Modeling Earth Systems and Environment
https://doi.org/10.1007/540808-021-01135-2

ORIGINAL ARTICLE q

Check for
updates

Visualisation of landscape alterations with the proposed linear
projects and their impacts on the ecology

T.V.Ramachandra'?3® . S.Vinay' - S. Bharath'

Received: 4 November 2020 / Accepted: 11 February 2021
© The Author(s), under exclusive licence to Springer Nature Switzerland AG part of Springer Nature 2021

Abstract

Land-use transformations altering the ecosystem function have impacted the sustenance of natural resources. Implementation
of unplanned developmental activities in the ecologically fragile regions has contributed to frequent landslides, conversion
of perennial rivers to intermittent or seasonal rivers, reduced water retention capability, etc. Addressing these challenges
entails understanding the drivers of land-use change and also their role in altering land uses. Large-scale linear projects such
as roads and railways, though contribute to better infrastructure and enhance employment opportunities but severely change
the landscape structure affecting peoples’ livelihood due to the reduction of ecosystem goods and services. Planned interven-
tions are essential for adopting appropriate land-use trends and shift the trajectory of ecosystem service provision through
prior visualization of land-use dynamics with likely impacts. The current study analyses the possible land-use changes in
the ecologically fragile central Western Ghats with the proposed railway networks, namely (i) Mysore—Kushalnagar and (ii)
Mysore—Thalassery (limited to Karnataka state), using an agent-based model (Fuzzy-AHP-CA-Markov) considering the
linear project regions with a buffer of 5 km. The analyses reveal a reduction of forests by 2 and 5%, respectively, during 2010
and 2019. This trend would continue with a significant forest decline by 2026. Areas under built-up have increased over 5%
during 2010-2019, which would increase by 7% (2019 and 2026) at the expense of cultivation lands. Major cities such as
Mysore and Kushalnagara would witness concentrated urban growth with sprawl in the peripheries, while other towns have
undergone leapfrog developments. The spatial distribution of fauna and flora indicates that most parts of the buffer region
endow endemic species and serve as foraging grounds. Prediction of likely land uses in 2026 suggests that these regions
would undergo large-scale alterations threatening fauna and flora. Implementing linear projects in the ecologically fragile
Western Ghats would further destabilize the region, posing a threat with the increased hazard frequencies and the sustenance
of natural resources.
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Introduction

Landscapes are the cluster of heterogeneous landforms
arranged in a nested pattern with diverse land use ele-
ments. Biodiversity in a landscape depends on the struc-
ture and interactions among various landscape elements.
During the post-industrialization and globalization period,
unplanned developmental activities have contributed to
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large-scale land cover transitions, which impacted ecol-
ogy, hydrologic regime, sustenance of natural resources,
etc. Landscapes alterations have become intensive with
human-induced activities such as transport corridors/
networks, burgeoning built-up areas, increasing demand
for food and other resources, etc. Analyses of land-
scape dynamics provide vital information for prudent
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decision-making towards the sustainable management of
natural resources. Modeling and prediction of land-use
dynamics with the proposed projects would help to evolve
appropriate mitigation strategies.

Linear infrastructure projects (such as roads, railways,
high-tension electrical lines) are being implemented to cater
to the growing demand, improving the regional economy,
and societal wellbeing (Biasotto and Kindel 2018). These
projects would fragment ecosystems, hamper the hydrologic
regime, and disrupt the rivers’ ecological processes and
functions (Blanton and Marcus 2009). The linear projects
are closely related to land-use changes, and improvements
in the transportation network provide impetus to urbanisa-
tion (and vice versa) and associated land-use transformations
(Kasraian et al. 2016; Ramachandra et al. 2019a) and result
in social, economic, and environmental impacts (Litman
1995).

Unplanned developmental projects have accentuated the
degradation process leading to deforestation (Asher et al.
2017), affecting the wildlife habitat, animal movement path,
foraging grounds, diversity, ecosystems (Bennett et al. 2011;
CCIBIS 2018), frequent occurrence of landslides and mud-
slides, etc. Table 1 lists ecological and environmental con-
sequences with the fragmentation of landscapes due to the
implementation of transportation corridors. Railway network
implemented in ecologically fragile regions would have dis-
astrous effects, despite railway projects having the edge over
roads in terms of safety, economy, pollution, etc. (Borda-de-
Agua et al. 2017).

Implementation of the transportation network would
change the land cover with environmental impacts such
as loss of forests, water bodies, fragmentation of animal
habitats, a decline of biodiversity (Ramachandra et al.
2014; McGrane 2016; Miller and Hutchins 2017), which
necessitates foreseeing the likely impacts of linear projects
(Xiong et al. 2018). Simulation of land use dynamics pro-
vides insights into spatial patterns of land use changes and
aids in planning site-specific mitigation measures, adopting
environmentally sound alternatives, prudent management of
natural resources, etc.

Advanced approaches of geoinformatics (GIS: Geo-
graphic Information Systems) using temporal-spatial
data (remote sensing data) provide information about the
landscape patterns, change dynamics, and causal factors
(Lillesand et al. 2004; Setturu et al. 2014; Joshi et al. 2016)
to understanding the landscape dynamics. Modeling and
simulation of land-use changes help understand the influ-
ence of policies, decisions, and interventions (Bharath et al.
2014, 2017; Das Chatterjee et al. 2015). Numerous predic-
tive models (agent-based models (ABM) and non-agent-
based models/rule-based models) such as CA, CA-Markov,
Geomod, SLEUTH, SLUCE, Dynamica, Dyna-CLUES,
ANN, Regression, AHP, etc. have been widely applied for
geo-visualization of landscape dynamics (Brown et al. 2008;
Rafiee et al. 2009; Jokar Arsanjani et al. 2012; Johnston et al.
2013; Mishra et al. 2014; Jain et al. 2017; Chandan et al.
2019). The hybrid approach of integrating rule-based CA
with Markov models has been extensively used worldwide to

Table 1 The ecological implication of transportation corridors (Forman and Alexander 1998; Nyhus 2016; CCIBIS 2018; Shaffer et al. 2019)

Category Description

Habitat loss
mentation

Land cover changes, enhancing disturbance and barrier effects on the wildlife that contribute to the overall habitat frag-

Habitat modification The native species tend to disappear, leading to change in species composition, population leading to loss of biodiversity
(flora and fauna). Ecosystem changes would alter habitat, nutrient cycling, crop pollination, nutrient recycling, seed

dispersal, aesthetics, etc

Vehicular traffic in the ecologically fragile regions would disturb and pollute the physical, chemical, and biological envi-

ronment, hampering sustenance of the native fauna and flora diversity for a much wider zone beyond the transportation

Death of animals due to accidents while crossing the road or using it as habitat. In the recent past, globally, the mortality

Restriction of animal movement through fencing/elevation etc., making it inaccessible for animal movement. Due to this,

Disturbance
network
Mortality
rates show an increasing trend
Barrier
the habitats are disconnected, isolating the fauna population
Conflict

crops, etc
Land-use change

Competition for food and other resources between man and wild has led to mortality of animals, people, damage to the

Expansion of human settlements, agriculture fields, and monoculture plantations has led to loss of forest, habitat, and

foraging grounds, which has forced the animals to contact people, resulting in higher frequency and severity of conflicts

Climate change

Enhanced emissions and loss of carbon sequestration with deforestation increase temperatures due to the land-use change,

variability in rainfall runoff, and silt accumulation patterns. Increase in extreme conditions (floods or drought)

Pollution

Corridor

pollutants due to vehicular movements would degrade water, soil, and air in the vicinity

The transportation network (road/railway) acts as a refuge to animal or serves as movement path. These movement cor-
ridors would enhance the mortality of animals
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simulate the land-use changes. The hybrid CA-Markov fails
to fit in the landscape elements precisely, and this challenge
has been effectively overcome by the Agent-based models
that combine the hybrid CA-Markov with various agents
causing changes in land use or constricting the changes in
land use through advanced spatio-numerical methods such as
fuzzy logic, boolean algebra, neural networks, genetic algo-
rithms, multi-criteria evaluation, regression, etc. ABM simu-
lates landscape change trends and the direction of change,
considering influencing factors and constraints, which can
be used for appropriate decision-making (Ramachandra
et al. 2019b). The current study focuses on understanding
the landscape dynamics with the implementation of railway
networks between i) Mysore and Kushalnagar and ii) Mysore
and Thalassery, using remote sensing data, GIS and visual-
izing future changes using ABM.

Study area

The study region is located in the Western Ghats (one among
36 global biodiversity hotspots), which extend along the
west coast of India with pristine and fragile ecosystems
(Subash Chandran 1997; Gunnel and Radhakrishna 2001;
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Daniels and Venkatesan 2008). The study region supports
exceptional endemic biodiversity, benefiting both society
and the environment due to various goods and services. The
hydrological and watershed services are evident from the
water provision sustaining dometic and irrigation require-
ments in peninsular India. The soil and water of this region
sustain the livelihoods of millions of people. These frag-
ile ecosystems are under threat due to the implementation
of unplanned short-sighted developmental projects, which
are escalating anthropogenic activities (Ramachandra et al.
2020). Globalization and consequent relaxation in Indian
markets have given impetus to the implementation of numer-
ous industries and linear infrastructure projects. Implemen-
tation of these projects would alter the hydrologic regime
(floods and droughts), induces instability in the landscape
(leading to frequent landslides and mud slides), impacts
wildlife habitats, hinders movement paths, foraging areas,
increases mortality of wild animals (Borda-de-Agua et al.
2017; Gilhooly et al. 2019) and enhance the episodes of
human-animal conflicts. Infrastructure projects proposed
in this region are railway connectivity between i) Mysore
Kushalnagar and ii) Mysore Thalassery, which originates
from Mysore district and passes through Western Ghats
(Fig. 1 and Table 2). A buffer zone of 5 km on either side of
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Table 2 Details of the proposed railway projects

Details Alignment 1 Alignment 2
Alignments Mysore Kushalnagar railway line (AL-1) Mysore Thalassery railway line (AL-2)
Origin Mysore city (Mysore district, Karnataka state) Mysore City (Mysore District, Karnataka)
Destination Kushalnagar town (Kodagu district, Karnataka state) Thalassery (Kannur district, Kerala state)
Kautta village in Kodagu district, is the last station within
Karnataka state
Distance 86.5 km 207 km
Over 90 km in Karnataka
Stations 10 12 (within Karnataka)

Mysore, Belagola, Krishnarajasagar, Ilvala, bilikere,
Uddur, Hunsur, Satyagalakavalu, Titimati, Belele,

Kanuru, Kutta

Mysore, Belagola, Krishnarajasagar, Ilvala, Bilikere,
Uddur, Hunsur, Satyagalakavalu, Periyapatana, Dod-
dahonnuru and Kushalnagar

Note: Both railway lines originate from Mysore and split at Satyagalakavalu to link their respective destinations

(Kushalnagar, Thalassery)
1049 sq.km

Towns/urban centers 6

Area under buffer zone

Mysore, Hebbal, Krishnarajasagar, Hunsur, Periyapattana,

Kushalnagar

1213 sq.km

7
Mysore, Hebbal, Krishnarajasagar, Hunsur, Gonikoppa,
Periyapattana, Kutta

the proposed railway lines was considered to understand the
projects’ influence on landscape and wildlife habitat/pres-
ence zones within Karnataka state. The buffer zone covers
about 452 villages in the districts of Mysore (347), Kodagu
(62) and Mandya (43).

Data and method

The process toward understanding land use dynamics and
impact on ecology in the study region (of linear railway pro-
jects) involved i) data collection and analyses, ii) land use
analysis, iii) visualization of likely land-use changes, and iv)
spatial patterns of biodiversity (Fig. 2).

Data collation

This involved collecting (i) primary data from the field and
(i) secondary data from the government agencies and virtual
data portals. Table 3 describes the various data used in the
analysis. The cloud-free temporal remote sensing data IRS
LISS 3 sensor for the years 2010 and 2019 was obtained
from NRSC (National Remote Sensing Centre). Field data
were collected using a pre-calibrated handheld Global
Positioning System (GPS) at various locations along (and
beyond) the study area aided as ground truth data (training
data) that has helped in geo-rectification and classification
of remote sensing data. These data are supplemented with
the information from vegetation map (Pascal 1986), topo-
graphic maps (Survey of India 2018a) and virtual earth por-
tals such as Bhuvan (National Remote Sensing Centre 2016)
and Google Earth (Pascal 1986; National Remote Sensing
Centre 2016; Survey of India 2018a; Google 2020).
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Land use analysis

Remote sensing data were preprocessed to rectify geomet-
ric error using ground control points obtained from field
and virtual earth databases portal. Radiometric correction
is done to enhance the scene radiometric properties (con-
trast enhancement) for better visual interpretation of the data
(Jensen 1996; Lillesand et al. 2004; Gonzalez and Woods
2007). Training data (ground truth data) were collected from
the field and supplemented with the secondary data covering
over 15% of the study area. Gaussian maximum likelihood
classifier was used to classify the remote sensing data into
six land use classes (Table 4) using 60% of the training data
(Bharath et al. 2018c¢). Accuracy of the land use classifica-
tion was assessed through kappa statistics and computation
of overall accuracy (Congalton and Green 2009), consider-
ing 40% of the training data. Figure 2 outlines the protocol
adopted to assess and visualise landscape dynamics.

Visualisation of land use dynamics
through simulation and modeling

Agent-based modeling technique by combining various
spatial and mathematical aspects of fuzzy logic, Boolean
algebra, analytical hierarchical process (AHP), multi-crite-
ria evaluation (MCE), cellular automata (CA), and Markov
chains have been used to predict the likely land uses. ABM
has proved to be a reliable, individual decision-making tool
to capture spatial dynamics by incorporating socio-economic
and environmental factors (Matthews et al. 1999; Hosseinali
et al. 2013; Bharath et al. 2016a, 2018b).

Factors contributing to land-use changes along the
proposed railway network are city centers, major roads,
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Fig.2 Method for assessing the landscape dynamics

educational institutions, bus stops, industries, and railway
stations. Similarly, factors inhibiting land-use change con-
sidered are protected areas (forest department), lakes, and
river course was derived from the secondary databases
(government agencies of the spatial extent, etc.). Distance
maps were prepared for each of the contributing factors
and Boolean maps for each of the constrain (0 represented
no change, 1 represents space that can change). Distance
from each of the factors was overlaid on individual land
use to determine the effective distance of influence. Fuzzy
logic (Zadeh 1965) was used to understand the behavior
of agents of growth across various land use classes and
normalize the influences (Eastman 2012) between O and 1.

The distance of influence of each agent with a differ-
ent degree of membership and representation function are
measured and provide input to AHP weighing process,
aided in multi-criteria decision-making. Multi-criteria
evaluation was used to compare the influence of each
of the factors on land-use change, based on expert opin-
ion using analytical hierarchical process (AHP) (Kardi
2005; Gorsevski et al. 2012). Weights for different factors
obtained from AHP and constrain maps as Boolean are
used to derive site suitability maps using MCE (Li et al.
2013; Dapueto et al. 2015).

> Weightage
! AHP

LAND USE 2026

Ay | ay ap as - oay,
A Ayy Gyy Ays o+ a4
_ A2 21 Upp do3 2
A= R N @))]
An App App Q3 .- Ay,

A response matrix A = [aij] is generated to measure the
relative dominance of item i over item j with the decision

maker’s assessments a;;, that follow a uniform probability

distribution.
W,
@i = 3 X Cip 2

J

where W; and W; are the priority weights and ¥ W.=1¢;
is inconsistency observed in the analysis. The comparison
matrix elements were compared pairwise to relate a single
element at the level directly and ranked by eigenvector of
the matrix (Zhang et al. 2015) and eigenvalue of 4, is
computed (Ying et al. 2007). A new vector W' is obtained
by multiplying pairwise comparison matrix and eigenvectors
(Egs. 3 and 4). The consistency of weightages is evaluated
through consistency index (CI) (Eq. 5).
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Source

Description

Table 3 Data and source

Sl.no Data

@ Springer

NRSC

High spatial resolution data from Indian Remote Sensing Satellites for

IRS LISS IV 2010, 2019

1

land use classification

Field visits (2018-2019)

GPS based field observations for satellite data calibration and training

Field observation

2

classification algorithms

(Pascal 1986; Survey of India 2018b)

Used for classifying the land use into various forest classes. Data were

Ancillary vegetation map

3

derived from French institute maps, SOI topographic sheets

(National Remote Sensing Centre 2016; Google 2020)

Aided in land use classification, feature extraction (roads, city centres,

Virtual Earth

schools, bus stops, industries), used for land use modeling

Proposed railway route and stations Extraction of railway network and station on the spatial platform, used

5

for land use modeling

Karnataka Forest Dept.,

Certain areas of forests are earmarked for protection against any anthro-

Protected areas

6

pogenic pressures. Used as a factor in land use modeling

Karnataka Forest Dept., National Tiger Conservation Authority., Wild

Published literatures such as forest reports, conference proceedings,

Flora, fauna

7

Life Institute of India., Western Ghats Flora; Flora of Karnataka (Mad-

husudan et al. 2015; Ramachandra et al. 2016; Shankar 2016)
(U.S. Geological Survey 2000; National Remote Sensing Centre 2016;

journal articles, web portals to identify the spatial distribution of flora

and fauna

Elevation data for land use analysis and modeling

Topography

8

Alaska Satellite Facility 2018; Survey of India 2018b)

1 ap ...... a, | W, W1
a 1 ... ap [ Wa [_| W, 3)
Ay Ay oo e 1w, w

) “

Cl=—™ | o)
n—1
where Cl is the consistency index, 4,,,, is the largest or prin-
cipal eigenvalue; n is the order of the matrix. If CI=0, the
matrix had a complete consistency. The worse consistency
will represent greater value of CI.
. . CI

Consistancy ratio (CR)=ﬁ, 6)
where RI is the average of the resulting consistency index
(random index) depending on the order of the matrix. If CR
value is less than 0.10, the matrix had a reasonable con-
sistency, otherwise, the matrix should be altered for better
CR. Markov chains are statistical models used to predict the
likely changes in the landscape from current state (S(#)) to
future state (S(z, 7+ 1)) based on transition probability (P)
of land use from one class to another (earlier to current)
(Hamad et al. 2018). Mathematically Markov chain is given
as Eq. 7

S@t,t+1) = Py x S@). (N

Cellular automata determines the state of each cell in the
data, based on the cell state, neighborhood, rule dependen-
cies (Bharath et al. 2016b; Gidey et al. 2017). These rule
dependencies are derived based on the Markov chains and
the site suitability maps obtained from AHP (Gidey et al.
2017; Bharath et al. 2018a; Ramachandra et al. 2019b). Site
suitability maps, Markov chains, and cellular automata (CA)
were integrated to visualize the landscape change patterns
for the year 2026.

Distribution of flora and fauna

Distribution of flora (Ramachandra et al. 2016; Shankar
2016) and fauna such as tiger (Panthera tigris), panther
(Panthera pardus), sloth bear (Melursus ursinus), gaur (Bos
gaurus), Asian elephant (Elephas maximus) was collated
from publications of the Karnataka Forest Department (KFD
2018), National Tiger Conservation Authority (Jhala et al.
2011, 2019), Wildlife Institute of India, other published lit-
eratures (Madhusudan et al. 2015) and through field investi-
gations. Spatial patterns of land use and distribution of flora
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Table4 Land use classes and

Features

associated features Sl no Class
1 Built-up
2 Water
3 Forest
4 Forest plantation
5 Horticulture
6 Agriculture

Residential area, industrial area, paved surfaces, mixed
pixels with built-up area

Tanks, lakes, reservoirs, rivers, water-logged areas, etc
Evergreen forest, Deciduous forest, Grass land, Scrub land
Teak, acacia, bamboo, eucalyptus

Banana, areca nut, coconut, rubber, coffee

Current fallow, current sown

and fauna were compared to understand the possible regions
of anthropogenic influence on biodiversity.

Results and discussion

Land-use changes in the study region (proposed railway
lines with buffer) are depicted in Fig. 3. The results high-
light that built-up and monoculture cultivation are increasing
with reductions in forests and agriculture areas. Improved
infrastructure and industrialization in the vicinity of Mysore
has led to population influx, thereby leading to urban sprawl
with the increase in built-up surfaces (concentrated growth,
edge growth). Similar patterns of urbanization were noticed
in and around Kushalnagar due to developing industrial

Mysore Kushalnagar (AL-1)

Builtup

Land Use
Forest
Forest Plantation

00 000

Horticulture
Agriculture

. Agriculture \
Built up 70%
Water

Built up
14%

Agriculture

o,
Kilometers %

0 5 10 20 30

Fig.3 Land use dynamics along the proposed railway corridor

areas in its vicinity. The expansion of small towns such as
Ponnampete, Husur, is due to industrialization at Kushalna-
gara and Mysore. Land-use changes in the study regions are
discussed below:

Mysore and Kushalnagar (Alignment 1): Built-up and
horticulture land uses have increased from 8.4 to 13.9%
and 5.7 to 7.9% respectively, with the decline of agriculture
(from 69.9 to 63.4%) and forests (12.9-11.2%), while other
land use classes showed least variations. Urban area inten-
sification and spread was observed at the core and outskirts
of Mysore city during 2010 and 2019. Kushalnagar, Hunsur,
Periyapattana have witnessed linear urban growth along the
direction of major roads.

Mysore and Kutta (Alignment 2): Built-up has increased
at Mysore city and its suburbs, Hunsuru with new industrial

Mysore Kutta (AL-2)

Built up
Forest 7%,
Plantation
1%

Horticulture
6%

Forest
Plantation

Agriculture 1%

Horticulture
18%

Water Water

Forest
11%

Built up Forest

12%

Forest
Plantation
1%

20,

Horticulture
8%

Agriculture
44%

Horticulture
20%
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layout in Mysore and enhanced job opportunities. Reduction
in agriculture area by 24.6% and forests by 20.2% in the
last eight years (2010-2019) has paved the way for built-up,
evident from 7.2 to 11.6% increase.

Modeling land-use changes considering various sce-
narios helps in visualizing likely changes (Ramachandra
et al. 2019a). The study’s focus is to understand the poten-
tial implications of the proposed railway network on land-
use changes, predicted considering agents/factors (Fig. 4)
such as railway stations, city centres, bus stops, educational
institutions, industries, roads in the study region (Fig. 1).
Protected areas such as Nagaraholé and wildlife sanctuary
were considered as a constraint. Fuzzy logic was used to
determine each factor’s influence and normalize the ranges
between 0 and 1 (Table 2). MCE-AHP was used to under-
stand each of the growth factor’s relative importance and
determine the weightage of each factor contributing to the
change across each land use class (Table 5). The outcome
of AHP shows factors such as railway line, city centre, rail-
way station and bus tops have highest influence and contrib-
uted to the growth of built-up, horticulture and agriculture
activities. Weightages were assigned to all factors influenc-
ing change depending on the likely level of influence. Site
suitability maps were created for each land use classes con-
sidering the weights, factors, and growth constraints. The
site suitability maps along with the transition probabilities
(Table 6) obtained from Markov chains with cellular autom-
ata were used to simulate land uses for the year 2026.

Prediction of land uses in 2026 is carried out consider-
ing 2019 as the base year and transition rules based on the
probability of land-use changes during 2010 and 2019 and
site suitability(for each land use). Predicted land uses for
the year 2026 depict an increase in the built-up areas by
almost 1.5 times at the cost of forest areas and agricultural
lands (Fig. 5) with the implementation of railway projects.
Other than the protected forests such as Wildlife sanctuaries
(Nagaraholé.), the unprotected forests are highly vulnerable

. Educational institutions

@ Busstop
A Industries

Fig.4 Factors contributing to land use change

@ Springer

to land-use changes evident with forest loss near Kushalna-
gar, Hunsur and Kutta. Agriculture areas in the proximity of
city centers, and railway stations tend to change to built-up
areas (leapfrog and edge growth developments), as in the
vicinities of Mysore, Kushalnagar, Ponnampete, Hunsur,
Gonikoppa. Kutta and surrounding villages. In alignment 1,
built-up and horticulture are likely to increase to 21.9 and
11.5%, respectively, with the decline of forest (9.2%) and
agriculture lands (53.3%). Similarly, in alignment 2, forests
and agriculture would reduce to 16 and 38%, respectively,
while built-up and horticulture land uses increase, respec-
tively, to 18.9 and 22.3%.

With the current trends of land use (2010-2019) in
Kodagu and Mysore, societal demands and pressures have
led to the damage of animal habitat, movement paths, forage
grounds, etc. leading to biotic mortality (human and ani-
mals), crop damage (Karanth et al. 2013; Gubbi et al. 2014;
Venkataramana et al. 2017). Figure 6 highlights the distri-
bution of flora and fauna such as tiger, panther, elephant,
sloth bear, gaur, etc. based on field investigations and the
information compiled from the published literatures (Jhala
et al. 2011, 2019; Madhusudan et al. 2015; Shankar 2016;
KFD 2018).

The proposed railway lines are in the elephant forage
zones (confirmed elephant presence zones), and Mysore
Thalassery line passes through dense tiger areas. Both the
corridors would directly affect the animal forage grounds
and movement paths beyond the protected forests. Land use
patterns of 2026 show a declining forest cover and agri-
culture area with escalations in human activities into the
vulnerable pockets of animal presence zones, particularly at
Hunsur, Periyapattana, Kutta, Gonikoppa, Kushalnagar that
would aggravate the problems related to human and wild.

The spatial analyses highlight the need for a holistic
approach considering the region’s ecological fragility while
implementing developmental projects. The simulation of
land uses reveals of likely increase in urban areas at the cost

+++ Railway line

E== Major Roads

Kilometers
e e —
0 5 10 20 30
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Table 5 Various Eactor 5 Sl.no Land use Factor Range Influence Weight

range and type of infuse and

weights across various land 1 Built-up Railway track 4500-5000 Decreasing” 0.25

use class (Exan}ple of M){sore City centre 3500-7000 Decreasing® 0.19

Kushalnagar railway corridor—

Alignment 1) Railway station 0-3700 Increasing™ 0.19

4900-6500 Decreasing®*
Bus stop 300-3000 Decreasing® 0.15
Roads 0-3000 Decreasing® 0.08
Industries 0-5000 Decreasing® 0.07
Education 600-3000 Decreasing® 0.07
2 Agriculture Railway track 4500-5000 Decreasing” 0.143
City centre 0-2100 Increasing® 0.143
2100-16,300 Decreasing™
Railway station 0-2600 Increasing® 0.143
5100-9200 Decreasing®*
Bus stop 0-1400 Increasing® 0.143
3000-5300 Decreasing™
Education 0-900 Increasing™ 0.143
2600-5300 Decreasing®*
Industries 0-4400 Increasing® 0.143
7100-14,300 Decreasing$#
Roads 1500-6500 Decreasing# 0.143
3 Horticulture Railway track 4500-5000 Decreasing” 0.143
City centre 0-1500 Increasing® 0.143
12,000-15,600 Decreasing®
Railway station 0-2300 Increasing® 0.143
5300-9300 Decreasing®*
Bus stop 0-1400 Increasing®* 0.143
3300-5900 Decreasing®
Education 0-900 Increasing® 0.143
4200-6200 Decreasing®
Industries 0-3800 Increasing® 0.143
10,700-17,600 Decreasing™
Roads 0-7500 Decreasing” 0.143
*Liner function, *Sigmoidal function, *Symmetric
Table 6 Probable land use changes from 2019 to 2026 (Alignment 1)
Land use TO
Forest (%) Forest Planta-  Horticulture (%) Agriculture (%) Built-up (%) Water (%)
tion (%)

From Forest 77.3 32 9.6 7.6 1.7 0.7
Forest Plantation 0.0 83.3 4.3 6.0 59 0.5
Horticulture 0.0 0.0 86.8 0.0 13.2 0.0
Agriculture 0.0 0.3 4.8 82.9 11.7 0.3
Built-up 2.0 2.0 2.0 2.0 90.0 2.0
Water 0.0 0.2 9.5 6.0 1.3 83.0

of forests. These land-use changes would lead to habitat loss,
loss of foraging grounds (which span beyond the protected
forested areas), making it necessary to mitigate disastrous

impacts by shunning projects that are likely to aid as catalyst
in the large-scale land cover changes. Holistic approaches in
regional planning are quintessential to conserve ecologically
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Fig.5 Simulated land use 2026

important region and support people’s livelihood with the
sustenance of natural resources, mitigation of environmental
impacts such as frequent occurrences of land or mudslides,
human-animal conflicts, forest fires, flooding, water scar-
city, etc.

Conclusion

Spatio-temporal patterns of land uses in the study regions
of the proposed railway corridors i.e., Mysore—Kushalna-
gar and Mysore—Thalassery show that built-up areas would
increase with the reduction of agriculture areas and natural
vegetation. Built-up area has increased from 8% (2010) to
14% (2019), which is predicted to increase to 22% (2026)
with the decrease in agriculture and forested areas, along the
Mysore Kushalnagar corridor. Similarly, along the Myosre
Thalassery railway corridor, built-up areas have increased
from 7 to 12% and are expected to increase to 19%. Visu-
alisation of land uses show major urban agglomeration at
Mysore and Kushalnagar, while cities such as Hunsur, Pon-
nampere, Gonikoppa, and Kutta (Hamlet) show escalating

@ Springer
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of built-up areas, which could be associated with the railway
networks and proposed railway stations. The spatial distri-
bution of flora and fauna indicates that human activities
(built-up/agriculture/horticulture) have intruded into animal
movement/forage paths hampering their survival. Human
activities would further extend to the animal territories dis-
turbing their habitats, foraging grounds, thereby leading to
higher instances of frequent human—animal conflicts and
mortalities with railway connectivity implementation.

The proposed infrastructure activities through the
ecologically fragile Western Ghats (and surroundings)
would fragment the ecosystem that would lead to resource
(food, wood, water, fodder etc.) scarcity, invasion of ani-
mal habitats, loss of biodiversity (flora and fauna). Fur-
ther alteration in land use would impact the hydrological
regime, with escalations in extreme scenarios (floods and
droughts). Hence, conservation and sustainable manage-
ment of ecologically fragile regions are essential. It is
prudent to maintain intergeneration equity by maintain-
ing Western Ghats landscape integrity without any major
developmental projects, including the proposed linear
projects.
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