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Introduction

" [ is not possible 1o develop studies to analyse and model the

interactions between human acivities and the environment

- without taking into account the ':n::n;}}:raphjf: location and the
spattal relanons that are set up. For tackling the challenges to

ble coasral dew

susta e, (15 necessary to posseéss the

knowledge of a set of elements r};:n have a geographic component.
sucit as the location of the most vulnerable zones, pollution, land-use
demands, deforestation; and population movements.

[o obtamn a comprehensive viewpoint of the enure system, it is
necessary to implement a two-stage approach. The first stage is to
gather the widest possible range of information within 2 common
database. The second is to provide tools to model and analyse the

rmation under

svstem, The L':iz'-.-:rﬂizj. and complexity of spatial in
wmsideration calls for 1ts integration on a computer-nased svsiem,
vhich puarantees efficient management. The GIS lgeopraphical
information system] provides the capability for storing, managing.
and analvsing such data. It has developed into an ideal wool for
studies of territorial management and sustainability and covers both

stages of the apprazch referred 1o earlier,
This chaprer aims to go through the first stage, using the case
study of Goa as a means, and describe the spatial integration in a

comman database of envi I and socio-economic ._1;1:-.—;.']":1;—

second stage, the -.Jn:c'ihm."l suppeort tools, will be covered in Chapter
20 ot this book,
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Bases for spatial integration

During the last few decades, powerful tools (including (GIS) have
been developed 1o manage geographic information by linking
descriptive information (what things are) with geographic
information (where things are). These can be defingd as computer
systems to store, manipulate, analyse, retrieve, and present
information attached to a spatal location, In other words, the GGIS 13
an information system specifically designed to manage data with
geographical compoenent, and adds new, specific functionalities (such
as spatial analysis and modelling and geographic data visualization
and presentation) o the common ones (such as database queries and
sranistical analysis).

The quality and value of mformarion obtained as a result of a GIS
analysis depends to a great extent on data availability and the
accuracy with which the reality is modelled in the database. It ig
important to select the correct dara to develop the study; design a
proper data modet of the darabase, and define the required critéria to
guarantee spatial integration of the data involved. The bases for this
integration are the definition of a common geographic reference
framework for all datasets and the establishment of the suitable
geographic component for each ser,

For the Goa case study, this integration must include, in a
coherent manner, all the compiled biophysical, social, and economical
datagets, representing the actual environmental conditions and the
socio-economic pressures. The main aspects of the sparial integration
and the spatial database definition are the following,

o  The geographic reference framezork  The selection of a geedetic
reference systemn (ellipsoid and datum) and a cartographic
representation system (cartographic projection) is the first basic
element of spatial integration. Once the framework 15 defined, it is
necessary to have the toels to convert the dara that does not
correspond 1o any of these criteria,

» The accuracy of the database This aspect 15 not a secondary one,
as it will allow or avoid the integration of data from different
shurces.

s The geographic veferencing of datasers  The second basic element of
spatial integration is the establishment of the most suitable
gengraphic component for each dataset, which has w be done In
agreement with its nature.
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‘Lo make this spatial component determination possible, and to
spanally integrate all the datasers homogeneously, some spatial
reference data must be collected, This dataset 1s called the
cartographic database and most of the thematc datasets are
geographically referenced to it The way this is done depends on their

nature and compilation methodology. The general guidelines of this

geo-refercnoing process are as follows,
Data with direct spatial reference {geographic coordinates)

| Data compiled by fieldwork with Global Positioning System This
dara is directly integrated once the coordinates are converted to
the defined geodetic reference system and cartographic

projecrion.

2 Dara obtained from existing sources of mformanon (maps)  This data
f1as to be digitized using the cartographic database as the
geographic reference darasern

3 Temporal series of satellite images These have to be gen-codified

using the cartographic database as the geographic reference

dataset

Dierived dara Data derived from spatally integrated data can be

=

integrated directly into the darabase.

Darg with indirect spatial reference (administrative division code,

postal code, etc))

B [his rerm refers to data without an explicit geographic
component (like tables) but which uses #s spatial reference
another ennity included atr the cartographic database, which
indeed has an explicit geographic component. This iz the case
with socip-cconomic informarion, referring mainly to village
boundaries,

» The data model  The detailed design of the data model must take
into account the data exploitation needs, which determine the

data model type and. accordingly, the data collection and its

meorporation into the darabase, At present, most GIS software
| can handle two mam data medels,
' 1 Vector data model  Dara is stored in poimnts, lines, and polygons,

which carry the geomertry of the geographic features and have
linked auribures.
2 Raster data mode!  Data is organized in a regular grid, with each

point or cell of the gnd having a location and a value.
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Both models have advantages and disadvantages; their use is
determined principally by the kind of information that is to be stored
and the way it is to be used. Generally, it could be said that the
vector model is the most suitable for describing discrete elements
while the raster model is more efficient at describing those elements
that have continuous variation it space.

Geographic reference framework and accuracy of the Goa Spatial
Database

To establish a more suitable reference system and working scale for
the case study, it is necessary to consider the geographic dimensions
of the area and the level of dara accuracy required. The study area
covers about 600 hectares in Goa, going from 500 m of the water
coastal strip, through the beaches, and to the associated drainage
sub-basin. It includes, totally or partially, the following villages from
Bardez raluka: Assagao, Anjuna, Arpora, Parra, Calangute, Nagoa,
Marra, Candolim, Nerul, Reis-Magos, and Saligao. Considering the
rype of data to be collected, analysed, and viewed, as well as the
cartography of reference, the more appropriate working scale would
be around 1:50 Q0.

The Survey of India is the official organization responsible for the
elaboration of Indian cartography and publishes the 1:50 000
topographical sheet serieg, For this reason, it has been decided to
establish the same geographic reference framework for the GSD
{Goa Spatial Databasc).

Cartographic database

As mentioned earlier, the cartographic database is used as the spatal
dara of reference that makes possible homogeneous spatial
integration of all the required thematic data, coming from several
sources and via several collection methods,

Sources of information

Ag coastal areas are populated and exhibit dynamism with
continuous territorial change, no accurate topographic data was
available. To obtain an actual cartographic database of the area - the
GCD (Goa Cartographic Database) — the approach developed is
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based on the use of a high-resolution, geo-coded satellite image as
the main reference, Satellite image series are systematic, continuous,
and frequently updated sources of spatial information. For the
purpose of this project, the panchromartic images of IRS 11D (taken in
1999 and with 5.8-m resolution) were selecred.

Data model

Once the primary source of information is decided, it is imporrant 1o
define properly the basic needs of cartography o avoid abortive
efforts as well as inadequate information gencration. It has been
deterrmined that the spatal data of reference needed for the case
study is the population nucleus, the communication net, the beach
areas, the hydrographical net, the contour lines, the village limits; and
the geo-codified satellite images. This database combines vector and
raster data. The resultant data model can be seen in Figure 1.

Figure 1
Data model of

the Loa

Cartographii

Database
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Collection method

The interpretation of the infrastructure and other identifiable
clements on the images is a useful and quick way o collect an
updated topographic database. Information on the population
nucleus, the communication net, the beach areas, and the
hydrographical net was compiled by this method. Only in the case of
information related to administrative boundaries snd contour lines,
this method is not applicable; such data was digitized from existing
documents. The procedures for data incorporation into the GCD are
shown in Figure 2 and brieflv described here.

1

| ‘Gea Cartographic getadase

fcodatatypa=
Falygan

f <fRtAlmEs ] "-"'-'U-\J:U::.'I:-E =
Ra

Figure 2

Data ) _-I
campilation

proceduras

Geo-coded satellite image

The satellite image is geo-coded at the geodetic reference svstem and

the cartographic projection defined. This procedure gives geozraphic

coordinates to the digital image, and 18 based on the identifi

corresponding points on the image and on the territory, coordinates
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for which are obtained through the GPS (Global Positioning
System). The dara obtained is the geo-coded panchromatic satellite
image,

Interpreted data

Data compilation is done by means of screen digitization of the
different elements identified by interpreting the satellite image and
with the help of tourist maps and other available documents. The
data comnpiled by this method includes the population nucleus, the
communications net, the beach areas, and the hydrographical net.

Digitized data
In the case of information not directly interpretable from the satellite
image, it is necessary to rely on cartographic maps and schemes.
First, the source maps are treated by technigues similar to those used
for the image geo-codification, so a scanned image of paper
documenis must be generated and geo-coded. Finally, all relevant

Fiqure 3
Goa

Cartographic

flatabase
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data can be digitized on screen. The data compiled through this
method includes the altimerry and the village boundaries.

Now the GCD, composed by satellite imagery, the rtepographical
data, and the administrative boundaries (Figure 3) is completed and
available. This accomplishes the necessary first step for sparial

integration of thematic datasets.

Thematic data integration: Goa Spatial Database

To achieve the final objectve of creatmnig 4 spanal darabase with the
necessary informaton for the case study (the GSD), once the
commeon geographic reference framework is established and the
cartographic database is gvallable, the integration of themaric data is
essential; this comprises all the data on socio-economic dyvnamics,
land cover, groundwarer quality and availability, superficial warter
quality, and geological features,

This thematic data is varied and obtained through ditferent
methods: analysis of existing cartographic data and production of
new cartography: generation of data by interviewing people from the
area; compilation of statistical data from existing census; generation
of data on a GIS environment through the analvsis of available
nformation; and so on. To make the integration task possible, this
data should be compiled using the given guidelines on geographic
referencing of datasers.

The thematic datasers included in the GSD have been compiled
following the specified guidelines and spartial integration has been

achieved. The integration process has used the following procedures.

Data compiled by fieldwork with GPS

The result 15 a wable containing the attribute dara compiled for
settlement locations and the coordinates of the position obtained
with GPS, properly converted to the established geographic reference
system, Dara integrated in this way includes field surveys related 1o

vegeration and water status,

Data obtained from existing sources

Such dara 1s collected using the digitized data compilation Process

described earlier, based on the use of existing cartography. In this
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case, the compiled data is mainly environmental information (for
example, components of the DRASTIC map).

Temporal series of satellite images

Such data is processed using a method similar to geo-coded sarellite
imagery compilation process described earlier, The geo-coding
process uses, in this case, the panchromatic satellite image included
in the GCD 1o determine the coordinates of the corresponding
points. A set of two temporal series of multi-channel satellire images
has been included in the GSD.

Derived data

Table 1

Such dara is generated from existing data using (IS analysis tools.

Three kind of derived data have been included in GSD.

I Classifted data: land cover images derived from geo-coded satellite
images applying classification algorithms

2 Ouerlaid data; DRASTIC maps obtained as a result of the
application of arithmetic operators to a set of COMPONEnts

3 Interpolated data: GALDIT map, generated b applving
interpolation algorithms to point data,

Goa Spatial Database contents and type of dataset geographic referencing

Socio-economic data
Percentage share ofincome (by industry of origin}

a
Percentage share of income (by sector) 5
Income (by industry of origin) 5
Percentage of literates to total population 5
Percentage of male/femaie literates to total male/female ponulation 5
statistics on workers distribution (by sectar) 5
Statistics on sex ratio g
Statistics on workers and non-workers 5
Statistics on population g
Statistics:on population density 5
Statistics on migration rates 5
Statistics on average annual growth ratein population 5

Cantinued...
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Goa Spatial Database (conid...)

Estimated pressures

Fertilizer/pesticide use (ka)

Dispersal of potash fertilizers (k)

Land use for industries and tourism (m?)

Dispersal of nitragenous fertilizers (ky)

Dispersal of pesticides (kg)

Dispersal of phosphatic fertilizers {kg)

Sewage waste generated by domestic population and tourism

Sofid waste by damestic population

Waterand groundwater consumption (by use in domestic, livestock,
agriculture, industries, and tourfem) {m3)

Socio-econemic scenario

Environmental foads by demestic and livestock

Water demand

Sewage genesation

Solid waste generation

Environmental loads due fo the tourism sector

Water cansumptian (per room per day) by hotel type

Sewage generation

Land requirement

Land space per tourist {m¥)

Environmental load due to the industry sector

Water demand

Sewage generat

Lana requirement

Environmental loads due to agriculture

Percentage irrigated area and water requirement per crop

Land under agriculture

Estimated fertilizer cansumptian

Dispersat of agricultural chemicals

Household survey

Percentage of househelds with economic activities

Quantity of Hreweod and twigs/dunyg consumed in the households

Firstsaurce of income of the househald

Area of residental land, paddy fields, coconuts, and aguaculture (m?

Residential land, paddy fields, coconut plantations, and barren lang
{by type of property)

Previous land use by aresent Land use (number and percantage of
households)

net caltvated becaose of salt-water intrusion

Household involvement in tourism (hy type of acti

wity)

Iype of waste disposal in households

un

L

i

(%2}

o

i

L

Ln
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Table1 Goa Spatial Database (contd...)

Tourism survey

Built-up area of the infrastructure and total area accupied by the 5
infrastructure

Mumber of units that introduce changes in physical structure
L within category)

Use of diesel energy (% within category) 5

L

Use of gas by category by village {% within category) 5

Use of kerosene (% within category) 5

Use of solar energy and biogas (% within category) 5
Jse of wood (% within category) 5

Useof electricity (% within categary) 5

Hotels with garden {% within catagory) 5

d use prior to construction (% within category)

Sewage treatment facilities offered by the hotels (% within categary) 5

Waste generation of the tourism units in season (ka) 5

Waste water disposed (% within hotel category) A

Number of employess an season, trained workers, and percentage of 5
family workers in unit

Land cover

Geo-coded satellite images (1989, 1940, 1995, 2000) 3

Lana cover {1590) &

Land cover (2000 4

Changes in land cover

Station location

Data on mangroves

Mangrove vegetation status

Structure and composition of mangraves 5

Coastal stresses and drivers 5

Surfdce water

Water quality, with respect to metal pollution 1

Water quality, with respect to nutrient pallution 1

Measurament location

Ground water

Depth to water table z

Net recharge 4

Aguifer material o

Soil type Z

Topogeraphy (slope map) &

Impact of the unsaturated rFone 2

Hydraubic conductivity

Drastic maps 4

GALDIT map
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Table 1
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Goa Spatial Databaze {L‘Unm’...,l

REl:ru red well r'c-arl Urutechc-n Zones
Well lecation

Water guality

Cartographic Databaze

Geo-coded panchromatic satellite image
Population nucleus

b
Communications net b
Hydrographical net b
Beach areas b
Contaur lines L
Vitlage boundaries L

* The codes correspond to the ones established earlier under Thematic data integration;
Getr Spatiol Batabose and Cartographic datobose: ¢

lectian miethad)

Tabular data

Such data does not have an explicit gengraphic component; spatial
integration is done by means of its linkage 1o a geographic entity of the
database. So, a field is added to the table by which a link can be
established with a geographic enuty of the database. This is the case with
SOClO-eConoemic du'.:i, where the added field contains the village code

T'he content of the Goa Sparial Database and the geographic
referencing used for each dataset are summarized inTahle 1 and
illustrated in Figures 4-7

Conclusion

The GIS is the most comprehensive system for developing studies o
analyse and model the interacuons between human activities and the
environment. Available datg, to a large extent, influences the quality
of the information obrained as a result of a GIS analvsis, It is vital o
integrate all the data into a unique spaual database, The fundamental
aspects to bear in mind when establishing the darabase are the right
selection of necessary data, the design of a proper database dara
model, and the definition of the required ¢riteria to guarantee the
spatial integration of the data involved, The bases for the spaual
ntegration are the definition of a commeon geographic reference
framework for all datasets and the establishment of the suitable

Ee I'I"T"d"'-]."]l._ COMpOnenl |.li!lT each set,
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Figures 4-7 Contents of the Goa Spatial Database

Figure 4
Surface water
(data refer-
EncEd Using
Global Posi-
Haning Systam)

Figure 5
Soil Lype (data
digitized from
gxisting

documents)

Figure &
Land caver
(data derived
by classifica-
tion of mults-
fL'“I;IL;-!'d
satellita

images)

Figure 7
Econpmic data
tEabular data
linkad to
wvillages)
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