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2. A GEOPRAPHIC INFORMATION SYSTEM FOR SOUTH INDIA

2.1 Georeferencing South India®

From the census, which provides village-level data every ten years, to the large
surveys such as the National Family and Health Surveys (dating from 1992 and 1998) or
those of the National Council for Applied Economic Research, the statistical data in India
cover amost all demographic, socia and economic aspects of the society. Notwithstanding
this apparent profusion, precise geographic utilization and cartography on a small scale are
still rare, or indeed nonexistent.

Thus, one often finds studies made at the district level, but applications on a lower
administrative level are more seldom and more limited in space. Specifically cartographic
studies on the village level, apart from monographic approaches, are absent from scientific
production.

This absence can be explained by the lack of detailed and accessible cartographic
coverage. Cartographic sources can be classified according to two major types. On the one
hand, there are the sources that provide general coverage of the territory on different scales.
These sources originate from public bodies or private publishers. On the other hand, there is
the production of town maps stemming from governmental planning bodies or map
merchants. Although this second category of maps does not interest us here, the recent high-
quality publications by the Eicher Company of maps based on satellite images for the cities of
Delhi, Chennai, Bangalore and Mumbai should be mentioned, as they foreshadow a new era
of cartography in India.

The production of maps covering the entire territory of India is the responsibility of
the Survey of India The latter, created by the British, is a derivation of the military
administration. The map was a strategic object and its public diffusion was prohibited until
the beginning of the nineteenth century.” Still today, the production of maps is a matter of the
state, and a series of places held to be sensitive continues to be excluded from cartography,
among which are hydroelectric projects, dams, steel plants, installations under All India
Radio, telecommunication installations and water purification/supply installations, etc.

Moreover, for a coastal strip of more than 50 km inland, the obtaining of maps classified as

4 An abridged version of the technical presentation of this project was published in the journal Espace-
Populations-Societiés (Guilmoto, Oliveau and Vingadassamy, 2002).

® For ageneral history of cartography in India, one can refer to Madan (1997). For the setting up of the Survey of
Indig, the work by Edney (1997) can serve as reference. Regarding the context surrounding the crestion of the
Survey of India and the first prohibitions of the diffusion of maps, the recent article by Raj (2003) is of interest.



“restricted” is subject to special requests to the administration of the Survey of India.® To give
an example, a map from 1973 on a scale of 1. 50,000 concerning the area surrounding the
town of Dindigul (200,000 inhabitants, Tamil Nadu, located 140 km from the Coromandel
Coadt) is classified as “restricted” because of its proximity to the coast. For certain littoral
states, such as Kerala, topographical maps are not officially available and nearly half of the
contemporary maps comprising the South Indian peninsula are therefore “restricted”. Voices
are today being raised in the Indian milieu of professiona cartography to denounce the
restrictive policies pertaining to 227 of the 385 “degree Toposheets’. Thus the journal
GlS@development published in Delhi is a forum of professional users that regularly evokes
the shortcomings of a policy that can appear outdated. Scientists and professionals are also
unanimous in demanding profound changes in the policy of access to topographical
information. We will mention in this regard a large meeting held in July 1999 at the Indian
Academy of Science in Bangalore devoted to “public access to Indian geographical data”. A
large number of papers presenting important material for the discussion was then published in
the journal Current Science (25 July 1999) and subsequently also taken up in the national
press.

In the meantime, the production of the Survey of Indiaremains the only official source
in India from which the rest of the maps are derived, for example, the atlases of the NATMO
(National Atlas & Thematic Mapping Organisation). The maps presented by the Indian
census, such as those of the taluks contained in the District Census Handbooks, are also based
on the maps of the Survey of India: their distribution is quite wide because of the hundreds of
volumes of the census that are published, but the geographic quality of these maps remains
mediocre, for they contain neither absolute location’ nor scale. What is more, much
information of a topographic nature is also missing from these maps. On the other hand, they
should the individual location of al the towns and villages and, for this reason, are unique in
India. In fact, the toposheets, when they are available, are far from containing al the localities
included in the census tables and do not always enable the identification of inhabited places,
as our work showed us.

® The request form of the Survey of India— Form 0.57(a) — for “restricted” maps contains notably the following
clause: “Clearance of the Ministry of Defence is essential for the issue of Restricted maps to private individuals,
organizations and commercial firms’. It also specifies that the loss of the map must be notified to the Ministry of
Defence, etc.

" Here one opposes the absolute position in terms of longitude and |atitude, which is at the basis of the work with
geographic information systems, to that of relative position, which situates the map in a space of vicinity by
indicating the boundaries of borderland units.



The public thus avails on the Indian scale of two official sources: the first is that of the
toposheets that present all the necessary details for geography, but suffer from an incomplete
coverage and are sometimes not updated or unavailable. The second source is that of the
villages represented in the census maps: this covers all the administrative units, but does not
make it possible to georeference them so as to be introduced in a GIS. In practice, to
exhaustively collect the census maps or the toposheets is often a chalenge, the one or the
other being very difficult to procure, as a visit to a regional headquarters of the Census of
India or of the Survey of Indiareadily shows.

One understands better why the private publishers in their turn have been able to
diffuse their products, from specialized web sites to pavement stalls in the large cities,
notwithstanding the often very mediocre quality of their maps and the perfunctory character
of the information they contain (roads and principal localities).? It is in this context of semi-
penury, in which cartographic information exists but is dispersed and of terribly inconsistent
quality, that new suppliers have arrived on the market. A web site such as
www.mapsofindia.com is an interesting example, for it offers via Internet district-scale maps
of an unfortunately rather questionable quality from a geographic point of view. A generd
coverage of the country by maps that are less precise than those of the census, but of better
quality than the maps offered by other private publishers, facilitated a considerable
development of their diffusion, and this enterprise today provides its products in the form of
CD-ROMs or offers them for sale on the web (after a long period during which they were
gratis). In technica terms, the quality of these maps remains, however, quite uneven.

The demand for good quality cartography is becoming increasingly important in India,
all the more so as at the same time a significant tourist activity is developing, which is known
to make extensive use of maps. Moreover, Lonely Planet, the well-known tourist guide
company, decided to update its Road Atlas in 2001 (first edition 1995). The work, which
exceeds 100 pages, constitutes the best cartographic source at 1:250,000 currently available
on the subcontinent. It combines information on relief and hydrography with the main towns
and villages, as well as more genera information (cultural sites, beaches, wildlife sanctuaries,
airports, etc.).

8 We can quote in this regard several evaluations by the Survey of India concerning commercial maps: “ Some
publishers have no idea of map projection and its significance. [...]Spelling of names is incorrect. [...]Colour
schemes are crude and unsuitable. [...] Over-generalization has caused the loss of the character of detail. [...]
The boundary symbol is drawn so thick that small kinks and bends are logt. [...] Symbols differ in different parts
of the same map. Printing is poor. Quality of paper is not good. [...] Some maps do not indicate the scales to
which they are drawn”. (http://www.surveyofindia.gov.in)
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Figure 2 : Topographical map of the Velloreregion (Tamil Nadu, India), 1914-15.

Coming back to our project, the establishment of a geographic database in 1998 was
not exactly an easy matter. As we have mentioned, there were hardly any sources making it

11



possible at the same time to locate all the villages and to georeference them, apart from the
fragmented information provided in the toposheets. It was therefore necessary to envisage a
strategy adapted to the different available sources. An initia solution thus consisted in
resorting to the toposheets, including British maps dating from colonization when they proved
to be of easier access than the modern toposheets with a restricted diffusion. It may seem
ironic to use old maps for a contemporary cartography, but this paradox illustrates the still
outdated character of the production and diffusion of Indian cartography. Hence, a certain
number of maps used data from the beginning of the twentieth century: Figure 2, for example,
represents a topographic map dating from 1914-15, corresponding to the region of Vellorein
the state of Tamil Nadu.

The second solution resides in the utilization of census maps, available at the level of
each taluk or tashil, as we mentioned earlier. These maps offer the advantage of providing an
exhaustive location of all primary units of the census, namely the revenue villages,
administrative units that can comprise several distinct hamlets. They remain, nevertheless,
rough (Figure 3) and in particular do not alow a direct georeferencing in the absence of
geographic coordinates; for this reason, a meticulous work is required to piece together
information. It will be noted that the maps are often published belatedly after the census, the
last publications for the 1991 census dating from August 2000, which does not facilitate the
task.
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Figure 3: Censusvillagesin Velloretaluk (Tamil Nadu, India) from the 1981 Census map

12



In view of the scope of the work, the establishment of a georeferenced database
proved to be a long-term task, which is summarized in Figure 4. The apparent ssimplicity of
the diagram should not mislead as to the difficulty of the operations, the major stages of
which will be presented.

ﬁ{q,niﬁtrﬂti ve M
W2

ation isti ection
o . \LoC Mapg Statistical sources coff mc—,-ﬂ&

Others maps
{printed maps,
DCW layers, etc.)

British colonial 1991 census
toposheet data

Digitization of administrative Identification Data checking
boundaries and units of landmarks and corrections
(AutoCad) for georeferencing (Excel, Stata)

N/

Combination of
geographical sources

(Mapinfo) \

Combination of map
and data

(Mapinfa) \

Map checking
and corrections
Addition of new layers

l

SIFP Database
Figure4 : From many sourcesto the SIFP database

The first stage consisted in capturing, with the help of 712 taluk maps provided by the
census, the location of villages and towns. The operation of assembling and keying the
digitized maps was undertaken with AutoCad software (computer-aided design software). The
absence of maps or of volumes for 1991 often made it necessary for usto utilize the data from
1981, which had to be updated later by the addition of villages newly included in the
subsequent census. The 76,366 administrative units (75,523 villages and 843 towns) were
entered with the same software. One of the major decisions when drawing up the database
concerned the mode of representation of the villages. The primary maps of the census
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provided the detailed demarcation of the boundaries of each village, corresponding to what
one terms in GIS jargon a “polygon”. However, it was decided to simplify the data entry and
to digitize each village in the simple form of a point, while the boundaries of urban
agglomerations would all be captured in polygons. There were several reasons for this choice.
First, the boundaries of villages provided by the census did not appear to be reliable and were
sometimes so badly represented on the primary maps that they were not digitizable.
Comparisons between the areas of the villages given by the census and measured by the GIS
showed, moreover, the unequal quality of this information. Then, the future evolution of the
database was judged to be easier if the village units were represented by points than if they
were to be represented by areas. In fact, the appearance or disappearance of a new
administrative entity is expressed by the appearance or disappearance of a point. Thus, the
overall cartography hardly changes. On the other hand, in a polygonal representation, the least
punctual change necessitates the modification of all adjacent units. Furthermore, on the scale
of the whole of South India, the cartographic representation of village boundaries would not
be possible and it would require such a level of generalization (i.e. simplification) that
automatic tessellation (i.e. partition into a pattern of interlocking shapes) of point patterns
would provide comparable results. And, to conclude in a prosaic manner, the initial capture by
polygons rather than points for each village would have required an effort ten to twenty times
greater than the capture by points and, on the scale of more than 50,000 villages, this
difference is not without consequence in terms of time and budget.

At the same time, the operation of locating control or registration points, which
constitutes the second stage, was done manually on the old British toposheets to enable future
georeferencing of maps captured with AutoCad. Maps without geographic reference points
are, in fact, unusable in a modern GIS. The difficulty thus resided in the identification of
registration points that would be present on the different maps at our disposal and, when our
sources dated from the colonial period, sometimes would not have changed between the
beginning and the end of the century! These points make it possible to register a map derived
from the census maps and therefore initially devoid of geographic coordinates, as shown in
Figure 5.11. They mostly consisted in bridges, intersections of roads and railway lines or other
noteworthy and reputedly fixed points. Once the entire set of census villages and towns were
digitized and georeferenced for each taluk, it was necessary to assemble the maps of the
taluks beside each other in order to reconstitute a coherent overall map without overlap or gap
between the taluks. This required global geometric transformations (using a technique know

as “rubber sheeting”) for an even fit.
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Figure5: Registration pointsto join the topographical and Census maps (Figures 2 and 3)

Thefirst test was initially conducted on the district scale (that of Vellore appearing on
the preceding maps) so as to validate the capture procedure and the quality of statistical
information connected with the census of 1991 (Oliveau, 1998). The result having been
positive, the data entry of all the villages began. After two years of preparation, the 76,366
units captured with AutoCad were gathered in a GIS integrating the whole. The
georeferencing was done with Maplnfo, the software which appeared to best perform this
meticulous work without needless efforts.

While these capturing operations were going on, work on statistical preparation and
verification of census data took place. The data, provided by the Census of India in the form

of more than 400 files in Dbase format, were assembled in Stata software. This control work®

® This work was in particular carried out by Bernard Buffiére and Véronique Joseph (M. Phil. students in
demography) during a period of study in Pondicherry in 1998.
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brought to light numerous statistical problems which had to be corrected: missing data,
inconsistencies, repetitions, etc. To this purpose, we used upon the various volumes of the
District Census Handbooks, including volumes from 1981 when those from 1991 were not yet
available. When the data correction had been completed, it was necessary to connect the
census statistics with the spatial units in the GIS. Linking up the villages from the census
tables with the GIS locations gave rise to further difficulties. Thus, numerous villages were
absent from the maps and this was particularly the case in tribal zones inadequately covered
by the administration. What is more, the English transcription of the local names (four
principal languages and aphabets co-exist in South India) created numerous ambiguous
toponyms. Good knowledge of the field by the technicians and verifications with the regional
census offices mitigated part of these problems. In general, 95% of the villages were
processed without difficulty on the basis of available information and could be
unambiguously located. Among the remaining cases, 95% were in their turn corrected by a
more attentive examination of the sources and a specific correction: written form of the name,
geographic position, data, etc. However, for the hundred or so villages remaining (5% of 5%
of 75,000 villages), the marginal cost of the processing can become truly prohibitive: it would
have been virtually necessary to go there with a GPS (global positioning system) and a team
of researchers, a proposition considerably beyond the possibilities of our project. Depending
to the given case, it was thus necessary to aggregate them with the neighbouring villages,
locate them in an imprecise manner, or indeed eliminate them from the base when the data
were too defective.

An example of the GIS obtained is seen in Figure 6, which represents the border
between the states of Kerala and Karnataka. The unequal geographic distribution of villages
will be noticed, very dense in the Mysore region of Karnataka and much more spaced out in
Kerala, in which the population is on the contrary characterized by very populated “villages’
and a very open settlement. With the help of other cartographic sources (most notably data
from the Digital Chart of the World, also known as DCW*°), we were able to verify the
quality of the georeferencing and integrate new information. Additional layers of information

were progressively incorporated.

19 The DCW (Digital Chart of the World) is a geographic database on a world scale. It was developed by the
ESRI enterprise for the cartography agency of the American defence. The primary source is the ONC
(Operational Navigation Chart).
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Figure 6 : 1991 Census localities (villages) and urban areas
along the Karnataka-K erala border

The fina database, unique in India by this granularity, thus offered an incomparable
mine of information covering the four states of South Indiaz Andhra Pradesh, Karnataka,
Kerala and Tamil Nadu, as well as the Union Territory of Pondicherry. A few figures
summarize the extent of the system: the area covered is of the order of 636,000 km?, for a
population of 223,384,786 persons in 2001, distributed over 75,523 villages and 843 urban
units (in 1991). With each administrative unit, 130 attributes are connected concerning socio-
economic data (literacy, professional activities, etc.) and some forty attributes concerning
village infrastructures and land utilization. In addition to these layers on village and urban
scales, the data at the level of taluks and districts were aggregated for wider studies. By the
same token, a layer pertaining to road and railway networks was added by crossing available
information in the census and in diverse private maps. The hydrographical coverage (notably
with the help of the DCW) and data pertaining to altitude were al so incorporated.

An important point is worth noting. While the GIS thus created is aready relatively
large, it was conceived so as to be able to be updated and completed later. A first updating
began with the publication of data from the 2001 census. The first results concerning the

districts and towns have appeared and have been integrated. But the georeferencing also
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makes it possible to integrate other sources such as maps in vectorial format (for example, the
DCW), raster or satellite images. However, in conclusion, we should mention several of the
limitations of the exercise, which are of three types.

As the information could not be produced in real-time and the sources were al the
same limited, the data and the raw census maps were already seven years old at the start of the
project. They were over ten years old at the end of the project, and that constitutes a first
limitation of their utilization. Local situations have of course evolved, and thisis al the more
true as infrastructures and demography are particularly dynamic dimensions in South India.
Thus, for example, the coastal road that, since 1999, links Chennai and Pondicherry and
numerous access roads today bypassing agglomerations are absent from the originally utilized
maps.

As the census is the only exhaustive source at the village level, the second limitation
resides in the unique source of data. Possible verifications and corrections are limited. We
have carried out a series of statistical and logical tests on the data as well as cross verifications
between digitized data and printed publications, when they were available. The final statistical
base of the South India Fertility Project, while it was not perfect, is somewhat better than the
census publications. On the other hand, there exists no other statistical data at the village
level. It is therefore not possible today to enrich our base with other information, if not by the
incorporation of specific data gathered in the field (and consequently geographically very
limited).

The third limitation is of a cartographic order. Since the sources are diverse and
sometimes of middling quality, the final error in precision, based on verifications made in the
field with a GPS, is less than 500 metres for aterritory extending over some 1400 kilometres
from north to south. It is often less than 250 metres, but unforeseeable occurrences are
probable, such as in badly covered forest regions. The general precision of the database
remains satisfactory and allows a spatial processing that we perform (cf. infra). Moreover, it
should be pointed out that computerized cartographic sources pertaining to the Indian
population are nearly nonexistent. A source such as the DCW is less precise (its definition is
of 1:1,000,000), older (the surveys for India date from the 1970s) and contains more errors:
location by means of satellite images does not “see” the infrastructures existing beneath
vegetation (roads in forests or bordered by trees), just as it is not able to differentiate

abandoned infrastructures from those till in use.**

1 As concerns the quality of the DCW and the limitations to its utilization, see Kraak and Ormeling (1996: 207).
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2.2 Sharingthedata: CD-ROM and I nternet

Once the database had been built, its use began in a systematic manner in the
framework of the scientific projects described below. At the same time, the team soon
received frequent requests for geographic and statistical information of all types. Requests
came from other researchers, but demand was greater in the Indian society (NGOs,
administrations, private enterprises). In addition, as all the data utilized came from the public
domain, it seemed fitting to return this information to the citizens. It thus appeared to be
necessary to make our research material available to the greatest number, but in a form that
could be utilized by everyone. To do this, it was first necessary to envisage a mode of
diffusion and tools for exploring the data that could satisfy such varied users.

The recongtitution of this data encountered diverse problems. Thus, the enormous
mass of data precluded that it be made available on the Internet in its entirety, unless the
consultations were limited to very reduced samples or to very well equipped users. By the
same token, making the raw data available did not seem to be satisfactory owing to the fact
that the public having the means to process it was restricted, first, because GIS software is
costly, and then because it is complicated.

To mitigate the problem of the volume of data to be transmitted, a CD-ROM was
chosen as the medium. This makes it possible to store the complete database and to add to it a
few supplementary maps prepared for the occasion. A mini-GIS capable of mapping and
exploring the data was included on the CD-ROM.

This CD-ROM project, supported by funding from the United Nations Population
Fund (UNFPA), was entitled South India Population Information System (SIPIS). The state of
Tamil Nadu was chosen for this project, as the four states could not be treated of concurrently
because the processing capacities of personal computers at that time were not sufficient (and
just about are today). Begun in January 2000, the finalization of the CD-ROM and the
software lasted |ess than one year because the database had nearly been completed.

In order that the greatest number of users could employ this tool, efforts were above
all made to develop a user-friendly tool enabling one to move easily from the data to the
maps. From the point of view of geographic information, this project necessitated the
production of new data calculated on the basis of the raw data of the census so that the end-
user need only press a button to obtain structured information, such as a literacy index or a
map of administrative boundaries. All the statistical information was brought together in large
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families (social, economic, employment, infrastructure data, etc.). Likewise, a few systematic
maps are provided in raster format (literacy, fertility, etc.) to assist the user in identifying
regional tendencies.

Figure 7 presents a map drawn by means of the SIPIS. A map of the labour force in
the secondary sector at the taluk level is shown, with the layers of urban areas and roads as
well as the demographic data for a particular unit, in this instance the taluk of Vedaranniyam
(which isincidentally the first place from where Lord Ramais said to have attempted to reach
Lanka). The software programming was done with tools developed by ESRI. For this reason,
the cartographic functions of the SIPIS interface resemble those of the existing software Arc
Explorer developed by ESRI. However, the interface was simplified so as to make it usable
by untrained persons. A few options were added, notably a help window in Tamil language.
In this connection, it should be noted that the realization of a Tamil version of the SIPIS
proved to be impossible, and this was a source of disappointment for the authors. The first
reason was due to the difficulty in composing a GIS menu in Tamil because of the total
absence of corresponding nomenclature in that language. But more prohibitive was the
impossibility of finding an exhaustive list of villages in the Tamil language, something that
cannot fail to appear paradoxical in aregion characterized by arelative linguistic nationalism.
Although some lists of villages exist (the directory of post codes, for example), they do not
correspond to that established by the census. The best multilingual lists of villages date from
the colonial period (Alphabetical List of Villages in the Taluks and Districts of the Madras
Presidency, 1933): they of course do not correspond any longer to the present village grid.
Moreover, it would be very hazardous to transcribe in Tamil the list of the Census of India
(availablein English) as ambiguities and errorsin transcription are numerous.

The CD which resulted (Guilmoto et al., 2000) was very favourably received, al the
more so as the subsidy by the UNFPA made a low sales price possible. The magnitude of the
orders for the SIPIS from the French Institute of Pondicherry confirms the foreseen demand.
The choice for the diffusion of this database would therefore appear to have been judicious,
but the medium of diffusion still retains several limitations. First, once the information has
been written on the CD-ROM, the product is completely finalized; with the appearance of the
next census, an update will be wanted. It would thus be necessary to recommence the
operation. The second limitation of the CD-ROM pertains to the physica media of
information (such as printed works), that is to say, problems of diffusion: availability at all
places at any given time is not possible. Finally, and this is a maor point, the software

content, although it was made as user-friendly as possible, nevertheless |eaves the user aone
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faced with the interpretation of the data. A further limitation, which is technical, is that the

introduction of new versions of Windows, incompatible with the earlier ones, has undermined

the diffusion of the software.

HWELFP LS W TamlHashs
Fle Yiew Lawe: Backpeund Anoban ook Heo BSIPLSH
o8 E&Zaadh Ol

% #00
7| URBAN AREAS 2]
|
i [ Idectity Rass |
»
Fegher 1 lnabure hoand
| TALUES (TX_SECUMD)
Theme: tahuks
|Wadarsnrman =
Grcs...
[Pepniater: Data |
Arrtes
DENSITY = 237
5A_CHILDRE = 1050
HOUSCHOLDS = 4042
T_POPULAT" = 166390
™ ELEVATION Prmaga] MALE_POF = B4215
A_FOPULAT = 1025
F_CHILDREM = S91E
W CHILDREM = 10408
T CHILDREN » 71504
FEMALE_FIIP = B0 7%
-
| ¥
- ] |7 bspTis (TR =] st =] [aaru

Figure7: The SIPIS softwar e and database

Encouraged by the success of this first evaluation by the wider public, we have
considered the diffusion of previously processed geographic information. In addition to the
raw information diffused by CD-ROM, why not attempt to offer to the public information
prepared by the researchers and briefly explained? The idea of producing an atlas naturally
arose. The superiority of an atlas over a data bank for the diffusion of geographic information
is of two types: graphic and scientific. Graphic, of course, because the processed information
is directly readable; the maps are made by researchers who master the tools of cartography
and the method of structuring information. And it is scientific because the information is

selected; the researchers have chosen the maps to be presented according to their interest and
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following a thematic classification. Furthermore, the maps are explained, restored to their
contexts.™

This atlas could have seen the light of day on paper, as al traditiona atlases, or as a
CD-ROM, as is increasingly seen today. But these two forms suffer from the same
limitations; impossible to update, cost of production and diffusion. The Internet, a free*® and
decentralized medium, thus seemed to be the perfect tool for our objective: to diffuse free of

charge and as widely as possible the information produced by the researchers. We therefore

adopted the project of an on-line atlas.
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Figure8: The South India web atlas

Other than the lower cost, which we have mentioned, the realization of an on-line atlas
has other obvious advantages. Thus, the accommodation capacities in terms of the number of
maps are nearly unlimited. Then, a later update (with data from a new census, for example),

as and when new maps are published, is possible. Finaly, the comparison of maps is

12 various researchers of the team have joined colleagues (F. Landy, O. Aubriot, M. Thanuja, and C. Garcia)
who have undertaken to write commentaries to the maps corresponding to the areas in which they specialize.

13 Free for the user. Even though relatively low, the producer bears the costs inherent in the production of the
maps and the putting them on-line.
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simplified, asoneis able to vary the scales (alocal phenomenon can be situated in the state in
which it appears or viewed on the scale of South India) and the themes (on the same scale,
one can move from the fertility map to the literacy map, then to gender inequalities, etc.).
Figure 8 shows a screen from the site (www.demographie.net/atlasofindia), representing the
distribution of primary sector employeesin South India.

But the establishment of this on-line atlas gave rise to new technical problems. The
first concerns the general structure of the atlas. The 100 available maps must be gathered
together thematically. In addition, the regional division was retained. The selection of the
geographic entity is made by a simple click on a pull-down menu at the chosen level: South
India, Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu. A second concern while realizing
this atlas was to enable access to persons using an Internet access with a low rate, as is the
case in India, without however sacrificing the quality of the maps. Technical choices of two
types were made. First, the programming of the site was done in the least demanding manner
possible, without using the undoubtedly comfortable, but user contingent, techniques of such
resources such as the latest cartographic servers. The HTML language, ssmply programmed,
was therefore retained. This makes it possible to limit to the maximum extent the size of the
files generated. Then, and without abandoning the quality of the maps, we opted for a graphic
format reducing the size of the images generated. The format of the images adopted is the
GIF, one of the characteristics of which is the encoding in 256 colours. This lightens the
weight of the maps, but entailed long phases of experimentation and the image visualized on
the GIS software underwent numerous transformations before being published on line.

We shall conclude by recalling that there are no perfect methods in the matter of
diffusion of spatial databases. Nevertheless, and according to the objective, solutions do exist
and they are efficient. Finally, the utilization of two complementary supports, CD-ROM and
on-line accessibility, made it possible to obtain an interesting result: making available to a

large public information that had until then been reserved for well-informed professionals.

2.3 From villagesto spatial clusters

The phases described up to now would almost cause one to forget that the initial
project was not conceived to constitute and make available an abundance of documentary
material. On the contrary, this development is only a secondary product, for the endeavour of
the participants in the project aimed above all at enriching the issues proceeding from the
gpatialization of social change in India. As soon as our geomatic tool had been put in place,

the volume of information suddenly proved to be too large to allow for efficient utilization in
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aresearch objective. We had in effect a spatialized base numbering more than 75,000 villages
and provided with some 100 indicators. Such a collection of localities can hardly be mapped,
if not on a micro-regional scale, for the quantity of information does not fit on a map of
standard size. From a strictly visual point of view, several thousand localities are not really
discernable. The maps would be unreadable and the statistical or geostatistical (see below)
analyses would, moreover, often be impracticable for sheer computational reasons.

Table 1 enables a rapid examination of the database for South India. Let us first note
that the number of villagesin our base is slightly less than that of the figures published by the
Census of India because we had to aggregate more than 100 villages (137) in Andhra Pradesh.
This difference in the number of villages, less than 0.2% of the total, is due to our
reclassifications and diverse corrections undertaken when the consolidated statistical base was
created and during its spatialization in the GIS. It should be observed that these villages, in
general with a very low population, are in the main located in the tribal parts of Andhra
Pradesh where their location has not been identified. These are often not permanent
settlements. Moreover, some are absent on other published maps because they are sometimes

situated in regions more frequented by Naxalite groups than by agents of the state.

Census of SIFP dataset
India
State Inhabited Number of Population Number of

Census | nhabited Average | Standard | Uninhabited

Villages Villages population | deviation villages
Andhra Pradesh 26586 26449 1838 2202 1411
Karnataka 27066 27066 1147 1402 2131
Kerala 1384 1384 15475 8182 0
Pondicherry 263 263 1105 1240 1
Tamil Nadu 15822 15822 2325 2588 958
South India 71121 70984 1946 3034 4501

Note: Means and standard deviations computed on inhabited villages
Sources. Official datafrom the Census of India are from Office of the Registrar General (1997)

Tablel: Villagesin the SIFP database.

The primary units in the census correspond to a very disparate assembly of “villages’.
The table indicates in this connection the number of villages by state and their average
population. One will note the considerable differences, as for example between Karnataka
(mean population of the villages = 1402 inhabitants) and Kerala (8182 inhabitants). In terms
of the variation in demographic sizes, South India appears to be very heterogeneous as the

standard deviation is 50% greater than the average population, which expresses the
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considerable differences prevailing among the regions of the south. These variations remain
large within the states, notably in Andhra Pradesh and in Karnataka, where the villages are
generaly of very small size. In the two latter states, more than 10% of them contain less than
100 inhabitants, corresponding therefore more to hamlets than to villages strictly speaking.
Conversely, several hundred *“villages’, located above al in Kerala, exceed 10,000
inhabitants. One will also observe that in this case, the administrative grid (that is, the density
of census villages) is far from reflecting the density of the population.

The administrative, historical or ecological variables that govern these regional
differences could themselves be the object of a special study employing the SIFP base. But
for our purposes, the size of the villages poses other problems. The first concerns the quality
of the data that can be derived from these units. The second relates to the interregional
comparability of these data. We will examine in the first place the question pertaining to the
reliability of the data, and to this end we will examine the variability of certain indicators
according to the size of the villages. We have grouped the villages in 100 classes of increasing
population, beginning with the villages of smallest demographic size. Each class represents
one hundredth of the sample, which means around 710 villages. For these hundred classes of
villages, we have examined a given variable by calculating first its mean value, its standard
deviation, and its coefficient of variation (computed as (standard deviation)/ mean). The
coefficient of variation reflects the variability of the variable across its size class: if classes
were random, variability would remain almost the same across classes.

The results presented in Figure 9 refer to three variables: the child-woman ratio
(CWR), used as proxy for fertility, the literacy rate (population aged 7 years or more) and the
proportion of Dalits (Scheduled Castes). The values shown on the graph correspond to the
variability (i.e. coefficient of variation) of these indicators according to the average size of the
100 classes of villages (omitting villages of more than 10,000 inhabitants). One will first note
that the variability tends to diminish with the increase in the size of the villages, which
confirms that the quality of the indicators improves for villages with the largest population.
For villages with populations of less than 1000 inhabitants, the coefficient of variation is
relatively high and this is still more striking for villages with less than 200 inhabitants. One
will even note, for the CWR, atruly aberrant value for the fourth class of villages. this class
includes, in fact, a village counting 22 children per woman, which results in a totally
extravagant CWR value. This single outlier suffices to push the coefficient of variation of the
CWRtoalevel of 1.7, which isthrice the mean value.
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Figure 9: Coefficients of variation of three variables classified
by average population size of villages

It can be reasonably assumed that the greater part of the variance observed in the small
villages is above al due to disruptive effects of the small numbers rather than to real
variations of the phenomena considered. This is perhaps less true concerning the Dalits:
according to the severe spatial segregation which characterizes the village settlement, the
minority Dalits are sometimes in an absolute mgjority in certain hamlets counted separately
from the principal villages and thisin part explains the strong variations observed in the small
villages. But as regards literacy or the CWR, one much more suspects the effect of statistical
variability characteristic of low population: the calculation of these indices on small numbers
frequently leads to absurd values. Above 1000 inhabitants, this variability progresses much
more slowly and tends to a minimal level that no doubt closely approaches the real variability
of the considered variables. Without being able to draw an absolute limit, it thus seems
reasonable to avoid treating of demographic units of less than 1000 inhabitants, because the
smaller localities are greatly affected by statistical imprecision. The study of statistical
robustness shows more generally that the indicators employed (rate, ratio or percentage) are
dangerously unstable, or even devoid of significance, when the reference population was
around 200 persons or less.

It therefore became necessary to adopt a procedure for aggregation so as to constitute

larger populations. Different methods were considered, but it was soon evident that one could

26



not make use of the administrative grid for reasons similar to those seen in the case of
villages. The smallest units, namely the taluks, were not at all comparable in area or
popul ation from one state to another, as indicated in Table 1. In particular, the taluks had been
eliminated in Andhra Pradesh before the 1991 census and replaced by much more scaled-
down units (the mandals), which are much smaller. While the mandals are utilizable for
comparative purposes in Andhra Pradesh (as Virginie Chasles does below), it is not possible
to compare them to the taluks of the neighbouring states, the average population of which is
from ten to twenty times larger. Thus, 1513 sub-district units are counted in South India, but
among them more than two thirds (1099) are in fact mandals in Andhra Pradesh, whereas
Kerala contains only 61 (taluks).

It was also necessary to avoid ascribing an identical weight to each unit (i.e. each
village) independently of its population, as is commonly done in the smoothing programmes
contained in commercial GIS software. It would have been a serious error, of course, to
estimate the mean of an area by simply averaging the values in the villages belonging to it.
The highly variable size of the villages (in terms of population or of area, etc.) would have
made the direct smoothing of the observed values aberrant, for it would have accorded an
undue weight to the small villages compared to large villages.

We therefore decided to proceed to a group of villages based exclusively on a criterion
of spatial proximity, independent of administrative borders, including those of the states. The
usual method of rectangular grids seemed hardly appropriate because it would have had the
effect of placing at a disadvantage the border zones, along the sea or southern borders, which
had a size smaller than the standard rectangular grid. By introducing units necessarily smaller
than the others in the administrative or coastal bounds, a spatia bias would have been created.
We sought to find a grid constituted of comparable units of area by employing Voronoi
polygons.

The agglomeration procedure was as follows. First, an aggregation point around the
villages was automatically identified, after having fixed a maximal distance. The point
obtained is the centre of gravity of different villages within the radius of fixed size. Starting
from this first layer of aggregation points, a spatial partitioning was created in VVoronoi (or
Thiessen) polygons covering South India. These polygons are areas created around points,

usually in the form of hexagons.** Without being identical, they have relatively comparable

“ This corresponds to a partitioning of South Indiawith n aggregation pointsinto n Voronoi polygons such that:
each polygon contains exactly one aggregation point as its centre and every location in a given Voronoi polygon
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areas, aso in the border regions of our maps of South India. By way of example, we
reproduce the map of Thiessen polygons on the basis of aggregations of 20 km in Figure 10.
South India is divided into 620 units of relatively homogeneous size (see also Table 2). The
villages are grouped together within each polygon and the observed socio-demographic values

are accumul ated.
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Figure 10 : Division of South Indiainto 20-km clusters

In this manner a series of “clusters’ was defined, that is, groupings composed of a
variable number of primary village units. The area of the clusters obtained is, as said, rather

homogeneous. The socio-demographic indices are then recalculated within each cluster to

is closer to its central point than to any other central point. About Voronoi polygons and aggregation procedures,
see Pumain and Saint Julien (1997) or Martin (1996).
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obtain a global value. The same operation was carried out for four distinct sets of aggregation,
determined by the distances of 2, 5, 10 and 20 kilometres respectively. The divisions into
clusters obtained will be all the smaller given the fact that the distance of aggregation is
reduced. This method, developed by Christophe Z. Guilmoto, although in part empirical, isto
our knowledge the best way to compose regular spatial divisions starting from aterritory such
as South India

These aggregations considerably improve the quality of the statistics as the number of
under-populated units is moderated, or becomes negligible. Thus, in the aggregation with a
distance of two kilometres, the number of statistically vulnerable units of less than 200
inhabitants decreases from 15.8% to 2.1% of the sample. This proportion becomes truly
negligible at higher levels of aggregation. As shown in Table 2, the number of units
decreases, from 24,000 (for a distance of 2 km) to 7000 (for 5 km) to 2000 (for 10 km) and
then to 600 (for 20 km) respectively, which makes all the foreseen mapping possible. It
suffices to vary the level of aggregation utilized according to the scale retained, choosing
notably the largest aggregations for the maps of the whole of South India. In the same way,
thanks to this smaller sample of better quality, statistical and geographic modelling (see
below) are now realizable in better conditions for calculation.

Cluster types

SIFP villages 2km 5km 10 km 20 km

Number of units 70984 23848 6974 2151 620
Average area 784.8 2403 8309 26991 93643
Standard deviation 1185.9 2046 4153 8854 26123
Variation (%) 151.1% 85.1% 49.9% 32.8% 27.8%
Average population 1946.6 5794.3 19814 64241 222877
Standard deviation 3035.0 6368 17961 53086 166218
Variation (%) 155.9% 109.9% 90.6% 82.6% 74.5%

Table 2 : Characteristicsof villagesand clusters

Table 2 summarizes the characteristics of these families of clusters, eliminating the
few remaining clusters inhabited in mountainous zones. Here, the number of units has been
indicated, the average size and its coefficient of variation, as well as the average area and its
coefficient of variation. As the diameter of the aggregation increases, the number of units
decreases, while the population and the average area of each cluster continues to increase.
Also important in our view is the rapid reduction of the variability of the units, as the line of

coefficients of variation shows.
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Also crucial isthe variability of the areas. It is more than 150% for the villages of the
census, which means that the database comprises village territories with areas that are difficult
to compare. Thanks to clustering, these variations in area between the units diminish very
quickly: the variability (coefficient of variation) thus amounts to 50% for the 6974 clusters of
5 km. Thisindicates that the units are henceforth of a much more harmonious size. Turning to
the administrative units of sub-districts (i.e. 1513 taluks and mandals), one observes a
variability in area of 100% between these units: this figure is thrice that of clusters of 10 km,
which are comparable in number.

Of course, the population remains more variable than the area despite clustering
because the effect of the differences in regional densities subsists. But the variability of the
population of the villagesin the first clusters of 2 km neverthel ess decreases by one third. The
sparsely populated clusters, or with a population of less than 1000 inhabitants, have not
entirely disappeared because there are still large forest or mountainous regions that are
sparsely populated. Their part in the whole, however, becomes very small and the effect of
variations characteristic of the administrative grouping, illustrated by the “micro-villages’ of
the region of Mysore and the “macro-villages’ of Kerala in Figure 6, tend to become
indistinct.

In order to be mapped, the data will often then be smoothed and contoured. Figure 11
summarizes the different stages in the study of a phenomenon, starting from the primary data
of our GIS to obtain a systematic cartography. We are using here the values of the child-
woman ratio (computed as the ratio of children below 7 years to women aged 7 or more),
which we will utilize as a proxy for fertility. The zone represented covers the north-east point
of Andhra Pradesh, centred on the district of Visakhapatnam. All the 6700 villages of this
region are represented on the first map. It will be noted that the highest densities of units of
population do not necessarily correspond to a greater demographic density. Thus, the northern
limits of the State (along the border with Orissa) encompasses several hundred census villages
which, in fact, are only isolated tribal hamlets of a demographic size seldom greater than 100
inhabitants. Conversely, the villages on the coast oriented toward the south-east are much
more populated, but appear very scattered.

The second map in Figure 11 reduces this sample to a set of some 500 clustersin this
rural pocket of Andhra Pradesh. The new units composed are very evenly spread out over the
area and their average demographic size remains large. Only a negligible number of them
count now less than 1000 inhabitants. In addition, the values of the fertility index are clearly

less uneven, calculated now on aggregates of several thousand persons. They are then
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subjected to kriging™® on the following map, in order to proceed from a vectorial
representation to a representation by area (raster), which we have chosen to represent here
with the help of cells (size of 5 km x 5 km). This is a spatial interpolation allowing of an
estimation of fertility values over the entire area under consideration, and not only at a point
(the centre of the clusters). Kriging, based on the observed values and the spatial
autocorrelation measured in the sample, is a better method than direct linear interpolation. The
final map is a contour map prepared from interpolated values by classifying fertility valuesin
four classes. Rather than keeping a raster map that usually proves difficult to analyze, we opt
for isopleth maps by drawing isolines (continuous lines joining all points of identical value).
The last map clearly shows that here fertility values aimost double from the central
point of the region to the north-west frontier of the state, where fertility is the highest. We
have chosen to represent this region precisely because the fertility differentials are the highest
observed in South India: the central part is a rice-growing region with a high industrial
development around the port of Visakhapatnam (a city of more than one million inhabitants)
that is entering into the final phase of its demographic transition and where fertility rates
sometimes approach 2.5 children per woman. At the same time, the forest regions in the north
bordering Madhya Pradesh and Orissa are among the poorest in Andhra Pradesh, with a
population whose magjority is often tribal and with very low literacy levels: fertility remains
very high and the impact of the proximity of rich and urbanized regions in the coastal plain
seems to be imperceptible, so impregnable isthe social barrier between the cultural groups.
One could, of course, proceed to a finer analysis of the cartography of fertility, for
example, underscoring the local impact of urban agglomerations, as well as that of the major
trunk roads in north-east Andhra Pradesh. But that would mean departing from the objectives
we have set in this section, for we want only to summarize the stages in the processing of
spatialized information without dwelling at length on a particular example. The use of
aggregations by cluster thus proves to be indispensable, as the detail of the maps obtained for
all the villages would be too fine to perceive, sometimes too heavy for the machine processing
the base information, and most often precarious because of the imperfection of the data when
the reference numbers are reduced. The following section will abandon the strictly speaking
technical discussions to illustrate the applications of the new database to different themes of

interest to social scientists.

1> The technique of kriging (here, ordinary kriging) constitutes from a statistical point of view the best smoothing
technique. It is described, for example, in Fotheringam et al. (2000).
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Figure 11: Mapping fertility data in North-East Andhra Pradesh: original villages,

cluster aggregation, kriged estimates and final contouring
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