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Acronyms and abbreviations
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GoK
GPS

ICAR
ICFRE
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ISEC
ISRO
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JBIC
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KFD
KSRSAC

LISS
MIS
MSS
NRSA

PCCF

Assigant Conservator of Forests
Assigant Director of Land Records

Conservator of Forests

Centrefor Interdisciplinary Studies in Environment and Development, a
centre of excellence of Institute for Socid & Economic Change (| SEC),
Bangdore

Computerised Divisiona M anagement Information Sy stem
Computerised Range M anagement Information Sy stem

Deputy Conservator of Foress

Department for International Development (United Kingdom)
Differentia Global Positioning System

Directorate of Survey, Settlement & Land Records

Forest Land Information Sy stem

Front Line Staff

Forest M anagement Information System

Federal Republic of Germany (erstwhile West Germany)
Forest Survey of India

Geogaphical Information System
Government of India
Government of Karnataka

Globa Positioning Sy stem

Indian Council for Agricultura Research

Indian Council for Forestry Research & Education
Indian Forest Service

Information Sy stem

Institute for Social & Economic Change

Indian Space Research Organisation

Institute of Wood Science & Technology, Bangalore

Japan Bank for International Cooperation
Joint Foregt Planning & M anagement

Karnataka Forest Department
Karnataka Sate Remote Sensing Application Centre

Linear | magng Self-Scanning Sensor

M anagement Information System
M ulti-spectral Sensor

Nationa Remote Sensing Agency

Principa Chief Conservator of Forests
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RAM PS
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RRSSC
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SR
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SSP

™
ToR

VFC
VFM P
WGFP
WP
WPSP

Units
Cum
ha

sq km
lakh
crore

Research & Traininig)
Planningand M onitoring Unit
Project Process Development Programme
Project Process Support Team
Range M anagement Information Sy stem
Range M anagement Planning Sy stem
Range Forest Officer
Regiona Remote Sensing Service Centre
Remote Sensing

Sate of Forest Report of the Fores Survey of India(FS)
Survey of India
Ste Specific Planning

Thematic M goper
Terms of Reference

Village Forest Committee

Village Forest M anagement Plan

Western Ghats Forestry (& Environmenta) Project
Working Plan, WPO Working Plan Officer
Working Plans Support Programme
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square kilometre

1,00,000 (= hundred thousand)
1,00,00,000 (=ten million)

GIS/RS facility and applications in Karnataka Forest Department

N

Executive Summary



Evaluation Project 001/2005-06 Final Draft 5¢, Sept 24, 2005

EXECUTIVE SUMMARY

Background, Objectives and Methods (Section 1)

In 1986, the Karnataka Forest Department (KFD) established a Remote Sensing Unit and
thus embarked on the process of inducting Remote Sensing (RS) and Geographica
Information Sy stem (GIS) technologies into its activities. While these technologies, along
with tha of Globa Positioning Sy stems (GPS), have advanced enormously over the past
two decades, the process of their induction and adaptation intothe planning and
management activities of KFD has been somewhat slow and haphazard.

This evduation is an exerciseto understand the current staus and potertid of this set of
spdid information technologies (GISRSGPS), to carefully review the past experience of
KFD with them, and thereby topropose agrategy for the optima utilization of the
undoubted patentia of these technologes in theworkings of KFD. The guiding principles
behind this exercise are understanding the needs and constraints of the front-line staff,
ensuring an optimal mix of internal capacity development and outsourcing, and drawing
up adrategy for thefutureinstitutiondisation of these technolog es and the required
human resources in aphased manner over the next few years.

The evauation was conducted in ashort duration of M ay 2005 to August 2005 by a
multi-disciplinary team consisting of KFD staff and outside experts. Theteam used a
variety of methods and sources to assemble the necessary information in ashort span of
time.

KFD experience of using GIS/RS technology (Section 2)

GISRS/GPSis apackage of three distinct but increasingly inter-related technologes. GIS
issimply atool for the overlayingand anaysis of various existing map or pictoria
(spaid) and tabular (non-spatid) data. RS and GPS are technologies for generating new
gpatial data. RS generates images of the earth’ s surface using camer as located on aircrafts
and remote sensing satellites. GPS gener ates precise information on on€' s location on the
earth’s surface. These technologies, tools and avai labl e datasets are becoming more
sophigicated, better integrated and generally chegper by the day. Nevertheless, the hidden
costs of usingthesetechnolog es are still significant, dueto thetraining required to use
them properly, maintain them and understand their limits.

GISRS induction into KFD began back in 1986, but it has had achequered path. M og of
the focus has been on generating forest cover maps. Early efforts focused on coarse scae
(1:250,000) and coarse category maps. A mgor push came under the DfID-funded
Western Ghats Foresry Project (WGFP). Aeria photographswere commissioned and
more detall ed mapping activity in two circles was outsourced tothe Nationd Remote
Sensing Agency (NRSA) in 1996, and the outputs wereput to alimited use.
Smultaneously, apilot effort was madeto set up Range-level and Division-leve
management information sy stems (RAMISand CoRM |S) in Canara Circlethat linked a
variety of forestry, administrative and socio-economic data. But gpart from data
limitations, the ideaof M | S-based decision-making and management failed to find
acceptance as the sy sems were too complex, data-intensive and mismatched with actua
processes. In 1998-99, under the Working Plans Support Programme (WPSP), a mgor
effort was madeto prepare adetailed forest-cover, physiographic and administrative

ol
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boundary database entirdly in digta format for 18 forest divisions. Although in-house
Gl Scapacity was built to some extent, and the outputs were used in preparing sever d
Working Plans, equipment obtained duringthis phaseis either inadequate to the task, or
now lies unused asspecidists engaged for the period have left, and expertise and
institutiona memory of the WPSP seem to have evaporated.

Theforest cover mapping effort, however, continued in 2002 in adiff erent mode, with the
complete outsourcingto KSRSAC of thetask of developing a geo-spatia databasefor 19
forest divisions left out of the WPSP exercise. K SRSAC has used hi gh resolution imagery
aongwith ancillary information and generated detail ed forest cover and many ancillary
layersindigita and hard copy format by April 2005. Subsequently, KSRSA C has been
requested to gandardize the database of the 18 forest divisions prepared during the WPSP
phase. The mapsprepared by KSRSAC are generdly of ahigh quality in terms of forest
cover interpretation. However, they continue to have the weaknesses of earlier databases,
viz., that the administrative and revenue boundary information they provide (being based
on SOI topaosheets and taukaleve revenue maps only) is limited, incomplete and of poor
positiona accuracy. Severd other layers dso are constrained by the quality of source
data

Thus, the experience of GISRSinduction in KFD so far may be summarised as follows:

1. Thefocus of most efforts has been on generating RS-based forest cover maps,
usudly without authenticated forest boundaries, and often at coarse scales (usudly
1:50,000 or coarser). Such maps are useful for providingabroad overview of the
forest cover to officers in the Headquarters, and for appendingto the working
plans, but of limited useto FLSdally operations or even in actud development of
silvicultura prescriptions for the once-in-ten y ear exercise of writing Working
Plans.

2. Complex databases that try to link phy siographic features and administrative
boundaries to other operationa and socio-economic dataturned out to be
mismatched with the needs and capabilities of frontline staff.

3. Whiletheinternal capacity for GISRSwork has developed inadequately, the
policy of wholesae outsourcing, coupled with the regul ar transfers, has further
undermined this cgpacity and increased the distance between the data producer
and the user.

4. Lack of institutiondization and long-term planning has resulted in haphazard
acquisition of sophisticated equipment such asTota Station and Differentid GPS,
which are not being used, whil e basic computer equipment tha is in use suffers
from lack of maintenance and threat of obsolescence.

Overdl, the adoption of these technologies and tools seems to have been supply-driven,
i.e., ‘because thetechnology isthere and based upon many assunptions borrowed from
the deploy ment of thesetechnologies in the West, rather than being demand-driven or
need-driven and cognisant of the organisationa context in which they are being
deployed.

Understanding the needs (Section 3)

Theformulation of astrategy to add vaueto KFD staff’s activitiesthrough GISRSGPS
technologies must be rooted in an understanding of how staff a different levels use
spdiad knowledge diff erently, ther differentid abilities to handle sophisticated
technologies, and the databases aready developed. Our needs assessment showsthat:

ol
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1. Executive officers at DCF and higher levelsin theterritorid and wildlife
wings find RS-based maps useful, because such maps provide a sy noptic
coverage of an areathat istoo largefor the officers to get to know intimately
through field work. Working Plan offi cers aso need such maps a various
points in working plan preparation. This need will now have been met when
thefull set KSRSA C maps become avail able. Given the background of these
officers, they can, with minimal training, use these maps and dat abases. But
this is offline use, requiring updating perhaps oncein 10 years.

2. Frontline staff (FLS) generdly have an intimate field knowledge of theterrain
inwhich they operate, and gven the complexity of GISRStechnolog es, they
do not find forest cover maps of much use.

3. However, FLSin workingplan and territoria wings are constantly engaged in
land management activities such as monitoring encroachments or drawing up
sec.4 proposas for notifying intent to congitute reserved forests, tha requires
constant referenceto village cadastral maps, forest survey maps and land
records, and also fresh surveyingand map updaing These maps and records
are currently in poor shgoe, and out of sync with Government of Karnataka s
efforts to sy sematise land records through the Bhoomi project. Frontline staff
would therefore need atechnology and training package that would essily
a) reproduce existing maps, b) speed up field surveying, €) link the survey data
to these maps to facilitate cross-checking and updating, d) access reliable land
tenure information rel ated to thepublic land parcels that they manage.

4. Findly, this need for clarifyingthelegal status of various lands controlled by
KFD finds resonance at KFD headquarters, whereissues related to land
regulation, notification for forming reserved forests and land transfers, have
to berepeatedly addressed.

Presenting an alternate strategy (Section 4)

The abovereview and needs assessment lead to astrategy in which the essentia eements
areasfollows:

1

The GlSfacility in KFD should now focus on buildingup adigta collection of large
scale maps like village maps and forest survey maps, with fores boundary details
marked in relation to village boundaries and survey numbers. The department should
accept that it may nat be possibleto put together dl these individua mapsin one
composite geo-referenced map, but efforts can be madeto develop afacility toput
together afew adjoining villages to make acomposite layout or view. Scanned and
digitized versions of cadastra maps for the rdevant villages could be obtained from
the ongoing projects of KSRSAC or other agencies like Sol, state Department of Land
Survey, ec.

Thesedigta large scae maps can belinked to the existing 1:50,000 GISto enable
cadlingup of therelevant map images for specific purposes. This will amplify the
utility of the existing Gl Sas well as the proposed large scale digital maps resources.
A pardld exerciseis needed to build up a comprehensive database (which can be
termed the Forest Lands Information System, FLIS) of forest lands, village-wise
and survey number-wise, designed to bein concordance with the revenue land
databases dready developed inthe state, i.e. Bhoomi. A concurrent exercise isto be
taken up to rationdize the land database in collaboration with Bhoomi cel | of
Revenue Dept. and the Bhoomi software developers, i.e. NIC. Thetextua data
connected to each forest parce (may bejust scanned images of documents) likethe
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10.

11.

forest notifications, boundary description, etc. may aso beprovided inthe FLISto
provide aready referenceto these archiva documents for each notified area

In theimmedi ae future, there need not be any massive exercisein buildingup
management history or ecologca dataof each |and parcd; development of such a

lar ger, more e aborate and detailed Forest Management Information System

(FM 1S for forest management purpases) can be thought of at alater stage, oncethe
land databaseis stabilized.

The GlSand the proposed FLIS can beintegrated at alater stage by providing
suitable links in the software.

The Working Plans offices will be the nodd locations wherethe digta database
(GISM 19 will be maintained during the developmenta phase (anticipated to bethe
duration of the JBIC Phase-2 project). They will provide the regpectiveterritoria
jurisdictions therdevant GISM ISservices. A master GISM IS centre can be set up a
HQ, and dl centres can belinked to the land database (Bhoomi) of the State Data
Centre.

Adequate technica staff will haveto be provided to the Working Plans (nodal) offices
and to the central unit. Therewill haveto be at least one GIS specidist and one
computer technician a each nodd location, and one senior GIS professiona and two
technicians a HQ. Adeguate complement of draftsmen and survey ors (many posts of
which are at present vacant) needs to be provided. Thesepersonne will bethe
immediate users of the GIS for preparing maps, entering data of loca interest in
specific cases, etc. Thelarger task of updatingthe GIS periodically, may however be
entrustedto aprofessiona organization (presently KSRSAC is meant to servethe
whole state).

Thepost of Conservator of Foress (GIS& Evduation) at HQ may berevived in order
to gveleadership to thetechnicd staff, gve proper orientation and momentum to the
process of further developingthe GIS programme, and above al for providinga
medium of communication and interface between the rank and file of KFD on the one
hand, and technicd wingof the GISin KFD, KSRSAC, and Bhoomi in the Revenue
Department of Government.

Thetraining gven to surveyors and draftsmen located in territorid, wildlife and
working plan offices, who are identified as the core clientd e of the sysem, will be a
professiona, higher level to make them more efficient at usingthe GIS. Trainingto
forest gaff other than surveyors and draftsmen, and to officers a various levels, can
be of shorter, genera natureto familiarize them with the capabilities and uses of the
GIS Traningopportunities should aso be provided totheprofessiona and technical
personnd maintainingthe GISand computers, gpart from providing adequate
promotional opportunities in casethey areprovided permanent pasitions.
Upgadation of hardware and software will be donein stages based on present
facilities and on capabilities of personnd using them, and future requirements. It will
be sufficient to build up now on Windows-based GI S software, and with existing
package like ArcView 3.2, which is considered sufficient for most of the functions
that can be anticipated in the forest department in the near future. However, computer
systems would need to be replaced urgently to have systems with extramemory, fast
gaphics, bigscreen etc.

A separate exercise is required to build up aproper dataresources management
system, including screening and catadoguing the existing dataand map resources, and
building up the metadata database, so as to minimize repetition of work dready done,
and make existing resources known and accessibleto dl potentia users.

GIS/RS facility and applications in Karnataka Forest Department
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12. A mechanism may be put inplaceto take running decisions on technical issues,
including qudity control, maintenance of metadata, management of the data
resources, avoiding repetition and minimizing costs, drawing up terms of reference
and specifications, deciding or recommending award of contracts, etc.

It is believed that this Srategy will ensure the adoption, adaptation and institutionaisation
of these powerful emergngtechnologes and datasets in away that adds significant value
to the activities of KFD at various levels and ensures perpetuaion of institutional memory
and capabilitiesin KFD.

(o]
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1 Background, Objectives and Methods

Writing in the Foreword to an ISRO publication "Organising Spatid Information Sy stem
around aGlScore' in 1994, Dr.K .Kasturirangan, then Chairman, | SRO and Secretary,
Department of Jace, stated tha "Thefidd of Geogragphica Information System (GIS) is
reatively new and israpidly developing. People new to thefield and even many who
have been working in it for some time ar e unsure about its capabilities and potentias”.
Tenyears on, we are aware that a number of applied projects have been implemented
using Geographical Information System and Remote Sensing (GIS/RS)" in various
fidds, includingforestry, and capabilities are ever improvingwith advancesin
technology, launching of new and mor e cgpable satel lites, enormous development in
computer technology, etc. Dr.Kasurirangan concluded his preface by statingthat "this
report needsto be seen as a continuum and regularly updated by incorporating the
advances in technology, applications and modeling and most important of dl, user
experiences that will beforthcomingin the future.”

It iswiththis girit in mind that it wasproposedto assess and evaluate the experience
with GISRStechnology and applications in Karnataka Forest Department (KFD), andto
suggest ways forward. A “concept nate’ of the proposed study was sent under letter
No.PCCF(EWPRT)/ EVALPROJ/001/2005-06 dated 20" January 2005 to Government of
Karnatakain the Department of Foress, Ecology & Environment, and after adiscussion
on 10" M & 2005, Government have agreed to the proposa “in principle’, as per
Proceedings No.FEE 122 |FA 05 (A) dt.17.05.2005 of the Principd Secretary, Foreds,
Ecology & Environment Dept., Government of Karnataka.

Government have aso made some suggestions while gvingthe above approval: that
emphasis should be on building up of institutiona memory, with careto avoid repetition
and duplication; the objectives should be specific and relevant to front-line staff;
possibility of developing expertise within KFD and dso of outsourcing should be
explored; abroad based strategy, which is not there a present, be developed on GIS,

duly interactingwith Karnataka Sate Remote Sensing Applications Centre (K SRSAC)
regardingtheir recently approved GISproject for the entire state (with aview to exploring
cost-saving link ages).

1.1 Objectives

Drawingfrom theissues to be addressed as per the concept nate, the overdl approach in
this evduation process is to develop abroad-based straegy for the adaptation and
institutiondization of these technolog es in way s tha arerelevant to the front-line
management and planning staff.

The gpecific obj ectives of this evauation-cum-strategy development exerciseare:

1. Tounderstandthe GISRSGPStechnologes that are currently avail able and their
patentid in spatid andysis for planning, management, etc. in Karnataka Forest
Department (KFD) and in forestry in generd.

1 . . . . .

During the course of the review, it was apparent that a third technology also needs to be addressed, viz.
Global Positioning System (GPS). The subject of the study may therefore be more accurately termed
GIS/RS/GPS.

GIS/RS facility and applications in Karnataka Forest Department 11



Evaluation Project 001/2005-06 Final Draft 5¢, Sept 24, 2005

2. Toreview the experience so far in KFD with the use and adaptation of these
technologiesinits activities a various levels (headquarters, working plans, territoria
offices, etc.) and to understand the extent to which these activities have or have not
benefited from these technolog es and why .

3. Toassessthe actud needs for spatid information and analy ses a various levels within
KFD, the manner in which they are currently met, the possible contribution of
GISRS/GPStechnolog es and methods for satisfying these needs over the long run,
and the ancillary activities necessary for their optima utilization.

4. Toproposeastraegy for such integration and institutionaization of these
technologies and the associated human resources in aneed-based and phased manner
over the next few years, keepingin mind budgetary constraints and opportunities.

The quiding principles behind this exercise are: understanding the needs and constraints
of thefront-line staff, ensuring an optima mix of interna capacity development and
outsourcing, and deveoping an institutional framework that will ensurelong-term
stability of the sysem.

1.2 Methods and timeframe

The Government of Karnataka gaveits consent tothis evauation exercisein M ay 2005,
after which amulti-disciplinary team consisting of KFD staff and outside experts from
Centrefor Interdisciplinary Studies in Environment and Development (CISED, acentre
of excellence of Institute of Socid & Economic Change, ISEC), and Institute of Wood
Science & Technology (IWST), was assembled and was charged with the task of
generating an interim report by August 2005. A brief description of the team membersis
gvenin Appendix|.

Theteam used multiple methods, including

e consultingpast KFD documents and consultancy reports,

e holdingdetal ed discussions with a cross-section of staff associated with past
GISRS activities,

e circulating adetail ed questionnaireto al the Working Plan offices,

e visitingeach Working Plan office and holding detai led discussions with dl the
Working Plan staff,

e commissioning additiona needs assessment of territorid and working plan staff
through an outside consultant, and

e holdingdetail ed discussions with Karnataka State Remote Sensing Application
Centre (KSRSAC) and Directorate of Survey, Settlement & Land Records
(DSSLR).

A list of offices visited and persons consulted is gven in Appendix I.

It was orignad ly anticipated tha the exercise would be conducted over aperiod of 6-9
months. However, as the Principa Secretary, Forests Ecology & Environment, expressed
the need for areport very soon so asto initiate subsequent activities, thetimelinewas
shortened drasticaly and this report was findized in early September 2005, i.e., barely 4
months after initiation of the exercise. This constraint should be kept in mind when
readingthis report.

GIS/RS facility and applications in Karnataka Forest Department 12
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This Review is afirst attempt of the Evaluation wing of Karnataka Forest Department
(KFD) to move from aworks-based to a programme-oriented evaluation.

2 KFD experience of using GIS/RS technology

2.1 GIS/RS/GPS technology and tools and their application

Understanding the nature of the technologies is thefirst step in this exercise. GIS/RS/GPS
is apackage of threedistinct but increasingy inter-related technologes. GIS
(Geographical Information System) issimply a(computer-based) tool for the
overlaying and analysis of various existing map (atid) dataand tabular (non-spatia)
data. RS (Remote Sensng) and GPS (Global Positioning System), on the ather hand,
aretechnologes for generating new spatial data.

GIS refersto asysematic organization of spatid data, that is information usualy
depicted on maps, and usudly implies the use of computersto sore and manipulate the
data Computer-based GIS software evolved initidly somewhat independently of remote
sensing technologies, being initia ly atool to digtize and anay se hard copy maps
prepared with conventiona methods. Even after persona computers became popular in
thelate 1980s, it took awhilefor the complex GIS software to become avail able on PCs,
and GlShbecametruly user-friendly and reasonably priced only in the 1990s. The
Arcinfo/ArcView/ArcGI S series produced by ESRI dominate the market, while afew
others such asM glnfo dso exist. As RSimagery became availablein digita (rather than
hard copy) format, GI S software began to include modul es for image processing, and
vice-versa. IDRI S is ahybrid GIS-cum-image processing software, because it uses a
raster-based GIS approach rather thanthe vector-based approach of Arclnfo.

Today, withthe advent of high-speed computers, advanced graphics, and large hard disks
and random access memories, the user has the ability to acquire and overlay datafrom
different sources, thereby creating new maps or drawings. Various anay ses such as
buffering, clipping, distance cd culation, surface interpolation, and routing can be
performed, gven suitable datasets, which would have been unthinkably tedious by hand.
Nevertheless, the hidden costs of using these technologies are still significant, dueto the
training required to use them properly, maintain them and understand their limits.

It should be noted tha converting existing maps into some digita format is dways the
first essentid step in any Gl S-based andysis. In India, the base maps are dway s those
provided by the Survey of India(SOl). Over the pas decade or so, different agencies
have generated digtal versions of base maps as well as additional layers (soil, slope, land-
cover, watershed boundary, etc.) for different regions for different purposes. As described
later, KFD itsdf has generated digital and hardcopy maps of various dates, types, and
scales. However, many of the map lay ers generated by other agencies are not easily
accessible. One of the tasks facing any organization is, therefore, to get access to and sort
out the existing Gl Sdataresources, assess their quality, build up acatdogue of ther
contents (area covered, parameters recorded, etc.), and attempt to reduce duplication
whileresolving any problems in usingtogether data of diff erent vintages (dates) and
different sources. At the sametime, non-avail ability of high resolution maps of
administrative and revenue boundaries remains one of the biggest constraints in doing
GlS-based analysisin India Thisis paticularly crucial in asituation where most of the
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socio-economic and even operationd information of government departmentsis
organized around administrative units.

RS (Remote Sens ng) generates images of the earth’s surface (and to some extent
subsurface) using cameras and other sensing devi ces located on aircraft and remote
sensing satdlites. Theseimages were earlier available only in printed (hardcopy) formet,
and the scaes of these images could be changed only usingoptica devices, and maps
were prepared from them by tracing; now all these operations are donedigtaly on
computers. The strength of RSliesin thefact that different sensors can cepture different
parts of the gpectrum, and these can be examined and interpreted subsequently by
technicians, or semi-automatically with the help of conputers, to indicate anong other
things the type of vegetation or land use.

GPS GPS (Global Positioning System) generates precise information on one’ s location
ontheearth’s surface, usingahandheld receiver to capture signads from anetwork of 27
satellites that was launched by the U.S. Government. Further positiond accuracy can be
obtained by usingaDifferentid GPS (DGPS), wherein in amaster station is located a a
point whose location is known with agreat ded of precision, and the handheld units
operate as ‘slave units. By this method, an accuracy of better than 1m can be achieved,
whereas the handheld receiver done has an accuracy of about 5m under normal
conditions and around 10m-15m in hilly terrain or under a dense tree canopy.

RStechnology emerged earliest, with aerid photography being pioneered between the
two World Wars. Aerid photography began in Indiawith Survey of Indiaand ISRO
initiating aerid survey inthelate 1960s using multi-datainstruments and aircraft carrying
avariety of image sensors, such as infrared scanners, multi-spectral scanners and
radiometer for monitoring crop yields. Satdlite-based remote sensing emer ged with
NASA (URA) launchingLANDSAT-1in 1972, thuspaving the way for pace data
acquisition and assessment and monitoring of natura resources, especialy forest
resources. With the establishment of LANDSAT recelving station a the Naiona Remote
Sensing A gency (NRSA) in Hyderabad in 1979, opportunity was provided for quicker
acquisition, interpretation and andy sis of satdlite datapertainingto the Indian
subcontinent by Indian scientists. InM arch 1988, India s first indigenous remote sensing
satelite, IRS-1A, was launched, soon to be followed by othersin the seriesviz. IRS1B
(Aug1991), IRSP2 (Oct 1994), IRS-1C (Dec 1995), IRS-P3 (Apr 1996), IRS P4
(OCEANSAT-1) (1996), IRS-1D (Sep 1997), ResourceSat-1 (2003), and IRS-P5
(CARTOSAT-11in 2005). IRS-1D launched in Sep 1997 by Polar Satdllite Launch
Vehicle (PSV) has three sensors: Panchromatic (PAN) with resolution of 5.2-5.8 min
visible spectrum, Linear | maging Self-Scanning Sensor (L1 SS111) providing multi-
spectra datain four bands of visible near infrared (resolution 21.2-23.5m) and short wave
infrared (resolution 63.6-70.5m), and wide field sensor (WiFS) with 2 bands and spatia
resolution of 169-188m. IRS-P5 has an i mproved sensor sy sem providing 2.5m
resolution with sereo capability, cateringto the needs of cartographers and terrain
modeling applications, providing cadastra information up to 1:5000 scae and useful for
making 2.5m contour maps. Thetrend has generdly been toward higher resolution (e.g.
the American IKONOSwith 1 mresolution) and larger number of bands (100 or more€).

Theman advantage of RSliesin its synoptic and repetitive coverage, and inits
providing datain aguantifiabl e manner, which makes it an effective tool for modifying
the assessment of natura resources periodically, which can also be integrated within the
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conventional datato assist decision making. Standard data products are avail able
incorporating necessary radiometric and geometric correction. Analysis of satellite datais
divided into visual interpretation and digital processng. Image interpretation usesthe
fact that different types of objects (e.g. vegetation) reflect different portions of the
spectrum at different intensities, and henceif there is a sufficient number of bands in the
RSdata(i.e. if spectrd resolution is good), it is possibleto differentiate the objects. A
balance has to struck between the number of bands (the more the better) and their width
(theless the better): for forest cover studies, the monitoring bands 5 and 7 of the M SS
(multispectra sensor) and compositeof 4,5and 7inM SSand 1, 2 and 3 of the TM
(thematic mapper) sensor are used. Theprinciple underlying digital andysis or digta
image processingis to assign each pixe based on its radiance vector to one of many
spectrd signature classes, which have been pre-defined based on therange of parameters
measured. This assignment can be done by supervised computer classification, under
which theinterpreter decides which classes areto beformed by the aggregete of data and
uses the available ground truth information to locate samples of these classes in the pixe
matrix; appropriate software then computes the range of statistics for the sample of each
class, the spectra signatures for the purpaose of the classification often referred to as
training areas and sets. The other typeis unsupervised classification, in which
clustering is carried out by the computer itsdf in asequence of pixels from the dataset to
establish the series of initiating cluster centers.

GPS rece ver s became usabl e in the Indian context only from the late 1990s and
particularly after 2000 when the US Government removed sdlective availability (a
euphemism for the noise ddiberately introduced in the signa to reduce accuracy avail able
to civilian users.) Now, with typica hand-held GPSreceivers costing around Rs.25,000 or
less, it is possible for an average or ganization to get positiond information with an
accuracy of 5min flat terrain and perhaps 8-10min hilly terrain. With adifferentia GPS,
which includes a base station and handheld receiver operating in sy nchronization, it is
possibleto get position accuracy of less than 1m.

Although the three technologies emer ged independently, they areincreasindy being
interlinked. Thus, RS software such as ERDA S Imagne now have vector modules in
which GISlayers can be imported and even created. Conversely, ArcView has an | mage
Analysis extension for satellite image processing. As mentioned earlier, IDRIS was
aways ahybrid GIS RS package. GPS data can now be easily downloaded into GIS
software, and uploading of maps into GPSrecelvers so as to view themin thefield has
aso become possible.

With the availability of gpatidly and ectraly detailed satelliteimagery in digta format
and increasingy accurate positiond datafrom GPS devi ces, which can both be loaded
into highly sophigicated but menu-driven GIS software on powerful but cheap
computers, the cgpacity to carry out sophigicated spatid andysis has increased
enormously . But the costs of usingthese technologes are still significant, not just in
terms of financial or computer resources but most of al in terms of theleve of training
required to use them properly and to undersand ther limits.

Various agencies areinvolved in coll ection of dataon natura resources throughout the
country & both Centrd Government and State Government levels. For forest and
vegetation surveys, there are the Forest Survey of India(FS) with headquarters a Dehra
Dun and many regona centersincludingonea Bangdore Nationad Remote Sensing
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Agency (NRSA); Sate Remote Sensing Centers; and the State Forest Departments.
Karnataka Sate Remote Sensing Technology Utilisation Centre started functioningin
1989, and has developed visud and digta image analysis sy sem with Gl Spackage.
Severd wide rangng products from the Ring Road alignment to ground water mapping,
land use/ |and cover mapping, combating drought, etc. weretaken up. NRSA has satdllite
dataprocessing and analy sis facilities aswel as 8 applications on various themes
includingforestry and ecology, agriculture and soils, land use, water sources, etc.
RRSXCs (Regiona Remote Sensing Service Centres) were established in 5 centres
(includingonein Bangaore) basically to cater tothe needs of digita image processing of
RS Recently, Sate Remote Sensing Application Centres have been set up in each state,
e.g Karnataka State Remote Sensing Applications Centre (KSRSAC), Bangaore, to
serve as nodd and turnkey agency for dl RSrequirements of the state.

Forest Survey of India, formed in 1981 as a successor to the Pre-Investment Survey, has
aphoto laboratory, digta catography system and image processing f aci lities including
GIS FS was mandated at its inception to monitor periodicaly the changngsituation of
land and forest resources and also provide for nationa planning of forest resources
utilization. Againin 1986, the objectives and activities wererevised and FS was
entrusted with forest cover mapping for the whole country, preparation of thematic maps
showing categories of dense, open and scrub forests, and publishingit in the form of the
biennial Sate of Forest Report (S-R), conducting forest inventories including trees
outside forests, designing methodologes and organizingtraining. Forest cover assessment
using satellite data started in 1987, when Landsat M SS data was used with aresolution of
80m x 80m on 1:million scd e. Subsequently, in the next assessment, it was inproved
usingIRS1B and 1C data, which had aresolution of 36m x 36m and 23m x 23m
respectively. The methodology used for alongtime, up to the assessment of 1999, was
visud interpretation, and only in SFR 2001 and onwards was it digta processingusing
datafrom IRS 1C/1D with aresolution of 23m x 23m on ascd e of 1:50,000. T he use of
RSdatafor assessment of tree resources outside the forest areaiis being taken up, wherein
the RSdatais used for stratification within each district for locating sample points. Thisis
doneusingIRSPAN datawith aresolution of 5.8m and LISS 111 datawith resolution of
23.5m, and merging them to obtain spectra information with high resolution. FS is also
making efforts to constantly improvethe methodology and extend applications, e.g.
creating additional density classes, assessment of bamboo crop, identifying forest types,
estimating biomass, using RS application of microwaveradar datafor vegetation
mapping, monitoring health and extent of cord resf and mangroves.

Some of thelimitations met with include cartographic and resolution related problems,
poor reflectance pattern of young plantations, cloud cover and shadow, variations in tone,
species identification being not achievable, plantation not differentiable from contiguous
natura forest, and delineation of recorded forest areas being difficult in the absence of
notified forest boundaries. For more detail ed work, aeria photographs may be more
effective. M edium sca e photography of 1:20,000-40,000 scaeis useful for most survey
and inventory applications. Detailed land use cl assification and forest stratification by
type, density, volume, site and size class are stated to be possible. A broad hei ght
classification into low, medium and good height is said to befeasible. A few species
forming gregarious stands or showingtypica phonologca characters at the time of
phatography such as sd, tegk, Dipterocar pus, Boswdlia, Sterculia, and Pterocar pus may
beidentified a 20,000 scae. With large scale photography & 5000-20,000 scde, detailed
information on management, inventory, and dlied aspects, species identification, and
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hei ght and crown density classification may aso befeasibleat this scae, though cost may
beafactor.

At present, FS products are not geo-referenced for nationa security reasons, nor are they
gvenout in digtized (vector) form, which severely restricts or reduces the feasibility of
integrating them into the GISframe of the user state. Consequently, there has been a
tendency for the user department to develop products of RSinterpretation (like vegetation
maps, forest types/density maps) de-novo, through other government agencies like NRSA
or thestae RSAC, or through private RSGIS companies.

In summary, it is apparent that

a) GISRS/GPS technologes have evolved rapidly over the pagt two decades in
terms of gaia and spectrd detail, positiona accuracy and declining costs of
dataacquisition and computation.

b) Many agencies, specidised and otherwise, have been engaged in forest/land
cover mapping in India, but the Indian forest landscepe continues to pose
specid chdlenges in terms of fine-scae changes, spectrdly similar land
covers, and diversity of ecosy sem types and land-uses.

c¢) For GIS to add significant vaue to RS it needs many aher layers of data,
which are not essily or chegply available in Indian conditions and even when
they are, they arenot at the desired (higher) scae.

2.2 GIS/RS development in KFD

2.2.1 Initial developments

GISRS induction into KFD began almost 20 years ago but has had achequered path.
KFD sd up aRemote Sensing unit in 1986 at Bangalore, equipment was acquired and
hard copies of aerial photographs and satdlite imagery were acquired.

Oneof theinitid works taken up by degpartmenta personnd wasthe visua interpretaion
of satellite (LANDSAT M SS) Fase Colour Composites (FCCs), and aset of coarse
category forest cover maps was prepared in-house for 19 districts of the Sate on
1:250,000 scale (this would correspond to adistrict map sheet), depicting Closed, Open
and Degaded forest. Equipment procured and used consisted of light tables, large format
Optica Enlarger, Optica Reflecting Projector, Digta Planimeter; the work was done
manua ly . Districts covered are: Bangdore, Kolar, Tumkur, M andya, My ore, Hassan,

M ercara, Dakshina Kannada, Chikmagalur, Shimoga, Chitradurga, Dharwad, Bel lary,
Raichur, Belgaum, Bijapur, Gulbarga, and Bidar. Only hard copy mgps wereprepared in
thisphase..

During 1987, wastdand mapping of Kolar, Tumkur, Hassan, Chitradurga, Raichur and
Bellary districts was done by visua interpretaion of Thematic M goper (TM) False
Colour Composites on 1:50,000 scae using Procom-11 enlarger for satdlite diapositive
film, again by KFD gaff. During 1998-99, a second seri es of vegetation mgps on
1:50,000 scdewas initiated usingIRS1A LISSII sate litedatafor Tumkur division and
entire KanaraCircle, and thework was finished by 1993 usingvisud interpretation.
These maps were dso produced only in hard copy format.
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An Indo-FRG (Phase 1) project was funded and implemented by NRSA during 1987-89,
in coll aboration with Freiburg University, Germany and KFD. Its main objective was to
develop atechniquefor estimating standing forest volume (growing stock) using multi-
phase forest inventory sampling. An areaof 100km x 100kmin Virgpet forest division
in Kodagu district was sdected. Satdliteimagery from IRS 1A (LISS 1) was processed.
Additiondly, black-and-white aerid photography (1:25,000 scale) was done on 10 to 12
lines of aerid photo coverage covering nearly 10% of the area, and infrared photography
(on 1:10,000 scde) was done on asmdl portion. Thesephatos wereinterpreted
sdectively, and ground inventory was conducted for around 40-60 field plots, each of
20m x 20m. The output was acomputed forest volume for the sudy areaand a bri ef
guantitativereport. (We areindebted to Dr.C.B.SDutt of NRSA for the above
information).

The experience gained in this exercise was useful in implementingalarger growingstock
estimation project for North Kanaradistrict under the Western Ghats Forestry Project (see
below).

2.2.2 GIS/RS Developments during the WGFP

Under the Western Ghats Forestry (and Environment) Project (WGFP), which was
implemented with aid from Department for Internationa Development (DfID) of the
United Kingdom starting 1992-93, three diff erent (but over-lapping) initiatives were
taken up:
e forest cover (thematic) mappingand zonation for Kanara Circle based on
aerial photographs and satdlite imagery;
e integated GIS/RSdatabase development for severd divisions;
e standardizing planning procedures and integratingthem withinaGISM IS
framework.

a) Thematic mapping and zonation using RS (aerial photographs and satellite
imagery)
Thefirst GISRSactivity under the WGFPwas amgor task of thematic mapping of
forest types, density, etc., accompanied by development of “ an efficient forest inventory
design to estimate block-level standingtimber”, i.e. growingstock, for entire Kanara
Circle (viz., Honnavar, Sirsi, Haliyd, Karwar and Ye lgpur divisons). This was carried
out by NRSA and completed in 1996. Their method involved startingwith digta anaysis
of IRS1B LISSII /LANDSAT TM satellite data of December 1992 for stratifying forest
types. They then carried out visua interpretation of aeria photographs of 1:25,000 scale
for deriving detailed stock maps of the entire circle. The third phase involved ground
inventory, for which sampleplots of 0.1 hasize werelaid out randomly in thefield in
praoportion tothe predominance of each stratum, and inventory datacompiled in six
different fidd inventory forms. (For ingance, in Karwar division, there were 156 main
inventory plots over atota forested areaof 2096 sq km, which works out to around
0.0075% sampling.)

These data have been used to derive growing stock of different forest types and of
plantations (using volume equations based on grth alone for some species groups, and
grth and height for others). From the sanple plot enumerations, estimates have been built
up of plot volumes, sratum volumes, Block volumes, and finally the Division volumes.
NRSA records that the computed sandard error of estimates at Block level is wdl within
design accuracy limits of 10%, and overall reliability of volume estimates of the Division
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is claimed to be around 98%. Hard copy on 1:25,000 scaeonly is avalable in HQ,
showing respectively forest types (evergreen, semi-ever green, moist deciduous, littora,
swamp), growing stock (density and height, main species like teak, bamboo, acacia,
areca/coconut, mixed plantation, scrub, grassland, mangrove, rocky outcrop, sandy ares,
forest blanks), slope, and agpect. NRSA did gve somedigtd datain aGlSframework,
only for Srsi division (excluding growingstock), as part of apilot effort to develop a
GlSbased sysem. Subsequently, al these maps were digitized by private agency , but
the digta datasets seem to have had problems in terms of spaid regstration and edge-
matching (which were apparently mitigated subsequently by digtizingfrom the original
my lar sheets rather than from theprinted hardcopy).

Thedatagenerated by thisproject were used in thepreparation of working plans of
Kanara Circle, especially in producing various maps and replacing the time-consuming
traditiona growingstock (volume) inventory methods withthe NRSA estimates.

b) Developing an integrated GIS/RS database under Working Plans Support
Programme (WPSP) under WGEFP

A second and much mor e si gnificant component of RSGISactivities under WGFP began
in 1998-99, under the DfID-supported Working Plans Support Programme (WPSP). Led
by aDfID Associate Professiona Officer (and later Consultant) working through the
Working Plan officein Bangdore, amgor effort was madeto preparea” fully-integrated”
digital geo-spatia database, containing detailed forest-cover, phy siogaphic and
administrative boundary datalayers.

During 1998-99, the RSunit at HQ was converted into an RS/GIS unit in the Working
Plan wing. A GIS engneer was engaged on contract basis from July 1999 to M arch 2004.
A private firm (IN-RIM IT) was sub-cortracted for the GISwork for Srsi, Karwar,
Honnavar, Sagar, M ercara, Chikmagaur, and Bhadrav ati divisions, and Khanapur part of
Bel gaum division. The M arch/April 1998/99 images from the IRS1C/1D LI SS11 sensor
(23.5m resolution) and PAN sensor (5.7m) were geo-rectified, merged to generate hybrid
phatographic product on 1:25,000 scale, and visud interpretation done. Thelayers
generated were: administrative boundaries (State, District, Tauk, Forest), contours
(200m, bench marks, spat and triangular hel ghts), drainage, forest administrative
boundaries (Circle, Division, Range, Section, Beat, Block, Compartment), forest type
(evergreen, semi-evergreen, moist deciduous, dry deciduous, scrub), density (0-10%, 10-
40%, above 40%). The work was completed by M arch 2002.

Subsequently, during 1999-2000, asimilar exer cise was taken up for Kolar division in
collaboration with ORG GIS, Secunderabad and for Shimogadivision and Hassan district
in coll aboration with ESRI Indiaand NIIT. In addition, change anay sis of forest type and
density was done for Hassan district, conparingdatafrom 1987 and 1999 satdlite
images. Layersinthe GlSare as above, with the addition of alayer gvingvillage
boundaries.

Duringthis work, thefollowing eguipment was purchased in the HQ unit: Bull-Estrella
series 300 computer system, HP 50 A0 size colour printer, HP 6100C flat bed scanner,
TNT Mips GlSsoftware, and ArcView 3.2, Arcinfo 8.02, and ERDASImagine 8.4.1.
During M arch 2000, aHP Net Server EGO, Pl computer. The Working Plans offices in
the Western Ghats Circles aso received several pieces of equipment: several hand-held
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GPSunits, 1 DGPSand severa Totd Sations for surveying, in addition to some PCs and
printers.

Our assessment of the quality of these series of integrated GIS/RS databases reveals that
the quality of the databases is rather mixed. The forest boundaries in the databases for
Kanara Circle are more detailed, because they are based on Bombay Forest Survey maps,
whereas those in other Circles are of limited vaue as they are based on SOl maps aone.

The usefulness of this integrated GISRS database for KFD activities is discussed at the
end of the next section.

C) Integrating GIS and MIS for planning and monitoring

Under the WGFP, GISwas nat seen as an end in itself, but more as one element in the
complex planning, monitoring and i mplementation management framework, a concept
developed over time through anumber of consultancies and consultant support
prog-anmes. Thiswas thethird of theinitiatives under the WGFP, theintegration of GIS
withM ISfor planning and monitoring.

One of thefirst consultant reports, Bird & Unni (April 1992) did essentidly what this
report sets out to do, tha is to describe the current RSGIS activities in KFD, review the
existing RSand GIS experience in India, assess and express the atid information needs
of KFD, and make recommendations on strengthening and developing the RSGI Sfecility
and implementation of the sygem. Notingthat currently, working plan inventory is based
on fidd work, they suggest that thereis much scopefor goplying GIS

“The selection of areas [for production, protection, etc.] is based on a number of factors
induding the slope of the ground which is delived from 1:50000 topographic maps, the
soil type and depth derived fromfield mapping, the forest type and cover density derived
from satellite images and aerial photographs, the altitude derived fromthe topographic
maps... These map data are ovedayed manually and areas defined which match a set of
critetia. For example production should not be considered for slopes of more than 45
degrees, for areas of fragile soils or for areas of climatic extremes. The majority of the
initial decisions are therefore based on the cdassic GIS operations of multiple criteria map
overlays.”

With this focus on forestry planningin a Gl Sframework, Bird & Unni saw 1:50,000 scale
maps as the main output of aGIS. They envisaged further linkages with aM anagement
Information System (M 1S) that would ded with “reoorting, planningand monitoring” in
the WGFP, with the underlying vision that the whole gamut of planning, implementation,
monitoring etc. in KFD would be transformed by the combination of processes and
institutions created under the WGFP.

A second consultancy under the WGFP, Furley & Harrison (December 1994), did
another review of “ A strategy for introducinga Gl S as amanagement tool in KFD”. They
aso took as astarting point the institutiona change sought to be brought about by the
WGFP interventions:

“It is now widely recognised in KFD that the bottomrup demand-oriented planning process
described under JFPM will require changes to the present planning practices and
management procedures... areview of existing planning and the development of new
planning procedures... generating more effective and relevant management
information... itwill be essential that KFD moves towards some form of information
management system... Since much of the data are collected on a geographical basis,... it
islogical to move towards a spatal information systemor GIS”
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The GISis envisaged not just as atool to do something more efficiently, but as one of the
elements that will push reformin the sysem; for
“It can help beak down organisational bariers and encourage a coordinated approach to

planning and management; ... it can reveal trends over time, produce forecasts and
monitor changes, ... and thereby indicate fresh management opporunities.”

And,

“The purpose of the present report is to address the immediate and practical issues... -n
particularwith the introduction of JFPM and forest management zones —and how a GIS
can be introduced into KFD as a management tool to assistin more effective planning
and monitoring. A framework for focussing on managementinformation needs... defining
local management activities in management zones |, Il & lll, IV, and fromthese,
determining planning information needs (supply and demand within different geographical
locations), and monitoring and evaluation needs (changes in supply and demand over
time), for effective management...need for the development of a Management Information
System (MIS), to encourage improved reporting and budget preparation, and more
effective planning and monitoring systems... Development of a MIS is currently
underway, and close coordination between the two development strategies will be
essential.., to ensure efficientintegration of all components of the WGFP.”

The WGFP wasthought of as achange-inducingintervention, implemented in onecircle
(Kanara) on apilot basis (to be followed in asecond circle duringthe project period).
Introduction of new sy gems was planned to be piloted in one division — Srsi— for
GISMIS so that “ confidencein the use and value of GISis built”. It would start with a
PC-based system in the PMU at WGFP headquarters a Bangdore, then initiate use of the
GISin North Kanara (the pilot Circlein the WGFP), “focussing on one or two villages or
ranges, for basic data storage and simple geographica presentation of information”. Soon
after, aPC-based unit for dataentry would be located in the pilot Division (Srsi Division
as it turned out); later to be se up aso in other divisions (of the pilot Circle). A GIS
expert would work dongside the PMU, and there would be a* broad programme of
training in theuse of GISat different technical leves, and for different KFD management
levels, as appropriate to needs’: brief introductory overviews or workshops for senior
KFD, short courses of severd weeks for digitising technicians, data managers, general
users a RFO-DCF management levels, and longer courses of severad months up to ayear,
for GIS specidists, in acontinuing training programme.

There was adesire on the part of the WGFP consultantsto link up GlSwith some sort of
M IS and with atransformed Planning Sy stem tha would be computerised and enable
planningto be done at the front-line staff (FLS) leved (“ bottom-up” planning). M IS
systems were developed by computer consultants working with the Project, named
CoRM IS (Computerised Range M anagement Sy stem) and RAM IS (Range M anagement
Information Sy stem) or RAM PS (Range M anagement Planning Sy stem). An eaborate
Planning M anua was prepared to guide the process of Ste-Specific Planning (SSP) with
elaborate formats for each “type’ of planning situation (e.g. Plantation, Bio-diversity,
Non-Timber Forest Produads). All these essertidly presented amore or less € aborate
framework to enter dl sorts of data, a various levels—the Compartment, the Range, the
Division, the Village, etc.—to enable FL Sand Village Forest Committee (VFC) members
to query and use for decision-making. M uch was aso made of the need (from
management theory point of view) to change the sequence of events from budget-plan-
implement to plan-budget-implement, which the new M ISwas supposedto enable.

The progress made in implementing the abov e larger vision of integrating GIS/IRSwith
M ISwas, however, rather limited and short-lived. A Computerised Range M anagement
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Information System (CoRM 1S), that included both staic data and changng current
administrative and planning and management data modul es, was dready beingdeveoped
in Srsi Circle. A Range M anagement Information System (RAM1S), meant to address
dataneeds for integrated planning a the Range level, was attempted later. It wasto be
linked with aGl S database. However, the elaborate CoRM IS framework was not used
except inarudimentary way for preparation of estimates (for which asimple word-
processor goproach would have sufficed) because the data could just not befilled in (and
would be of little use for the regular operations of FLS, even if filled in). Even estimates
and Fund Indent preparation was nat feasible because the maser unit rates schedule could
not be updaed without theintervention of the computer firm, and hence was abandoned
after the expiry of theproject contract period. The linkage of RAM ISwith arudimentary
GlSat Rangeleve was attempted on an experimentd basis by aDfID sponsored research
scholar for Banavasi range of Honnavar Division, but again did not go further than that.

The Working Plans Support Programme (WPSP), led by the DfID consultant mentioned
earlier, had as a mgor objective the development of anew type of working plan and
planning process, one which would merit beingcalled “ strategic”, incorporatingthe
bottom-up participaory, site-gecific planning processes being developed in the
implementing Circle. These were thought to requirearange of “ policy instruments”
(Working Plans Support Document No.1): institutiona arrangement like Vil lage Forest
Committees (VFC); economic levers like subsidies, costs, etc.; setting geographic
priorities; as well as the usua technical forestry operations. These new instrumentswere
said to require: new understanding (especially, andytical skills to address policy,
institutiona and economic issues); techniques (use of GISfor geogr aphic processing of
dataand of spreadsheets for economic analy sis); and skills (technical as well as non-
technica like negotiation and facilitation):

“To allow strategic analysis, the main component of the Working Plan preparation

process, itisimportant to define the principles and values that will apply to the

management of the forest, and these in turn will determine the information needs in order

to undertake strategic planning...” (WPS Document No.7, May 2000, Review & Exit
Support Programme, p.5)

It is herethat GISwas supposed to bepositioned, and accordingy the support programme
emphasized the use of GISin implementing socio-economi ¢ and resource integration,
rather than as ameretool to handle spatia data (maps). A pilot project to implement al
theseidess (integrating Gl Swith Range-leve planning) and developingtraining modules
was taken up in one Range— M anchikeri in Y élapur Division — under the guidance of
Alistair Anton, the DfID Associate Professiond Officer, with INRIMIT, Bangdore, “to
acquire, process and interpret satdliteimagery, and in conjunction with territoria staff,
deriveinformation on forest type and construct a database of range information to alow
informed andy sis for planning purpaoses” (WPS Document No.3, Dec 1998, p.20) .

Under this exercise, Sol toposheets (1:50,000 scae) were used to prepare base maps,
village boundari es were identified from 1” :mile toposheets (Bombay Forest Survey
maps); Block, Beat and Compartment boundaries were dso included. Digita datafrom
IS1C LISSIII and PAN sensors for the period 31 M arch 1998 pertainingto M anchikeri
was acquired, geo-rectified, enhanced to increase the interpretational accuracy, then

mer ged to produce a hy brid false colour composite (FCC), which was interpreted visudly
for land use/land cover and forest type classes. During ground verification exercises,
other parameters such as canopy cover and regeneration status were also recorded at the
sample points. All the datawere put on Arclnfo software at 1:50,000 scae. Associated
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socio-economic data of each village like demography, occupationd structure, etc. from
1991 Census, and development activity like number of smokel ess stovesprovided, etc.
werelinked in to increase the utility of GISas an andyticd tool to facilitate management
planning at different levels. The am of the pilot project was:

“...to ensure that the training is relevant to the forestry situation, to improve the efficiency
of the training... to assist the Working Plan staff in the appropriate techniques forthe
analysis of their own Divisional data... In addition, customised courses on forestry
applications using MS Excel and MS Access were conducted to assist with the analysis of
inventory data and in the preparation of Range profiles...Training was also conducted on
topics such as: remote sensing using satellite imagery; forest resources assessment
methodology; data analysis and database design.” (WPS: No.7, May 2000, p.9)

The WGFP proper closed its field operations by M arch 2000, and accounting by M arch
2001, dthough there was a considerabl e financial commitment to Working Pl ans support
in the Exit Phase of 2000-01. Duringthe Exit Phase aso, the main objectives were spet
out as: standardization of systems and procedures (consolidated in aM arch 1999
document “ Guidelines on policies and procedures to be applied to all Working Plans” ,
intended to serve as aWorking Plans Code which incorporated dl the new elements like
bottom-up planning, SSPs, etc.); ensuring sustainability of GISwithin the KFD, by
extendinguse of GI Sbeyond the Working Plans by providingtrainingto territoria
divisions; completingthe digta database of the two WGFP Circles; ensuringthat the
data products have awide distribution within the KFD; and sharing the experience and
lessons (WPS; No.8, July 2000).

Asfar as can be gathered, wherever theintegrated GISR S database was availablein time,
Working Plans officers used the GISmainly in pregparing the maps appended to the
Working Plans. In KanaraCircle, because NRSA' s project (see above) had generated
gowingstock estimates, it can be stated that RSGIStools were used a a higher level
than just for map generation. In other cases, the new maps seem to have played alimited
rolein shaping the content of the Plans themselves—most of the silvicultura
prescriptions emerge from field understanding and inventory, nat derived from the
GISRSdatabase.

2.2.3 Post-WGFP period

As mentioned earlier, aGIS engneer had been appointed in July 1999 in the WPSP phase
(and continued up to M arch 2004). A pog of Conservator of Forests, GIS M onitoring,
and Evaduation was created from April 2000 (dthough it was wound up by M arch 2003).
During 2002, GI S databases was completed within the RSGIS cell for Tumkur,
Davangere, Bangalore Rura, Bangdore Urban, M andy a, and Hunsur divisions, for which
only basic layers viz., administrative boundaries and forest boundaries have been created.
M uch of the work reported for 2002-03 pertains to digribution of digta draft GISdatato
19 forest divisions (Karwar, Srsi, Honnavar, Haiya and Y dlagpur in Kanara Circle;
Shimoga, Sagar and Bhadravati in Shimoga Circle; Chikmagdur Circlein Chikmagalur
Circle; Belgaum (Khanapur taluk) in Belgaum Circle; Davangerein Bellary Circle;
Hassan and Tumkur in Hassan Circle; Bangdore Rurd and Urban, and Kolar in
Bangdore Circle, M andyaand Hunsur in My sore Circle; M adikere in Kodagu Circle), i.e.
thework done by agencies such as IN-RIMIT under the Exit Phase of the WGFP.

The post-WGFP phase garts, in redity, withthe work entruged to KSRSAC during
2002-03, with budget from the Eastern Plains Forestry Project (funded by Japan’sJBIC),
to develop ageo-spatid databasefor 19 forest divisions covering 15 districts (Bidar,
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Bijapur, Bagalkot, Haveri, Dharwar, Raichur, Chitradurga, Bellary, Koppd, Kollegd,
Mysore, Gulbarga, B d gaum, Ghataprabha, Gadag). In addition 4 divisions have been
taken up free as goodwill (M angalore, Kundapur, Virgpet, Koppa), which are those
Western Ghats divisions not covered under the WGFP efforts. The KSRSAC vegetation
maps depict forest types and density (at 1:25,000 scae). The administrative map depicts
District, Taluk, and Village boundaries, Forest administrative Block and Compartment
boundaries. Thetransport layer covers railway lines, Nationd and State Highway s, and
metadled and non-metalled roads. Other lay ers include drainage, soil type (based on
1:250,000 maps from Nationd Bureau of Soil Surveys & Land Use Planning, ICAR),
slope, and Protected Areas. Hard capies on 1:50,000 scale (Range-wise sheet printouts)
have been given to therespective divisions dongwith CDs by the end of 2003-04, and a
master set of CDs is dso lodged a the Working Plan HQs.

During 2004-05, aseparate M oU and contract has been signed with KSRSAC for
“dandardization of geo-spatia database’ in respect of the remaining 18 divisions
(Bangalore Rural, Bangaore Urban, Kol ar, M andy a, Hunsur, M adikeri, Srsi, Yellapur,
Honnavar, Karwar, Haliyd, Shimoga, Bhadravati, Sagar, Chikmagaur, Davangere,
Hassan, Tumkur), and creation of GISfor the Protected Areas covering 5 National Parks
and 21 Sanctuaries. These 18 divisions are the areas covered by IN-RIMIT and othersin
the last phase of the WGFP. The orignal ideawas that the work carried out by different
private contractors (INRIM IT, ORG-GIS, ESRI, etc.) would be standardised and afew
lay ers added where missing. However, it was discovered that there were several
inconsistencies and omissions in the earlier work. For 3 divisions scale of mappingwas
1:2,50,000. For 2 divisions digta classification scheme had been used, wher eas visua
interpretaion had been used in other cases. And for 8 divisions, image interpretation itself
was incomplete. For 5 divisions, the classification scheme employ ed was different and
scale of mappingwas aso not same. Projection parameters used by different agencies
were dso not identicd. In light of this, KSRSAC decided to essentidly redo thework in
al the 18 divisions, i.e, re-interpret theimagery usingther standard methodology, and
generate al datalay ers on astandard projection. (This summary is based on a
presentaion made by KSRSAC to the evauation team.)

KSRSAC have adso designed amore user-friendly front-end caled “ Vasantha’ to go
adongwith their GIS database, which provides for: basic Gl Sviewing, querying, and
andysis; inbuilt external database (M S A ccess/M y QL) permitting generation and
linkingin of new databases; and GPS M odule, which enables co-ordinates of points
captured with a GPS hand-set to be downloaded directly tothe computer and converted
automaticaly into a Shapefileto bethen overlayed as required, which is not provided in
ArcView.

KRSAC swork for the KFD has been based on information from anumber of sources:

e Survey of Indiatopo-shests (1:50,000)
IRS5.8m PAN and 23.5m LI SS11I images of different seasons (year 2000)
Forest Survey of Indiavegetation maps 1976-79 based on aerid photography
French Institute, Pondicherry vegetation maps of 1982
Forest Dgpartment administrative maps
Tdukawise village boundary maps from DSSLR
KRSAC is dso committed to carryingout training for field officers through division-level
workshops, aso a 3-week module for officers in the working plans, al scheduled during
2005.
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The outputs of thefirst gage of KSRSAC’'s work are of a generdly high qudity.
KSRSAC has distinguished many more categories of land-cover than (say) availablein
corresponding maps prepared by FS under its State of Forest exercise. Although
KSRSAC'sinitid set of ground-truth pointsseems smdl, they aretryingto get the maps
verified by thefied staff, which will improvetheinterpretaiona accuracy . KSRSAC
reports tha theinitia response of the officers who participaed in thetrids withthese
outputs has been positive.

However, the source data on which the GISlay ers are based i mpose certain limitations.
For instance, the soil layer provided by KSRSAC is from the soil map prepared by the
Nationa Bureau of Soil Survey, which is acoarse-scd e (1:500,000) mapping exercise.
Thevillage boundary layer is based uponthetaluka-leve village boundary map prepared
by DSS_R, whichis not (by their own admission) of high positiona accuracy—rms
errors in geo-rectifying these maps are typicaly 300-500m. Smilarly, the RF boundary
lay ers are drawn from SOI toposheets, which are both out of date and depictingonly the
larger RF parcels. And the forest cover map itsdf is limited by the gpatia and spectrd
resolution of the satellite imagery used, hence is best viewed a a 1:25,000 scd e. This
scde and level of accuracy in the different lay ers makes the database suitable for
ACF/DCF-leve officers who need to get a generd ideaof theforest vegetation in ther
division quickly. Of course, even to do this, the officers will need some basic trainingin
GIS One can then hopethat at least some of these officers will put this larger geo-spatid
database to innovative use in their planning and i mplementation activities.

A summary table of the outputs produced since the inception of RSGISin KFD isgven
in Appendix I1. As it shows, the emphasis has consigently been on forest cover mapping,
with increasing addition of some phy siographic and administrative information.

2.3 Present status of GIS in KFD

After reviewingthe history of GISRSin KFD, an attempt was made to get some idea of
the actua present gatus of GISin the Depatment by visitingthe Working Plan offices in
the Sate and having formal discussion sessions with the officers and staff (the RFOs,
Surveyors, Foresters, Draftsmen, computer operators, etc.). A list of issues wasprovided
to the Working Plan Officer by post, and copies made and distributed to theparticipants
on the spot. An inherent limitation in this approach is that field staff find it quite difficult
to gpen up to senior officers, however well meaningor conciliatory the gpproach. In
principle, onewould expect that FLSwould emphasise the achievements and downplay
the shortcomings, so it is likely that the impressions gathered in these meetings would if
anything be on the positive side rather than overly critica. To test theimpressions coming
from the formal discussions, independent interviews were conducted separately by a
Visiting Student of CISED at afew locations and her impressions are a'so summarised
later.

What follow in this section, are accounts of the impressions gained and opinions
expresses by gaff of the repectivefied units of KFD (mainly Working Plans offi ces).

2.3.1 Mysore Working Plans office

In Mysore Working Plans office, visited on 21 April 2005, out of the nine RFOs hardly
acouple seemed to have any familiarity with use of computers, let done GIS. M uch more
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awareness and enthusiasm is atached to use of GPS (hand-held), which the RFOs say
they areusingfor thelast twoyears.

The unit has astock of 1:50,000 topo-sheets and village maps, aCeeron (Pl1) 500mHz
computer, A3 sizeinkjet printer (slightly larger than the normal A4 size paper used for
phato-copying etc.), as well as afull map-size ( AO) inkjet plotter, and ascanner (A4
size).

There seems to be no institutional memory of the Indo-FRG Project a al, even though it
was housed in this office. However, thereis awareness of the NRSA maps of North
Kanara, which are believed to have been used in the preparation of working plans in that
region; and aso of the DFID-supported work (led mainly by Alistair Anton) inM ercara
and Virgpet Divisions: gpparently IN-RIM IT has supplied the maps, and GISdatawith
lay ers (themes) that were useful in working plan preparation. They believe that such data
were dso gvento other divisions like Kolar, but it seems that they were not actudly used
in preparing the working plans. The datasetsprovided by INRIM IT are viewed using
ArcView 3.2, which enables viewing and digtising fresh data. But gpparently ArcView is
very slow onther computer which has only 64M B RAM , 128 would be better; on the
plus side, ArcView can run on computers with older operating sy sems like Windows 98
(Windows XP is not obligatory). ArcExplorer (afree programme from the samefirm,
ESRI, used for basi c viewing and printing operations but without facility for inputting
fresh data) is stated to require aminimum of 256M B RAM , which agpparently is not

avail able in most of the older machines. Incidentdly, dl thesetechnica points could be
elicited only because the My sore Working Plans office has a computer gperator (on
contract basis).

Recently, KSRSAC have provided data (on CDs) of Mysore and Kollegd divisionsin the
first batch of 19 divisions taken up by them with funds fromthe JBIC supported Eastern
Plains Forestry Project in 2003 (subsequently funds were given to cover remaining
divisionsintherest of the gate). These dataare dso stated to have vegetation
distribution, Division boundaries, Range boundaries, etc. The KSRSAC datacome with
their own viewing programme, called “ Vasantha’, which requires again minimum of
256M B RAM .

From the discussion, a better understanding came out that the main use of mapsis as

follows:

i) In preparation of working plans, wherein aset of mapsis usualy provided dong
with the document showing such themes as administrative delinestions, forest
types distribution, forests by legd status, working circles, etc.

i) Within the forest proper, compartment boundaries are marked on 1:50,000 topo-
sheets (following natura features wherever available, in order to aid recognition
of the boundary onthe ground without havingto continualy maintain boundary
markers like pillars etc.).

iii) For drawing up of proposals under Sec.4 of the Forest Act (natification of intent
to constitute areas as reserved forest), maps are collected from the territoria
division, the revenue offices, etc. and the boundary surveyed in thefield and
marked on the map; village maps are essentid to draw up the prgposed
boundary survey number-wise.
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iv) When specid survey s are made of specific cases, e.g. C&D class lands,
mapping of encroachments, outside felling, boundary fixation of any nature,
again village map and survey-number wise details are required.

On discussion, it was goparent tha village maps (or forest mgps of large scalelike4” to a
mile or village map on 8” to amile) are universally used for any work involving boundary
demarcation or anythingto do with revenue lands (survey numbers being the essentia
identifying char acter). Even though SOI topo-sheets do show Sate Fores boundaries, the
village boundaries are not clearly discernable on 1:50,000, and even gpparently on
1:25,000 topo-sheets. Old Forest Surveyor maps of 1:16,000 scae, and old SOI Forest

M gps of 1:15,000 scae, are perceived as much mor e useful (although the SOI forest maps
seem to be drawn by blowingup from 1:25,000 topo-sheet!). Village boundaries were
seen to be clearly marked in examples shown of 1:15,000 SOI Forest M gos (e.g sheet
no.57H/12/6 My sore/Sdlem Forest Circles, 1% ed. 1976). A map of 1905 on 4”-mile scale
was aso shown, as well as avillage map on 8”-mile scale.

Where management maps of forest proper are prepared for working plan purposes,
however, it is gpparent tha 1:50,000 topo-sheets are usudly the base. Forest inventory
(growing stock estimation) is such an application; it was explained that the sampling
methodology used isto mark every kilometre square, locate asampleplot a 0.1%
samplingintensity, and record the type of vegetation, hei ght class, girth, and species of
trees in the sample plat; and also the slope, and soil type, inthe plat. These detailed data
are generated by field staff in booklet form for each compartment (wherever such have
been delineated), and brought up tothe compartment-wise (summary) tables a the back
of theworking plan. It was gated tha such dataare not being actudly presented in map
form. (The maps seen in some of the working plans, e.g in KanaraCircle, are smdl-scd e
maps of awhole division, as obviously folding and keeping 1:50,000 topo-sheets for each
theme will soon become unwieldy for practica purposes; if such mapswereto be
prepared, they would be on smdler scde, probably 1:250,000). Tegk plantations are dso
inspected and inventoried, and prescriptions made for each plantation, but gpparently
individual plantations are not presently shown on amap (1:50,000 would probably betoo
small ascadefor thisin any case). The Draftsman also explained that they havetracings
of 1:50,000 topo-sheets with the Range, Section, Beat and Compartment boundaries
marked, as also village boundaries. Although they have afull-size AO map plotter, it
agppears that it has not been used a dl recently (the unit was kept under acoveringin a
corner, apparently not connected tothe computer).

2.3.2 Belgaum Working Plans office

Belgaum Working Plans office was visited on 3 M ay 2005. With 5 RFOs and 2
Surveyors, the unit is hamstrung because the 2 pods of Draftsman continue to reman
vacant. The office has a computer operator, hencethe sysemisin use, but thereisa
problem with instalingrunning ArcView, which is therefore not in use; instead, ACD See
prog-anme is beingused to view GlSfiles. The office has an A3 inkjet printer.

As described earlier, under the DfID-funded Western Ghats Forestry Project (WGFP), a
“Fully Integrated GISusing Remote Sensing and Collateral Data’ was developed and
ddivered by M arch 2000 for Khanapur Taduk (4 Ranges). Recently, the KSRSAC maps
have been received by dl divisions (Bel gaum, Bijapur, Bagalkot, Gokak); softcopy (CDs)
are expected to follow soon. Working Plans offices have not been gven acopy of these
maps, which have been sent straight to theterritorid divisions. The maps are of 1:50,000
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scale, arelaminated, and show vegetation and administrative features. However, the
KSRSAC package“ Vasantha’ is thought to requirea Pl sy gem, whereas the Working
Plan office has only aPll, hencethey anticipateproblemsin workingwith the KRSAC
data. (Subsequently, KSRSA C scientists have clarified that Vasantharequires 256M B
RAM on machines having CPU chip PII or lower; with chip better than Pll, Vasanthawill
run with 128V B aso).

Asper the Surveyor, the main survey activities fal under the followingtypes:

0] Survey (chain and compass mainly), e.g. for fixingboundary of forest, for
which the 1:50,000 topo-sheet may be used as abroad reference, but which
ided ly requires 4-inch (4 inch = 1mile, i.e., 1:15,840) maps, an example
shown of which was the 1901-02 season map of 4”:mile (Sheet N0.244 SE/1);
or even 8":milemaps avail able in old Bombay Presidency maps.

(i) Block and Compartment boundaries: are again taken from 4” :mile maps or
village maps to make the separation of village land and forest clear.

The experience of thefield staff was generally that 1:50,000 topo-sheets were useful for a
broad overview, e.g. a the Divisiona leve; now that Blocks and Compartments have
been marked out on the ground, naturdly aneed arises to draw them on the maps. The
Draftsman showed how he had doneit: by drawing them on (photocapies of) the old 4—
inch maps, and pasting anumber of them together and issuingthese phy sical mosaics to
al the RFOs. A “quide” map on 1:50,000 has dso been prepared showing Block and
Compartment boundaries. A computerised GISwould presumably be advantageous in
doing such updating and map preparation and printing more rgpidly than doingit by hand.
It was dso felt tha the older larger scal e maps dso need to be digtised and brought into a
GISurgently.

It was dso felt tha towork on any question where boundary of fores and private land
(maki) would beinvolved, especially where compass bearings would be used, it was
essentid to work withthelarger maps, e.g. 8-inch maps. M easurement of theperiphery
(length of boundary, for instance), was done on 8” or 4” maps, withthe 1:50,000 tgpo-
sheet providing a cross-check.

On use and utility of GIS, the CF Working Plans brought to bear his own familiarity with
the Indo-FRG project when he himsdf was DCF, My sore. He remembers that the GIS
then developed was extensively used in working plans work, especidly for sitingthe
sample plots. Other maps were aso prepared usingthe GlSdata, likeworkingcircles,
forest types, Range and Beat boundary maps, settlements, sails, drainage, villages, land
useetc. Theland parcels data have not been updated in the village maps (issued by
Department of Survey and Land Records) since 1978, so more recent changes in legal
status (fresh forest natifications, de-notifications, etc.) have not been incorporated in
Village Forest Regster (VF). A continuing unit of say 2 Surveyors and 2 Draftsmen,
trained professiondly in GIS would be ableto keep the land database up to date.
Equipment-wise, Belgaum Working Plans unit is in need of better computers, A3 size
scanner, laptops, and AOplotter.

2.3.3 Dharwar Working Plan office

Discussion in Dharwar Working Plan unit was held on 6 M &y 2005. The unit has 1
ACF, 5 RFOs, 2 Foreders, and 3 Surveyors (of which one pog is vacant), and a computer
operator (as usud, on temporary basis). The unit usesArcView 3.2, dthough the
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“Projections conversion” function is not working. The unit has astock of topo-sheets, as
well as the 1994-95 printed maps fromthe NRSA project on 25,000 scae and 50,000
scaefor potentid JFPM areadelinegtion (forest areas with less than 0.25 density). The
NRSA dso produced “inventory” data, i.e. estimates of growing stock (volume per
hectare) in each compartment (these etimates were generdly on the high side according
to some). The NRSA database was extensively used in preparing the working plans of
Kanaracircle, after due ground verification.

Apart from these, the unit has got digtised 4" maps of Srsi, Yelapur, Haiya divisions
under ArcView, with State Forest boundaries marked. These are used for plantation
mapping and printouts are gven to the concerned territorid RFO. In the preparation of
working plans, maps made from 4” Gl Ssca ed down to 1:210,000 were printed out.
Recently the KSRSA C data have dso been received by theterritorid divisions (not by
Working Plans unit, though).

Onceagain, it cameout in discussion that much of the actua work of the staff is a the
village level, hencethe prime need is for dataat village map level, e.g. mapping of
encroachments. This aso requires forest Block/Compartment boundaries to be transferred
on to thevillage survey numbers concerned. Plantation maps are another gpplication
usinga4” forest map or avillage map. Problems are being experienced (in this unit) in
transferring details on to the GISdue to the mafunctioning of the “ Projections
Conversion” function (pointingto need for more software support). For fixingthe forest
boundary pillars, the positions of the boundary features, pillars, etc. are marked on the
village map or forest map with village boundary, and gven in 5 sets to theterritoria
division.

The GI S has been used during preparation of the working plans, the main output being the
set of mgps & 1:250,000 scae a the back of each Plan. For fixingboundaries, usualy the
phatocopies of village maps are used as described in the previous paragraph. For mapping
of plantations, staff arereadily usingthe GPSreceivers, but they do nat download the
datainto any GIS they simply usethe bearingand distances generated from one point to
another to draw thepolygon instead of obtainingthe bearings and distance from the
traditiona (and more laborious) chain-and- compass method.

Regarding generd exposureto GlSand training, it appears tha the RFO who had one
week’s training has recently been transferred out, the Surveyor has had a4-day training,
and therest of the RFOs have not had any exposure. Training is required for the
Surveyors and Draftsmen, as they arethe persons in the sygem who will be primarily
working with maps and generating geographical (spatid) data

2.3.4 Chikmagalurworking plans office

Discussion in the Chikmagal ur working plans office was held on 24 M ay 2005, with
the DCF, Working Plans (actually, Survey & Demarcation), and RFOs and others. The
unit has 9 RFOs, and 9 Foresers’ positions (4 of which are vacant), dl 3 Draftsman pods
are dso vacant, and one of two Surveyors’ postsis vacant. The heavy work load is carried
by one draftsman and 2 computer gperators on“ dailly wages’. The main work of the
division involves survey and demarcation of lands identified for transfer, or for
notification as forests (i.e. under Sec.4 of the Forest Act), MF boundary demarcation, etc.
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Hereagain it was confirmed that without village maps, it is not possible to trace out
boundaries of forests or Sec.4 notified areas, encroachments, etc. The village maps must
be used as the main basis. The RFOs confirmed that they do nat use GIS, but they are
generdly happy with the GPSfacility, which enables them to mark points on larger scd e
maps such as the Fores Survey maps (4”:mile or around 1:16,000 scale). Some of the
difficulties and errors of compass survey (like loca magnetic atractions in these hilly
iron-bearing tracts) are avoided by using GPS. The main important feature required in
most of their activities is the boundary, and it will be most useful to have these on large-
scale maps like village maps (8":mile or around 1:8000 scale), and with survey numbers
aso marked. The ADLR is aso supposed to incorporae forest boundaries during the
process of rectification (“ durugti”) of village maps. Without a GIS as such, even now for
drawing maps of new forest blocks, adjoining village maps are put together physicaly,
and atracing made of the composite map, and forest boundaries marked from point to
point onthetracing. If GISisto beused reqularly, it is essentid to have GISand
computer sysem professionals (perhgps on contract) to set up, maintain and expand the
GIS and to impart regular trainingto others in the depatment. None of the RFOS use
computers, sotheimpediments to FLS actualy using Gl S can beimagned.

During the discussion in Chikmagalur working plans office, light was thrown ontwo
other issues tha have been much talked about of late: the utility of Differentid GPS, and
theuse of Tata Sation for survey. Asfar as D-GPSis concerned, there is one base
station ingrument in the Foret Department, and tha is at this office; it isnot in use at
present because of some problem with batteries. However, it was aso the general opinion
that such ahigh leve of accuracy (within afew metres) will rarely if ever berequired for
forest survey's, hence even ordinary GPSwill be good enough, especidly as the inbuilt
error, imposed initidly for defence purposes by the US government, was removed and the
error reduced to tolerablelevels.

Asregards Totd Sation, 6 such survey indruments werepurchased under JBIC Phase 1
project, one of which is in the Chikmagalur working plans office. It has never been used;
staff areof the opinion tha withou training it will not be of much utility, especidly for
thetypeof surveys generdly carried out in theforest department.

2.3.5 Local initiatives: Haliyal Division

Aninterestinginitiative has been donein Haliya Division of North Kanarain getting
village maps digitised. It appears however that they have not been geo-referenced, and are
being utilized as stand-done maps for various purposes, anaogous to the existing
physica village maps. For specid jobs like plotting the boundary of anamed forest, two
or three adjacent village maps may be put together to make a composite map. These
works of digtization arereported to have been done through a local technician using
funds from different sources (i.e.,, not as part of KSRSAC’s officid contracts). Ther
utility istermed as high by the Divisiona Forest Officer.

2.3.6 Assessment through independent interviews

MsM uthatha Ramanathan, aVisiting Sudent at CISED and adoctora student of
Geogaphy a the University of Washington, Seattle, took up agpecid exerciseto get an
independent assessment of the use of GIS'RSin thefield, and experiences with the
technology in the recent past. She had two days' discussion with officers and field staff
(mainly RFOs) in Dharwar Working Plans unit, and aso interacted with the officers and
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fidd staff of Haliya Division in KanaraCircle. Her impressions and findings are very
similar to what has been summarized above; in brief :

e therewas akeeninterest in the technology; but

e intheabsence of any institutionaization for the employ ment of these
technologies, what remain are some software resources and some digta data, and
some memories of data generation;

o thereisageneral lack of even basic computer skills;

e thereislack of specific knowledge of the use and rol e of the GISRStechnolog es;

e thereisageneral recognition of the nodd position of the Working Plan offi ces
with respect to fores management planning and land matters;

e thestrongest need for gatid information is in positioningon the ground rel aive
to administrative boundaries,

e thereisaconsensus on the absolute indispensability of cadastra mapsshowing
survey numbers in thistype of work, with large scd e Forest Survey maps coming
next in terms of utility, with the consequent importance of usingtechnology to
preserve these maps,

e contrastingy, therewas clearly limited utility of 50,000 scae topo-sheets or
vegetation distribution maps (and GIS) at fied staff level, these being of some
rdevance mainly at DCF or higher levels, where detalled knowledge of atract is
not caled for and cannot be acquired;

e therewas asuggestion that aseparate GISwingbeinstituted within KFD, with its
own wdll-trained professiond, specidist staff.

2.3.7 Working Plan HQ, Bangalore

On 12 M ay 2005, adiscussion meetingwas held a HQ of the APCCF, Working Plans,
Bangdore. Apart from reviewingthe history of GISRS deploy ment in the department,
the team reviewingthe datalay ers and equipment availabl e and the use they are being put
to. Thedatalayersin soft copy format supplied by different agencies (INRIMIT, ORG-
GIS ERI and KSRSAC) were availablein the RSGISunit, as aso earlier hard copy
maps. However, none of these had been properly cataogued in amanner that would
readily show their contents, dc. (i.e. metadatais not maintained). Further, alook into the
GIScdl a HQ reveded the uninspiring position tha the UNIX-based sy 2em has not
been operated ever sincethe GISspecialist Ieft after the close of the WGFP, and no
mappingor GISwork is goingon, and it was fdt strongy tha qudified technica
personnel are absolutedy necessary to get the unit running and enableit to performitsrole.

2.3.8 Feedback obtained by KSRSAC

On request, KSRSA C have been kind enough to share with us the feedback they have
been getting from field officers and staff duringther instalation visits and training
progammes (KSRSAC letter dated 19 July, 2005). The sdient points are as follows.

Firstly, thefield staff show keen interest inthe database, as it gves them the hope of
getting details of the entire naturd resourcethat they are managng parcel by parcd,
which they do nat usudly havefor al their land holdings (correct location, area, present
status, vegetation class, type and density, nature of land, other staistica datd).Theinitia
response of front line staff (FLS) is to cross-check the details as presented by the database
(authentidty), and oncethey are satisfied that the database has taken care of the finer
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details, they want to know whether they can appendto the database asper fied
requirements (expandibility).

Oneof the mgor interest areas is the generation of maps for routine office works (e.g.
map of al acaciaplantations dongwith statigica datd). Other mgor fied requirements
include: identification of encroachments, quick survey of Reserved Forest, Section 4
notified areas, C&D class lands, plantations, etc. using GPS. In this respect, since the user
interface Vasanthadeveloped by KSRSAC has amodulefor GPSintegration and area
cdculation, it isin this module that the staff show most interest. Thisis the only interface
avallableto them for appending data. However, they want the databaseto go to theleve
of survey number-wise detail s (which are obviously not available). They are keen to
know whether the GIS can be used for legd purposes as well (which is not supported).

It was observed tha training makes amgor changein theway they look at the GIS
Appreciation of GISas atool which has lots of utility comes only after thetraining. Snce
the hardcopy maps of fores type/density are gven as part of the documentation, it was
observed hat after trainingthe RFOs, ACFs and DCFs were ableto appreciate fully the
utility of the database as a management tool, e.g. for identification of locations suitable
for different plantation models.

However, the generd inhibition to using computers makes the entire process of cgpacity
building very difficult. Even in the hands-on sessions, the genera tendency of staff isto
ask the computer operator to handle the computer. M oreover, sincethisis usudly the
first exposuretothe GIS GPS etc., the learning paceis slow, athough those who have
earlier atended some or other GIStrainingpick it up much faster.

In such asituation, it is felt tha absence of permanent computer gperatorsis the mgjor
chadlengeto the continuity of the entire process of cgacity building as well as the use of
GIS Inthis context, KSRSA C recommends sensitization of staff regardingthe
capabilities of GISand equipping the division with & least one computer gperator who
can handl e the database, which would go a longway in ensuring continuity of the entire
process.

2.3.9 Development of GIS/RS in AP Forest Department

AndhraPradesh Forest Department is generdly perceived as having made substantial
progress in developing and institutiondizing GIS/RStechnology . A note has been
provided by Dr.Shashidhar based on a visit to their Geomatics Centre at Hy derabad.
Database creation is seen as a mgor activity, using 250,000 and 50,000 (and sometimes
25,000) scde SOl topo-sheets for preparing lay ers on administrative boundaries,
drainage, roads, raillway lines, community forest management boundaries, village
locations, etc. These are supplied to the Divisiona offices (at 1:50,000 scale).

Vegetation maps are prepared using LI SS-111 datafrom 1996 onwards, following density
classifications of Forest Survey of India(FS). State of Forest reports are published,
Change Detection andy sis is done, and vegetation type mapping has been done for afew
districts. M gs on fire hazard and afire risk model have been prepared by using themes
(layers) such as vegetation, slope, aspect, road and village locations. Other maps such as
micro-watershed management plans, wildlife habitat maps, etc. are dso generated with
various themes.
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The Centre also has afull-fledged training and extension wing, and they are conducting
periodic training programmes for FD staff. There are dso three Regonal Geomatics
Centres at Warangd, Kurnool and Rgamundhary. A notablefeatureis the effort madein
developingor buildingtheinfrastructure both in terms of equipment, classrooms and
hardware, as well asin terms of personnd. The Centre has on its faculty ACF and RFO
leve officerstrained in GISand RSboth within the country and abroad; the department
aso employs Project M anagers for various other works related to GISand RSwith
specidized knowledge of computers/GIS

Some of the gpplications in which these GISR Stechnolog es are used include: generation
of different types of thematic maps (existing land use, proposed land use); growing stock
assessment using GIS (stratifying the forest and low intensity sampling); Working Plan
preparation, management maps, working circle identification based on overlaying
different layers and gpplyingreevant criteria; attaching atributes databaseto gatid
festures for anay sis and decision-making; stratification for laying sample plots using
GIS, forest type mapping; forest fire danger rating; tiger habitat mapping, etc.

2.4 Summarising the experience

The abovereview of experience throws up ashap paradox. Theideaof using aerial
phatogaphs and sateliteimagery (i.e., RS) for forest cover mappingwas accepted and
implemented quite early on by KFD. Staff were sent abroad and within Indiafor training.
The WGFP phase saw further development in severd directions—more detailed mapping,
integated RSYGIS development, and attempts to integrate this geo-spatia database with
M ISefforts. Very subgantid financia and human resources were poured into these
activities duringthis phase. Subsequently aso, substantia resources have been invested
in getting geo-spatid databases and maps prepared through KSRSAC. Indeed, KFD today
can be said to possess areasonably complete GIS database for the entire state comprising
abasic sy stem of geo-referenced maps based on interpreted RSimages distributed
individually to the field divisions.

In spite of dl this, thereis adistinct impression of alack of impact or institutiondistion.
In the Head Quarters itsdf, the GISRSunit is lying dormant—the GIS sy gem (Unix-
based ARC-INFO) has nat been operated for a considerable length of time. In some of the
fiddd Working Plan offices, whilethe GIS sy stems are operationa (based on ARC-View),
thereis adistinct impression (geaned from discussions with the office and field staff) that
itsuseis limited at best, and has not certainly percolated to thefield staff. There seemsto
be amajor barrier to the use and propagation of GISRS gpplications within the Working
Plans wingitsdf, not to spesk of territorid units. Officers who showed interest inthese
technologies have been transferred (in the norma course), the CF (GIS) and GI S
specidist posts at Headquarters have been diminated, and even the computer technicians
in the divisiona Working Plan offices are feeling the absence of institutiondised

technica support.

Thus, the experience of GISRSinduction in KFD so far may be summarised as follows:

1. Thefocus of most efforts has been on generating RS-based forest cover maps,
usualy without authenticated forest boundaries, and often at coarse scaes (usualy
1:50,000 or smaller). Such maps are useful for providingabroad overview of the
forest cover to officers in the Headquarters, and for gppending to the working plans,
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but of limited useto FLSdally operations or even in actua deveopment of
silvicultura prescriptions for the once-in-ten y ear exercise of writing Working Plans.

2. Themain map-related activities of the FLSin both territoria and Working Plans are
related to investigations into drawing up prapaosas for notifying new reserved forests,
monitoring encroachments, issuing f elling permissions, doing boundary consolidation,
etc, dl of which requires large-scal e cadastral and forest boundary maps and aso
the associated information on legal status of the land. These needs were never red ly
addressed in the GISRSefforts thus far, and whatever administrative maps have been
prepared are of poor resolution and missing many detalls.

3. Complex databases that try to link phy siographic features and administrative
boundaries to other operationa and socio-economic dataturned out to be mismatched
with the needs and capabilities of frontline staff.

4. Whiletheinternal capacity for GISRSwork has developed inadequately, the policy
of wholesae outsourcing, coupled with the regul ar transfers, has further undermined
this capacity and increased the distance between the data producer and the user.

5. Lack of institutiondization and long-term planning has resulted in haphazard
acquisition of sophisticated equipment such asTota Sation and Differentid GPS,
which are not being used, whil e basic computer equipment tha is in use suffers from
lack of maintenance and threat of obsolescence.

Overdl, the adoption of these technologies and tools seems to have been supply-driven,
i.e., ‘because thetechnology isthere and based upon many assunmptions borrowed from
the deploy ment of thesetechnologies in the West, rather than being demand-driven or
need-driven and cognisant of the organisationa context in which they are being
deployed.

3 Understanding the needs

It is quite clear that thepast effortsto induct GISRStechnolog esinto KFD planning and
other operations have encountered ablock somewhere. The most plausible explanation
for this, as discerned from on-the-site discussions with WP officers and staff, appearsto
bethe weaknesses in the basic assumptions on the role and utility of GIS/RS.

The WGFP consultarts, influenced perhaps by accounts of GISRSin the western context
of large pulpwood and lumber growing corporations,

e saw GlSasthetool for integrated forest and socia management planning,

e visudised RSas thetechniquefor providinginformation on one crucid

component of the GlISdatabase, viz., forest cover information, and

e assumed that other datalayers can be easily acquired or built up.
They thereby arrived a agrand vision of forest staff onthe ground (say, Foresters and
RFOs) sitting on the computer systems and querying the GISRS database for information
on biophysical characteristics of the forest well as on demogr aphic, livestock, and other
socio-economic data, and then taking strateg ¢ decisions based on (as y et ungpecified)
decision support frameworks. They further visualised this beingintegrated into a complex
M |1S-based way of fundioningin KFD as awhole. This vision essentidly underpins the
work done duringthe WGFP and even the post-WGHFP phases.

Unfortunately, this vision is incompatible with the needs of the frontline territoria staff
and even those of the Working Plan offi ces.

Rl
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3.1 Limited usefulness of “forest cover” maps

It is clear that forest cover maps a 1:250,000 or coarser scde havevery little operationa
vaue They only serveto gvea generd overview of thelocation and ty pe of foreds.
Oncethey have been prepared, they need not be updated very frequently — maybe oncein
10 or 15 years—since a that coarse scae, change will not bereadily discernabl e.

What is comingthrough in this survey, isthat even finer scale maps (1:50,000 or even
1:25,000) of forest cover have rather limited operationa value. There are severa reasons
for this:

o forest cover is generdly highly fragmented and human activities are taking place
a the scde of afew hectares, which cannot be depicted adequately even on
1:25,000 scale;

e forest cover (and land cover in generd) is very diverse, and accurate separation of
different types of cover (such as Acaciafrom dense ever green forest) is difficult
unless oneisintimately familiar with aparticular regon —which is atime-
consuming task;

e forest management activities and decisions take place a the Division level based
on information from the Range and lower |l evels, where individua offi cers know
as much about the quaity of thefores and theland cover as the maps can
generate fidd officers can better integrate their knowledge of the micro-site
conditions of soil, terrain, human pressure, rainfall, etc. at the required scae of a
few tens of hectares (and variations from point to point withinthat) than can be
provided by aRSGIS sysem which does not have access to datavariation at that
scde (e.g, soil is taken from 1:250,000 soil maps)

In the case of territorid divisions, it is clear that vegetation (“ cover”) maps a 1:50,000
scde cannot be used for day-to-day operations, like plotting the boundaries of plantations,
mapping enclosures or forest boundaries, and so on. It is clear that dmost dl thefield
activities of FLS and RFOs demand the use of village maps, old Forest Survey maps, and
large scale (8" :mile or 4" :mile) topo-sheets. The 1:50,000 “ cover” maps produced
through RS/GI Scan only beavery broad “thematic’ representation of the forest.
Paradoxical though it may seem, thisis theinformation least likely to be demanded by
FLS to tel them that their hillock is covered with, say, scrub forest, istdlingthem
nothingthat is new tothem, and is somethingthat will not enabl e them to decide on site
treatment (whether it beplantation or soil conservation or fire protection), without
physicaly visitingthe areaand looking at micro-site conditions and the actua present
situation on the ground.

3.2 Need for detailed cadastral and boundary information

On the other hand, most of the actua day-to-day work of FLSrequires the boundaries to
be delineated or marked on the map in great detail, as used to be done on the Forest
Survey maps or the SOI large-scde Forest maps (even marking the position of boundary
pillars). Equdly crucid is the correlation of village boundaries and survey number
(cadastrd land parcel identifier) boundaries with the forest natification. The existing GIS
products are weakest in the boundary zones, asthey gave priority (by design) to
characterising and depicting the vegetation ing de the forest polygons (e.g., by forest
type and crop density). In effect, the GISproduced was targeted at the needs of higher
policy leves, as perceived by oecidists with set ideas on how our forests ought to be
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managed and administered, i gnoringthe complex situation in thefield and the actua day -
to-day activities filling the time of the forest staff.

What is surprisingis that even in the working plan units, GIShas come up against such
blocks, so that as discussed above, very few of their RFOs or survey gaff arefamiliar
with the GISor comfortable using it. In the case of working plan offices, the GIS has
been more or less put in gorage once it had served its sing e purposein preparation of
working plans, which was the preparation of aset of maps in each working plan showing,
for instance, the main administrative boundaries and locations, the vegetation types
(maybe even density), and the working circles. None of these maps are actualy useful for
operationa purposes: larger scale compartment maps arerequired to siteplantations etc.,
theboundaries are again the weakest element, variations within the micro-sitewill have
to be seen in thefield for any operations, and so on. Quitepossibly they will be used
again only when the working plan comes up for revision. Thusthereis noinaentive to
actually use the GIS presently available.

This divergenceis dueto hi gh expectations on the use of maps and satia information:
consultants in WGFP thought tha it was virtuousto use GISfor an idealised holistic
planning, therefore requiring the integration of demographic, socio-economic, and
ecolog cad data This thinking has influenced our subsequent approach, and given
priority tothe planner at a higher level inthe sysem, not regponded tothe operationa
needs of FLS, who use maps mog of the time to check boundaries. Their operationa
plans follow the working plans where possible, and more often are dictated and
determined by the budget availabl e under diff erent schemes. Even for Working Plan
preparation, as forest management objectives are shifting away from timber workingto
broader management regimes like non-timber products, biodiversity conservation,
watershed values, etc., the broad mapping of canopy cover or crown density may nat
require frequent use; on the other hand, any work related to ecologca monitoringor
biodiversity would require more detailed, compartment-level samplingand enumeration
at alarger scalenot availablein the present GIS. The requirements of participaory
village-level micro-planningunder the JFPM regme will also demand mor e detail ed
information than availablefrom RS

Oncethe working plan has been written, it is not revised for adecade or so. In theinterim
period between writing of working plans, however, the activities of theworking plan staff
revolve around the following
e mapping boundaries,
e drawingup proposds for notification of parces of revenueland as forest (or
sometimes thereverse),
e conducting investigations on illicit fellings, encroachment, and so on.

These dl require village maps and lar ge scale forest maps as described above.

Some of theseissues were already apparent & thetime of the WGFP Support Programme;
M r.Sal Baba, then the DCF Working Plans Sirsi, said at the Review Workshop on 24 July
2000:

“... GIS was absolutely required to assist analysis and planning in all Divisions. However,
care should be taken in the scale and quality of the base maps used. Lessons from
Kanara was that it was better to digitise fomthe 4” to 1 mile maps than the SOI 1:50,000
sheets as village boundaries were available on the 4” maps. Although a greater number
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of maps would be digitised, this saved time in the long run...” (Working Plans Support:
No.8, Review of Experiences, July 2000, p.4)

And as staed by the then Project Director, WGFP:

“...any planning system, however efficient and sophisticated will not be maintained unless
it meets the needs of those who (are required) to both operate (it) and keep it up-to-date.
These needs must be considered and take account of the realities, such as the staff
capadity, transfers and postings...Working Plans must also take account of realities. If
they are too complicated... they will not be implemented in the field... lengthy financial
proposalsin the plans will not be followed...” (ibid., p4)

The views expressed by Venkatasubbaiah (thefirst Conservator of Foressin the GIScel
a HQ) in his note of July 2002 are dso of interest in this context. He gressesthe
importance of procuring village boundaries data: of 29,390 villages in Karnataka (1991
census), some 7130 villages are said to haveforest as aland use, and his assessment is
that only some 3000 villages have notified forest area. He proposesthat priority should be
gven (now that vegetation and basic administrative features have been covered) to
digitizingthe village (cadastral) maps, and large sca e topo-maps (e.g Forest Survey
maps), and putting them together on a geo-referenced grid in the GIS basically to show
theforest lands in relation to village boundaries and vill age survey numbers. Use of GPS
to geo-reference the village map or forest boundary features is suggested. The existing
software like ArcExplorer (freeto user) is, in his view, sufficient for data crestion and
correction. The dataand software will be distributed to al the computersinthe
department, and they will be used to prepare maps showing forest and village boundari es,
plantations, dc. for the benefit of front-line staff concerned: “ GIS should help the forest
beat-guard the most and aso all other forest officers in performingtheir statutory duties’.

4 Presenting an alternate strategy

4.1 Basis of the proposed strategy

Based on the understanding of needs and conditions in the field as gained in the course of
the abovereview, the following premises are suggested as abasis to form amore redistic
and effective strategy to induct and develop adurable, living Geographica Information
System for the KFD. These premises are as follows:

o A GISwill flourishif it actuadly serves the needs of the users. The focus of mos
pas GISRSefforts has been on generating RS-based forest cover maps, but
these maps were too coarse-scale and even otherwise the demand for such maps
within the depatment has been limited so far. Executive staff in thefield operate
with large scale administrative/legad maps, e.g. village cadastral maps, forest
survey maps, etc., as their mgor GlS-re aed pre-occupation is land management,
rather than forest management. Hence they will gladly support aGISif it helps
them by expeditiously providing authentic records (archives) and maps a this
larger scale,

e Vegetation maps provided so far cover dl theforest divisions of the state, and
Forest Survey of Indiais periodicadly gvingupdates; hence further development
inthis direction may be deferred at this time, and may be taken up at the time of
revision of workingplans if felt necessary .

o KFD gaff and officers will rarely be ableto actualy sit a the computer and
maintain the GISor updateit, asit is ahighly time-consuming and technica
undertaking, hence it demands the appointment of separatetechnica staff.
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e Asthehighest standards of cartography and dataintegrity must be maintained, it
is appropriateto develop the Gl Sat the offices dedingwith cartography and
surveys, which are the Working Plan units.

e |t isessential to maintain adatabase of GISinformation available, to avoid
duplication, enhance vaue, and regster constant improvements in quaity and
reliability .

4.2 Features of the proposed strategy
With these premises dt out, the direction that the Fores Department shouldtake (in
GlSrdated matters) for the next few years emerges naturd ly: the priority isto

e providelarge scale maps (larger than 1:25,000, e.g. forest survey and village
maps) in adigitd framework, a the sametime

e providesuitable equipment (expecidly better computers, connectivity, mass
storage, etc.) and

e provide technica staff (on contract or deputation from outside KFD) to manage
thesysem;

e develop alimited M1Sto list out fores lands survey number-wise and Forest-wise
(concordant with Bhoomi land database of the Revenue Department) along with
scanned images of forest notifications and other old documents; and

o a alater stage link the digta maps tothe land database, to make searching,
guerying, reporting and building management records more efficient.

4.2.1 A hybrid strategy

What emerges from our discussions is some sort of ahybrid strategy, where on the one
hand we are equipped with geo-referenced and rectified digta maps based on SOI
gidded topo-shesets (which has dready been developed by KSRSAC now for dl the
divisions), and on the other hand, we provide digita versions of dl the available larger
scale cadastral/village maps and forest survey maps that have references to village and
forest land record details. The village maps and forest survey maps could be updaed to
some extent if possible, forest and revenue land details incorporated, and scanned, and
digitised.

4.2.2 Cadastral maps
Village cadastra maps (or village revenue maps) dongwith the village RT C (record of
rights) are constantly in use by KFD staff, but they suffer from many limitations:
e They arenot geo-referenced (no latitude-longtude information in them).
e They have not been updated since at least 30 years, thus interim changes are not
incorporated.
e They do nat contain legal status of each parcd of theland, which is obtainable
only fromthe RT C or similar records.
e Thereareafew tracts wheretheforest land isin unsurvey ed villages, which do
not figure on the cadastral maps available.
e Thereareseveral land tenures such as kumki and bane where the boundaries have
never been survey ed and settled.
e Thereare geometricd (spatid) distortions, especidly in hilly terrain.

Nevertheless, thereis no option but to use the available cadastra maps as the garting
point. Accordingto KSRSAC, it is possible to geo-ref erence each of these larger scae
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village maps or Forest Survey maps, but some problems will haveto anticipated if it is
attempted to put together anumber of them to build up maps of large tracts (tauk,
district, etc.). Among other problems, thereis theproblem that village maps generally
follow the ground undul ations as though the land surface wer e ironed out and stretched
flat (they are apparently nat horizonta projections). Hence they cannot befitted intothe
Ol topo-sheets directly without some “ rubber-sheeting’, which may introduce
discrepancies at the level of individual parcels or survey numbers. Another, reated,
problem would befit the village maps into astandard projection. These problems would
have to be addressed by qualified technical people, case by case. In the meantime, we
suggest that at the begnning, these |l ar ge scale maps can be used in the GISmuch as they
area present used in thephysica system, tha is as stand-al one magos coveringasmall,
defined area, with no intention to put them together (“mosac”’ or “tile’ them) to form
cartographic maps for large tracts, or to change the scdeto asmaller value to put together
taluk or district maps.

In other words, one acceptstheinherent limitations in cartography, and works withtwo
dternate sy sems: with large-scale maps (Village and Forest Survey maps) and their
digita counterparts where required for boundary -critica work a FLSIleve, and with
small-scale maps (topo-sheets) and their digtd versions where thematic maps are needed
by higher management. Thereis thus no compulsionthat the entire GIS be one sdlf-
consistent and continuously transformable system from one end of the range of
parameters (like scde) to the other. If the cartographic problems can be sorted out, it may
be possibleto put together village maps of adjoiningvillages, say, to make one forest
map, but even here one should expect gaps (“ no-man’s land”) between boundaries and
slight differences in shape, regstration, etc., that is the mosaicing may not be* seamless”,
especidly in hilly tracts. Theseproblems can hopefully be sorted out a the technical
level, and suitable quality checks and certification procedures would haveto be put in
placeto ensure that the limits of accuracy are specified a each stage of integration of the
different sysems.

The advantage of havingindividual maps is that changes like plantations etc. can be
brought on to them by following the existing procedures of survey, and can be made
avallableto beused by the FLS. It isnot at al necessary to firg map the entireforest in
al its detail (which will be anever-endingtask), before making a useful product
available. Infact, one of thelessonsis that asysdem that demands a huge effort at
computerising (digtising) “ dead” information will founder from the start and perhaps
never come up to gperationd status (the various M ISinitiatives in the WGFP are agood
example). A busy and hard-pressed department does nat take kindly to dedlingwith
massive amounts of historic data as a pre-condition to inducting new technology or new
methods of doingwork.

4.2.3 Forest Lands Information System (FLIS)

The utility of the village map-based GIS can beincreased by linkingitup with an MIS
that can betermed the Forest Lands Information System , i.e. adatabase of forest
survey numbers or parcels, along with the rel ated notifi cations, boundary
descriptions, etc. (maybe as digitised images of the respective documents rather than
text). In fact thisis an essentia project for the depatment totake up, regardless of GIS
to incresse the efficiency of its land records maintenance, and as ameans of preserving
these old materids. Theforest department needs to make their land management practices
more efficient, to reduce ambiguity about the legd position of parces of land etc. It may
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be entirdy feasible a some future point intimeto integrate the forest lands M ISwiththe
state government’s M IS on revenue lands (Bhoomi), so it will be advisable to develop the
forest land M 1Sin such away asto maintain concordance with Bhoomi.

Additiond fields in the database will be required for the specia purposes of the forest
department, eg. entries to track the various stages of notification and settlement as
reserved forest. KFD will need to work withthe gpecidists in the Revenue Department
(Bhoomi division) and their computer consultants (NIC) in developing the forest end of
the database programme. M echanisms will aso haveto be developed to gve access of
forest officersto thefores land database, and to periodicdly incorporate changes so that
the databaseis up-to-date and useful to thefied officers.

4.2.4 Forest Management Information System (FMIS)

In the immedi ate future, there need not be any massive exercisein buildingup
management history or ecologca dataof each land parce; development of such alarger,
more € aborate and detailed Forest Management Information System (for forest
management purposes) can be thought of a alater stage, oncetheland databaseis
stabilized.

Theintention is tha GISM IS should be developed as atool to improvethe efficiency of
FLSin what they are doing, rather than inducing new methods of planning and budgeting
(which was the ambitious agenda of GIS in the WGFP).

4.2.5 Setting standards and Quality Assurance

There should be a simultaneous mechanism to ensure adequate quality gandards, perhgps
an Overseeing Committee with representaives from the administrative bodies which dead
with geo-spatia data, such asthe ADLR, the KRSAC, and aconsultant ingitute or centre
of expertiselike CI SED.

4.3 Institutional setup, staff and training

4.3.1 Institutional setup

We now turn to inditutiona aspects, e.g. the question of wherein KFD the relevant
expertise and facility will belocated and built up.

The assumption of the WGHP wasthat every fores officia would persondly use, and
maintain, the GIS. Accordingy an attempt was madeto induct it in all Ranges of the pilot
division, and various types of training events were organized throughout the circle and at
headquarters. Elabor ate manuals were prepared for various components of the planning
system, including aworking plans manual to take up many of the so-cdled innovations in
planning and monitoring, such as Site-Specific Planning, local GISM IS, and so on. Little
institutional memory of dl this work remains today, even in the headquarters and in the
Working Plans wing, for institutional reasons that will be discussed below.

Firstly, thereis a constant turnover in thepersonnel dueto theregular progression of
transfers, recruitments and retirements. However much one may demand that persons
trained in GIS should beretained in aparticular position, in practice this will be so
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difficult to ensurethat any straegy based on this institutional mode will start with a
crippling handicap.

Secondly, the WGFP consultants seem to have generally underestimated the time and
persigencerequired for an individua to maintain, use, and update afunctiona GIS
Obviously this reguires afull time Gl Sspeciaist and acomputer gperator. Setting up the
system and supervisingits implementation and use presupposesthe availability of a
systems manager or programmer. Without thesetypes of gecidists, it would beavan
ambition to think of transforming atradition-bound department like the KFD in the
manner envisaged in the WGFP.

Thelocation of the GISwould therefore have to be thought through afresh. Whereas the
WGFP drategy wasto make every forester ahands-on user of the GIS, and hence saw
GlSas very much to do withtheterritoria units, an adternative would be to develop
certain offices or units as nodal points to servicethe GISneeds of therespective
jurisdictions under the guidance of acentral GIS unit a HQ. Provided they were staffed
adequatdy, they could take up both development and maintenance of the database, as
well as training of the users, who are identified below. At some later stage, it may be
feasibleto think of extendingthe GISinstdlations to therest of the department, provided
the requisite complement of technical staff could be provided; all this could be donein
phases. At the presert, however, it will be abigenough task just to gabilizethe systemin
the nodd offices (and HQ) itself.

Fortunately thereis aready candidate in the KFD for this noda function, the Working
Planswingwhich hasits HQ & Bangdore, and regiond offices a My sore, Chikmagaur,
Shimoga, Dharwar, Belgaum, and Bdlary. Sncethey ded primarily withtheland base,
the working plan offices will bethelog cad and natura choice wherein to station a
functiona GlSand to strengthen by providing specidist technicad staff. A senior sygems
specidist could be stationed a the Working Plans HQ a Bangaore, where amaster copy
of al data can be maintained, and support gven to the nodd units. Necessary
complement of staff —computer operators, GIS professionds, surveyors, draftsmen —
will haveto be provided a HQ as well as the noda offices.

The post of Conservator of Forests (GIS & Evaluation) & HQ may berevived in order
to gveleadership to thetechnica staff, gve proper orientation and momentumto the
process of further developingthe GIS programme, and above al providing a medium of
communi cation and interface between the rank and file of KFD on the one hand, and
technica wingof the GIS in KFD, KSRSAC, and Bhoomi in the Revenue Department of
Government.

In setting up this sysem, one choice availableis to start with al the noda points
simultaneously, or dternatively one could start with apilot division. We recommend
startingwith al the noda units a once. Within each noda working plan office, agan
thereis achoice between starting with one pilot user division (territoria or wildlife etc.),
but again since each nodal unit dready has the basic data of dl thedivisionsin its
jurisdiction as aworking plans office, it will dso be entirely possibleto proceed on a
need-based approach in more than onedivision, so that the entire jurisdiction is covered
likea jig-saw puzzlefrom different points, rather than following astrictly linear
progression from one end to another likerollingout adrawing. In fact one would even
recommend the multi-centre, opportunistic, approach, sothat wherever datais available,
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it can be taken advantage of, and acomposite GISbuilt up over time covering dl the
territoria (and wildlife) divisions.

4.3.2 Need for technical staff to operate and maintain the GIS

A very important issue hereis: who is to actudly operate and maintain the system. A
strondy held and proclaimed presumption in the WGFPwas tha FLSwould actudly
maintain, use and update the GIS* hands-on”, filling in data, running analy ses, getting
various outputs, and so on. While well-intentioned, the wesk link in this gpproach is the
assumption that FLS have the technica proficiency to dothis by themseves. Obviously
most RFOs, let done Foresters and Forest Guards, do not possessthe technica
proficiency, despite dl the efforts a broad-based skills up-gradation through trainings and
workshops under the WGFP and subsequently. The second problemis that even if they
have the skills, they do not redly havethetimeto sit a the computers for the extended
lengths of time demanded by the nature of this work. This is amgjor reason for the d most
complete lack of engagement of KFD gaff withthistechnology .

Bird & Unni (April 1992), in their consultancy report, emphasised tha it would be
necessary to gopoint qudified staff and train and retain them for a certain period to
implement and run the sysem, as well as havingan IFSofficer of suitable seniority (they
suggest the Conservator of Foress, Planning & M onitoring Unit of the WGFP) to
supervise and oversee, and a SystemM anager to run the system; gpart from 3 System
Operators, 3 Digtising and Cartography Draftsmen, and 6 DataEntry Operators. In
redity very little of al this was actualy provided, and after the closure of the WGFP,
whatever was provided was withdrawn, sothat presently thereis really no GISRSunit to
spesk of (at HQ).

The Working Plan units, which otherwise would have been expected to be much more
dynamic in adopting and owningthis technology, aso suffer from lack of technical
hands, with even many of the existing draftsman and survey or pasitions being vacant.
Thetask of maintenance of the GISfals then on contract staff like computer gperators,
who areretained on avery shaky basis as daily-wagers or temporary workers. The
computers are dso fairly old, with very little RAM , comparatively smdl hard disks, and
slow gpeeds, so tha recent upgrades and packages (like Vasantha developed by
KSRSAC) fal to run. All these problems need a sy 2ems personto sort them out on a
sustained basis (gpart from investingin new hardware, which of courseis necessary).

A different strategy wouldtherefore beindicated for the future development of GIS
capacity in KFD. Thiswould require the appointment (perhaps on dgoutation or contract,
but definitely on along-term basis) of the required specidist staff in each office wherethe
GlSneeds to be established. It is suggested that each Working Plans or other Nodal centre
be provided one GI S professiond, and at least one (preferably two) computer technicians,
gpart from the full complement of surveyors and draftsmen. The HQ unit mug have a
senior GIS Sytemsprofessiond (at ahigher leved than thosein the noda units), as well as
at lesst twotechnicians (onefor GIS, onefor computer operation). Thisisthe minimum
complement, and if larger works are taken up may beincreased by takingpeopleon
contract.

This grategy or mode aso leads naturdly to identifying the surveyors and draftsmen
asthe primary users of the GIS sinceit isthey who ded primarily with maps, which they
now do manualy with phatocopies, tracing paper and pen and ink. They will then form
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the core stakehd der group to ensure continuity and integrity of the GIS set-up; but the
necessity for computer and GIS specidists may never redly disgppear, as using asy stem
occasionally isafar cry from maintainingand running it from day to day. In other words,
if KFD isredly serious about establishing afunctioning GI S (as against apilot here or an
experiment there, driven by extra-ordinary efforts and inputs from externa agents that
cannot bereplicated), then KFD would have to seriously consider providing permanent
positions for computer and GIS professionals as described eerlier. It is very unlikely that
the WGFP drategy of fores officers doublingup as GISexperts, will ever work inthe
lar ger departmentd set-up, nor isit likely that surveyors and draftsmen will be ableto
step intothat role (except as Sray instances), athough it is very much intended that they
move over to the GISfor their office work.

Training opportunities should aso be provided to theprofessiona and technical personne
maintainingthe GIS and computers, apart fromproviding adequate promotiona
opportunities in casethey are provided permanent positions.

4.3.3 Equipment and software needs

Thereis dready some equipment in the Working Plans units which will be useful, like
large-size plotters, but mog of the computers need replacement urgently. Thefollowingis
sugg&sted as an adegquate complement of equipment to start with:
High-end desktop computerswith dedicated graphics card and higher memory and
hard disk
2. Scanners (typicdly A3 size at working plan offices, AO sizeat HQ) for converting
hard copy maps into soft copy
3. GlSsoftware (typicaly ArcView or Arcinfo with Spatia Anayst and Image
Analysis extensions and DNR-Gamin extension) for on-screen digtization of
scanned maps, reprojection, lay ering and analysis, additionally ERDASImagne
84a HQ
Printers (typicdly colour, A3 size), plotters (A0) for map output
Handheld GPSwith additional external antennaand DGPS
Totd Sation surveyingtool to gvevery accurate and rapid maps of smal land
parcels, in theory can beinterfaced with differential GPSto gve geo-ref erenced
output
Upgadation of software may betaken up a HQ oncethe suggested GISspecidists arein
place, and as the GISinstdlation and skills upgradation a the noda units picks up, the
software ypogradation needs of the nodd units can also be considered accordingto the
developing capabilities and applications. We do not, however, see software availability as
amgor bottleneck at present, asArcView 3.2 presently available would suffice for most
purposes, complemented by Vasanthauser interface deveoped by KSRSAC.

o0k

4.3.4 Training needs

Having identified the sur veyors and draftsmen as the core stakeholder group that will
actudly usethe GISon adaily bais, it is apparent that a gpecid training programme
should beinstitutedto gve periodic, and graded, trainingin GISto them, so that each of
them develops technica expertisein GISand computer-aided cartography to the
maximum level he or she is ableto by agptitude and background.

Apart from professiond training for the core group who will be usingand runningthe
GlSand the accompanying M ISand hardware sy sems, thereis of course no difference of
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opinion in that the generd KFD staff (from officers to FLS) should be exposed to the GIS
facility, but as the client group (rather than as direct users).

Additiondly, there are anumber of highly qudified officias at various levels, especially
Foresters and RFOs recruited in the recent years, who will bein amuch better position to
become proficient in the new technologies than the average employ ee. Even though they
may not aways bein pogswhich enable or demand the use of aGl S still there would be
no harm, and definitely there would be benefits to the organization, if those of them who
wereinterested, were dso gven the opportunity to develop higher than average
professional expertisein GIS. This component would haveto be voluntary, andthere
should be no illusion that their services would necessarily be available to run the core GIS
facility of the department.

4.3.5 Relative merits of out-sourcing and in-house work

Oneof theinstitutiona issues raised is whether it would not be better to out-source the
whole gamut of GlSactivities. In eff ect, something like this has happened by
Government’ s decision to make KSRSA C the nodal agency for GIS and acentra
repository and clearing-housefor al GISdata, maps, sateliteimages, etc. for al
departments. KSRSA C has dready undertaken forest cover mapping (in astandardized
GlSframework) of all thedistricts. The option naturaly arises of entrusting everything—
including day-to-day maintenance and operation of the GIS, updating, upgradation,
producing maps, reports and other outputs --to KSRSAC, and not proceeding with any
more development or instdlation of GISin thefidd units of KFD.

But we recommend against such complete outsourcing. Our reasoningis that as KFD uses
maps and surveyingin thefield, and will continue to do so in thefuture, it is necessary
that these functions be strengthened with advanced or new technology (like GIS) that will
help KFD carry out these functions more efficiently. KFD isprimarily aland manager,
and at present kegping the land database up-to-date and easily accessible and query-able,
will be a mgor objective in the department. Onthe other hand, KFD need not devate
resources or manpower to doing frequent interpretation of satelliteimagery — FS aready
produces aforest cover map once every twoyears, and no doubt with more computer-
driven automation and better satdliteimages, FS will be ableto include more detalls as
has been doneby KSRSAC, likeforest type (deciduous, ever green etc.), in addition to
canopy density. Such information, as already demonstrated, is not of centra importance
to FLSin thefield, who need basically afacility to kegp track of dl land parcels, prepare
maps on the village map or forest survey maps, overlay up-to-date boundary information,
and so on. These arelocal uses which need aloca GISfacility, just aswe have a present
local draftsmen and survey ors doing various jobs in the divisions and working plan
offices.

KSRSAC could, however, well be gven acentra rolein carryingout the bulk of the GIS
deveopment work — standardizingthe RSinterpretation (as indeed they have dready
done during the recent years), digitisation of maps not done so far (village maps, forest
survey maps, €tc.), regsteringthem in a co-ordinate sy stem where passible, developing a
user front-end, devising adata catdoguing and storage sy sem, devising and carrying out
quality checks, and organisingtraining a various levels. It may even be suggested that
specidist staff be seconded from KSRSAC to KFD on acontinuing basis in order to bring
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about acertain leve of uniformity and consistency inthe approach tothetask, and the
efficiency with which thejob is done.

In this context, it will bereevant to refer to the Land Resour ces Information System
(LRIS) project of KSRSAC (based on anote provided by the Director, KSRSAC dt.19
July, 2005). A KSRSAC proposa to beimplemented over aperiod of 6 years, a acost of
Rs.65 crores, is under discussion in the Government. A pilot LRIS project for My sore
District is being carried out by KSRSAC a an estimated cost of Rs.4 croresprovided by
the Depatment of Information Technology, Govt. of Indiaand Govt. of Karnataka,
expected to be completed in aperiod of 2 years. Theam s to show theland parce
divisions (down to individua holdings) in alarge scale spatid GIS (on 1:4000 scale)
based on village (cadastral) maps in their digtized and geo-ref erenced form. Clearly, this
overlaps with our proposa of developing a geo-referenced database of cadastral mapsin
forested areas as one component of our FLIS. However, it does not appear necessary to
wait for thisproject to materialize for the limited purpose of theforest lands GIS. If
KSRSAC could take up digitization of those villages (estimated at around 7000 by
FSI, or around 3000 in Venkatasubbaih’s note) which have notified forests within
their boundaries, on a priority, this would significantly speed up the work and reduce
the cost of the proposed FLIS.

4.3.6 Managing the data: building up metadata

Theworld over, one of the problems in dedlingwith or settingup acomputer-based GIS
isthe proliferation of dataand the difficulty in getting datafrom different sources and
vintages to work together, if at least to minimize the costs of data acquisition. In this
evauation study itsdf, it has been seen that older data products have been relegated to the
cupboards, and even though KSRSAC may have based its work on these existing data
sets, thereis no documentation of how they fit in withthe new database (if at dl). It is
therefore desirabl e to build up adatabase of data-sets, what istermed ‘ metadata .

The metadatawill not only list out the area covered, projections and scal es used, layers
avail able, type of files, etc., but should aso idedly have some objectiveindication of
accuracy or reiability. The source of the datashould aso be clearly stated. Thereare
international standards prescribed for building up this sort of metadata. It is advisableto
mount aseparate and gecific exercise to build up this sort of daabase, and make it
avallableto al users; KSRSAC has the expertiseto do this. In addition, there should be
standardized sysem of physica storage and cataloguing of products and associated
documents, so as to get the maximum value out of them. A master set of the data should
be maintained, preferably at HQ.

5 Summary of recommendations
In summary, the following ar e the recommendations comingout of this review:

1. TheGISfacility in KFD should now focus on buildingup adigta collection of large
scale maps like village maps and forest survey maps, with fores boundary details
marked in relation to village boundaries and survey numbers. The department should
accept that it may nat be possibleto put together dl these individua mapsin one
composite geo-referenced map, but efforts can be made to develop afacility toput
together afew adjoining villages to make acomposite layout or view. Scanned and
digitized versions of cadastra maps for the rdevant villages could be obtained from
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the ongoing projects of KSRSAC or other agencies like Sol, state Department of Land
Survey, ec.

2. Thesedigtd large scale maps can belinked to the existing 1:50,000 GISto enable
cdlingup of therdevant map images for specific purposes.This will amplify the
utility of the existing Gl Sas well as the proposed large scale digita maps resources.

3. A padled exerciseis needed to build up acomprehensive database (which can be
termed the Forest Lands Information System, FLIS) of forest lands, village-wise
and survey number-wise, designed to bein concordance with the revenue land
databases dready developed inthe state, i.e. Bhoomi. A concurrent exercise isto be
taken up to rationdize the land database in collaboration with Bhoomi cel | of
Revenue Dept. and the Bhoomi software developers, i.e. NIC. Thetextua data
connected to each forest parce (may be just scanned images of documents) likethe
forest notifications, boundary description, etc. may aso beprovided inthe FLISto
provide aready referenceto these archiva documents for each notified area

4. Intheimmediate future, there need not be any massive exercisein building up
management history or ecologca dataof each land parcd; development of such a
larger, more d aborate and detailed Forest Management Information System
(FM19), for forest management purpases, can bethought of at alater stage, oncethe
land database s stabilized.

5. TheGISand the proposed land database (FLIS) can beintegrated at alater stage by
providing suitable links in the software.

6. TheWorking Plans offices will be the nodd locations wherethe digta database
(GISM 1S will be maintained during the developmenta phase (anticipated to bethe
duration of the JBIC Phase-2 project). They will provide the regpectiveterritoria
jurisdictions the rdevant GISM IS services. A master GISM IS centre can be set up a
HQ, and dl centres can belinked to the land database (Bhoomi) of the State Data
Centre.

7. Adeguatetechnicd staff will haveto be provided to the Working Plans (nodal) offices
and to the centrd unit. Therewill haveto be a least one GIS specidist and one
computer technician a each nodd location, and one senior GIS professiona and two
technicians a HQ. Adeguate complement of draftsmen and survey ors (many pogs of
which are at present vacant) needs to be provided. Thesepersonne will bethe
immediate users of the GIS for preparing maps, entering data of loca interest in
specific cases, etc. The larger task of updatingthe GISperiodically, may however be
entrustedto aprofessiond organization (presently KSRSAC is meant to servethe
whole state).

8. Thepost of Conservator of Foress (GIS& Evauation) at HQ may berevived in order
to gveleadership to thetechnica staff, gve proper orientation and momentumto the
process of further developingthe GIS programme, and above dl for providinga
medium of communication and interface between the rank and file of KFD on the one
hand, and technica wingof the GISin KFD, KSRSAC, and Bhoomi in the Revenue
Department of Government.

9. Thetraning gven to surveyors and draftsmen will be a professiond, higher leve to
make them mor e efficient a usingthe GIS. Trainingto forest saff other than
survey ors and draftsmen, and to officers a various levels, can be of shorter, generd
nature to familiarize them with the capabilities and uses of the GIS Training
opportunities should aso be provided tothe professiona and technica personne
maintainingthe GIS and computers, gpart fromproviding adequate promotional
opportunities in casethey are provided permanent positions.

GIS/RS facility and applications in Karnataka Forest Department 46



Evaluation Project 001/2005-06 Final Draft 5¢, Sept 24, 2005

10. Upgradation of hardware and software will be done in stages based on present
facilities and on capabilities of personne using them, and future requirements. It will
be sufficient to build up now on Windows-based GI S software, and with existing
package like ArcView 3.2, which is considered sufficient for most of the functions
that can be anticipated in the forest department in the near future. However, computer
systems would need to be replaced urgently to have systems with extramemory, fast
graphics, bigscreen etc.

11. A separate exercise is required to build up aproper data resources management
system, including screening and cataoguing the existing data and map resources, and
building up the metadata database, so as to minimize repetition of work aready done,
and make existing resources known and accessibleto dl potentia users.

12. A mechanism may be put inplaceto take running decisions on technical issues,
including qudity control, maintenance of metadata, management of the data
resources, avoiding repetition and minimizing costs, drawing up terms of reference
and specifications, deciding or recommending award of contracts, etc.
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Appendix I: List of team members and contributors

Thereport wasprepared by a Core Team consisting of:

Dr.P.J.Dilip Kumar, IFS Principd Chief Conservator of Foress (Evauation,
Working Plans, Research & Training): Chief Investigator

SNagaraj, IFS Addl. Principd Chief Conservator of Forests (Working Plans): Chief
Co-ordinator

Dr.Sharachchandra Lele, Senior Felow and Coordinator, CISED (Centre for
Interdisciplinary Sudies in Environment and Development), ISEC Campus
Bangaore: Consultant Investigator

Dr.K.SShashidhar, IFS Director, IWST, Bangalore: Consultant Investigator

With inputs from:

A.K.Verma, IFS Principad Chief Conservator of Forests (Wild Life), Bangalore

C.SVenkatasubbaiah, IFS previously Conservator of Foress, GIS, Working Plans
wing, KFD, Bangalore and presently with KSFIC, Dharwad

K.SSai Baba, IFS, Conservator of Forests, a one time Working Plans Officer,
Dharwad, and presently with State Pollution Control Board, Bangalore

SK.Kangeyam, Assistant Conservator of Foress, GIS Working Plans wing, KFD,
Bangdore

C.B.SDutt, Project Director, Adro-Biology Experiment, Indian Space Research
Organisation, Bangaore

M uthatha Ramanathan, Doctord Sudent, University of Washington, Sedttle and
Visiting Student, CISED, Bangdore

Santosh Hegde, Research Assistant (RSGIS), CISED, Bangdore

Working Plan Officers and their staff of KFD

Assigance and information is warmly acknowledged of al the officers and staff of the
various organisations visited and consulted, including

Karnataka Sate Remote Sensing Applications Centre, Bangdore

Forest Survey of India, Bangalore

Depatment of Survey Settlement and Land Records, Bangdore

AndhraPradesh Forest Dept., GIS Centre
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Appendix Il: List of maps and data layers prepared under various RS/GIS activities of KFD

till date
Map Map .
Series Scope Zreparlng Layer Name Contents/Categories | Scale | Year CD No Data Format Source
gency
IN-RIMT Administrative | State, District, Taluk Arc Coverage | SOI
Boundary boundary 1998-99 | xxx / EOO toposheets
IN-RIMT Contours Contours @ 100 m
interval, Bench Marks, SOl
Spot and Trangulated Arc Coverage | toposheets
heights 1998-99 [ xxx / EOO
Intergrated Karwar, IN-RIMT Drainage Maj.ordrain, Minor
GIS Using Honnavar, Drain, Canal, Tank o)
Sagar, bund, Perennial Rivers
Remote T ' toposheets
Sensing Mercara, Reservoir, Arc Coverage
1 and Chlkmagglore, Waterlogged Area, 1998-99 | xxx / EOO
Collateral | Bhadrav, IN-RIMT | Forest Circle, Division, Range,
Data 1998- Sirsi, Khanapur Administration | Section, Beat, Block, Arc Coverage
99 (Part of Boundary Compartment 1998-99 [ xxx / E0O
Belgaum) IN-RIMT | Forest type EG, SemEG, Moist IRS - 1C/1D
and Density Deciduous, Dry Lisslll + PAN
Deciduous, Scrub - (0- of
10%, 10-40%, >40%) March/Apiil
Acada Plantations, 1998/99
Agril. Land, Mixed Arc Coverage | visual
vegetation, Grassland 1998-99 [ xxx / EOO interpretation
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Map

. . Layer Contents/ CD
Maps Series Scope preparing | yame Categories Scale Year No Data Format Source
Agency
Boundary, Area, 1999- Arc Coverage /
ORG - GIS | Beat Range name 2000 | E0O
Contours @ 20 m 1999- Arc Coverage /
ORG - GIS | Contour interval 2000 | % E00
Visual and Digital
Water Body, Interpretation of
. Plantation, Open 1999- Arc Coverage / | IRS 1C/1Dand
ORG - GIS | Density | 5164 Degraded 2000 | | E0O PAN merged data
Scrub of Nov.1998-
Kolar Forest Dec.1999
olar Fore -
Division -11 ORG - GIS | Drain No Description 12909090 XXX éBCOCoverage /
'I;alulG:BaQEpalll, ORG - GIS | Forest No Description 1999- XXX Arc Coverage /
Fully integrated | 22N9arpet, P 2000 E00
GISin 1999- Chikballapur, 1999- Arc Coverage /
Chintamani, ORG - GIS | JFM Class | No Description XXX 9
2000 (ORG- | = ribidnaur 2000 E00
I . ' B
GIS) Gudiband, Kolar, | ORG - GIS | Range Boundary 12909090 XXX éBCOCoverage !
Malur, Mulbagil, 1% A C 7
Sidnagatta, ORG - GIS | Road No Description | xoex fc Loverage
Srinivaspur 12909%0 ,E\OOC /
i o - rc Coverage
ORG - GIS | Slope No Description 2000 | % £00
Acacia, Degraded Visual and Digital
Scrub, Eucalyptus, Interpretation of
Miscellaneous 1999- Arc Coverage/ | IRS 1C/1Dand
ORG - GIS | Type Forest & 2000 | | E0O PAN merged data
Plantations, Water of Nov.1998-
Body, Non-Forest Dec.1999
. 1999- Arc Coverage /
ORG - GIS | Village Boundary 2000 | X £00
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Map

. . Layer Contents/ CD
Maps Series Scope preparing | \ame Categories Scale Year No Data Format Source
Agency
1C/1D, LISS 1
Type and ’ ’
D)élrawit 1999- LANDSAT TM and
ESRI-NIIT for 198)/7 2000 | % Arc Coverage PAN imageries of
and 1999 Dec.98, Feb-
March 99
Forest
Development Administra Beat, 1999-
of fully P ESRI-NIIT tive Compartments, 2000 | Arc Coverage
integrated Boundary Division, Range,
Geographical ; ‘s Contours @ 20 m 1999-
3 | Infomation Shimoga Division [ ESRI-NIIT | Contours | =) 2000 | ¥ | Arc Coverage
. & Hassan District -
System using Drainage 1999-
Remotely ESRI-NIIT Network 2000 | Arc Coverage
Sensed and Transport 1999-
Collateral data ESRI-NIT | \etwork 2000 | Arc Coverage
Village
Locations 1999-
ESRI-NIIT and 2000 | Arc Coverage
Boundary
ESRI-NIIT | Canal 1999- Arc C
- anals 2000 | X rc Coverage
Geo-Spatial Bagalkot, Revenue SOl
Database for Belgaum, Bellary, Administra | State, Dist, Taluk, Arc Coverage /
4 19 forest Bidar, Bijapur, KSRSAC tion Village Boundary 2004 | xxx E0O :;]Jpo:heet/ADLR
divisions - Chitradurga, Boundary ap
Phase 1- Dharwad, Gadag, Major drain, Minor
(Forest Gokak, Gulbarga, . drain, Canal, Water Arc Coverage /
Vegetation Haveri, Kollegal, | KSRSAC | Drainage | ' oocenvoirs, 2004 | xxx | £0g
map & Forest Koppa, Koppal, Water logged area
Administration | Kundapur, Forest
Map) Mangalore, Administra | Circle, Division, Arc Coverage /
Mysore, Raichur, KSRSAC | tion Range and Section 2004 | xxx | ggq
Virajpet Boundary
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Map

Maps Series Scope preparing :;I?r/sé gggggtﬁés Scale Year ﬁg Data Format Source
Agency
Forest
Managem | Blockand Arc Coverage /
KSRSAC ent ] Compartment 2004 | o EOO
Boundary
KSRSAC | Soil type 2004 | xxx ‘E\Bcocoverage/ NBSS soil map
0-10%, 10-35%, Arc Coverage /
KSRSAC | Slope and >35% 2004 | xxx E00
Railway line,
National Highway,
State Highway,
KSRSAC Transport Metallengoa()j/s 2004 | xxx Arc Coverage /
Network ' EOO
Non-Metalled
Roads, Cart tracks,
Foot tracks
Evergreen, Semi-
Evergreen, Maist
Deciduous, Dry
Forest Deciduous, Arc Coverage |/ IRS - 1C/1D Liss
KSRSAC Types Mangroves, 2004 | Xxx £00 !II+PAN forVIsual
Shola/grasslands, interpretation
Scrub Forest,
Forest Blank,
Plantations
Forest <10%, 10-25%, 25- IRS - 1C/1D Liss
KSRSAC | Cover 40%, 40-70%, 2004 | xxx éBCOCoverage/ Il + PAN for visual
Density >70%. interpretation
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Map
Maps Series Scope preparing
Agency

Layer Contents/ CD

Name Categories Scale Year No Data Format Source

Forest roads,
Water holes,
Protection camps,
Grasslands, Core
Protected | zone, Fire affected 2004 | xox Arc Coverage /
Areas area, Elephant EOO

migration route
mapping, Buffer
zone, Tourism
zone.

KSRSAC

Circle, Division,
Range, Section,
Beat Head
Quarters, Forest
Rest Houses,
Permanent
Point Nurseries, Watch 2004 | o Arc Coverage /
features Towers, Check EOO

posts,
Timber/Frewood
Depots,
Preservation
PlotsResearch
Plots

KSRSAC

Note: Someinformation in this table still needs to befilled in after detailed examination.
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