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Application of GIS to Identify Infrastructure Needs for
Land Suitability

- A Case Study of Thoppigala area in the Eastern Province

H.W.W. Ranasinghe and N.T.S. Wijesekera

Abstract: Eastern province of Sri Lanka had been liberated by the Sri Lankan Government forces and
after a democratic process the public representatives for the region have been appointed. As at present,
a major concern of the decision makers would be to identify land areas according to their suitability
and then to ascertain resource mobilization requirements to improve the suitability ranking of
identified land extents. Ranking land suitability depends on many factors.

In the present work, a study area covering seven Divisional Secretariat Divisions in the Eastern
province was selected to identify land suitability for housing. The natural environment, visibility,
closeness to water bodies, green wild territory, and proximity to sea coast were considered as
parameters of common preferences.

The multilayer GIS model divided the parameters in to three as natural, positive human influence and
negative human influence. The modelling effort and its results indicate the strength of GIS and
associated methodology for a resource manager to utilize similar systems for rational decision making.
The paper also discusses the issues and improvements that could be effected when carrying out GIS
modelling to analyze and evaluate geographical data.
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1.0 Introduction

Geographic Information Systems (GIS) are map
based information systems which enable the
planning and management of spatially
distributed resources. While enabling the
incorporation of spatial variability of various
characteristics and parameters corresponding to
several map layers, a GIS is capable of providing
fast alternative solutions with relative ease.

GIS not only enables a decision-maker to
analyze a given situation but also provides
opportunity to generate scenario pertaining to
resource mobilizations of various management
options. GIS is a common tool for land
assessment, land use or land suitability
assessment using several data layers such as
land cover, topography, roads, weather, satellite
imagery, soil, population etc. '1-2-3-41 . Eastern
Province of Sri Lanka had been liberated by the
Sri Lankan Government forces and after a
democratic process, public representatives for
the region have been appointed. His Excellency
the president and the government of Sri Lanka
have clearly indicated commitment of the
government to develop the Eastern Province

through the Nagenahira Navodaya (Eastern
Reawaking) Programme [5, 6, 7]. As at present a
major concern of the decision makers is to
identify land areas according to their suitability
to assess options for resource mobilization.
Resource mobilization requires prioritization
and hence land suitability pertaining to any
objective would require ranking of land
according an order of preference. In this aspect,
identification of land suitability for housing is
considered as important information for
resource mobilization. Having considered the
importance of assessing, the land suitability for
housing, a spatial extent commonly known as
Thoppigala area falling within seven Divisional
Secretariat Divisions (DSD) in the Eastern
Province was selected as the study area. The
present work describes a methodology of using
GIS for land suitability assessment, through a
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5 km from the study area has an approximately
distance of 8 km along the roads.

4.0 Methodology

Study framework indicates the rational flow of
activities carried out for the development of GIS
model for land suitability assessment. (Figure 2).
Conceptualization of land suitability identified
that the land suitability for housing is directly
influenced by factors such as availability of
water, status of surrounding green
environment, ease of accessibility, form of
terrain, spread of population, fertility of soil,
secure living conditions, etc. The identification
of parameters influencing the objective function
was initially done with literature reviews and
discussions with experts. Various influencing
data layers [1,4], identification of generic targets

Start
Land suitability aiKime it

IdenJfy Objectives

Literature Suruey

Conceptual tutodet
-Natual Factors
•PosHve Human
•Nqgatite Human Muence

Map Orta Collection and
CheeUng

1) Land suitability map, i
2) Infaawaure irnpro-Mernent
requirements

[9], influencing indicators [10] were carried out
in the perspective of study objectives. (Table 3)
Selected influencing parameters were, Land
cover distribution, Distance to water bodies,
Roads coverage, Population distribution,
Topography and distribution of Terrorist
influence area.(Table4 )

The objective function used for the GIS overlay
is as shown below. (Notations used are
explained in Table 6)

A questionnaire survey was used to identify the
Overall

Figure 2 : Methodology Flow Chart

nd
 = Weighted (WB+LU+pD+R+T+LM+T)

Suitability Ranking of v

Ranking

preference and order of preference for each
parameter. Survey questionnaire which used a
random sample of 38 persons indicated their
ranking as shown in Table 5.

Numerical values were assigned as in Table 6
for each qualitative index of the base data layers
and numerical values of overall land suitability
index was reclassified based on equal interval
identified using the frequency curve [10].

Ratio Estimation Procedure [11] was used to
compute preferential weights for each
parameter. The survey had identified seven
parameters. Ranking for the ith parameter (Ri)
was given a weight (Wi) of ( n + 1 - i) to compute
the ratio scale which was then converted to the
normalized weight. Survey questionnaire also
identified the preferred land uses, preferable
distances from each feature in a parameter layer.
This identification methodology was treated as
the best option as there were no well established
threshold values. Based on the identified
proximities and grouping, Each layer was
classified in to qualitative spatial zones as
indicated in Table 6.

In the qualitative spatial aggregation to assess
the land suitability, arithmetic addition of
parameters was used. [12] Overlay operations
and weights application were carried out on Arc
GIS platform. In order to support the
formulation of easy management alternatives
with respect to spatial resources mobilization,
the parameters were grouped in to three sets of
influence. Accordingly the GIS framework
classified the layers into three groups as Natural
factors, Positive Human Influence and Negative
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Table 3 : Influence Parameter and Data Selection

Major Concerns Influencing Parameters Selection reasoning

1 Availability
of water

2 Surrounding
Green
Environment

3 Accessibility

4 Form of terrain

5 Soil fertility

6 Weather

7 Security

Location of water bodies
Water supply lines
Ground water level

Water quality

Land cover distribution
National parks
Wildlife sanctuaries
Air Quality
Noise levels

Road network
Ports, Airports
Telecommunication
Radio, Television

Topography
Geography
Land cover/ use

Soil types
Land cover
Topography

Rainfall
Temperature
Humidity
Sunshine hours
Sea coast influence

Military presence
Police presence
Private security services
Terrorist threats

Water bodies layer - Land cover maps
No spatial coverage data, Reflected in present population maps
No spatial coverage data, Reflected in water bodies, terrain &
land cover
No spatial coverage data, No known significant spatial variation

Land cover / use map
No spatial coverage data, Reflected in land cover/ use
No spatial coverage data, Reflected in land cover/ use
No spatial coverage data, No known significant spatial variation
No spatial coverage data, Presently no known significant in land
selection, partial reflection in population

Roads map
Located at a significant distance, No spatial significance
No spatial coverage data, Generally uniform in the study area
No spatial coverage data, Generally uniform in the study area

Contour maps, Land cover/ use maps
Contour maps, Land cover/ use maps
Land cover/ use maps

No spatial coverage data, Reflected in land cover/ use
Land cover/ use maps
No spatial coverage data, Reflected in contour maps

No spatial coverage data, No known significant spatial variation
No spatial coverage data, No known significant spatial variation
No spatial coverage data, No known significant spatial variation
No spatial coverage data, No known significant spatial variation
Located at a significant distance, No spatial variation

No data availability
No data availability
No data availability
Former LTTE camp sites/ mined area- Former LTTE camp map,
Proximity to active terrorist area, Map of active terrorist area.

Table 4 : Data layers used for the study

Data Layer

1 Land cover

2 Water bodies
3 Roads

4 Topography

5 DSD
6 Land mine area
7 LTTE influence

Description

1 : 50,000 reclassified to groups according
to study objectives
1 : 50,000 Land use
Main road, Minor road, Jeep or cart
track, 1 : 50,000
1 : 50,000 Contours,

Total population as attributes, 1: 50,000
1 : 50,000, Land mine area
1 : 50,000, LTTE influence area

Layer type

Polygon

Polygon
Poly line

Poly line

Polygon
Polygon
Poly line

Spatial zoning

Land use type

Buffering of water bodies
Buffering of roads

Classification according to
elevation clusters
Population density
Buffering of land mine areas
Buffering of LTTE influence areas

Table 5: Weight allocation
Parameter

1 Land cover
2 Water bodies
3 Roads
4 Minefields
5 Terrorist influence
6 Population
7 Topography

Total

Preference Level

1

6
11
15
2
2
2
2

2

3
13
15
1
1
4
2

3

14
6
5
3
3
8
2

4

9
6
2
1
1

14
6

5

4
2
1
6
6
5

19

6

2
0
0

24
24
5
7

Ratio scale
( w.R.)

144
177
193
68
68

121
93

864

Original
weight

2.12
2.60
2.84

1
1

1.78
1.37

12.71

Normalized
weight

0.17
0.20
0.22
0.08
0.08
0.14
0.11

1
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5.0 Results

Overall land suitability index with the terrorist
influence and land mine areas are shown in
Figure 3 and without such influences are shown
in Figure 4. Table 9 and Figure 5 indicate the
area distribution pertaining to each spatial zone.

The Figure 5 shows that a spatial resource
manager could mobilize resources to remove the
land mines and achieve a 252 % increase in the
high land suitability area. The Figure 6 shows
the land suitability index of negative human
influence plotted against the weighted averaged
overall land suitability index for each GND.
Road network density (km/Ha) were computed
for each GND and was plotted against the
overall land suitability (Figure 7). Land
suitability index due to Environmental
Influence factors plotted with the road network
is in Figure 8. Figure 9 shows the relationship
between land suitability indices with and
without negative human influence.

figure 3 : Overall Land Suitability Index

Figure 4 : Land Suitability Index without Terrorist
Influence
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Figure 5: Comparison of Land Suitability with and
without a management option
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Figure 6 : Comparison of Overall and Negative Human
Influence Indices for Land Suitability
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Figure 7: Impact of Roads for the Land Suitability

Figure 8: Land Suitability index of
Environmental Factors
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Figure 9: Comparison of Land Suitability Index with
and without Negative Human Influence

Table 9. Comparison of Land Suitability with and
without a management option

Land Use
Ranking

High
Medium
Low
Very Low
No
Total

Spatial Coverage (Ha)

With Mines

23530
79440
53107
3160
42178
201415

%

11.6
39.4
26.3
1.7
21
100

Without Mines

82921
52083
40034
1103
25274
201415

%

41.2
25.9
19.9
0.5
12.5
100

6.0 Discussion

The patterns of land suitability condition were
obtained from the chosen set of parameters
combining layers according to the user
identified weights applied to the accumulative
objective function. The main influencing
parameters of land suitability were identified as
Land use, Water bodies, Topography,
Population, Roads, Mine and Terrorist influence
areas, which could be classified as three major
impact groups.

The study showed that a simple conceptual
model with limited parameters could provide
an overall picture of the entire spatial extent of
Thoppigala enabling national or regional
resource managers to plan or manage resource
mobilization. The increase of high land
suitability with the removal of negative
influence through management options
provides an encouragement to land
development personnel enabling the spatial
prioritization to reap maximum benefits. The
comparison of suitability indices pertaining to
negative human influences and the overall value
for each GND indicates the spatial locations
which could enable the highest benefit by
mobilizing resources to remove the negative

influence. The regression line would enable to
easily identify the respective GND that need to
be attended early.

Similarly the comparison of road density shows
that there are many areas with low to moderate
overall suitability index and at the same time
having a low road density. Also the data shows
that Moderate suitability indices are not
supported with high road densities. Overall
Land Suitability Index and Negative Human
Index relationship shows that the GN averaged
values of indices do not show a clear trend.
Though the values may be used to identify each
GN with particular level of suitability, a general
relationship can not be concluded. This effect
could be due to the fact that the weighted effect
of a mine field or a terrorist activity getting
thinned out once averaged in a GN Division.
However, these summary comparisons are very
helpful for resource planning and management
for the development of Thoppigala area.

The present study shows the potential of the use
of GIS for land suitability assessment and
identifying rational management options. The
stakeholder surveys done for the study with a
limited user community could be improved by
reasonably sized samples and this would lead to
better results. The present work indicated a
systematic scientific procedure for carrying out
similar assessments to suit the stakeholder
aspirations.

According to the GIS model estimates, the area
consists of approximately 23530 Ha of lands
with high land suitability.

Study of the influence zoning would enable a
land use planner to carry out suitable
environmental changes to enhance land
suitability, a resource manager to provide roads
and other service facilities, along with suitable
arrangements for the removal or reduction of
negative human influences.

7.0 Conclusions

1.0 The study showed the potential of GIS to
incorporate multiple data layer operations
to identify land suitability index for the
Thoppigala area.

2.0 A simple GIS model with the systematic
selection of parameters could produce very
satisfactory and useful results for a resource
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manager targeting the development of an
area in a spatially distributed manner.

3.0 Spatial analysis through the GIS, clearly
indicated the capability to identify spatial
patterns pertaining to parameter behaviour
and the capability to carryout spatially
averaged parameter aggregation to
administrative units.

4.0 Spatial statistics can be effectively used with
conventional plots for the identification of
parameter behaviour which provides great
strengths for rational decision making.

5.0 Thoppigala area can be developed and its
land suitability index can be enhanced
significantly by the successful removal of
landmines in the area.
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