionalization work dad out for North America.

One of the most important aspects of our crop and livdstdatabase efforts is
institutionalization of the work. We will be able to anadyagricultural land use in a
timely manner, at greater frequencies, and with an expanded of the crops of
Latin America.
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Use of Remote Sensing in Distribution of
Environment and Crop Distribution

L Venkataratnam *!

Introduction

Precise information on various natural resources—ssailater, crops, forest, geology,
and climate—on their degradation/depletion and contatan is essential for an
environmentally balanced development. India has vayganditions of climate, soils,
flora, and fauna, diversified agricultural practicesnd land-use patterns. Due to
unscientific exploitation of various resources, enwimental problems like land
degradation, drought, floods, deforestation, and dgeszen productivity levels are on
the rise. Lack of reliable information on natural reszes from a reliable database has
also contributed to the aggravation of the problems. Thoeee for better
environmental management, there is a need to prepargalatesources inventories,
study various environmental problems scientifically,daprepare action plans for
sustainable development of natural resources.

Development of remote sensing technology

The application of remote sensing technology in thedgtof natural resources has
resulted in the development of methodologies for mapmgnd monitoring natural
resources in a cost-effective manner. This is due to the tlaat remote sensing
satellites have a synoptic view, cover the same area ataemtervals, collect data in
multispectral channels of the electromagnetic spectramgd data generated can be
analyzed on computers at a faster rate. Besides, remaoisngesatellites provide
more reliable and precise baseline information on cragsls, and water resources
than conventional surveys.

The application of spaceborne remotely sensed data fawurakl resources
inventory began with the launch of the first Earth Resesl Technology Satellite
(ERTS-1)/Landsat-1 in the 1970s. Landsat-TM (Thematicapyder), Systeme
Probataire d'Observation de la Terre (SPOT), and Indiamdte Sensing Satellites

1. National Remote Sensing Agency (NRSA), Balanagargirttad 500 037, Andhra Pradesh, India.
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(IRS) with better spatial and spectral resolution form subsequent generation of
satellites that enabled mapping and monitoring of vari@ms®urces more efficiently.
Systematic application of spaceborne remote sensing dat mapping various
resources enabled development of operational methodedotp map and monitor
salt-affected soils, eroded soils, waterlogged areas,renmental changes due to
mining, deforestation, drought, floods, etc.

Assessment and monitoring of natural resources

Remotely sensed data are being regularly utilized in geirey information on various
resources and also in monitoring the land degradation amid@mmental hazards. In
the following sections, the application of remotely seénsk&ata in soil resources,
degraded lands, land use/land cover, environmental hezarmd crops is discussed.

Remote sensing of soils

Systematic application of spaceborne remote sensing ithasoil resources mapping
enabled development of operational methodologies to nélp sn a routine basis.
Visual interpretation of satellite data from various edtes like Landsat-

Multispectral Scanning System (MSS), TM, IRS, and SPOTedas photoelements
and ancillary data is a common method in the preparatifosotd maps at various
scales. Operational methodologies were developed at theomMsl Remote Sensing
Agency (NRSA), Hyderabad, India, to prepare soil maps a6Q000 and 1:50 000
scales in various agroclimatic regions of the country @Rand AISLUS 1986;

NRSA 1995, 1996). A soil map for the entire country at 1.50@ Gcale is being
published by the National Bureau of Soil Survey and Lande UPlanning

(NBSS&LUP), Nagpur. In 1995, the Department of Spacektap soil mapping

under the project 'Integrated Mission of Sustainable &epment’ on a 1:50 000
scale using IRS LISS (Linear Image Self-Scanning SenHodata.

Limited work has been reported in the literature on soil nagpising digital
analysis techniques. Reliance on digital techniques ¢seising in order to handle
voluminous data inflow and to meet the increasing demaadplanning. The utility
of GIS in soil resources evaluation is also increasing.jaMi& 1S applications in soil
resources study are land capability classification, lanidability classification, water
management for crops, watershed management, crop slifyal@ssessment, and
generation of sustainable action plans (NRSA 1996, $hatdal. 1993).

Mapping and monitoring of degraded lands

Remotely sensed data has been utilized to study the natisdribution, and
magnitude of problems in various classes of degraded Jandmely eroded lands,
salt-affected soils, shifting cultivation areas, watggded areas, ravinous lands, etc.
NRSA, using remotely sensed data from Landsat MSS, TM, R&JUISS-I/LISS-
Il sensors, mapped and monitored the areas under eroaislafting cultivation in
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parts of Tripura (NRSA 1990). In the study area, nil tolsijgnoderate, and severe
to very severe erosion classes were mapped along with anekes shifting cultivation
at 1:250 000 scale. At 1:50 000 scale, the above-mentioaddkesosion classes could
be mapped as pure units and small areas that could not ppadat 1:250 000 scale
(due to scale limitation) could also be detected. Besidesentjhum (shifting
cultivation) lands, abandonephum areas could also be identified and mapped.
Computer-aided digital analysis was attempted for theestst site. Nil to slight,
moderate to severe erosion classes, #@nun lands could be classified in Tripura
because digital analysis depends solely on spectral respminclasses. The monitoring
of eroded and shifting cultivation areas in the study areimg Landsat MSS data of
15 Apr 1978, and Landsat TM data of 26 Mar 1986, revealet ttha area under nil
to slight erosion class decreased from 19.46% in 1978 t@%.th 1986. The area
under moderate erosion has increased from 30.94 to 36dIhg the same period.
A similar upward trend was found in the severe to very seeategory during an
8-year period. The area under shifting cultivation imsed from 5.13% in 1978 to
6.54% in 1986.

NRSA in association with NBSS&LUP (Nagpur), All India $@nd Land Use
Survey (New Delhi), and other central and state governmegdnizations, prepared
salt-affected soil maps for the entire country at 1:29®@ Gcale using Landsat TM/
IRS imagery. This has been made possible due to the chemifestation of salt-
affected soils on False Color Composite (FCCs) of saeeHata from bright to dull
white tones within the background of normal soils sugtpxy good crops. The maps
showing salt-affected soils at 1:50 000 scale have beepapee for limited areas.
Digital techniques were also used to study the salt-tédfbsoils (Venkataratham and
Rao 1977, Venkataratnam and Ravi Sankar 1992).

Both visual and digital methods of analysis are used fanitoring the salt-
affected soils. Venkataratnam (1983, 1984) used the reutiporal data of Landsat
to monitor the salt-affected soils vis-a-vis reclamgtefforts taken up by the state
government authorities for parts of Punjab and Haryande&tarhe salt-affected
soils were monitored in the Mainpuri district of Uttar 8eah using Landsat MSS
data of 1975 and Landsat TM data of 1986 (Rao et al., in pr@$s degraded lands
(salt-affected and waterlogged areas) occurring in tihar&la Sahayak Command
area were studied at NRSA from 1975 to 1993, using sateititagery of every 5
years available from Landsat MSS, TM, and IRS sensors. S&ingfforts are being
made in other major command areas.

Spaceborne multispectral data have also been utilinedapping and monitoring
of waterlogged/wetlands/marshy areas because watestbggeas appear in different
shades of bluish green or greenish blue patches on satdHia with smooth texture.

Land use/land cover inventory

Information on land use/land cover is essential to idgntich land utilization

aspects as cropping pattern, fallow land, forests, ggazamds, wastelands, surface
water bodies, etc. Remotely sensed data from TM, IRS, @@TSare being used to
map land use and land cover at micro and macro levels. In |ddm use and land
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cover of all the 447 districts, distributed across 15 agnoatic zones have been
mapped on a 1:250 000 scale. For some selected areas, map® 600 scale were
also prepared. The satellite data were also used for manigothe land use/cover
changes over a temporal scale to enable implementatiormafly measures to arrest
degradation and conserve valuable land resources. 8ateldta enables mapping of
surface water in tanks, lakes, reservoirs, and depressideavily silted tanks could
be identified for prioritizing soil conservation in theatpeam areas.

Assessment of environmental hazards

Satellite data from various sensors are employed tosasdee impact of mining,
deforestation, forest fires, and aquaculture on the surding environment. These
data are also used in assessing natural disasters likegttp damage due to floods and
earthquakes, etc.

Mining can cause severe ecological implications if propelnning and
management strategies are not adopted. Remotely sendadwidae found to be
extremely useful in assessing the environmental impdahining. In a study of the
iron ore mining at Kudremukh in southern India (Anonymow9Q) using satellite
data of the pre-mining phase (1973, 1976) and the miningepi{d9®85, 1989),
environmental changes as a result of the mining actitittye been mapped. The total
forest area of 74.27 kmin 1973 decreased by 10.8% by 1989, while the grasslands
area of 97.94 krhin 1973 increased by 2.8% during the same period.

Recently, in one of the studies at NRSA, the areas under mprastivation along
the coastal areas of Krishna and Guntur districts of AadRradesh were monitored
from 1973 to 1994. It was observed that although the prawtivation areas started
initially in barren/salt-affected areas, these areas aeéngoextended into prime rice
fields and mangrove areas (Venkataratnam et al. 1997).

The satellite-derived vegetation index (VI1), which is g6me to vegetation stress,
is used to monitor drought conditions on near real-tinesidy helping decision
makers to initiate strategies for mid-season correcioand other agronomic
measures. The National Agricultural Drought Assessmemd Monitoring System
(N-ADAMS) has been developed for fortnightly assessmehtdmught in India.
Every year, floods in major rivers are being monitoredngsiemote sensing data to
assess the damage due to floods and to identify risk zones.

Crop studies

An accurate and timely crop production forecasting systeran essential element in
strengthening the country's food security and distribotisystem. Remote sensing
data can provide information on: 1. spatial distributiof crops and their areas,
2. crop condition assessment, and 3. crop yield predictidrhe area's estimation
procedure broadly consists of identifying representtsites of various crops/land
cover classes on the image generation of signatures féereint classes and classifying
the image using training area statistics. Total enumenatr sampling techniques are
employed to derive crop area statistics, depending uporetttent of the study area.
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These procedures have been successfully operationalinedér the Crop Acreage
and Production Estimation (CAPE) project for crops likelghg sorghum, soybean,
wheat, groundnut, rapeseed-mustard, cotton, and jutgtane(SAC 1990,
Venkataratnam et al. 1993). The remote sensing teclyyoforoved its utility in
monocropped areas of large, contiguous and homogenousena Pilot studies are
being conducted using high resolution IRS-1C data under tipkel cropping
situations.

The condition of the crop is affected by such factors aspsupf water and
nutrients, insect pest attack, disease outbreak, andhgeabnditions. These stresses
cause physiological changes that alter the optical aednilal properties of leaves and
bring about changes in canopy geometry and reflectancesgom. Condition
assessment warrants multispectral satellite dataegular intervals. The National
Oceanic and Atmospheric Administration (NOAA)/Advancedry High Resolution
Radiometer (AVHRR), and Indian Remote Sensing (IRS)-Win@ging and Field
Sensors (WiFS) are being used to assess the crop conditicagianal level, whereas
the finer spatial resolution satellite data (TM, IRS-LISI®III) are being used at
district and sub-district level. Condition assessmenhadsmally done by computing
vegetation indices on grid cell basis (SAC 1990).

Yield is influenced by a large number of factors such as cgepotype, soil
characteristics, cultural practices, weather conditjob®tic influences like weeds,
diseases, and pests. Spectral data of a crop is the ineggraanifestation of the
effects of all these factors. The two approaches geneeaddilable for yield modeling
are: 1. relating remote sensing data or derived parameteectty to yield, and
2. relating to such biometric parameters as leaf areaxnthiomass, etc., that in turn,
serve as input parameters for yield models. Efforts aiagoenade to develop yield
and spectral index relationships using spaceborne spedirdices such as the
normalized difference vegetation index (NDVI).

Conclusion

Remotely sensed data have been successfully used on antiopatéasis in not only
preparing the natural resources inventory but also in sisgesand degradation and
other environmental hazards. The information generabexth by conventional
methods and remote sensing techniques is being used &iecdatabases in GIS
environment for performing integrated analyses to geeemtstainable action plans,
environment management plans, etc. Efforts are being ni@adese remotely sensed
data from IRS-1C/ID satellites to map various resourded:42 500/1:10 000 scales
for micro-level planning.
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Interfacing GIS and Crop Simulation Models

A D Hartkamp, J W White, ! and G Hoogenboom ?

GIS facilitates the management and analysis of spatéh. GIS can also represent
variation over time using time-series data from remeéasing or similar sources
(Marble 1984). This approach can document historicahdsebut is less useful for
evaluating different management scenarios or for exdtaging trends into the

future. Crop simulation models can describe processes tone but usually produce
outputs for specific sites. Thus, there is a logicdkrest in placing the site-specific
output of models in a spatial context by interfacingSG&ith models. Examples of
possible applications of an interfaced GIS-model systeahuide:

» prioritizing regions for potential impact of such new agomic practices as direct

sowing of wheat after rice.

+ identifying rice-wheat production regions where ngem leaching may be
especially high.

« evaluating the possible role of grain legumes in impnavEsoil fertility or soil
organic matter.

This paper considers issues related to terminology sfiede and limitations for
interfacing GIS and models, with emphasis on agricultueakarch.

A 'model' is a simplified representation of a real-worituation. We focus on
process-based simulation models, as opposed to rule-b@sgital) and empirical
(regression) models (Burrough 1996a).

In GIS applications to environmental problems, the témodeling' also appears
frequently. 'Spatial modeling' refers to the use aftstechniques as reclassification,
overlaying, and interpretation that are used to producensam maps (Yakuup
1993). 'Environmental modeling' includes techniquesgiag from interpolating
climate data to the use of data models and remote senditust of these are
computer-based tools rather than models per se, butremwiental modeling also
includes such process-based models as those used fondwater flow and the fate
of contaminants (Maslia et al 1994).

1. Centro International de Mejoramiento de Maiz y TrigdN)®1Y T), Lisboa 27, P.O. Box 6-641, 06600
Mexico, D.F. Mexico.

2. Department of Biology and Agricultural Engineerir@ggorgia Station, University of Georgia, Griffin,
Georgia 30223-1797, USA.
Hartkamp, A.D., White, J.W., and Hoogenboom, G. 1999Interfacing GIS and crop simulation models.
Pages 105-11&1 GIS analysis of cropping systems: proceedings of an dateamal Workshop on
Harmonization of Databases for GIS Analysis of Crop@pstems in the Asia Region, 18-19 Aug 1997,
ICRISAT-Patancheru, India (Pande, S., Johansen, C., halireand Bantilan, F.T. Jr., eds.). Patancheru
502 324, Andhra Pradesh, India and Ithaca, New York 34B%5A: International Crops Research Institute
for the Semi-Arid Tropics and Cornell University.
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Strategies for interfacing

There are two fundamental issues in interfacing GIS wittdels. The first is the
level at which the software systems are combined. Ales passed manually from
one system to the other or, at the other extreme, are GIS namdlel functions
programmed in a single software language as a unifiedesystThis is essentially a
problem of software development and management. Thredemsy based on the
same simulation model, but interfaced at differing levedhould produce identical
outputs. The second issue is the logical structure of thHerfiace. This includes
whether the model simulates all polygons or grid cells ankdetwer dynamic
attributes of one map unit affect attributes of other units

Level of interfacing

'Interfacing’ is used to describe the overall conceptahbining use of GIS with

models. Three types of interfaces can be recognized:

+ Simple linkages use GIS to display simulation resulsyally with some form of
spatial interpolation. More complex linkages use maps oorattination of these to
process the data to produce a database containing inputsa foodel. Linking
usually requires little software modification. Simplansfer of filesin ASCII or a
common binary file format is sufficient. An example oflimked system is the
Spatial Analysis Tool of DSSAT3.1 (Thornton et al. 1997).

+ Combining also involves processing data in a GIS angldisng model results, but
the model is configured with interactive tools of the GESd data are exchanged
automatically (Burrough 1996a). Use is made of macro laggmaf the GIS or
other programming languages (Tim 1996). Several prebased models have
been combined with GIS (Table 1).

* Integration implies incorporating one system in the othEither a model is
embedded ina GIS, ora simple GIS (or GIS procedures) isided in a modeling
system. There are few examples of process-based modétgrated with GIS
(Tim 1996). More often, integrated systems use simptfmodels. Examples
include RAISON (Lam and Swayne 1991, Lam et al. 1996) andE @eckers
1993).

All levels ofinterfacing require knowledge of GIS, madthg, and programming. To
simplify programming and subsequent use of interfacedesys, there is a clear need
for modular systems that support standards for inputsl autputs, so that
models and GIS may be interchanged easily. An example isfapproach is in the
DSSAT/ICASA file standards (Ritchie 1995) that have hesed to link models with
GIS in the Spatial Analysis Tool (Thornton et al. 199hddo combine models and
GIS in the AEGIS and AEGISWIN systems (Engel and Jones 1®gel et al. In
press).
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Table 1. Examples of models interfaced with GIS packages.

GIS Interface

Tool/Model system Focus type! DF? Reference

AEGIS PC Arc/Info Regional land use planning C P Calixte etal. (1992)
Hoogenboorn et al. (1993)

AEGIS Arc/Info Regional land use planning C P Lal etal. (1993)

AEGIS/WIN ArcView Precision farming C P Engel and Jones (1996)

(DSSAT3) Engel et al. (1997)

AGNPS VirGIS Cropland management and pollution L P?  Hession et al (1989)

AGNPS ERDAS Hydrology/pollution C R?  Olivierietal. (1991)

AGNPS GRASS Watershed erosion/nutrient movement ? R Engel et al. (1993)

AGNPS Arc/Info Water quality/pollution C P Tim and Jolly (1994)

ANSWERS GRASS Watershed erosion/deposition ? R Rewerts and Engel (1991)
Srinivasan and Engel (1991)

CMLS Arc/Info Hydrology L P Zhang et al. (1990)

CMLS Arc/Info Groundwater/herbicide fate C P Wilson et al. (1993)

CMLS ? Pesticide fate ? ? Foussereau et al. (1993)

DSSAT IDRISI® Crop management modeling, L/C R Thornton et al. (1997)

EGIS swGIS Hydrology/pollution | ? Deckers (1993)

(MODFLOW)

GLEAMS Arc/Info Hydrology, groundwater L? P Stallings et al. (1992)

GOA Arc/Info Land suitability evaluation L R Brisson et al. (1992)

GISMO (EPIC) GRASS Erosion; climate variability/sensitivity L/C R Martin and Neiman (1996)
Goddard et al. (1996)

FLOWCONC Arc/Info Pesticide/herbicide fate L/C P Lucke et al (1995)

MODFLOW ? Groundwater flow ? ?  Hinaman(1993)

PLANTGRO Arc/Info Forest production planning L P Pawitan (1996)

RAISON ? Environmental modeling | ? Lam and Swayne (1991)

RUSLE ? Erosion I ?  Blaszczynki (1992)

STREAMS ? Hydrology/erosion ? ? Oslin et al. (1988)

SPUR ERDAS Watershed hydrology ? R Sasowsky and Gardner (1991)

SWAT GRASS Watershed hydrology, water quality L R Srinivasan and Arnold (1994)

SWAT ArcView Watershed hydrology, water quality L/C R/P  Stallings (pers.comm. 1996)

USTED (CLUE) IDRISI? Land use planning C R Stoorvogel (1995)

USLE MAP Regional sediment load L R Hession and Shanholtz (1988)

USLE ? Regional soil erosion L P Ventura et al. (1988)

WOFOST Arc/Info Crop production potential/ L R van Laanen et al. (1992)

?

?

land use planning

Hydrology

Stuart and Stocks (1993)

1. Interface type: L = linking; C = combining; | = integrag.
2. DF = data format; P = polygon, R = raster.
3. Idrisi-based, but handles Surfer and Arc/Info grid file8SCII format.
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Interface structure

The appropriate structure for interfacing GIS and modelseg with the research
problem. Factors that affect the interface structureuddelwhether map units can be
assumed to act independently of one another, the compleait¢ scale of the
processes being simulated, the format and type of inpu&,daoftware systems
available and in some instances, preferences within diseip (Stoorvogel 1995, Tim
1996; Burrough 1996b).

Interactions among map units

Map units are said to interact when values of units affex¢ @nother. Examples
include water runoff, soil erosion, microclimate, and tpes disease dynamics. Two
problems that must be faced are in which order should mags e evaluated and
how should transfers among map units be allocated. For funihfe order of
evaluation can be structured along lines of flow down dopedrainages, and flow to
adjacent units can be partitioned based on slopes.

Scale and complexity

The spatial coverage of a problem can vary from a subm@e¢llup to a global level.
Temporal scales can be in seconds to days or years. Rebkzidds affecting the
interfacing strategy include: measurement scale, origimap and GIS scale, data
manipulation scale, modeling scale, natural scale of phenomenon, and scale of
application (Burrough 1996b). The necessary map scale isnopredefined. For
regional studies, maps of scales between 1:100 000 and 1@BOare often used,
whereas for farm-level applications, maps of scales d0Q0 and 1:2500 are more
appropriate (Garrity and Singh 1991).

The appropriate scale for the model is often less clearthis context, the term
'scale’ has three components: space, complexity, and {Peening de Vries 1996).
The spatial scale is often confined to the scale at whichdehoparameters are
collected. The level of model complexity involves thetaié used in describing
processes in terms of their physiological complexity aubsequent mathematical
representation in the model. When applying models at reditavel or larger, there is
a tendency to emphasize simplification. However, Leenhatdal. (1995) concluded
that for soil and water variability, this is not theomily justified. For equal
experimental effort, simple approaches allow a greapatial sampling density, but
this is at the cost ofthe sphere of validity of the results.

Nature of the spatial data for inputs

If point data for weather or soils show large variation d9pace, the data can be
interpolated using such methods as kriging, co-kriging lmimtplate splines. The
choice of method is affected by spatial distribution of tte¢a. The decision whether
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to manage data in a raster (grid) or vector (polygon) citre is often considered a
critical step in developing GIS applications. However, dmpatibilities between
these structures have largely been overcome (e.g., thaéaSpatalyst of ArcView),
and GIS and models may be interfaced using both data stestur

Model runs in relation to type and size of spatial unit

When the number of map units is large, various strategiey tma taken. For

interactive evaluation of scenarios, a 'point-and-ghoaterface can be used to
simulate single or small sets of units. Alternatively,ubset of units can be evaluated.
With the Monte Carlo method, a subset of units are chosearetom. Various forms

of spatial analysis can be used to group units by similasftynodel inputs (e.g., soil

type). In a modified Monte Carlo analysis, units are ptratsfied to ensure that

different regions are represented in proportion to theipomance. For example,
variable numbers of runs might be executed for diffgreegions according to their
relative importance as production areas or of their dgfes. More runs may be
executed for border cells to reduce edge effects.

Example of GIS and model interfaces

Applications of interfaces of GIS and modeling have imdd agroecological
characterization and zonation, scenario modeling, andaohmssessment (ex ante as
well as ex post), precision farming, spatial yield prediati climate sensitivity/
variability studies, and regional risk analysis (Bouman93,9 Hoogenboom et al.
1993, Lal et al. 1993, Bouman et al. 1994, Petersen et al5,1980rvogel 1995,
Mamillapalli et al. 1996, and Stockle 1996).

We will illustrate a simple application of GIS and modeajinsing the CERES
wheat model to simulate variation in wheat yields and agéan leaching for a
hypothetical region in Punjab, assuming a single set efatWer conditions and
cropping practices. The soil map recognized 14 differsoil types, varying in surface
nitrogen content and moisture retention parameters féchiupper and lower
limits). This information was used to specify 14 field &gpin the model control file.
CERES wheat was run for each field type for 3 years of weadhta. The regions of
highest grain yields (Fig. 1) corresponded to the regionhwtie lowest total nitrogen
leaching over the season (Fig. 2).

Challenges for the future

Data sources

Crop simulation models are often criticized for the largguirements of input data.
This has lead to the promotion of 'minimum datasets' suclthase promoted by
ICASA (Ritchie 1995), but these requirements often providicult to satisfy even
for single locations. Availability of data can be resteidtby concerns over data
ownership (Kam 1996), but increasingly, data collectedgbyernment agencies are
considered public goods (Bauer 1996).
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Error analysis

Spatial data have identifiable sources of error, including measurement, digitizing,
interpolation, and manipulation. Besides effects of errors in inputs, simulation results
may contain errors due to incomplete understanding of processes, deliberate
simplifications in sub-models, or errors in programming. Conventional error
propagation theory can assess the quality of modeling results only if they are
influenced by random errors. For data used as model input from a GIS, error due to
measurement and entry are usually random. However, some techniques used in GIS,
such as logic models (e.g., suitability classes), contain systematic error of unknown
magnitude to which error propagation theory is unsuitable (Drummond 1987).
Burrough (1996b) recognized this problem and developed error propagation rules for
several GIS procedures.

Other attempts at error analysis for GIS have used probability modeling, but this
has proved problematic because of the diversity of spatial data processing procedures
and the rigorous requirements of probabilistic data gathering. In a GIS, two major
classes of error and uncertainty are positional error (digitizing, georeferencing) and
thematic uncertainty and error. For spatial variability, fuzzy surfaces are used for
uncertainty analysis, and for error analysis, Monte Carlo methods (Davis and Keller
1996) are used. For modeling, validation and Monte Carlo type uncertainty analysis
can help determine error.

In interfacing GIS and models, data resolution and model organization are often
changed, and error can increase because of aggregation effects. De Roo et ah (1989)
found that modeling with the GIS-interfaced version of the model predicted 46%
more runoff and 36% more erosion than with the original model. There is insufficient
understanding of how aggregation and up- and down-scaling influence error
propagation. Hill et al. (1996) estimated error using Monte Carlo type iterative
processes for a range of model parameters, grid resolutions, and value estimates,
where the rules of Burrough (1996b) were not applicable.

Complexity of systems and interfaces

Although increased availability of computer-based tools improved the capabilities for
analysis, there is no guarantee that increased analytical capability will improve
science. Each computer-based tool is developed with its own conventions,
procedures, and limitations, and linking them at a technical level does not guarantee
understanding or useful prediction (Burrough 1996b). A growing problem is
understanding how to structure the interface to address a given research objective.
Engel et al. (In press) sought to produce an interface that demands less GIS
knowledge of the crop modeler. However, when modeling and GIS become too easy,
the need for calibration, validation, and investigation may be neglected (Burrough
1996a). In addition, interpretation of results is influenced by the user's knowledge of
the system.
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Application of Statistics in GIS

S Chandra*?

Introduction

GIS can be defined as systems for input, storage, asalyand output of
geographically referenced data (Maguire et al. 1991) ttoarmally also involve a
temporal dimension. These systems are extensively usastfaware toolboxes for:
1. integration of geographic data emanating from a mubti&é of sources,
2. implementation of spatial data analysis techniquesti€ringham and Rogerson
1994), and 3. display of geographic data in maps and similagr forms.

Geographic data, which GIS deals with, are essentialatiapin nature with a
tendency for the nearby geographic points to be correlat¢ldeir values. Atemporal
dimension is added to the problem when the same geograpldtspare observed
over time. For each geographic point over time, a numbeharacteristics such as
rainfall, minimum and maximum temperature, and cropswgranay be observed.
The GIS data, then, in essence, becospatio-temporal multivariate datahat may
emanate from a multitude of sources—Iland-use recordsather records, and
remote sensing. These data can come in many different termabular data,
graphical data, maps, and digital images. These widelyedéfit features of GIS data
give rise mostly to an extremely large dataset.

Variationis anintrinsic property of any set of biologiaad physical data, GIS data
being no exception. GIS data, being spatio-temporal andiweriate in nature, are
expected to be subject to a relatively larger scale oifateon. The total variation in
any dataset is usually expected to comprise a systematigponent and a random
component. What we look for is that part of the variationighhis systematic and
exhibits some clearly discernible patterns that onliphes to take practical actions.
The major task in dealing with GIS data, like in any othaades how effectively and
accurately to describe, analyze, and summarize this wad&tion and thereby to be
able to separate the systematic part from the randomqgfardriation. To be able to
accomplish this task, the use of appropriate stats$tiools becomes necessary.

1.ICRISAT, Patancheru 502 324, Andhra Pradesh, India.
ICRISAT Conference Paper no. 1380,

Chandra, S. 1999 Application of statistics in GIS. Pages 119-188&51S analysis of cropping systems:
proceedings of an International Workshop on HarmoninatitDatabases for GIS Analysis of Cropping
Systems in the Asia Region, 18-19 Aug 1997, ICRISAT-Patanchndia (Pande, S., Johansen, C., Lauren,
J., and Bantilan, F.T., Jr., eds). Patancheru 502 324hvan@radesh, India and Ithaca, New York 14853,
USA: International Crops Research Institute for the Semé Aropics and Cornell University.
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Application of statistics in GIS is a relatively new ardamodest attempt is made
here to stipulate the use of some available statiktioals to deal with GIS data.
Applications of spatial statistical methods and of mudtiiate statistical methods are
discussed in this paper. This is not intended to be an exkaugtesentation. In this
paper an attempt has been made to further expand some addahg presented in a
paper by Diggle (1996) that can be referred to for furthedenences and details.

Spatial statistical methods

Spatial statistics represents a collection of statistinathods that explicitly account
for the position of the geographic locations in the analysf geographic data.
Variation in geographically referenced spatial data cobk broadly classified into
three categories: continuous spatial variation (CSV)scikete spatial variation
(DSV), and spatial point patterns (SPP).

Continuous spatial variation(CSV) represents a spatial phenomenon wherein a
(random) variable of interest, say Y (x), can in principkeconceived to be obtainable
at any location x within a typically 2-dimensional, geodrizpregion. The variable
Y(x) may itself be either continuous, discrete, or catéggd. Examples are:
continuous—amount Y(x) of soil nitrogen at location x Wwin a field; discrete—
number Y (x) of organisms of a particular species foundisoil core sample centred
at location x; categorical—presence or absence Y (x) ofantpdisease at location x.
The CSV models, commonly known as kriging models, were adlly developed for
use in the mining industry and have more recently been useoil science.

Discrete spatial variation(DSV) represents situations wherein a random variable
of interest, say Y, is associated with each of a finite or countably infingtd of fixed
geographical locations;xfor example, the heightYof an individual tree at location x
in a plantation. A fundamental difference here, in relatim CSV, is that the
phenomenon of interest exists only &he particular set of locations ;xunder
consideration. However, a DSV model could be applied SV situation provided
this can more effectively address the relevant practijeadstion. An example ofthis is
the spatial analysis of agricultural field trialsvith small plots. Here, the location of
each plot isassumedo be represented by a single point in a 2-dimensionatespand
the plot yields are analyzed with reference to thesgonal locations, though the real
picture is that the yield Y from the i-th plot comes fromet entire plot area
representing a continuous space rather than a singletpdn a similar vein, the
remotely sensed imagex a land area are routinely presented as a set of vatuesadh
of a number of small areal elements, call@ikels, which are then treated, as an
approximation, as a rectangular grid of points as in the cdsan agricultural field
trial. The DSV model has also been used in geographical egegy for production
of disease atlases.

In the case obpatial point patterns(SPP), the locations;xi =1,2,..., themselves
constitute the data. For example, locations of treea maturally regenerated forest.
Such data are assumed to be generated by some underlyicttastic (random) point
process. The SPP models were developed by foresterscnhagests in the context of
field sampling for plant communities observed in situ.
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Modeling continuous spatial variation

Let the underlying spatial variation in a 2-dimensional geographic space be
represented by S(x), more succinctly represented as {S(x):x ¢ R’}, where R’
represents the 2-dimemsional geographic space within which the geographic points x
lie. To develop a model, we assume that the spatial variation {S(x):x ¢ R’} is a
stationary Gaussian (i.e., normal) stochastic process with mean zero, variance o’, and
spatial correlation structure p(d). = corr{S(x),S(x-d)}. This spatial correlation
structure implies that the correlation between data at geographic point x and at any
other geographic point (x-d), d distance apart from point x, is, irrespective of its
directional placement, a function only ofthe geographical distance d between the two
points.

We collect a sample of n observations y, (i=1,...,n) from the n geographical
locations x. (i=l,...,n), and assume that any individual observation y, is described by
the model (call it the CSV model)

Y, = ux) + S(x) + Z i = I,...,n (1)

i i

where u(x,) is the average value (called 'expected value' in statistics) at point x;, ofthe
spatially varying phenomenon of interest, u(x,) + S(x,) represents its actual value,
and Z, are measurement errors assumed to be mutually independent Gaussian
random variables with mean zero and variance . As an example, S(x) may describe
the spatial variation in the true amount of soil nitrogen, Z, the random errors (similar
to experimental error in a designed experiment) introduced in determining soil
nitrogen in the laboratory.

Depending on the situation at hand, one can take for u(x) a constant average value

u(x) = u for all x (2)
or represent M (X) by a regression equation

u)  ZBz(x) i=l..p (3)

with z(x) being suitably defined geographically referenced explanatory variables.

Application of CSV model

The CSV model (1) can be applied to address many practical problems, some of
which are briefly discussed below. These applications fall under two broad categories:
1. spatial prediction problems, and 2. estimation problems.

a. An example of a spatial prediction problem is to predict the realization of S(x) at
an arbitrary geographic point x, as shown in (d) below, on the basis of the n
available observed data pointsy=(y,,...,y,). Here, it is usual to specify a very
simple model for u(x), either a constant as in (2) or a simple polynomial trend
surface similar to (3). The ultimate objective is to use the predicted values of S(x)
to reconstruct an unobserved continuous spatial surface from the n observed data

points (X,,y,).
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b. Sometimes, interest may lie in the model parameters involved in u(x) as in (3),
with the stochastic process S(x) being of secondary interest. For example,
Zimmerman and Harville (1991) used this approach to analyze agricultural field
trials. They incorporated the treatment effects and any concomitant variable
information into a regression model through u(x), and used S(x) to account for the
residual unexplained spatial variation in response.

c¢. Of special interest to a soil scientist may be the determination of the underlying
spatial correlation structure p(d). This can be done with the help ofthe variogram.
For any stationary process, say Y(x), the (semi-)variogram is defined as

V(d) = (1/2) E{[Y(x) - Y(x-d)]'}
= (1/2) var{Y(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 variance. Burgess and Webster (1980)
present a good discussion of many theoretical variograms, including the frequently
used spherical variogram. The values ofVij=(l/2)(Yi—Yj)2 are first calculated. An
empirical variogram is constructed as a scatter-plot of points (d;,V,), where
d;, = Ix;-x;, I represents the physical distance between the geographic points x; and
x. It can be shown that E(V;)=V(d,),and, under the assumptions of CSV model
(1), V(d) =‘tz+02{1—p(d)}.The shape of the empirical variogram can, therefore,
be used to estimate an approximate parametric form of p(d) and to get initial
estimates of T and o’, and for any parameters in the chosen model for p(d). The
visual impression of the empirical variogram, however, could be quite misleading.
This is because the sampling distribution of V., being %% under the Gaussian
assumptions, is highly skewed. A more practical approach, therefore, is to classify
the total range of the interpoint distances d. into a number of discrete classes,
compute the class midpoints d,, and compute the averages V, from the n_ values of
V., whose corresponding d;; fall into the k-th class. The empirical variogram is then
constructed from the scatter-plot of points (d,,V,). Another potential approach,
rather than simple averaging within discrete classes, is to use a more sophisticated
nonparametric smoother. After a parametric model for p(d) has been chosen, the
model parameters can be estimated either using the weighted least squares
(Cressie 1991), or using restricted maximum likelihood (REML) (Laslett 1994).

d. Once a model has been fitted, as in (c) above, it can be used to predict the values of
S(x) at unobserved geographic locations x. This is called kriging. The predicted
value, say s(x), of S(x) at the unobserved location x can be computed as

s(x) = p + g (V1 + o R)’ (Y-p 1) (3)

where Y=(Y,,...,Y,)";g is a vector with i-th element o’p(|x-x,|) ; I is a unit
matrix having 1's on its diagonal and 0's elsewhere; R is the spatial correlation
matrix with ij-th element r(| x;-x; |); and 1 is a vector each of whose element is 1.
Under the Gaussian assumption of model (1), the predictor (5) is E{S(X)|Y}
which minimizes the mean squared error of prediction (MSEP) E{[s(x)-S(x)]*}.
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In simple kriging, substitution ofthe estimated values of parameters u t%p°, and p
in (5) delivers the predicted value s(x) at the unobserved location x. In ordinary
kriging, explicit allowance is made for estimation of u. In universal kriging, the
constant u is replaced by a regression model.

Modeling discrete spatial variation

Suppose that random variables Y, are observed at a sequence of regularly spaced
geographic locations x,. We need a model to describe the joint distribution of the Y,
that, in a sensible way, incorporates the spatial dependence amongst the Y,.

One approach, due to Whittle (1954, 1963) is to use, based on the linear time-
series models of Box and Jenkins (1970), the spatial autoregressive models. An
example of such models is the following first-order simultaneous autoregressive
model

Y, =a (Y, +Y,)+ zZ (6)

where Z, is assumed to be a sequence of mutually independent normally (Gaussian)
distributed random variables with mean zero.

Another approach, due to Bartlett (1971), is to use a first-order conditional spatial
autoregression model wherein the conditional distribution of each Y,, given the
realized values y, of all other Y,, is normal with mean a (Y, + Y,,) and a constant
variance. Besag (1974) provides a systematic account of methods of estimation for
the conditional spatial models to describe discrete spatial variation.

Papers by Wilkinson et al. (1983), Besag and Kempton (1986), and Williams
(1986) discuss the application of these models in the context of adjusting the
inferences from agricultural field trials to take account of spatial correlation among
nearby field plots. A number of statistical computing software are now available to
undertake these spatial analyses for agricultural field trials. Some of these are TWO -
D, SAFE, NNDES, NNANAL. Recently, these models have also found applicationin
epidemiology, specifically in the production of disease atlases (e.g., Besag et al. 1991;
Clayton and Bernardinelli 1992).

Modeling spatial point patterns

Nearly all available models to describe spatial point patterns (SPP) assume, explicitly
or implicitly, that the points in question form a partial realization of a homogeneous
planar Poisson process. This is the accepted standard of complete spatial randomness
(CSR). Specific problems addressed using these models are development of tests for
departure from CSR, and estimators for the intensity or mean number of points per unit
area. Discussed below are three types of models corresponding to the manner in 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 picked Up sampling quadrats. This situation is known as random quadrat
sampling. Alternatively, contiguous quadrat sampling may be made. In both cases,
two properties are used in the modeling process. One is that, for a homogenous
planar Poisson process, the number of points in any predetermined spatial region
follows a Poisson distribution with mean proportional to the area ofthe spatial region:
Second, the counts in disjoint regions are assumed to be independent. Greig-Smith
(1952) presents an account of these two sampling situations for application in plant
ecology.

For the random quadrat sampling situation, the resulting set of quadrat counts,
under CSR, forms an independent random sample from a Poisson distribution with
mean A | A |, where | A | isthe area ofan individual quadrat and A is the mean number
of points per unit area (called intensity). For observed counts y,,...,y,, an estimator,
say L, for 4 is

L={1/(n|A])} 3y, i=1,...,n (7)

L in (7) is a consistent estimator for the true intensity whether or not CSR holds. A
commonly used test-statistic to test departure from CSR is the index of dispersion I
defined as

I=s"/m(y) )

where s> and m(y) are the variance and the mean of the sampled quadrat counts
respectively. Provided that m(y) is at least I, the statistical significance of I can be
tested using the fact that, under CSR, (n-1)I follows a xz distribution with (n-1)
degrees of freedom.

The contiguous quadrat count data arise when a study region is divided into a
regular grid of square or rectangular quadrats. If CSR holds, the resulting quadrat
counts still possess the same Poisson distribution properties as in the case of random
quadrat sampling. However, the systematic spatial structure permits more deeper
analyses if CSR hypothesis is rejected (Greig-Smith 1979).

Distance methods

The distance methods, using in situ measurements, were developed as alternatives to
random quadrat sampling to estimate the intensity of a point pattern and to test
departure from CSR. In this method, each quadrat is replaced by a sampling point,
say P. The distances ofthe neighboring points are measured from P. Suppose X, is the
distance from P to the k-th nearest point in a Poisson process of intensity A. Then

Y

k

27A(XC-X,)  (with X, = 0) k = IL...n (9

are mutually independent‘xzvariates each with 2 degrees of freedom. As suggested by
Holgate (1965a, b), Y, and Y, can be used as tests of CSR. The rationale therefor is
that Y, will tend to be stochastically smaller than Y, in a spatially aggregated pattern,
and stochastically larger in a regular pattern (Diggle 1983, Chapter 3).
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Mapped patterns

Observations collected in situ, either using quadrat sampling or distance methods,
have limited capacity for statistical analysis. Data in the form a mapped pattern, i.e.,
a complete set of n pointsx, (i=1,...,n)in a designated spatial region, have a greater
potential for fitting and validating 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 point process, proposed
the use of K-function which is defined as

K(s) = 2" E(p) (10)

where p is the 'number of further points within distance s of an arbitrary point ofthe
spatial region'. K(s) can be estimated from the cumulative distribution of distances
between all pairs of points with a correction for edge effects. Let the observations be

x, (i=1,...,n) corresponding to locations ofall n points in a planar region A. For each
point x,, the observed number of points within distance s of X, can be represented as
M ix-x.[]<5) j#i=1l,.,n

where 1(.) denotes the indicator function, and ”xi—x’“ is the Euclidean distance
between points x; and x,. An estimator, say k(s), of K(s) can be obtained as

k(s) = (|Al/m?) %I(nx,-xjns 5) i=1,...,n (12)

The estimator k(s) in (12) is subject to a considerable negative bias as points outside
A are not observed. This edge effect bias can be substantially reduced by using
estimators having the general form

kis) = (Al/) ZEZ¢,(x,x)  i=1....n (13)
™

for some suitably chosen function ,(x,,x,). A widely used form of¢,(xi,xj), as pro-
posed by Ripley (1977), is the following

¢,(x,%) = wix,x)"I({Ix—=x]|<s) (14)

where W(X,,X)) is the proportion of the circumference of the circle with centre x, and
radius ]le—xj]] which is contained in the planar region A.

Under the null hypothesis of CSR
K(s)=m¢ (15)

which provides a benchmark for assessing the underlying spatial structure. For a
spatial point process with aggregated pattern, K(s) > s’ for all positive s. For a
spatial point process with regular pattern, K(s) < ®s". The K-function is now widely
used as a standard technique in the analysis of spatial point patterns, including the
multivariate patterns wherein the points are two or more qualitatively different types
(Lotwick and Silverman 1982).
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Multivariate statistical methods

When P different characteristics are observed on each EHrge number N of
different objects, as usually is the case with GIS dates gfives rise to a large data
matrix of order N x P, having N rows and P columns. An examigl of data on
minimum and maximum temperature, rainfall, wind spesd day length, collected
for each of 450 geographic locations within some specifjedgraphic region. This
gives us a data matrix ofthe order of 450 x 5, with N = 450 ram P = 5 columns.
In a given situation, P may be even of the order of 15 or 2ZimeSof the aspects
related to handling such a large data matrix are:

a. To summarize the N x P multivariate structure through aprapriate 2-
dimensional representation with maximum possible méiten of the original
variation in data. Only then is it possible to more clgartbmprehend the broad
features of the data.

b. To classify the N locations into a few, say n = 4, homogsrgroups based on the
values of their P characteristics. This may be required the purpose of
stratification of the given geographic region into a feamtogenous subregions.
This information is also a vital input for designing an eféint and cost-effective
sampling strategy for future research and developmendiestuin the given
geographic region.

c. To group the P characteristics (variables) into a feay, s (< P), cognate groups.
This information may be very useful to get rid of redundamd costly variables in
future research and development work, and thereby corsbtiereduce the costs.

A large number of multivariate techniques are availaldeatldress the above
problems. Some of the more commonly used are the Prin@patponent Analysis
(PCA), Principal Coordinate Analysis (PCOA), Biplot, aadnumber of Cluster
Analysis Techniques. The PCA and PCOA are dimension rédaodechniques, and
can be implemented using the GENSTAT and SAS software pnogrd he software
GEBEI and MATMODEL are particularly useful for PCA. TheipBot, a graphical
tool to geometrically see the structure in the N x P matcan be constructed using
eitherthe GEBEI orthe GENSTAT software. Biplot particuyais an effective way
to look into the relationships among the N objects, amdreg P variables, and the
inter-relationships among N objects and P variables. s@uanalysis attempts to
classify the given N objects and/or P varables into homogsftognate groups.
Cluster analysis, in its many different forms, can beriear out using the SAS,
GENSTAT, and GEBEI software.
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Real-life Problems in Developing a Land-use Plan
Using Computerized Systems

A K Maji and M Velayutham *

Introduction

All over the world, agricultural production systems afegging in response to social
demands and ecological conditions. The role of scientisvolved in land-use
planning studies is also changing to meet present dejlenges. Land-use planning
exercises encompass a multidisciplinary approach tesasmultidimensional and
complex features of land, water, climate, and bioticctbas for appropriate
assessment of the productivity of lands. Inapproprieste of these resources leads to
various types of degradation and ecological imbalanaesd ultimately affects the
social framework. Scientific assessment of land resaurice therefore, essential to
overcome the problems of degradation, and to ascedastainable use of the natural
resources. The assessment or evaluation of these resodepemnds on a strong
information-base established through systematic ab{ective-specific survey work,
incorporation of farmers' experiences, and secondarta dsurces. The data thus
generated can help in interpreting the feasibility afdause for various purposes like
site selection for developmental planning, soil managdmerrop management,
prime land preservation, and potential population supipg capacity assessment.
However, datasets generated for such activities arey varge and managing them
manually is very difficult. Today's powerful computerssgms have made it possible
to handlewith relative easethe complexdatamanagemenandanalysesnvolved.

Computers in land evaluation

The modern era of land evaluation began with the pubiocabf "A Framework for

Land Evaluation" by the Food and Agriculture OrganipatiFAO 1976), and it was
felt necessary to have a computerized system for lareduation. The first attemptin
this direction was made by Wood and Dent (1983) in hekia. Thereafter, many

1. National Bureau of Soil Survey and Land Use Plannh83S&LUP-ICAR), Amravati Road, Nagpur
440010, India.

Maji, A.K.; and Velayutham, M. 1999. Real-life problems in developing a land-use plan usorgputerized
systems. Pages 129-13#GIS analysis of cropping systems: proceedings ohéerhational Workshop on
Harmonization of Databases for GIS Analysis of Croppiggt@&ns in the Asia Region, 18-19 Aug 1997,
ICRISAT-Patancheru, India (Pande, S., Johansen, C.ebad., and Bantilan, F.T., Jr., eds). Patancheru
502 324, Andhra Pradesh, India and Ithaca, New Yorl634B SA: International Crops Research Institute
for the Semi-Arid Tropics and Cornell University.
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countries attempted to develop computerized interpretatsystems based on their
individual needs. MicroLEIS (De la Rosa et al. 1992)oise such program. The
Automated Land Evaluation System (ALES) developed by Resg1990) can be

used to implement provincial, country, and regionaldagvaluation. AGIS-based
land evaluation system, Integrated Land and Water Managérmformation System

(ILWIS), has been developed at the International InstitiotreAerospace Survey and
Earth Sciences (ITC), The Netherlands (Meijerink et a988). Map analysis based
land evaluation can be accomplished using GIS (Burroug®6)l9IDRISI, developed

at Clarke's University, USA (Eastman 1990), providesioas tools useful for

analysis of data for land-use planning.

Data for land evaluation/land-use planning

Problems can be encountered at any stage of land assesstoeliéss—from the
initial stage of data collection, to the final decisionkirey and the representation of
data in GIS outputs. In India, in most cases, the datacesuaretehsil/taluka/block/
district level administrations, where the data are cdbedcwith different objectives
and purposes. These data may not be the same as thoseddesiemd-use planners
and/or may not reflect the real situation (particularly,the case of socioeconomic
data). The quality of data primarily depends on the sspuoé the data, that are
ultimately used in the land evaluation/land use plannirgr@ses.

Spatial reference of the data

Data pertaining to locations are generally representegoast data, but in soil maps a
representative polygon may include some vital informatiehevant to diagnostic
parameters for a suitable land-use plan. One of the diffies encountered is that
data for an entire area is not available, leading to paroverage. Such partial data
only allow extrapolation of the decision to unrepresenaeghs, that may or may not
be useful.

Operational faults in data collection

Collection of data on natural resources, socioecononsatures, and cropping
systems are generally carried out at different adminibteatevels. The village-level
database remains at thHdock/tehsiloffice where major gaps in the database can exist.
As data follows the hierarchical structure from.village tehsil to district, etc., the
volume of data grows enormously, and managing and arrgngiem in a suitable
database management system becomes tedious and exoe.pSometimes, data are
collected by persons not having full understanding/cetepce in the subject. Thus
the procedure for the collection of data is very impottas it forms the very basic
element of any GIS analysis.
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Unit of the data

In India, the land measurement; yield measurement, og@goinomic and other

parameters are reported at varying units of measuremansome advanced farming
areas, the metric system has been adopted, but most ofithkedatabase is reported
in local units of measurement. So, the additional tafskata conversion to a standard
level is necessary to ensure compatibility of data.

Temporal variability of data

Sometimes the data collection period varies due toemagthy data collection
procedure or less manpower involvement. The present midinative system or the
fact that the data needed for analysis are old in natte®ther contributory factors.
Old data generally represent the condition at the tirheoblection of data but the
real situation and attribute value of the data chamgess time. Such a situation in
particular occurs in the case of land-use data.

Scale limitations

Scale of mapping is an important aspect in representirtg. da small-scale map
contains much coarser data than a large-scale mapgsIB8), database maps of two
different scales always pose problems of edge matchingjstmtion, etc. The
problem is again compounded when there is even a slighation in the registration
co-ordinates or latitudes and longitudes.

Land-use requirements

In land evaluation studies, the land quality is matckdth land-use requirements
(LURs) of a particular crop. It has been observed tlatdiuse requirements for
different crops are not available for specific cropgisystems in India, and in major
cases, studies are conducted based on the criteriaagmaeby FAO (1976). In such
cases, the results obtained may not fit well with thal gtuation. This emphasizes
the need to have LURs based on local case studies andriex@ntation. In this

direction, NBSS&LUP, through a workshop and subsegstundies, have developed
LURs for five crops (NBSS&LUP 1993).

Economic suitability evaluation

Economic suitability evaluation along with physical &hility of land parcels has

been recommended in many fora. Economic suitabilityselmsare based on the

socioeconomic features of the farmers of the area coreckrand depend on several

factors:

e capacity of the farmers to provide input in terms oftilezer, irrigation, pest
control, postharvest operation, etc.
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* market price, marketing opportunity, transport infrasture, storage facility, etc.

» satisfaction level of the farmer on economic returnsgttimay vary from farmer to
farmer.

The above factors must therefore be considered before iy any economic
suitability evaluation and its acceptability by the farmgisector.

Crop suitability models

India is a country of diverse climatic conditions, physimghic variation, and soil
environments. The crop adaptability, cropping system, amahagement practices
have wide variation; Underthesecircumstances, a single crop modeill not be
sufficient to fulfil the needsof the country. Therefore, it is envisaged have crop
models based on agroecological zones both for irrigated rainfed environments,
keeping in view the local crops and food preferences.

Data format

Various GIS packages are currently being used, some arerveased, and others
raster-based. The first problem that arises is data adrbfity between the different
systems. However, conversion packages are now availaldé tkelp overcome this
problem to a large extent.

Incompatibility between packages is another issue. Tioeee interdisciplinary
work, like the one being discussed here on rice-wheat sygstesearch, needs a uni-
form software platform to avoid difficulties of data trédes and analysis.

Knowledge interface

In the domain of spatial analysis and its use, the interfafcearious disciplines and
expertise are needed. In land-use planning implementatibe policymakers and
implementing authorities need to interact and discusssttientific findings. On the
other hand, GIS experts need to understand the views dfdaa planning scientists
even though they represent diverse fields of specialiratithe computer professionals
in GIS are required to provide realistic solutions to the cegis of soil scientists/
land-use planners. In many cases, the latter group omssis feel inadequate to
attempt computer applications by themselves.

Therefore, unless data sources are authentic and spatielgrenced, they may
lead to confusing results. Very often, different agencegsort their data using locator
varied units which hinder smooth data handling. Timely afsgéata is also important
to the decision-makers as old data depict a picture thfieérs from current reality.
However, old data are useful in predicting temporal charages$n case of studies on
land-use/land cover changes of an area.
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Conclusion

The problems discussed here are the outcome of workiperiexce in the fields of
land evaluation and land-use planning using compzgdrsystems. The major cause
for such problems can be attributed to improve undedstg of the system and
communication gaps along the chain of specialized waseks involved, from data
collection to processing to output. If suitable prdimms are taken at various steps,
these problems can be minimized or eradicated. Thedistplinary mode of
activity is necessary to achieve results in an accticateat.
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Towards More Sufficient Use of GIS Analysis by
the CGIAR System and its Partners

S Chator?

Introduction

In 1994, as a fragile peace returned to Rwanda, eightecem the CGIAR system
worked with nongovernmental organizations (NGOs) andomal research systems
to multiply and disseminate the seed of suitably adapitegbroved crop varieties.
Placed in the hands of returning farmers, the seed helpgekl-dtart the rural
economy, speeding the recovery of food production. ThedSef Hope Project, as it
was called, has since become well-known outside the £ &s a landmark project
marking the evolution of a new model of technology transfieAfrica—a model that
is proving effective in bringing the benefits of researclsdme ofthe world's poorest
people.

What is perhaps less well appreciated—at least outdideC GIAR system—is the
crucial role geographical analysis played in the projesticcess. At several centers,
including the Centro International de Agricultura Tropl (CIAT), maps of the
distribution of relevant crops in neighboring countriesre used to identify the areas
where seed adapted to Rwanda's diverse environments dmulibund. The maps
were generated on computer, using data that had previdesg collected for other
research purposes.

The Seeds of Hope Project is thus a potent example of hifsva@n be applied to
benefit, not just researchers and planners, but themalté target group of the
CGIAR's research—resource-poor farmers. The Projectlsde a measure of the
progress made over the past decade in developing andimgfithe tools of
geographical analysis. During the Ethiopian famine 084/85, neither the tools nor
the necessary information had been generated. As a resuwlth of the seed aid
distributed at that time was poorly targeted.

1. Consultant, United Nations Environment Programme EPINGlobal Resource Information Database
(GRID)/Consultative Group on International AgricultuReésearch (CGIAR).

Chator, S. 1999 Towards more efficient use of GIS analysis by the CGBy¥&em and its partners. Pages
135-144in GIS analysis of cropping systems; proceedings of andatamal Workshop on Harmonization
of Databases for GIS Analysis of Cropping Systems in tha R&gion, 18-19 Aug 1997, ICRISAT-
Patancheru, India (Pande, S., Johansen, C., Lauren, J., anldBaRtT., Jr., eds.). Patancheru 502 324,
Andhra Pradesh, India and Ithaca, New York 14853, US/Aerirational Crops Research Institute for the
Semi-Arid Tropics and Cornell University.
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Geographic information systems

GIS systems can become a useful tool whenever informatasnahspatial dimension
that would be easier to understand in a visual form. Thadvantages over
conventional map making are several: they allow the jmbd& done much faster; they
allow different sorts of information to be integrated angdaid easily; and they are
more flexible and accessible to users. With GIS, individusdrs 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 iguds®mne part—often

quite a small one—ofthe overall analytical process iegg for effective research and
development, in combination with other tools and techngquetably modeling.

What is a GIS?

The words "Geographic Information System" can be intetpd in two ways and

confusing the two ideas in administrative work has causedhmonsternation. In the

restricted sense, a GIS is a suite of computer routinest thelp manipulate
georeferenced data. In this sense, Arc/Info, ILWIS, IDRISInd ERDAS are
examples of GIS; many others exist.

It is when using the term in a broader sense, in phrases"lileeare putting up a
GIS for the department of x in country y", that the condusis likely to occur. For
over 10 years now, it has been bruited that GIS is a smhuiboking for a problem. In
many cases, a lot of money was invested in GIS softwarstricied sense) and staff
training, only to find that lack of georeferenced data frated the endeavor. A
wealth of detailed information is available on world agidicire but converting this
information to georeferenced form implies a high cost.

In this paper, GIS is interpreted in the broad sense—tlibvace and the data.
Only when we can explain theostsand infrastructure involvedwill we be able to
inform administrators without incurring future disapptment.

GIS is used in agricultural and environmental research axeldpment in four
basic ways:

« to diagnostically help research planningzor example, the International Livestock
Research Centre (ILRI), Nairobi, Kenya, used GIS to map kim®wn and
probable distribution of théick specieghat causetheileriosis. Thiswill be useful
in identifying zones at varying degrees of risk from thisedse and defining
appropriate control strategies. CIAT's 1990 strateglanping exercise relied
heavily on the use of GIS to define priority agroecolobiezanes in tropical
America.

* to target research products accurately to areas where users will find them relevant
and acceptable.Under the Asian Rice-based Farming Systems Network (ARES
based at the International Rice Research Institute ()RRManila, Philippines,
national scientists used IRRI's GIS to identify the atlop domain of dry seeding
of rice and new rice varieties in the Philippines. The Seefl Hope Project,
mentioned above, provides another example.
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* to assess the impact of research or development, either ex ante or exX postis a
particularly powerful set of applications, as the inttgve capacity of GIS can be
used to predict how a whole farming system or an ecology islyiko evolve in
response to different policy or technology interventionsn example is the
collaborative project between the International Foodlid Research Institute
(IFPRI), CIAT, and the Brazilian National Research Insté&. The project's
scientists are attempting to forecast local changes in leed and the degree to
which farmers inBrazil will switch to soybearfrom other crops inresponseto
changes in input and output prices and the release of new varieties.

+ to further research, used as a pure (strategic) toledr example, O AT has used its
GI1S together with statistical techniques and genetickmies to map the genetic
diversity of beans and other crops. The results help lemedo locate likely
sources of desirable traits and provide useful guidanee fliture germplasm
collection.

GIS can be used in support of all of the CGIAR system's majojectives:
increased agricultural productivity, better protectedivieconments, improved
conservation of genetic diversity, better policy-makirand more equitable sharing of
the benefits of research. GIS systems have already prolveid talue as a tool to
support commodity research. They are also increasinglyl teeackle the complex
issues in natural resource management research. Rapgmications in this field are
legion—ranging from assessing erosion risks on slopingllahrough predicting the
effects of climate change on crop distribution, to manggioral reefs.

Its user-friendliness makes GIS a tool of great potentmlempowering local
people to improve the management of local resourcess Thilikely to be a major
growth area in the future. Both International Water Manageiminstitute (IWMI)
and OAT have launched projects that aim to explore this mioaé at the watershed
level.

Many CGIAR Centers now make effective use of an in-leo® S capacity. But
there is room for improvement in the efficiency with whicket@ GIAR system as a
whole uses its collective GIS capacity. These efficiegains are the subject of this

paper.

GIS and the CGIAR — a brief historic overview

CGIAR Centers have for long been interested in using modarformation
technology in agricultural research. Their exposure t& @htes back to 1986, when
a workshop on characterizing, classifying, and mappinggofcaltural environments
was held in Rome, organized by the CGIAR and the Food and cAdre
Organization (FAO). Several experts attended the workshapgm organizations
outside the CGIAR that were already using GIS. Their inmowed the seeds for the
CGIAR Centers' growing involvement in their use in subsedqyears.

For two reasons, the development of CGIAR's capacity in GES mostly
occurred in an ad hoc manner. First, in the late 1980s, femtale could afford the
considerable investments then required to build a sojlittd GIS capacity. This led
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individual Centers toinvest as and when they could, to mpet¢iEc needs. Second,
because no mechanism existed that allowed them to do scCeheers did not seek
complementarity, either in their GIS investments or ie 8pecialized GIS services
and products they offer.

The phase of incremental, ad hoc development lasted irdaethly 1990s. Since
then, more powerful software has become available, witdieeaccess to a wider
range of databases. A few among them like CIAT, have madeensubstantial
investments in both hardware and software, while the o@enters have made little
or no investment. So the gap between centers with a "strongWeak" capacity in
GIS has, if anything, grown during the 1990s (Table 1).

Table 1. Investment in staff, hardware and software by th e CGIAR Centers ™.

CGIAR Center Staff Hardware Software
ClAT * k k% * k% % * % %
CIMMYT * % % * % *
ClP * % % * _
ICARDA o o *
ICLARM * - -
|CRAF * % % * % *
ICRISAT xx o *
IFPRI * - -
IIMI o * -
ITA * * -
ILRl * % % * % *
IPGRI - - -
|RR| * % % *%%k * %
ISNAR * - -
WARDA e * -
1. Data obtained from an informal email survey and reirgtrgrto cost range in US$ by P.G. Jones.

- > 10000

. 10000 - 50000

b 50000 - 100000

wee 100 000 - 250 000
*ee* < 250 000

UNEP/GRID phase

In 1991, a group of Center Deputy Directors decided to seekoae concerted
follow-up to the 1986 meeting. They submitted a project ppsal to the
Government of Norway to convene a second workshop, held 82 B@Arendal. The
choice of Arendal reflected the fact that this northermiegian town is the location
of one ofthe GRID centers.
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At the Arendal workshop, later known as Arendal I, the Nogime Government
offered to fund a project to promote cooperation among @@IAR Centers and
with UNEP/GRID centers on GIS-related issues. The projeatitled "UNEP and
CGIAR Cooperation on Data, Capacity Building and NetwaorkiNeeds for the Use
of Geographical Information Systems in Agriculturaledearch", was to be
coordinated in Arendal and to run initially for a 2-ygeeriod.

In 1996, the Norwegian Government agreed to fund ams@@hase, on condition
that collaboration among the Centers become self-sustp by the end of the
project, in April 1998. The project has several achiegpta to its credit. It has
increased awareness, both among CGIAR stakeholders andthe Centers
themselves, of the power of GIS and the broad range of &pflications now
possible in both commodity and natural resource managemesearch. Interested
Centers have been visited and their GIS-related reqerds assessed, as a basis for
planning future collaboration. Funds have been given $everal mini-projects to
complete databases and make them available to udef@mrmation on existing
databasesas been compiled andill shortly be madeavailable in catalogudorm.
Two further workshops hosted in Arendal have providgxportunities to exchange
experiences and improve coordination.

The project has also developed an effective multi-tieprapch to obtaining
funding that is well suited to the complexity of GIS rassh and to the need to
explore future research directions with a wide rangeaitptial partners. As a first
step, small amounts of seed money are granted to imghenclearly defined tasks.
These tasks are necessary steps in the preparation ef lprgject proposals that can
be later submitted, either to the project or to othetremsoial donors. This approach is
currently being used to develop a project on povertyppiag and the proposal for
the development of a global crop and livestock database.

The project's most significant achievement was to destrame that sizeable
efficiency gains can be achieved through global or imtemter collaboration.
Sustaining the Arendal process, in one form or anotieewital if the CGIAR system
and its stakeholders are to continue to capture theses.ga

Poverty mapping: a shared objective requiring global
collaboration

All the CGIAR Centers share a goal to alleviate poverty.fdaus their efforts, they
need accurate data on where poverty occurs. Such datddwvalso aid the CGIAR's
Technical Advisory Committee (TAC) and donors in allting research resources.

Poverty mapping, however, is much more than an exergiseGIS analysis.
Measuring poverty itselfis difficult and raises manytim@dological problems. Ajoint
effort to compare methods and develop a standard approscneeded, before
mapping goes ahead.

In a mini-project supported by GRID-Arendal, a consultenlbeing appointed to
conduct a literature review and write a position papettis subject, to seek experts
willing to take part in a workshop, and to identify potiexi national partners. Under
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the project,CIAT scientistswill alsoseekfunds for, and organize, the workshidpelf
The outcome ofthe workshop should be a project propasadhors to fund a multi-
center effort on poverty mapping—with a coherent metHody spelled out in the
project document.

Advantages of collaboration

Capacity building

While most CGIAR Centers need a capacity to analyze ase relevant data
generated through GIS applications, not all require flacilities and expertise
necessary to generate data. Systematic collaboratounldvallow some Centers to be
service providers and others service users. In othemds,oCenters that have not
invested in building a strong core of GIS expertise wbbé able to capture some of
the benefits of such investments made by other Centers.

Similar arguments apply to the building of capacitynational level. First, not all
parts of national systems, and perhaps not every natiysa¢rm within a subregion,
would need to make large-scale investments in GIS digee and equipment.
Second, collaboration would ensure coordination andcéemherence in developing
and providing training materials and opportunities taioal programs and other
partners. This would avoid the competition betweemnters that so bedevilled the
promotion of the farming systems approach to researcindguhe 1980s. It was not
uncommon for national programs at that time to compthat five Centers were "on
their doorsteps”, each preaching its own version ofélmming systems' "gospel”. It is
vital that the same fate does not befall the introducod®1S at national level.

Systematic collaboration would allow the developmeritaocoherent global
training strategy that would rationalize access to efiéit levels of skills. Basic
training, for example, could be devolved to strong n@aioor regional institutes,
while specific centers could meet more specialized needs

Methodology development

As a relatively new tool, GIS frequently presents utsers with methodological
problems. Often, it takes a significant input of time arter resources to develop
and test solutions to these problems. In many cases, denadile savings could accrue
through joint efforts to identify needs and opportungtian methodology
development, leading to an inter-center or global wdak allocating such research to
one ortwo partners, or to a lead Center with a comparadwvantage in tackling the
problem in question.

Methodological problems often occur when GIS is usedcomjunction with
models to predict future trends in land use or in the aidopaf new technology. The
difficulties arise because such economic variablesnasket prices cannot easily be
matched to GIS coverages. For example, in the joint gtdjetween IFPRI, CIAT,
and Brazil, outlined above, data on the elasticity g@fdy for soybean are available at
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state level in Brazil but not by region within the stat@mplicating the task of
disaggregation. Under an inter-center collaborativearmgement, IFPRI could be
asked to take the lead in solving this problem, shariaginding with other Centers.

A further set of methodological problems concerns theaddtction of GIS as a
management tool for local communities. This is an aregreat potential, in which
little has yet been achieved. The issues are partly teefwiwhat functions are
needed, what level of sophistication is suitable?—hsb asocial—who in the local
community should have access, and who should have bvessponsibility? Again,
designating a lead Center to coordinate work on theseessand share the answers
with others could bring considerable savings.

Building and sharing databases

Many critical gaps in existing datasets need to béetil In addition, datasets can be
"married" to increase their relevance to a broader rarigasers. Collaboration in this
area brings efficiency gains both through economies afes@and by avoiding the
duplication of efforts.

A Center that is already building a database covering étsn mandate
commodities can, at little extra cost, include data oe ttommodities of other
Centers. For example, under a project funded by ther{American Development
Bank (IDB), CIAT is currently mapping the distributionf anportant crops and
livestock speciesin Latin America. Thedataon cropswill be sharedwith the Centro
International de la Papa (CIP), the Centro InternadiaieaMejoramiento de Maiz y
Trigo (CIMMYT), and other interested Centers such ag thternational Crops
Researchinstitute for the Semi-Arid TropicgICRISAT), which as a resulwill be
sparedthe expenseof undertaking this effortthemselves.Livestock data will be
shared with ILRI. Meanwhile, ILRI is compiling data on distock in Africa. A
collaborative project plannedjointly with other cersteand national partners would
allow ILRI's database to include important African csppnaking the results available
both to other African and to the Latin American centergssibly, ICRISAT and the
International Center for Agricultural Research in theyDAreas (ICARDA) could
undertake similar exercises in West Asia-North Africalan the rest of Asia. The end
result could be a snowballing effect, leading to a singlebagl database shared by all
interested Centers. Global collaboration would alS@va projects to be undertaken
that are relevant to the whole CGIAR system, not jus¢ on a few Centers.

Documentation on databases

Metadata, or in other words information about datebaswho holds them, what
they contain, how reliable they are, and so on—can beenaasily assembled and
disseminated through a collaborative arrangement. Thigiative in developing

metadata launched under the Arendal project needs toolm¢inued after the project
has ended.
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Possible modes of operation

Various options for sustaining GIS-related collaboratiwithin the CGIAR system
and with its partners have been suggested. They include:
* launching a system-wide initiative devoted solely to Gk& u

e associating the development of GIS use with that of theeggonal approach

e seeking support of the United Nations Environment Paagne (UNEP) for a
new project, based in Nairobi or elsewhere

+ adding GIS use to an existing system-wide initiative

This paper restricts itself to a brief discussion of eachhege options, without
making a recommendation.

Launching a System-wide initiative devoted solely to Gl S use

The System-wide initiative, leading to the System-wide gvaon, is a relatively
new concept within the CGIAR system. It may represent gnificant future
development path for the system, especially if furthetioralization and/or
downsizing occurs.

Although high start-up and transaction costs are fregyententioned as the
major disadvantages of this mode of operation, they can iménmized. In the case of
a GlS-related initiative, start-up costs would be redubecause a network is already
operational. Transaction costs could be lowered by suclsumes as timing Steering
Committee meetings to coincide with working scientific etiags or system-wide
meetings (International Centers Week (ICW), Mid-Termedfings (MTM)—a
practice the Arendal project has already successfullypteld—and using e-mail and
the Integrated Voice Data Network (IVDN) systems, inste&ddravel, to reduce
consultation and participation costs.

Launching a System-wide initiative would require strongndo support. A
leadership function would be required at some point in $higtem, possibly in the
form of a secretariat rotated between participating CmsnteThe secretariat,
consisting of a principal scientist and a technician,uhb be responsible for such
activities as promoting database exchange, serving agaricy house for training
requests, and organizing annual scientific meetings.hSacSystem-wide initiative
devoted solely to GIS use would make the greatest impadt savings of those
reviewed.

Associating the development of GIS use with that of the
ecoregional approach

Under this option, ecoregional centers would take deallin developing GIS-related
activities for their mandate region and commodities, wisdeking to undertake low-
cost complementary activities that would benefit otheloesg.

There are strong synergies between this type of approadhtten use of GIS. A
recent proposal for an ecoregional approach to researctroipical America, for
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instance, specifically envisages developing a "regionahlgical capacity for
prioritizing, targeting, and extrapolating researchutes’ and developing land-use
databases and associated models to this end. This optiomitseclarity in the
allocation of tasks, allowing lead centers to specializeGil S issues and activities
relevant to their region. It also helps clarify relatioiphwith national partners: these
would always know which center should be their first "pofrtall" for GIS-related
needs.

This option is the most "natural”, in the sense of builglon existing trends in the
evolution ofthe CGIAR system. Several of the activitiesntioned above, including
poverty mapping and compiling global databases on theridistion of crops and
livestock, would fit well within this approach.

Disadvantages include the temptation to let collaborasionply "evolve", without
providing strong overall leadership across the CGIlAReysas a whole, and without
setting aside any additional funding to identify priorgiand ensure coherence. For
this reason, this option, like those involving a Systende initiative, would require a
Secretariat (or a Steering Committee) at CGIAR systewel. Again, this could be
attached to a specific Center or rotated between Centeid,naed not add a new
layer of bureaucracy at system or CG Secretariat level.

Seeking UNEP support for a new project

Based at UNEP's Nairobi headquarters, such a project wbhavd the advantages of
building on UNEP's experience in operating the GRID systeith which itwould
enjoy close links. On the other hand, funding difficustiend the short life cycle of
projects might make this option difficult to launch andststain.

As the Norwegian Government has already ruled out a furgéhxéension of the
Arendal process, the continuation of the current netwogkarrangement has not
been listed as an option. However, under each of the abptvens, the possible role
of Arendal in providing continuing support would need to besidered.

Adding GIS use to an existing System-wide initiative

Attaching GIS-related activities to an existing Systenteviinitiative has the
advantage of being relatively quick to implement. It wowdave an even greater
proportion of the start-up costs.

However, the myriad applications of GIS in both commoditydaresource
management research, and policy-making, make it difficol select a relevant,
existing, System-wide initiative to host a GIS compone@iven that the system
increasingly emphasizes natural resource managementsdibee water and nutrients
management initiative is a possible candidate. Bue aaould have to be taken to
ensure that commodity research interests did not becdme'poor cousin” in such
an arrangement. Similar arguments would apply if GIS-redattoncerns were
included under the system-wide initiative on informatitor germplasm research
(System-wide Information Network for Genetic ResourcB$NGER]) or any other
system-wide program.
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Conclusion

It is vital for all stakeholders in the CGIAR system notded the momentum gained
through the Arendal project. There is a real opportunéyurn GIS into a highly
effective tool for meeting the system's objectives mef&ciently. Realizing that
opportunity depends critically on choosing the right wayward, strong leadership
will be required to embark upon it and to demonstrate itsiedb stakeholders.
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Concluding Session
Development of Recommendations







Development of Recommendations on
Harmonization

Participants assembled into five groups to develop recendations under the major
topics of consideration. It was intended to propose prooesl whereby databases
and outputs could be readily exchanged, and there would béemail duplication of
effort. It was also intended to establish the status quo anthér efforts needed to
achieve a suitable output on constraints and opportunigfelegumes in rice- and
wheat-based cropping systems. This would be treated agampde of using GIS in
cropping systems analysis. Group-wise recommendatioms@mmarized below:

A. Current Software Options
F T Bantilan (Group Convenor), A K Maji, S P Pandey, and H B Nayakekorala

The group primarily recommended a "small and simple"rapph in choosing
appropriate GIS hardware/software. The needs of thdtiuntsoén or consortium, and
possibilities for data and expertise sharing should bphemsized.

« A minimum software platform was considered as:

PC Arcl/info
- fordigitization, generation of coverages, overlay, piog, display
- for vector data structures
- widely used; expertise is therefore available

PC ArcView 3.x

- for database query, display, plotting for coverages dliregenerated by PC
Arc/Info

- very user-friendly Windows interface
~ for vector data structures
- widely used; expertise is therefore available

IDRISI for Windows (option for dealing with raster data structures)
- cheap and user friendly

— includes capabilities in image processing of remotelyseel data
- widely used; expertise is therefore available

RDBMS - dBase |V, FoxPro, Access
- cheap and widely used
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* A minimum hardware option was considered as:
- Pentium computer with CD-ROM reader
- AO digitizer
- AO plotter, for plotting maps A4 size
- Color Desk/Inkjet printer, For quick color prints of Adaps
- GPS, for georeferencing survey data
- CD-ROMwriter (optional), for archiving voluminous dat

B. Agricultural Production Databases

| P Abrol (Group Convenor), C Johansen, Y S Chauhan, and Masood Ali

It was reiterated that sound and comprehensive agricdltlatabases are necessary
in order to understand existing situations and trendsdeustand constraints to
production, and define extrapolation domains for improvechnologies. Data are
required not only on area, production, and yield of indidd crops, but also on
cropping systems and patterns, and on such inputs asliferti pesticides, and
irrigation.

In Bangladesh, India, Nepal, and Pakistan, individualpcdata are normally
available to district level on an annual basis, publishedhe relevant statistical
yearbooks. These yearbooks may also contain some agrialilinput data, such as
inputs of inorganic fertilizers. However, data are nairmally available on crop
varieties (or names of hybrids), forages, green manurespping systems, organic
manures, etc. This information needs to be gathered frdtarrative sources,
including specific surveys.

Crop statistics in yearbooks are already in the publimdim but they need to be
digitized to be made more accessible and interpretablata sources need to be
clearly acknowledged in all outputs. National databasesd to be cross-referenced
with well-established databases, like those of FAO.

Where reported data appear suspect for any reason, somendptruthing is
advised. There needs to be much greater feedback andaaotien between data
generators and data users. For example, information oretiesi used in a region
would considerably enhance the value of crop statistitis would permit tracking of
adoption of new varieties. Planners need to be made awantdheofoutputs now
possible from sound databases, so that they would also beueaged to promote
sound data collection and tabulation. In order to bettereusténd reasons for low
yields in farmers' fields, information on biotic and ab¢ostress factors needs to be
systematically recorded. Simple scoring methods shouldubed (e.g., no, low,
moderate or severe yield loss due to the stress).
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C. Combining Remote Sensing and GIS

L Venkataratnam (Group Convenor), U K Deb, S Pande, and B K Khandpal

Remote sensing is clearly an important tool to providesHreand retrospective
information on soils, land evaluation, land degradationgpcdistribution, and,
potentially, stresses affecting crops. It can effectiviedycombined with conventional
technologies (e.g., ground surveys) and other more regatdieloped tools (e.g.,
GIS).

In India, remote sensing data from various sensors likedkat TM and Indian
Remote Sensing (IRS) satellites are being used to pregateand land degradation
maps of various scales. Forms of land degradation suchlastgeaand alkalinity are
relatively easy to pinpoint. Satellite data have been ysedicularly in India and
Latin America to provide data on geographical distributiohcrops. However,
because of frequent cloud cover during normal growing ,(irainy) seasons, it is
necessary to use microwave data (SAR) for this purpossed&eh is under way to
adapt satellite spectral data for use in crop yield modgs$indies (i.e., application not
yet validated).

Maps can be prepared at various scales depending uporbijéetives of the study.
Initially, soil maps were prepared at scales of 1:250 008guskandsat MSS data, but,
with the improvement of data resolution, maps of 1; 50 OGlescan be produced.
With the availability of such high resolution data as IRS ganchromatic at 5.8 m
resolution, the mapping scale could be reduced to 1:12 5@Wever, for preparing
broader scale maps of larger areas depicting either sailay distribution, IRS WiFS
data at 180 m resolution will suffice.

Remote sensing data is available in digital form and canseel as an input layer to
GIS. However, the software used for both remote sensing ah®l ked to be
compatible (e.g., ERDAS/ArcIinfo) and have adequate agt®r capacity, data
portability, be user-friendly and available at a readdmacost. Use of GIS in
combination with remote sensing enhances decision-makirtgree ways:

« process identification to enable comparison of difféer@oquisitions through time

* identification of agricultural (and other) developmembblems

» evaluation of possible technical interventions for o@nvation/reclamation
measures.

There is scope for further methodology development in covimyg remote sensing
and GIS for use in crop-soil-water management studies aappimg/monitoring of
soil and land degradation processes.
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D. Progress in Database Development for Analyzing
Legumes in Rice- and Wheat-based Cropping Systems

S M Virmani (Group Convenor), D N R Paul, G S Sidhu, P Tulachan, A Ramakrishna,
and P K Joshi

The group discussed progress made so far in assemblingetiessary data to analyze
constraints and opportunities of legumes in rice- and whaatd cropping systems
ofthe Indo-Gangetic Plain. This information would be preted as country chapters
at the workshop on this topic in October 1997. This was id@med as an overall case
study in applying GIS techniques to cropping systemsyaisal The discussion mainly
referred to the Indo-Gangetic Plain of India, but knowledyailable for Bangladesh,
Nepal, and Pakistan was also updated.

District boundary maps are available for all countriegjt tboundaries have
changed in some countries over years. For example, in lihéias decided to use the
1991 boundary status for the base map and adjust subseguep production
parameters to those boundaries. A similar situationliappn Bangladesh.

For all four countries, there appears to be adequate datsuom environmental
factors as soils, rainfall, physiography, and length ofwgrng period (as per FAO
derivation).

District-wise data for the major legumes are also ab&tlaup to the mid-1990s.
For India, this includes chickpea, pigeonpea, groundnlakgram, mungbean, lentil,
soybean, and pea. Similarly, district-wise data arelalbbé on rice and wheat area,
production, and yield. However, reliable and comprehemslata on forage and green
manure legumes are not available, to the knowledge of thapg

District-wise data on abiotic and biotic (e.g., diseasesect pests, nematodes,
weeds) are not available in a comprehensive manner. Oy lm@ad ratings can be
given, based on sporadic surveys and anecdotal reports. sBificient expert
information should be available to give ratings accogdio the format in the book
Adaptation of Chickpea in the West Asia North Africa Régien i.e. absence, and
low, moderate and high incidence of the constraint. Thaigremphasized the need
to establish a methodology for systematic quantificatiacross space and time, of
abiotic and biotic constraints.

In conclusion, the group considered that sufficient datrevalready available,
or potentially accessible, to conduct a GIS-based aisalys constraints and
opportunities for legumes in the Indo-Gangetic Plainioag

1. Saxena, N.P., Saxena, M.C., Johansen, C., Virmani, &nd Harris, H. (eds.). Adaptation of chickpea
in the West Asia North Africa Region. Patancheru 502 32vihra Pradesh, India: International Crops
Research Institute for the Semi-Arid Tropics; and PO Box65A6eppo, Syria: International Center for
Agricultural Research in the Dry Areas. 270 pp. ISBN 9263886-7. Order code BOE 022.
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E. Options for GIS Outputs

S P Kam (Group Convenor), G Hyman, Kamal Sah, and B Bajracharya

Although attractive and informative GIS 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 attributes are usually left in digital form. Only
processed results, in the form of interpretive maps, graphs or tables require hardcopy
output as working copies or of publication quality.

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 minimal due to the
voluminous data storage requirements. File formats would comprise datasets and/or
graphics files. Advantages and disadvantages of available software are summarized in
the table below:

Software Advantages Disadvantages
PC Arc/Info More cartographic Command mode; not so
(specifically Arcplot) options than ArcView. user-friendly—could be
Cannot deal with grids. standardized with macro
programs.
ArcView Cartographic production

quality; not satisfactory
for publication quality.

MaplInfor Very good cartographic Less popular software.
functionality.
Internal linkage in
Microsoft Excel.

Arc/Info for Windows NT Can handle grid output.
(future)

The type of hardcopy products would depend on the target users. Cartographic
quality is an important consideration if formal publication is considered. Necessary
equipment includes a color inkjet plotter, with adequate buffer size, and a slide
making facility. A film writer would be very expensive.

Some issues that need consideration in generating output are sensitivity of data,
clearance of source agencies, the need for standardization (format standardization,
acknowledgment, source citation, units of reporting, etc.), and cartographic issues
(symbology, colors, black/white hatching).

The group recommended that ICRISAT acquires a dedicated unit for presentation
of map output from GIS with the requisite skilled staff. Such skills should include
training in cartographic principles.
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Product names

Presented below is a list of product (and company) namesref to in the various
papers of these proceedings. They are either registerddnvarks or trademarks of
their respective owners. The use of trade names in thesee@dings does not
constitute endorsement of or discrimination against amgoduct by Cornell

University or by ICRISAT.

Access (Microsoft Corporation, USA)

AEGIS/WIN (IBSNET) (Agricultural and Environmental Ggmphic Information
Systems for Windows (AEGIS/WIN)

AlX Operating System (Hewlett Packard Company)
ANUSPLINE (Australian National University, Australia)

Arc/Info, ArcView, ArcExplorer (Environmental SysteniResearch Institute (ESRI),
Redlands, California, USA)

Colorado (Hewlett Packard Company)

dBASE IV (Borland International, USA)

DELL, DELL GXPro (Dell Computer Corporation, USA)
DeltaMap (Autometric)

MS DOS (Microsoft Corporation, USA)

DSSAT (IBSNAT, University of Honolulu, Hawaii, USA)

ERDAS (Earth Resources Data Analysis Systems), ERDAS imeadERDAS Inc,
Atlanta, Georgia, USA)

Epson LQ-510 (Seiko Epson Corporation, Japan)

ER Mapper (Earth Resource Mapping Pvt. Ltd., San Dje@alifornia, USA)
Exabyte (Exabyte Corporation)

Exceed (for X-Window emulation) (Productivity through fSeare Inc. (PtS))
FoxPro (Microsoft Corporation, USA)

Gateway 2000 (Gateway 2000 Inc., USA)

GEBEI (GEnotype By Environment Interaction (Universitpf Queensland,
Australia)

GENSTAT (Rothamsted, UK)

Arc/Info - GRID (Environmental Systems Research Ins@tutESRI), Redlands,
California, USA)

GTCO Rollup (GTCO Corporation)
GTOPO30 DEM (EROS Data Centre, USGS, USA)
HP DesignJet 650C, HP LaserJet 5P (Hewlett Packard Company
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IBM RISC System/6000 (International Business MachinesSA)
IDRISI (Graduate School of Geography, Clark University, ddachusetts, USA)

ILWIS (Integrated Land and Water Information System) €mtational Institute for
Aerospace Survey and Earth Sciences, ITC, Enschede, TheeNands)

Intergraph (Huntsyille, Alabama, USA)
lomega Jaz, lomega Zip (lomega Corporation, Utah, USA)
Maplinfo (Maplnfo Corporation, Troy, New York, USA)

MapObjects, MapObjects LT (Environmental Systems Re&$eamstitute (ESRI),
Redlands, California, USA)

MATMODEL (Microcomputer Power, Ithaca, New York, USA)
Microsoft Office 97, Microsoft Office 95 (Microsoft Corpation, USA)
PAMAP (PAMAP Technologies Corporation, Canada)

Pentium Pro (Intel Corporation, USA)

SAS (SAS Institute, Cary, North Carolina, USA)

SPANS Explorer (Intra Tydac Inc., Ontario, Canada)

Spatial Analyst and Network Analyst (Extensions of ArcWie (Environmental
Systems Research Institute (ESRI), Redlands, Califortl&A)

Strings (GeoBased)

SUN, SUN Ultra2, SUN Sparc5, SUN Sparc10 (Sun Micro Sysjem

Surfer (Golden Software Inc, Colorado, USA)

Synercomm (New Berlin, Wisconsin, USA)

Trimble GPS , Pathfinder Pro, GeoExplorer (Trimble Natign, California, USA)
UNIX (SUN / Bell Laboratories)

Visual Basic (Microsoft Corporation, USA)

Windows NT, Windows 95 (Microsoft Corporation, USA)
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About Cornell University

Cornell University, located in upstate New York, USA, imdés 13 colleges and schools.
The university's 13 510 undergraduates and 5 970 graduate paofessional students
come from all 50 States of the USA and more than a 100 camtrCornell is an lvy
League university and also the land-grant institution N@w York State, committed to the
three functions of the land-grant system in America:chéag, research, and extension. As
such it is a unique combination of public and private diwisio Interdisciplinary study and
research are Cornell hallmarks, as is attention to undergte education. The university's
2 340 faculty members are active teachers as well as oismgar State and Federal
government agencies, industries, and foundations andratbn-profit organizations are all
potential sources of research support. Stemming fromuthigersity's land-grant role are
Cornell Cooperative Extension (an education-outreaclogpam for New York State
residents) and the notion that the fruits of Cornell resteashould extend into the public
domain.

Cornell University has been a leader in the arena of intéonat agricultural and rural
development for much of this century. The Department of, SOrop, and Atmospheric
Sciences (SCAS) has had a long and distinguished historyoatell. Studies in soil and
crop science at Cornell have existed from the early dayseftiiversity. Today SCAS has
over 30 faculty members who teach over 50 courses. The SCASSioni is to develop
research teaching, and extension programs thaill provide pragmatic solutions to
agricultural and environmental problems, produce an athtt populace, and advance the
understanding of basic natural processes. The reseaogrgm ofthe Department is one of
the largest in the College.

About ICRISAT

The semi-arid tropics (SAT) encompasses parts of 48 ldpireg countries including most

of India, parts of southeast Asia, a swathe across subrSatAfrica, much of southern and
eastern Africa, and parts of Latin America. Many of thesantdes are among the poorest
in the world. Approximately one-sixth of the world's poptita lives in the SAT, which is

typified by unpredictable weather, limited and erraticnfail, and nutrient-poor soils.

ICRISAT's mandate crops are sorghum, pearl millet, fingeHet, chickpea, pigeonpea,
and groundnut; these six crops are vital to life for the @wereasing populations of the
semi-arid tropics. ICRISAT's mission is to conduct reskamhich can lead to enhanced
sustainable production of these crops and to improved gemant of the limited natural
resources of the SAT. ICRISAT communicates information eohhologies as they are
developed through workshops, networks, training, libregyices, and publishing.

ICRISAT was established in 1972. It is one of 16 nonprofgsearch and training centers
funded through the Consultative Group on Internationatidgltural Research (CGIAR).

The CGIAR is an informal association of approximately 50blpe and private sector

donors; it is co-sponsored by the Food and Agriculture Oizgtion of the United Nations

(FAO), the United Nations Development Programme (UNDPhe tUnited Nations

Environment Programme (UNEP), and the World Bank.
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