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Abstract— Spatial decision support system (SDSS) is an
assistance tool which helps the users in solving complex
spatial problems associated with development,
evaluation and selection of policies, plans, scenarios or
interventions necessary for sustainable management of
resources. Conservation planning is vital for protecting
the natural resources and is a challenging task to manage
and control increasing human pressures on the
ecosystem. Stretching along the south-west coast of India,
the Western Ghats mountains range with spatial extent
of 1, 64, 280 km?2 is known for their rich biodiversity and
natural heritage, is one among 35 global biodiversity
hotspots. The mountains anticipate the rain-bearing
westerly monsoon winds, and the area receives hnigh
rainfall which harbors incredible diversity of flara anad
fauna. Western Ghats are home to more _than {690
species of flowering plants with 38% enlemics,”330
butterflies with 11% endemics, 156 remoizs wvita 62%
endemics, 508 birds with 4% endemics, 120,mammals
with 12% endemics, 289 fishes with 41*o_cidemics and
135 amphibians with ez endemics
(http://wgbis.ces.iisc.ernet.in/biodyv Zi'sity/pubs/ces_tr/T
R122/index.htm). This blological haven needs
conservation strategies, that “avolve in generating
databases on the—spedvies; its status, habitats,
socioeconomic impalts,; threats to its existence by
providing a scientitic_pssis for decision making. The
current system is designed to enhance the visualization
capabilities, help identify the spatial trends and analyze
the aspects that are geographically related to the problem
and decision making. The Geographical Information
Systems (GIS) software’s (Geoserver, PostgreSQL,
GeoTools, Openlayers) with collaborative Open
Geospatial Consortium (OGC) standardized web
services are coupled with multi-criteria analysis, for the
development of the SDSS. SDSS helps in guiding the land
conservation in terms of (i) regions that most need
protection, (ii) areas suitable/unsuitable for expansion,
and (iii) how best to balance competing objectives across
conservation and socio-economic impacts. The multi-
criteria decision making enables structuring complex
problems well and consider priorities in allocation of
resources for various developmental projects towards
sustainable management of resources with appropriate
planning.

Keywords— Geo-visualizaticy"we ) based spatial decision
support system, Westery Chats, Biodiversity, and
Ecology.

INTRODUCTION

The increasec, exploitation of the biological resources
and landscay e transformations leads to the degradation
of the Gcorystem. Understanding the importance of the
inta evosystems for human sustenance to meet the
present as well as the future needs with conservation
riles should be mandated in the process of decision
making. A framework for the evaluation of multiple
functions of landscapes and forests will be helpful in
designing protected areas, and creating large scale
zonal resource management with relevant significance
of the species are to be accounted. Collectively, these
outputs support adoption of best planning practices
that also promote public participation with traditional
knowledge towards conservation. SDSS would be
beneficial to large community of users, experts,
citizens, analysts and decision makers aiding more
informed and optimal decision making. The
development of SDSS facilitates an effective interface
providing guidance and feedback about matters of
content in the planning and information about current
activities in the region.

Western Ghats being one of the hottest hotspots in
India needs to be conserved to balance the ecological
cycle which is important for sustainable living. The
regional importance based on the diversity is
categorized as ecologically sensitive regions (ESR)
that clearly indicate the dimension of the environment
that cannot be recovered or restored once it is degraded
or lost. Eco-sensitive regions are determined based on
biological, economical, socio cultural values relevant
to the context and the region for conservation.
Ecological sensitive regions are unique treasures that
is important but, are vulnerable to disturbances and are
irreplaceable if degraded or destroyed. Decisions
involving conservation issues consider geographical
parameters such as location, distance, direction,
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proximity, adjacency, topography etc. and spatial
dimension to the alpha-numeric decision support
system dedicated to biodiversity conservation. The
advancement of Geo information systems (GIS) with
free and open source software and remote sensing, are
powerful tools for handling spatial information,
performing analysis and manipulating spatial outputs.
Spatial conservation planning of a region providing
spatial data and associated information of ecological
systems through geo-visualization by displaying the
input data and results of a model. The database
technologies are used to store, analyze and display
large amounts of spatial data, an up-to-date
information is provided over a graphical user interface
toe the end user. Both spatial and temporal information
of region plays major role to undertake management
plans and other mitigation measures.

OBJECTIVE
The paper aims at offering benefits of scientific
methods and models in the process of decision-
making. Development of spatial decision support
system specific to biodiversity conservation models
based on empirical relationships between ecological
parameters. To program the multi-criteria decision
making rules so as to present information for better and
simplified form of geo-visualization to the users and

0 125 250 500 750 1,000
Kilometers

decision makers. The interactive ‘Graphical User
Interface’ (GUI) so as to ensure effective use of system
to the user.

STUDY AREA

Western Ghats with spatial extent of 1, 64,280 km?
(<5% of India’s geographical area) is chain of hills and
undulating terrain running in the North-South
direction for about 1600 km parallel to the Arabian Sea
from river Tapti (22°26’N) to Kanyakumari (about
8°0° N) is a repository of endemic flora and fauna. It is
one of the 35 hotspots with rich flora and fauna. Uttara
Kannada district is located in central Western Ghats
with 76% of'its 10,291 sq.km anta covered with forests
has the distinction of haviiig hichast forest area. This
is the northernmost coastai distiict of Karnataka State
(13.9220° N to 15.5252° 1%,and 74.0852° E to 75.0999
° E). Web based SDSS designed with various spatial
information pciated .to land, water, biodiversity,
ecology and hydrology helps in identifying local
hotspots, 6t hiodiversity with an ecological dimension
referred “ag” situctures, processes, technological and
ecofanc aspects are considered for decision making.
Piguie 1 shows the Western Ghats boundary and
Uttara' Kannada districts located in central Western
Ghdts.
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Figl: Study area Western Ghats - Uttara Kannada.

Proceedings — Lake 2016: Ramachandra T V, Subash Chandran M D, Mohan Alva, etal.,, 2018. Conservation and Sustainable Management of Ecologically Sensitive Regions in
Western Ghats, , Sahyadri Conservation Series 65, , ENVIS Technical Report 120 Environmental Information System, CES, Indian Institute of Science, Bangalore 560012



Venue: V5. Acharya Auditorium, Alva's Education Foundation, Sundari Ananda Alva Campus, Vidyagiri, Moodbidri, D.K. Dist., Karnataka, India — 574227

Laﬁe 201 6: conference on Conservation and Sustainable Management of Ecologically

Sensitive Regions in Western Ghats [THE 10™ BIENNIAL LAKE CONFERENCE]
Date: 28-30™" December 2016, http://ces.iisc.ernet.in/energy

FRAMEWORK: Figure 2 shows the architecture of
WSDSS using open source softwares such as
Geoserver, Apache Tomcat 8, Postgresql and Postgis.
Apache Tomcat 8 together as a web server and servlet
engine connect with the database technologies
Postgresql and Postgis as an extension for the spatial
data management, PgAdmin is a graphical user
interface used to manage the data without a console.
GeoServer is an application server used to share,
process and publish the geospatial data with Open
Geospatial ~ Consortium (OGC) web  service.
GeoServer connects existing information to web-based
maps such as OpenLayers and reads a variety of data
formats: PostGIS, Oracle Spatial, ArcSDE, DB2,
MySQL, Shapefiles, GeoTIFF, GTOPO30, ECW,
MrSID, JPEG2000. It produces KML, GML,
Shapefile, GeoRSS, PDF, GeoJSON, JPEG, GIF,
SVG, PNG and more. All the softwares and

application used are interoperable and loosely coupled.
The reference implementation of the Open Geospatial
Consortium services like Web Feature Service
standard (WFS), Web Map Service (WMS), Web
Coverage Service (WCS) and Catalog Service Web
(CSW) with Geoserver and Openlayers helps the users
in geo-visualization. WFS allows querying and
retrieval of features, WMS serves the georeferenced
map images using the stored data from a GIS database.
WCS is a coverage service, the information
representing  space/time-varying phenomena are
retrieved through this service. CSW catalogue service
of geospatial data with the indexing feature which
enable the quick search process. The Styled Layer
Descriptor (SLD) is an XMi-based mark-up language
using for styling both vecter"an(! raster data, Quantum
GIS (QGIS) is used fér SLD*Creation.

Browser- End Users

Internet
Technology

Graphical User [Titefface

Apache
Webserver

Tom¢éat

: OGC Web
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Metadata
Service:
Catalogue
Service

Spatial
Database

Fig2: Architecture of SDSS.

Remote sensing data is a real or near real time data
provided by the satellites and can be interpreted in
ways relating to the biodiversity conservation.
Interpretation from images include forest cover
mapping, forest type mapping, water bodies etc. The
satellite data provides information on quantitative

aspects of forests such as estimation of biomass,
productivity, locations of the important/endangered
and endemic species, hotspots, habitats, administrative
boundaries, management zones etc. The non-spatial
information such as attribute parameters and metadata
are helpful in indexing and searching.
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RESULTS (OpenStreetMap or Bhuvan). The user can select
Spatial decision support system combine emerging  various thematic layer provided in the selection panel
methods and tools for the visual exploration, analysis, for visualizing Uttara Kannada district with various
synthesis and presentation of geospatial information  variables information (Fig. 4a-e) for analysis and
required by natural resource managers, land-use  evaluation of the parameters. The map layers with
planners, and individual stakeholders. The interface is protected areas, estuaries, endemic flora and fauna,
a menu-driven graphical user interface, which is user  lithology, forest zones of the districts are presented
friendly and the map layers are fully driven with  where the user/decision makers can easily understand
select/deselect options for visualization. Fig. 3. shows  the location and the areas with rich diversity to be
options visualizing (state/district) with the Western  conserved with policies and plans.
Ghats districts overlaid with backend layers

Spatial Decision Support System for Ecological Sen Regions in Western Ghats
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CONCLUSION

The Spatial Decision Support System is a powerful
information dissemination tool which offers decision
making capabilities based on integration of
information with geographical parameters. SDSS
offers  scientific relevance, knowledge and
information integrated with the technology and made
available with various multi-decision making
criteria’s to be considered while decision making.
Geo-visualizing the map layers are interactive,
iterative and systematic where the resultant
information is presented in the form of maps, textual,
table, graphical form. The ecologically sensitive
regions in Uttara Kannada region at panchayat level
depict the priorities to be considered and
conservational measure to be planned. The district is
categorized as ESR1& ESR2 as a ‘no go area’ where
no developmental projects are allowed and is kept
undisturbed, ESR3 if disturbed can cause major
impacts on the ESR1 & ESR2 so it is considered as an
well-ordered sustainable developmental area where
decisions should made involving more stake holders
and regulatory authorities, ESR4 as the area with the
distributed development can take place to conserve
the highly sensitive regions or can also be kept
restricted, but anticipated by public and private
partnership of sustainable use. The Resource
managers and policy decision makers can use ‘his
information for effective = management %, and
conservation in relation to the environmental status’of
the region.

ACKNOWLEDGEMENT

We acknowledge the sustained finaicial support for
ecological research in Westert Ghats from (i)
NRDMS division, The Munissy of Science and
Technology (DST), Government of India, (ii) Indian
institute of ScienCe~ anav (iii) The Ministry of
Environments, forests/ and Climate Change,
Government of India.

REFERENCES

1. Giljum, S., Lutz, C., Jungnitz, A., Bruckner, M.,
Hinterberger, F., Global dimensions of European
natural resource use. First results from the Global
Resource Accounting Model (GRAM). SERI
Working Paper 7, Sustainable Europe Research
Institute, Vienna, 2008.

2. Dearden, P., Mitchell B., Environmental Change
and Challenge: A Canadian Perspective (second
ed.) Oxford University Press, Don Mills, ON,
2005.

3. Khnight, R.L., Introduction, Knight, R.L., White,
C., (Eds.), Conservation for a New Generation:
Redefining Natural Resources Management,
Island Press, Washington, pp. 1-10, 2009.

10.

12.

13.

14.

15.

16.

Layzer, J.A., Natural Experiments: Ecosystem-
based Management and the Environment MIT
Press, Cambridge, MA, 2008.

Gregersen, H.M., Folliott, P.F., Brooks, K.N.,
Integrated Watershed Management: Connecting
People to their Land and Water CABI,
Wallingford, UK, Cambridge, MA, 2007.
Hammond, H., Maintaining Whole Systems on
Earth's Crown: Ecosystem-based Conservation
Planning for the Boreal Forest Silva Forest
Foundation, Slocan Park, BC, 2009.

Mendoza, G.A., Martins, H., Multi-criteria
decision  analysis in  natural  resource
management: a critical review of methods and
new modelling paradigms, Forest Ecology
Management, 230.(1-37, 1.-22, 2006.
Diaz-Balteiro, I, kanicro, C., Making forestry
decisions with muliivle criteria: a review and an
assessmept~ Forest Ecol. Manage., 255 (8-9),
3222-3741,42008!

Rinn¢hy, CwTaranu, J.P., Map-based exploratory
evaluaion of non-medical determinants of
population health Trans. GIS, 10 (4), 633-649,
2085,

Dédard, Y., Rivest, S., & Proulx, M.J., Spatial.
Online  Analytical. ~ Processing (SOLAP):
Concepts, Architectures, and Solutions. Data
Warehouses and OLAP: Concepts, Architectures,
and Solutions, Idea Group Inc, 298-319, 2007.

. Laing, R., Davies, A., Scott, S., Combining

visualisation with choice experimentation in the
built environment. In: Bishop, 1.D., Lange, E.
(Eds.), Visualisation for Landscape and
Environmental Planning: Technology and
Applications. Taylor & Francis, London, pp.
212-291, 2005.

Vieria Pak, M., Castillo Brieva, D., Designing
and implementing a role-playing game: A tool to
explain factors, decision making and landscape
transformation Environmental Modelling &
Software, 25 (11), 1322-1333, 2010.

Bishop, 1.D., Stock, C., Williams, K.J., Using
virtual environments and agent models in multi-
criteria decision-making Land Use Policy, 26 (1),
87-94, 20009.

Dykes, J., MacEachren, A., Kraak, M.J.,
Introduction: Exploring geovisualization. In:
Dykes, J., MacEachren, A., Kraak, M.J. (Eds.),

Exploring Geovisualization. Elsevier,
Amsterdam, Boston, pp. 1-19, 2005.
Dodge, M., McDerby, M., Turner M.,

Geographic Visualization: Concepts, Tools and
applications Wiley, Chichester, UK;
Mississauga, ON, 2008.

Gadgil, M., Daniels, R.J.R., Ganeshaiah, K.N.,
Prasad, S.N., Murthy, M.S.R., Jha, C.S., Ramesh,

Proceedings — Lake 2016: Ramachandra T V, Subash Chandran M D, Mohan Alva, etal.,, 2018. Conservation and Sustainable Management of Ecologically Sensitive Regions in
Western Ghats, , Sahyadri Conservation Series 65, , ENVIS Technical Report 120 Environmental Information System, CES, Indian Institute of Science, Bangalore 560012

213



€

0 Lake 2016 “

v\ ]
et N2,

S

Date: 28-30™" December 2016, http://ces.iisc.ernet.in/energy
Venue: V5. Acharya Auditorium, Alva's Education Foundation, Sundari Ananda Alva Campus, Vidyagiri, Moodbidri, D.K. Dist., Karnataka, India — 574227

o £6Lﬁe 201 6: Conference on Conservation and Sustainable Management of Ecologically
Sensitive Regions in Western Ghats [THE 10™ BIENNIAL LAKE CONFERENCE]

17.

18.

19.

20.

21.

22.

B.R., Subramaniam, K.A, 2011 Mapping
ecologically sensitive, significant and salient
areas of Western Ghats: proposed protocol and
methodology. Current Science 100(2): 175-182.
Ramachandra, T.V., Subramanian, D.K., Joshi,
N.V., Wind energy potential assessment in Uttara
Kannada district of Karnataka, India, Renewable
Energy, 10 (4), 585-611, 1997.

Ramachandra, T.V., Joshi, N.V., Subramanian,
D.K., Present and prospective role of bio-energy
in regional energy system. Renewable and
sustainable energy reviews 4, 375-430, 2000.
Ramachandra T.V., Kamakshi, G., Bio resource
Potential of Karnataka [Taluk wise Inventory
with Management Options], CES Technical
Report No 109, Centre for Ecological Sciences,
Bangalore, 2005.

Mesta, D.K., Ramachandra, T.V., Chandran, S.,
Rao, G.R., Alj, S., Gururaja, K. V., Discovery of
two critically endangered tree species and issues
related to relic forests of the Western Ghats. The
Open Conservation Biology Journal, 2, 1-8, 2008.
Bharath, S., Rajan, K.S., Ramachandra, T.V.,
Land Surface Temperature Responses to Land
Use Land Cover Dynamics. Geoinformatics
Geostatistics: An Overview, 1(4), 2013.

Vinay, S., Bharath, S., Bharath, H.,
Ramachandra. T.V., Hydrologic model viith
landscape dynamics for drought monitoring, " i
proceeding of: Joint International Workshop of
ISPRS WG VIII/1 and WG 1V/4 o Geo; patial
2-2114, ISSN 0378-1127, 2010.

23.

24.

25.

26.

27.

28.

Data for Disaster and Risk Reduction,
Hyderabad, pp. 21-22, November 2013.
Ramachandra, T. V., Hegde, G., Setturu, B,
Krishnadas, G., Bioenergy: A sustainable Energy
Option for Rural India. Advances in Forestry
Letters (AFL), 3(1), 1-15, 2014.

Mesta, P.N., Setturu, B., Chandran, S., Rajan,
K.S., Ramachandra, T.V., Inventorying, Mapping
and Monitoring of Mangroves towards
Sustainable Management of West Coast, India.
Journal of Geophysics & Remote Sensing, 2014.
Ramachandra, T.V., Setturu, B., Chandran, S.,
Geospatial analysis of forest fragmentation in
Uttara Kannada District, India. Forest
Ecosystems, 3(1), 1-15,2046

Ramachandra, T.V.,wGettiru, B., Rajan, K.S,,
Chandran, M.S§, Ctinwlus of developmental
projects to landseape dynamics in Uttara
Kannada..©entral Western Ghats. The Egyptian
Journal Hf Kemote Sensing and Space Science,
2016

Renat,“E:, Value functions for environmental
menagement. Kluwer Academic, Boston, MA,
24%,1997.

Creene, R., Luther, J. E., Devillers, R., Eddy, B.,
An approach to GIS-based multiple criteria
decision analysis that integrates exploration and
evaluation phases: Case study in a forest-
dominated landscape, Forest Ecology and
Management, 260 (12), pp. 210

Proceedings — Lake 2016: Ramachandra T V, Subash Chandran M D, Mohan Alva, etal.,, 2018. Conservation and Sustainable Management of Ecologically Sensitive Regions in
Western Ghats, , Sahyadri Conservation Series 65, , ENVIS Technical Report 120 Environmental Information System, CES, Indian Institute of Science, Bangalore 560012

214





