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Abstract

Rapid and unscientific land use is a major environmental concern globally
because their possible adverse consequences generate undesirable effect
on man and the environment. In this study, we evaluate the Land use/
Land cover changes in the city of Kerala (India) and that have experienced
a fast-growing urbanisation over the last decades. To evaluate this, we use
satellite images of Landsat from different years since 1988. The method
of Maximum Likelihood Supervised Classification is employed for classifying
the region, into five major land cover classes which are water body,
settlements with mixed trees, built-up area, agricultural area and barren
land. We apply the Land Use Dynamic Degree Index for quantify the Land
use/ Land cover changes over time. We have observed an uptrend in built
up land use (115.84%) and a downtrend in all other classes, though the most
significant reduction was observed for barren land (86.94%) followed by
agricultural area (48.98%), water body (39.33%) and settlements with mixed
trees (14.69%). The decreasing trend in agricultural area is directly linked to
population growth, and related developmental activities. The findings of this
study emphasize the necessity to control population growth and to make a
right balance between population needs and environmental issues.
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Introduction

The quick and dramatic rise in population of South
East Asian countries especially in India, has
occurred over the last century accentuated the
demand for basic needs.’ Hence it has become
pertinent to rationally utilize the available land

and other resources. Currently a drastic change
in Land use/ Land cover is observed.?® The term
‘Land use’(LU) denotes how land is utilized by
humans, while ‘land cover’(LC) refers to natural
features that cover the land.* The rapid and
uncontrolled momentum of urbanization is a leading
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element behind the drastic land use changes.
The process of urbanization has significant
implications upon the physical, socio-cultural,
economic and demographic aspects of a landscape.
Although being considered as a positive factor
of development, urbanization poses some serious
threats to the natural environment. The unplanned
and unscientific urbanization forces negatively
impact various components of the urban niche
such as its micro climate, groundwater resources
potential, land cover pattern, hazardous mitigation
and food and security policies.>° The urban scenario
of the world is undergoing a radical revolution as
it progresses with industrialization and modernization.
Rampant urbanization has been taking place
due to various factors such as natural increase
of population and probably due to movement of people
from adjoining countryside to the city for improved
employment prospects and enhanced standard
of living, rapid economic development and associated
infrastructure development.®'" According to the UN
report, the share of world population lived in urban
centres in 1950’s was 30%. The trend has gone up
ever since, with 55% of world population living in
urban areas in 2018 and is projected to be 68% in
the year 2050 where the highest rate of increase will
be recorded in developing nations.'?

Like any other developing country, urbanization
in India has also risen in an exponential manner
in the last few decades.'®' In India, the trend
of urbanization shows a rapid increase from 27.7% to
31.1% with a growth rate of 3.3% during 2001-2011
as compared to the rate of 2.1% increase during
1991-2001."® Further, the studies show that, India
will account nearly 600 million urban population by
2031'% and eventually will host 814 million in 2050,
which will become the highest urban population
in the world." As per 2011 census, high level
of urbanization has been reported in Kerala as
against low population growth rates.® Apart from the
other parts of the country, Kerala presents a unique
picture of urban- rural continuum spreading across
the entire state with an exception of some hilly
tracks of upland region of the state. The urban share
of the state as per 2011 census is 47.78 percent."”
To accommodate such increasing urban population,
cities expand their spatial limits beyond the political
boundary, which will exert immense pressure on
surrounding natural landscapes often leads to LU/
LC change.>" Geographic understanding of LU/
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LC change is a key source of urban related impact
analysis. For achieving the goals of sustainable
urban development, availability of changes in
land use statistics is essential for decision-making
process.'® Therefore, a thorough understanding
of undercurrents of urbanization induced land cover
change is essential for coping with environmental
changes.?

Geospatial tools such as remote sensing and GIS
has emerged as powerful techniques in the field of
land resources evaluation and management.* There
are several studies that have attempted to evaluate
extend of land use changes using geospatial
techniques.'’®%5 Considering the significance of
these changes in fast-growing cities and towns
and for making the developments eco-friendlier,
the main aim of the research is to estimate the
magnitude of LU/ LC changes and its dynamics in
Thiruvananthapuram city and fringe area during the
period 1988-2018.

Study Area

Thiruvananthapuram also known as Trivandrum,
the administrative headquarters of the South
Indian state Kerala, is a rapidly growing urban
agglomeration. With a population of 957,730
Thiruvananthapuram forms the most populous city
in Kerala as of 2011'" census. Being the largest city
down South, Thiruvananthapuram has an urban
agglomeration population of around 1.68 million
and forms the biggest Information Technology (IT)
hub with 55% of the state's software exports.?
Being in the humid tropics, the region experiences
monsoon dominated tropical climate with two
distinct seasons. Physiographically, the region is
sandwiched between the mighty Western Ghats in
the East and Arabian Sea in the West (Figure 1).
Being located near the international ocean route
and the presence of inland water ways and road
connectivity, Thiruvananthapuram forms an ideal
location for rapid urban development.

To study the land use/ land cover changes and
urban dynamics in Thiruvananthapuram and
adjoining areas, a 5 km buffer zone around
Thiruvananthapuram Municipal Corporation (TMC)
is created and the panchayats falling under the
aforesaid 5 km buffer is selected for the present
study (Figure1).
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Fig.1: Location map of the study area

The TMC together with selected panchayats forms
the study areas with an aerial extend of 527.96km?
and a total population of 1562943.

Materials and Method

A GIS and remote sensing based comprehensive
methodology comprising of six major phases was
adopted for the study. The methodology flow chartis
givenin Figure. 2 and it consists of (1) data collection
procedures, (2) pre-processing steps, (3) selection of
training sites, (4) image classification, (5) accuracy
assessment, and (6) assessment of LU/LC changes
over time.

As the first step, the TMC boundary is collected from
Municipal Corporation office and the boundaries
of adjoining panchayats were gathered from
Kerala State Remote Sensing and Environment
Centre (KSREC). Thereafter with the help of SOI
topographical sheets (Scale 1:50000) the positional

accuracy is cross checked and boundary map is
prepared (Figure 1). The next step was the selection
of satellite images for the classification.

Landsat series of mission 5 TM (Thematic Mapper),
mission 7 ETM+ (Enhanced Thematic Mapper
Plus) and mission 8 OLI (Operational Land Imager)
were selected for the path and row of 144 and
54 were utilized." The images acquired on the
dates of 19/01/1988, 27/11/2000 and 08/01/2018
respectively. All the imageries used here had spatial
resolution of 30 meter'"?” and were obtained by the
satellites during day time and were chosen based
on the availability of cloud free data. Both imageries
of 1988 and 2018 were characterized with least
cloud cover of one percent and the image of 2000
was characterized with two percent of cloudiness,
which is less than the advisable cloud cover (<10%)%”
for LU/LC studies.
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Fig. 2: The Methodology proposed for this research

The quality of the images was enhanced through
pre-processing techniques in ERDAS Imagine
9.3. The SOI topographical sheets were used as
a reference to reduce geometric distortions and
image enhancement techniques such as histogram
equalization is used to improve spectral responses.
All the sub set images were given a common
coordinate system of UTM_WGS_1984 43N zone.

The present study has utilized Maximum Likelihood
(MLC) method to classify the selected satellite
images. MLC has been proven as an efficient
classification algorithm in medium resolution
images.?8?° For the classification purpose the
spectral signatures were developed through visual
interpretation techniques. According to Hexagon

geospatial, MLC computes the weighted distance
‘DW ’of an unknown vector ‘X’ belonging to one
of the known classes “i” is based on the Bayesian
equation?*°

Dw=In(ai)-[0.5In(Cov(i) ]-[0.5(X-M_ ) T (Cov(i)-1)
(X-M_)] (1)

Where ‘¢’ indicates a particular class, ‘ai’ denote
probability of a pixel which is a part of class ‘i'.
In order to remove speckle noises in the image,
4x4 kernels were used after classifying the data.®%!

To understand land use dynamism of the study
area, Land use Dynamic Degree Index (LUDDI) by
Han was employed.*? LUDDI represent proportional
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variation in LU/LC categories for a selected time
period. This index reflects spatio-temporal changes
of LU/LC patterns.

The LUDDI is determined by.

S:Z(%)X G) % 100 .(2)

Whereas S, is the area of land use type ' in the
beginning of the period, AS,; is the total area of a
land use type ‘i’ converted into other types and ‘t’ is
the study period. The classified satellite images were
cross-checked to ensure its classification accuracy.
For this a total of 278 points for 1988, 2000 and 2018
were generated from field survey and random point’s
generation through visual image interpretation.
Two error matrices were created for 1988-2000
period and 2000-2018 period and from these two
matrices, both classification error and classification
accuracy were computed. The errors in image
classification are omission and commission error.
Commission error can be defined as the error
which occurs when a classification process assigns

. cover types
B Waterbody
- El

I Built-up area

Barren land

Agricultural area
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pixels to a specific class that does not belong to it.
The omission error occurs when pixels that belong
to one class, are included in other classes. The post
classification accuracy was checked using confusion
matrix-based methods such as Producer’s accuracy,
user’s accuracy, overall accuracy, and Kohen’s
Kappa index (K) which can be estimated using
equation 3 to 6 respectively.™

Xk
Producer’s accuracy (%) = (—) x 100
o o0 =(_ - (3)
User's accuracy (%) = C:—kk) x 100 (4)
k+
] T
Qverall accuracy = ﬁkZl n; . (5)

N EE, i X, (e Xeg0) (6)

Kappa coefficient (K) = —= )
X (R X

Where, ‘N’ stands for total pixel numbers,’r’ indicate
number of classes,’x,,’ connotes all pixels in the ‘K’
column,and ‘k’,x,, refer to total samples in 'k’ row,

and ‘x,,’ on the error matrix for total samples in k’.

2000

Fig. 3: LU/ LC of the area in 1988, 2000 and 2018

Results and Discussion

Land use/land cover change (LU/LC)

Figure 3 shows changes in LU/LC in the study area
during 1988, 2000 and 2018. The generalized land
use/ land cover categories following NRSC (National
Remote Sensing Centre) classification scheme such
as water body, settlements with mixed trees (hence

forth referred to as SMT), built-up land, agricultural
area and barren land were identified. Settlement with
mixed trees is a unique land use/ land cover class
identified here, due to presence of canopy covered
urban- rural continuum. In this category, settlement
area is intricately mixed with natural vegetation and
therefore is it is impractical to separate both, while
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using imageries of 30m spatial resolution. Hence
this class has the characteristics of both settlements
and vegetation.

In the year 1988, SMT was the dominant Land
use/Land cover covering 56.92 % (Table 1). Built-
up area, agricultural area, barren land, and water

719

bodies constituted 19.34%, 14.11%, 7.01% and
2.63% respectively. In 2000, the SMT class slightly
increased to 58.40%. However, water body (2%),
barren land (2.36%) and agricultural area (10.35%)
show a decreasing trend. In contrast built-up area
shows a steady increase from 19.35% in 1988
to 26.88% in 2000.

Table 1: LULC Changes From 1988 To 2000

1988 2000 2018
Land use/ Land cover Area Area % Area Area % Area Area %
types (in km?) (in km?) (in km?)
Water body (WB) 13.88 2.63 10.57 2.00 8.42 1.60
Built-up area (BT) 102.08 19.34 141.93 26.88 220.33 41.73
Settlements with Mixed 300.50 56.92 308.35 58.40 256.36 48.56
Trees (MT)
Agricultural area (AG) 74.51 14.11 54.65 10.35 38.01 7.20
Barren land (BL) 36.99 7.01 12.45 2.36 4.83 0.91
Total 527.95 100% 527.95 100% 527.95 100%
Accuracy Assessment of 100% with least omission error of 0.00. However,

Accuracy assessment was performed in LU/LC
map of 1988, 2000 and 2018 and the results are
furnished in tables 3, 4 and 5. For 1988 map,
a total of 96 random pixels are generated and
analyzed using error matrix. The 1988 map has an
overall classification accuracy of 0.865 or 86.5%
and K coefficient of 0.885 (table 3). In 1988 map
Water body shows highest producer’s accuracy

SMT class shows lowest producers’ accuracy
of 68.75 (Table 2). In the case of user’s accuracy,
four classes (barren land, water body, built-up
area, and agricultural area) show accuracy above
80%, whereas SMT shows lowest user’s accuracy
of 78.57%. In the case of commission error also
barren land shows least error (0.050) whereas built-
up area shows maximum error (0.214).

Table 2: Accuracy Assessment of LULC Classification of 1988 Using Error Matrix

LU/LC WB AG BT SMT BL Total Error: Commi User's
WB 17 0 1 0 0 18 0.056 94 .44
AG 0 20 0 5 0 25 0.200 80.00
BT 0 0 16 0 3 19 0.158 84.21
SMT 0 3 0 11 0 14 0.214 78.57
BL 0 0 1 0 19 20 0.050 95.00
Total 17 23 18 16 22 96 Overall accuracy 0.865
Error: Ommi  0.000 0.130 0.1 0.313 0.136 Kappa 0.885

Producer’s 100.00 86.96 88.89 68.75 86.36
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Table 3: Accuracy Assessment of LULC Classification of 2000 Using Error Matrix
LU/LC wB AG BT SMT BL Total Error: Commi User's accu
wWB 13 0 1 0 0 14 0.087 91.30
AG 0 10 0 3 0 13 0.214 78.57
BT 0 0 34 5 2 41 0.059 94.12
SMT 0 2 0 15 0 17 0.040 95.65
BL 0 0 2 0 4 6 0.250 75.00
Total 13 12 37 23 6 91 Overall accuracy 0.879
Error: Ommi 0.045 0.043 0.238 0.185 0.000 Kappa 0.863
Producer’s accu  95.45 95.65 76.19 81.48 100.00

For the 2000 map, 91 pixels were chosen randomly
and the overall accuracy reported is 0.879 or 87.9%
percentage with a Kappa coefficient of 0.863
(Table 3). In 2000, three LU/LC classes like SMT,
built- up area and waterbody reported User’s
accuracy above 90% (i.e., 95.65%, 94.12% and
91.30% respectively) while both agricultural
area and barren land reported 78.57% and 75%

accuracy respectively. Subsequently, lowest
commission error is noticed in SMT (0.040) and
highest commission error in barren land (0.250).
The creator’s accurateness for each class is greater
than 75%. However, maximum producer’s accuracy
is reported for barren land and least for built-up area
(Table 4). It is also noted that the error of omission
is 0.00 in barren land.

Table 4: Accuracy Assessment of LULC Classification of 2018 Using Error Matrix

LU/LC WB AG BT SMT BL Total Error: Commi User's
WB 13 0 1 0 0 14 0.071 92.86
AG 0 10 0 3 0 13 0.231 76.92
BT 0 0 39 0 2 41 0.049 95.12
SMT 0 2 0 15 0 17 0.120 88.24
BL 0 0 2 0 4 6 0.330 66.67
Total 13 12 42 18 6 91 Overall accuracy 0.890
Error: Ommi  0.000 0.167 0.071 0.167 0.333 Kappa 0.837

Producer’s 100.00 83.33 92.86 83.33 66.67

WB waterbody, AG agricultural area, BT built-up area, and BL Barren land.

The LU/LC map of 2018 reported highest overall
accuracy of 89% which indicates that fine spectral
resolution of Landsat 8 OLI image has better
ability to differentiate the earth surface features in
medium resolution compared to Landsat 5 MSS.
For 2018 LU/LC map, the user’s accuracy varies
from 95.12 (built-up area) to 66.67% (barren
land). Subsequently, the minimum commission
error is also reported in built-up area class (0.049)
(Table 4). In the case of producer’s accuracy,
water body reported 100% accuracy and zero

omission error whereas barren land shows minimum
producer’s accuracy (66.67%) with maximum
omission error (0.033). The reported Kappa
coefficient of 2018 LU/LC map is 0.837, which
indicates sufficient accuracy of the classification.
In general, all the three LU/LC maps have overall
accuracy above 85% and Kappa coefficient above
0.8, which indicates higher accuracy of the classified
images. Therefore, these LU/LC maps were further
processed for land use conversion analysis.
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Urban Sprawl and Land Use/Land Cover
Conversion

Throughout the twelve-year duration from 1988 to
2000, considerable land use conversion has taken
place in the study area. For instance, agricultural
area shows a remarkable decrease from 74.51km?
in 1998 to 54.65 km? in 2000. A significant portion
of the agricultural area is converted into SMT and
built-up area. Nearly 52.30% of this agricultural area
was converted into SMT, which can be attributed
to the recent land reclamation trend in Kerala,
where many of agricultural lands were reclaimed
and converted to settlements and small-scale
plantation areas. Another important land use type
that witnessed major conversion is the barren land.
During 1988, the percentage of barren land in the
study area was 7.01% which declined to 2.36%

in 2000. It is noticed that 38.42% of barren land is
converted into SMT and 34.90% is converted into
built-up areas suggesting the process of urbanisation
gradually transforming the fringe landscape
(table 5). It is also observed that only 2.30%
is converted to agricultural area, which indicates
that the new agricultural initiatives were reducing
and cropping pattern is slowly changing from
traditional crops to plantation-oriented crops in the
study area. However, the areal extension of SMT
shows a slight increase from 1988 to 2000. Even
though a significant amount of SMT is converted
into built-up area, it is outweighed by agricultural to
SMT conversion. During the 1988-2000 period, the
area under water body has reduced from 2.60% to
2% and the difference of 0.6% is negligible.

Table 5: LU/ LC Change Matrix of 1988-2000 (In Percentage)

LU/LC Water Built-up SMT Agricultural barren 1988
body area area land Total
Waterbody 9.28 2.85 1.43 0.21 0.10 13.88
Built-up area 0.58 61.48 34.37 3.47 2.19 102.08
SMT 0.39 54.91 219.37 24 .97 0.87 300.50
Agricultural area 0.11 9.78 38.97 25.16 0.48 74.51
barren land 0.21 12.91 14.21 0.85 8.81 36.99
2000 Total 10.57 141.93 308.35 54.65 12.45 527.95

The rate of urban sprawl and related land use/ land
cover changes is more rapid in the second phase
of the study (i.e., from 2000 to 2018) than the
first phase (1988 to 2000). The study reveals an
increase of 22.40% in built-up area during 1988-2018
(Figure 4a), whereas it was only 7.54% in
the first phase (i.e., 1988 to 2000) (table 5).
The developmental activities including construction
of residential, commercial buildings and non-
commercial units and basic infrastructures such as
road network increased dramatically in the region.
Urban sprawl in the area exhibits a close relationship
with road networks as well as outward shift from
the city center (Figure 4a). The presence of road
network is the most significant driver of urban sprawl
as it provides access to major hotspots and other
facilities.® The decline of SMT is shown in Figure 4b.
It is noticed that during the first phase (1988-2000),
the areal extent of SMT increased from 56.92% to
58.40% (+1.48%). However, it has declined by about

9.85% during the 2000-2018 period and 30.46%
of the SMT area were converted into built-up area
by 2018. Since SMT is having both settlements and
vegetation, the slight increase can be associated
with rural built-up development that occurred during
1988-2000 phase. However, in the second phase,
the rate of urban growth outweighs rural settlement
developments and the study area shows a city
centre focused growth than a decentralized one
(Figure 4a and 4b). It is also observed that in the
second phase, except built-up area all other land
use classes show a decreasing trend, which is
the result of rapid urban growth in the study area
(Table 6). Arulbalaji' also reported the rapid
urbanization in cities similar to Thiruvananthapuram.
In the second phase also the conversion of
agricultural area remains high with approximately
61.65% of the agricultural areas getting converted to
SMT type which is the result of both land reclamation
and greater preference for plantation-oriented crops.
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However, a significant amount of agricultural area
is converted to built-up area (table 6). During the
18-year interval of 2000-2018 period, ~72.21%
of barren land is converted into built-up area
(Table 6). The drastic change of barren land is also
visible in Figure 3. Unlike the first phase, the second
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in the study area from 2% in 2000 to 1.6% in 2018.
The major decline is withessed in lakes than rivers,
for instance Akkulam Lake shows a high rate of areal
shrinkage from 1988 to 2018. The decline of water
bodies, due to urbanization in Thiruvananthapuram
is also reported by previous authors.1°

phase witnessed a drastic decline of water bodies

Table 6: LU/ LC Change Matrix of 2000-2018 (In Percentage)

LU/LC Water Built-up SMT Agricultural Barren 2000
body area area Land Total
Waterbody 7.22 1.23 1.36 0.48 0.27 10.57
Built-up area 0.65 108.46 25.33 6.23 1.27 141.93
SMT 0.43 93.91 195.19 18.02 0.80 308.35
Agricultural area 0.05 7.74 33.69 13.01 0.16 54.65
barren land 0.07 8.99 0.80 0.27 2.32 12.45
2018 Total 8.42 220.33 256.36 38.01 4.83 527.95

a)

Urban Sprawl
@ 1988

@ 2000
[ 2018

b)

Vegetation Cover

@ 1988

[ 2000
2018

Fig. 4: Urban Sprawl (a) & Vegetation Cover (b) in 1988, 2000 and 2019

LUDDI from 1988 to 2018.

The degree of land use dynamics is calculated with
LUDDI and presented in Table 7. During both the
phases (i.e., 1988-2000 and 2000-2018) significant
land use changes have occurred. Cumulative LUDDI

of 1988-2000 is higher than the 2000-2018 phases.
For the sake of assessing the spatial variability
in land use dynamics, both 1988-2000 and
2000-2018 phases are mapped and are depicted
in Figure 5a and Figure 5b.
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m 1988 to 2018

LU/LC LUDDI of 1988-2000 LUDDI of 2000-2010
Waterbody 2.76 1.76

Built-up area 3.27 1.31

SMT 2.25 2.04
Agricultural area 5.52 4.23

Barren land 6.35 4.52
Cumulative LUDDI 20.15 13.86

From the LUDDI it is noted that both agricultural area
and barren land reported highest LUDDI values and
remains the most dynamic land use class during
both the phases (i.e., 1988-2000 and 2000-2018)
(Table 8). The dynamic nature of both the classes are
the outcome of swift urbanization and related land
use shifts. An unscientific and utmost level of the
land use conversion and land reclamation processes
are turn out in Kerala. As a result, agricultural areas

a) . . A

LUDDI:1988-2000
B Low

Medium

@ High

including paddy fields and wetlands are reclaimed for
basic infrastructure development and built-up area
development. In Figure 5, it can be seen that LUDDI
of barren land is classified as high in both phases.
It is also visible that barren lands along the western
coastal edges of the city are rapidly getting converted
into built-up areas. This was primarily due to the
outgrowth of Kazhakootam due to the presence
of ‘Technopark’, the IT hub of the state.

b)

LUDDI:2000-2018
- Lov

Medium

@D High

Fig. 5: LUDDI of the Study Area from 1988 to 2000 (a) And From 2000 to 2018 (b).

It is also noted that, LUDDI of the 1988-2000
period shows built-up area in medium dynamics
index category which is changed into low category
in 2000-2018 which indicates that during the time,

built-up area expansion is rapid and stable whereas
other classes such as agricultural area and SMT and
barren land remaining in dynamic nature due to the
rapid land use conversion.
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Conclusion

In this investigation, geospatial technology is utilized
for understanding the LU/LC changes and quantifying
the land use dynamics in Thiruvananthapuram city
over 30 years from 1988 to 2018. The Landsat
imageries of 1988, 2000 and 2018 were used to
analyze the LU/LC changes through implementing
MLC techniques and results are validated with
confusion matrix. The overall classification accuracy
is above 85% which is satisfactory. The study reveals
that significant LU/LC changes have occurred over
the past 30 years. The built-up area rose from
102.08 km? in 1988 to 220.33km?in 2018 (115.84%
increase) and the other land use classes such as
barren land, agricultural area, water body and SMT
exhibits a declining trend. (i.e., 86.94%, 48.98%,
39.33% and 14.69% respectively). The LUDDI
shows that agricultural land together with barren land
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rapid urbanization and associated land reclamation
in the study area. The results are satisfactory
and can be of use to local self-governments and
planners for making the area green as well as
for policy deployments for a scientific and sustainable
land use practise.
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