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Todar Mal joined the service of Emperor
Akbar He was appointed a 5 A g bfyilse
Provinceof Gujarat He was promoted to the
postof & 2 I |akdwBsoneoftheb I NI 0
of Emperor! 1 0 IICHUxaRajaTodar Mal is
credited with systematisinghe land revenue
system He rationalisedthe land tax rates and
Introduced the concept of compensationfor
cropdamage



Todar Mal was not only a brilliant Administrator
but also a good soldier and a General. What has
Immortalised Todar Mal was the revenue
assessment and land survey system, which he
pioneered. After the fall of Mogul dynasty, the
system he introduced still remained and was
subsequently followed by both the Marathas and
the British. The present lecture is Iin
O2YYSY2N)r A2y 2F wl 2l
to the land revenue and land survey and the
foundation which he laid for cadastral surveys.




A Mapsaswe all know today are essential and
iIndispensible in almost all spheres of our
modern life especiallyif you are an urban
dweller. All your daily home requirementsare
delivered at your doorsteps,you speed post
any document,you need to accesshe easier
traffic route, you cantrack all your querieson
your VERYSMARTPHONHSfe hasbecomeso
simple,fast and easy.Youhardly needto step
out of your home.



Allow me to quoteGilbert H. Grosvenor,
who has been Editor of National Geographic
(1903 1954)

0A map is the greatest of all epic poems. Its lines and
colors show the realization of great dreants.

It hasbeenoften statedand it is a true appreciationof
the cartography professionalsthat a number of
astronauts, and in fact, everyone who saw the

pho_tographyfrom spaceweresomehowamazedwhen
reality turnedout to betrue to the maps



Peter Greenaway, a Welsh film director has
very aptly said:

aLQUS | fgléa 0SSy Tl
OF NI23aINJF LIKéd !  YI LI OS¢
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* | agree that most of you here will perhaps share the
opinionthat all this is possiblebecauseof the internetXyes
very true but there is another partner to this successtory
andthat is GISXGeogrphicalinformation Systemswhichis
a very refined and precise form of mapping From
rudimentary marking of routes, highways, locations i.e.
railway stations, post offices, hospltals schools,agricultural
areas, religious locations, administrative bungalows, GIS
offers a lot more in terms of details and is updated easily
within least time thereby being cost effective We have
experiencedRemoteSensingand GISin its most basicform
le. our eyesand our brain respectivelyhowever GlSas an
alternate and faster mode of communicatings incomplete
without technologymost preciselyGeospatialTechnology
Remote Sensingis a processwhile GISis the product of
suchaprocess



Since the early days in cartography, people
realizedthat to be successfuthey would need
Information and data from sourcesbeyondtheir
Immediate workgroups People recognizedthe
need for data sharing Modern cartography
emphasizes on participation, sharing and
collaboration It iIs no more confined within
experts Iin this domain rather it encourages
iInvolvement of common people Geospatially
oriented social media communications have
emergedas a valuable information resourceto
supportcrisismanagement



Cartographyis no more confinedin paper maps
It has shifted to the cloud (large clusters of
computer servers with a variety of software
iInstalledon them). Fastand affordablecomputing
network enablesall of us to have accesso rich
collectionsof information. Everylayer hasa URL
that makesit searchableand easilyusable Data
from different sourcescan be combinedinto a
web map and can be publishedas an app which
can be shared with anyone This new era of
cartography has much wider audience and
Influenceon commonpeople



The abllity to fly personalmissionshas
whole new ways to Iimplement
cartography to a new range of
problemgs assessingtraffic conditions
law and order problems monitoring
wildlife  habitat; responding to
emergencies and disasters and
monitoringagriculturalfields.



Little more than a decadeago the whole world

was amazed to see their familiar places in

continuous and multi scale imageriesprovided
online by Googleand other mappingcompanies
Peopleeverywherebeganto experiencesome of

what cartographers already knew We

Immediately zoomedin on our neighbourhoods
and locatedour home. Subsequentlwve focused
beyond that first local exploration to see
anywhere in the world. Almost overnight
cartographybecamepersonaland everyonewith

accessto a computer and internet became a

cartographer



Geospatial Technology has totally
engulfed every aspectof our lives and
this has brought down distances,
Improved communicationspeedgreatly,
Increasedaccountability and alertness
and Is helping Individuals to store
massiveguantity of data virtually.



The evolving or advancingtechnologies of
Geographic Information Systems (GIS),
combining the use of satellite imaging and
digital data, have made these taskseasierby
replacing laborious cartographic handwork
with a capacity to superimpose maps of
various elements showing how these
elementsmaybe related



A JackDangermondof Environmental Systems Research
Institute (ESRI) conveyed the potential of GIS as
follows:

AdYY26AYy3T GKS
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A In fact, this statement applies to any technology and
more so to any computational technology. A variety _
2F adzyAYUSYRSR dzal 3Sa¢
technology.



With passageof time, the cartography has enriched
itself by interfacing with various emergingcomputing
technologies Briefly speakingnodern Cartographyis
dealingwith Bigdatai.e. high-volume,andhigh-variety
Information which need costeffective, innovative
forms of information processingfor enhancedinsight
and decisionmaking There are multiple areaswhere
geospatial technology has applied Big Data for
enhancedanalysis For illustration, one may think of
Climate modeling and analysis, Location analytics,
Retailand Ecommerce Intelligencegathering,Terrorist
financing, Aviation industry, Disease surveillance,
Disasterresponse,Political campaignsand elections,
BankingJnsuranceandsoon.



Geospatialtechnologyhas been further supplementedby
advancementn sensorntechnologiesimageryenablesusto

seebeyondwhat our humaneyesperceive,providingnew
perspectivesof the Earth Satelliteshave sensorsthat can
measurenon visible information, such as infrared energy,
acrossthe electromagneticenergy spectrumthat enables
us to map and analyzebeyondthe visible Active sensors
such as lidar, radar, and sonar emit pulsesof energyand
then monitor the return of energy As the return energy
arrives at the sensor,the intensity and time of the return

signals are used to determine the precise shape and
location of the object Activesensorsvork perfectlywell at

night and provide a new perspective of the earth.

Hyperspectral sensors use a broad swath of the

electromagnetic spectrum, but unlike multispectral
sensors,the hyperspectral systems provide many more
spectralbands,enablingidentification of detailed spectral
signatures Hyperspectrallmagescan be usedto identify
and map specificplantsand minerals



*Now the point to be pondered upon isXour country
has progressedfrom the initiation of first mappingof
landholdingsfor revenue collection sincethe time of
Sher ShahSuri by RajaTodar Mal who rose to fame
later when he joined Emperor! 1 0 | cbli2 as his

revenueministerin 1560A.D.

| shallsharewith you further that eventhoughnow in
India land marking systemhas adopted an electronic
format based upon GISthe system the concept of
patwaris still remain ThusRajaTodarMal overhauled

the whole conceptof ownershi
Introducedstandardweightsanc
was followed throughout ! 1|

0 of landholdingsand

measurementsvhich
0 | K\igam and is

referredto andconsultedeventoday.



In other words, we can hardly
over-estimate the professional
relevanceof RajaTodar Mal and
cartography, even Iin modern
times.



Now to the present timesX..Geospatialtechnologyis no

longera domainout of the reachof the commonman.as|

havediscussedt the beginning Now the requirementis in

diverse fields, cartographyrequires more precision and

ease of use Learning Cartography has been always
associatedwith geography but that pathway has now

diversified..everyonewantsto know where they are, what

resourcesare availablewithin reach,but IndianUniversities
have never realized the need for training students for

professionalcartographyyet it has such a wide demand
now within our country aswell asabroad Mapssofar have
beenmeticulouslyand authenticallyproducedby Surveyof

India and the National Atlas and Thematic Mapping
OrganisationBoth of these organisationshave contributed
at a steadypaceto the mappingof Indianstates,presenting
cartographicallydifferent facets of Nationaland regionalor

socioeconomicrealitiesandcharacteristics



Cartographyhasdiversedemandespeciallyin
a country like India with population
approachingl30 crores so it Is evident that
requirementfrom cartographyhasto address
a more diverse field comprising
transportation, agriculture,medical weather
report, disaster management navigation,
drainage network enhancement for
transportation and irrigation, crude oil pipes
running overland fishing route
monitoringXthe list isendless



*The most pertinent question here s
whether we have been successfuln creating
professionalsto addressthe requirementsof
the nation?

| am afraid we are in the processof creating
suchprofessionalsand probably another fifty

yearsis required to suitably build up sucha

workforce who can provide their servicesto

fields of agriculture & crop health, landuse
landcovey weather, geology, archaeology,
disaster management, urban sprawl, traffic

route relayand managemento nameafew.




Cartography has never gained its due ground
| PERSONALLY feel, because

1. Foremost, it has been treated as a mere tool to
llustrate demarcation of space on paper and
pointing of locations of some feature based on a
particular theme

2. Secondly, educational institution have always
Fa8420A1FT0SR A0Qa NBOz23AY
never as an independent discipline which has
usage In other fields also.

3. There iIs also dearth of institutions in India
which are devoted to this discipline



A Now my propositionisX X Xf it isto be treated as
a technigue which helps us to describe and
llustrate the conceptof areaor regionsthen why
canit not be taught as subjectin our technical
Institutes which will create a strong cartographic
professionalswho can provide service to the
requiredfields.

A At present, professionalsthat we have, are sent
to train at our various institutes like IIRS,
NATMO or SOlfor a certain duration where a
generaltraining for a certain period givenand a
certificate at the completion of the course This
offers limited scope for adaptation of the
knowledgefor multiple usage




Accordingto Arthur H. Robinson,
ThelLookof Maps

Ad& ¢ K 8rawing of a parallel between
cartography and architecture IS
Instructive. Each lies in the field of the
practical arts; eachis older than history, and
each,sinceits beginnings,has been more or
lessunderthe control of its consumerg ~



In other words, a good cartographeris both a
scientist and an artist. He must have a
thorough knowledgeof his subject, must be
Intelligentenoughto makea right selectionof
the featuresto represent,shouldmakeartistic
judgmentto effectivelyuselines and colours
and Is also expectedto be aware of the tricks
of effective visual communication In fact,
much like archaeology, architecture and
medicine,art and scienceare inseparablein
cartography



A In moderntime researchon earth studieshasbecome
more focused,on the impact of natural processeaipon
those reglonswhlch are anthropogeneticallyimportant

.The need for awarenessand the expertiserequired to

tackle problems like drought, floods, soil loss, land

degradationanddesertification, gullyingin tropicallands

are graduallygainingpriority amongthe researchersand
policyplannerstoday.

A Nations have set up task forcesto delineate and map,
discussamong its experts, use latest techniques like
Geospatiallechniqueg remote sensing GlSand GP§ to
monitor the problem areasand finally arrive at suitable
methodsto addressthese problems Sothe requirement

In terms of cartographic professionalsin the coming
timesis goingto be intense.



THE BEGINNING OF CARTOGRAPHY IN INL

Cartographyevolved since man started to settle
down along the fertile river banks and
settlementsstarted to sprawl over the adjoining
flood-plains Kingdomswere establishedand the
need arose to delineate the extent Natural
features like rivers mountains hills or deserts
were considered boundaries and taken as
expanse of a particular kingdom Then there
arose the need to maintain records collect
revenues, gift or receive land as tokens of
appreciation




A Thus the requirement for cartography in ancient and
medieval India was of three types:

1. Conquest
2. Rule and
3. Administration comprising
a. revenue collection,
b. describing and estimation of cultivable and
fallow land,

c. estimation of boundaries for moving military
resources and trade



A Maps served as a function of measure as
means of enquiry and as a method of
examination

A It is to be noted that all these exercisesdid
not arise at the same time and gradually
evolved over time and as requirements
developed Traderoutes already existed over
land andthrough searoutes



Thearrival of the Mughalsin 1526 A.D. gradually
progressed towards an organized system of
administration Thedemiseof Baburin 1540A.D.
led to the establishmentof Sher Shah { dzNHJ
empire and it Is consideredthat his system of
administrationand land reformsled to successful
managemenbdf the MughalSultanatelater under
the able administration of Emperor Akbar Raja
TodarMal wasinductedby Akbarinto hiscourt as
one of his nine gems(Nav Ratan$ asthe former
had already gained experiencein land reforms
andrevenuecollectionunder SherShahSuri



A Of the few points that | would like to emphasizeon Raja
¢ 2 Rl N3ysteim@tiland surveyswas his foresight Lead
measuringrope, called Tenalh) was standardisedby joining
pieces of bamboo with iron rings so that the length of
Tenabdid not varywith seasonathanges

A The 18" century under the British rule in India took
cartographyto another level. The necessityfor organized
cartography arose in colonial India chiefly due to the
expansion of British kingdom and establishment of
dominion. Threemajortypes of surveyswere carried out
In BritishIndia:

(N Topographical
(i) Trignometrical and
(i) Revenue



Surveyingand mappingwere important part for
administration of newly acquired unknown
territories and Indiawassurveyedand mappedat
villageas well as country level Thefirst detailed
map of India was by a French geographer
5Q! vdthed @ SY 2 A NAR Q liddecehichid K
1752whichwasbasedon travel routesandrough
chart of coasts Themap of Hindoostanby James
Rennellin 1788wasbasedon surveymethod anc
distancesto be measured were chained anc
observations were taken for latitudes anc
longitudesat certainstations




A Thelayingof railway linesin the 19" century
was yet another reason as it faclilitated
topographicalsurveysand record keepingin
the form of topographicalmaps

A Thus before mapping was necessary for
revenueand military purposesi.e.to delineate
the extent of kingdoms Now it was required
for transport and communication purposes
also .Railway lines gradually connected the
whole of India together with the main cities
being recognized as Iimportant railway
stations



* Before closing, | shall quote two succinct and insightful
statements.

A First guoteis by the authoiTerry Pratchettin his novel:
¢CKS [} ad /2YuAYSYus Y

AAaDS23IN) LIKE Aad 2dzald LIKeaAac
2F UNBSa audzOl Ay Al P

A In other words, what we map in Geography is not an
Isolated interplay of the physics inspired theories, rather
nothing gets depicted unless it Is intermediated by the
animate world including the vegetation.

A The second quotes a statement byProfessor Nicholas
Chrisman, ofceomaticSciences obniversitéLaval, a
public research university in Quebec City, Canada
applauding maturity of the theories developed in map
making in precisely few words:

AadDS23INI LIKSNBE YSOSNI IS0 f 2
g2 NJ P



Until Cartographers get an independent
identity, we the geographerswill continue to
take credit of this field and our theorieswould
sufficethe art and scienceof map making The
Todar Mal series Is a testimony of
interdisciplinarynature of Cartographyand |
am thankful to the organizersof this 37"
edition of INCACongresdor providingme an
opportunity to highlightthe past, presentand
future of Cartographyn evolutionof India




A The foundation of majmaking in India was laid
during the Vedic period when the expressions of
astronomical truths and cosmological revelations
were made. The expressions weng/stallised
A VY GidhantHsor laws in classical treaties Afya
Bhatta Varahamihiraeand Bhaskaraand others.
Ancient Indian_scholars divided the known world
AVi2 BiPgASYO QKA ID mMOD al |
conceived a round world surrounded by water
(Fig. 2). [From NCERT Book chapter, Introductior

to Maps]



Fig.1l: SeveDbwipas

Todarmal pioneered land

T e —:':.?":J e
g‘?“’“ﬁr_},@ * ; T R r F"—“-__.ﬁ!__\:;
"=’F | PuskaraDwia S
! .r-w':.'-,ﬁ
5&" II=:r;]uu::al }.-.-lz-a Jambu Dwipa .9 | ""‘:.-ﬂ' l."'I
_III,J"-‘H1 ___;_-. = 'IT :}_i"
-F#_ Lmr—h:ﬂﬁl.tsag_wma ?ﬁf ":I

..... Bharat Khand -_/i' @

{Plaska Dhwipa ﬁ% ;ﬁ‘k)/%};: \S’ g Saka Dwipa

o
‘%3 g b
]) $aln'|ail Dwipa i-_j‘;:_,;f‘
\ T



Fig.2: Round world in Mahabharatze
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A In summary | would like to share with you
A From¢ 2 R | N0apd TO Geospatial Apps:

Modern Cartography is about participation,

sharing, and collaboration

Since the early days in cartography, people realized that to be
successfulhey would needinformation and data from sourcesbeyond

their immediate workgroups People recognizedthe need for data
sharing

It IS no more confined within experts in this domain rather it
encouragesinvolvement of common people. Geospatiallyoriented
social media communications have emerged as a valuable
iInformation resourceto supportcrisismanagement



From paper to the cloud

A Cartographyis no more confinedin paper maps
It has shifted to the cloud. Fastand affordable
computing network enables all of us to have
accessto rich collections of information. Every
layer has a URLthat makesit searchableand
easilyusable Datafrom different sourcescanbe
combinedinto a web map and canbe published
asan app which canbe sharedwith anyone This
new era of cartography has much wider
audienceand influenceon commonpeople.



Cartography In the age of drones

A Theability to fly personalmissionshaswhole
new waysto implementcartographyto a new
range of problemst assessing traffic
conditions, law and order problems
monitoring wildlife habitat; responding to
emergenciesand disasters and monitoring
agriculturalfields.



Cartography became personagllocate my home

A Little more than a decadeagothe whole world wasamazed
to seetheir familiar placesin continuousand multi scale
iImageriesprovided online by Googleand other mapping
companies Peopleeverywherebeganto experiencesome

of what cartographersaalreadyknew

A We immediately zoomedin on our neighbourhoodsand
located our home. Subsequentlywe focusedbeyond that
first localexplorationto seeanywherein the world. Almost
overnight cartography became personal and everyone
with accessto a computer and internet became a

cartographer



Mapping beyond the visible

magery enablesus to see beyond what our
numan eyes perceive, providing new
perspectives of the Earth Satellites have
sensors that can measure non Vvisible
Information, such as infrared energy, across
the electromagnetic energy spectrum that
enablesus to map and analyzebeyond the
visible




Mapping beyond reflected solar energy

A Active sensorssuch as lidar, radar, and sonar
emit pulsesof energy and then monitor the
return of energy Asthe return energyarrives
at the sensor,the intensity and time of the
return signals are used to determine the
precise shape and location of the object
Activesensorswvork perfectlywell at night and
providea new perspectiveof the earth.



Mapping specific objects

A Hyperspectralsensorsuse a broad swath of
the electromagnetic spectrum, but unlike
multispectral sensors, the hyperspectral
systemsprovide many more spectral bands,
enabling identification of detailed spectral
sighatures Hyperspectralimagescan be used

to identify and map specific plants and
minerals



Cartography and the Big Data

A Modern Cartographyis dealingwith Bigdata
.e. high-volume, and high-variety
iInformation which need costeffective,
iInnovative forms of information processing
for enhancedinsightand decisionrmaking



Some important areas where geospatial technology
has applied Big Data for enhanced analysis:

A Climatemodelingand analysis
A Location analytics

A Retail and Ecommerce

A Intelligence gathering

A Terrorist financing

A Aviation industry

A Disease surveillance

A Disaster response

A Political campaigns and elections
A Banking

A Insurance



National Spatial Data Infrastructure (NSDI)

ANational infrastructure for the availability
of and accesdo organizedspatialdata

AUse of the infrastructure at community,
Local,State, Regionaland National levels
for sustainabledevelopment
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Departmentof Space has established an
iInterconnectingplatform National Natural
Resource Management System (NNRMS)

I Remote Sensing Imageries to meet diverse
userspecificneeds for Mapping



National Geographical
Information System

A Developmental Aspiration of India
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