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Western Ghats
« Western Ghats Spatial Decision Support System new

« Western Ghats SDSS Mobile App (Android) new
. Uttara Kannada Spatial Decision Support System new

« ENVironment Information System (ENVIS)
» Energy & Wetlands Research Group [EWRG]

Lake Symposium 2024

« GeoVisualization XIV Biennial Symposium

« Free & Open Source Software (FOSS) e (17th - 20th Oct 2024) neu
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Goal: Sustainable Future

* Ensuring Clean Air, Water and Envnronment to our Next
Generation - ~ —

- Sustenance of Natural Resources [ = 8s e (8 = &
* Minimal Disasters AT
« Security, Survival and Peace

Sustainable Future —
Maintain Ecosystem Integrity

Responsible decision making — Decentralised Governance
For Prudent Management of Natural Resources



Disasters- Drivers: Changes in the Climate

Climate change is a change in the average temperature and cycles
of weather over a long period of time.
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Climate change disrupts weather patterns and causes extreme weather events to become more
common. These include hurricane activity, droughts and floods.

As the global temperature has increased, so has the number of reported natural disasters.
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The rising water can cover coastal areas, destroying
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Developing Countries are the Most Vulnerable

* Impacts are worse:

— Large share of economy in climate
sensitive sectors (e.g. agriculture, tourism)

— Prone to natural disasters (e.g. floods and
droughts)

— Adds to existing water resource stresses

* Multiple stresses and lower adaptive capacity:
— Limited financial, institutional, technological capacity
— Limited access to knowledge

* Impacts disproportionately on poorest countries and

poorest people:

— Exacerbated human health, food security, malnutrition, clean water and
other resource access concerns




Coral Bleaching
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Bleached coral, Maldives by
© naturepl.com / Peter Scoones / WWF licensed under CC BY
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Expected Impacts on Poor Regions

120 million to 1.2 billion in Asia
12 to 81 million in Latin America
e 75 to 250 million in Africa

* 30% by 2050 in Central and South Asia
* 30% by 2080 in Latin America
* 50% by 2020 in some African countries

Slide adapted from Dr. R K Pachauri ‘s presentation, State of the World

11:51 Symposium, Washington, 15th January 2009.



Escalation in Vector borne diseases

* Increase range or abundance of animal reservoirs

&/or arthropod vectors

— e.g. Malaria, dengue, etc.

* Enhance transmission

— e.g. virus & other arboviruses

* Increase importation of vectors or

pathogens
— e.g. Dengue, Chikungunya, etc.
* Increase animal disease risk &

potential human risk

Temperature effects on vectors &

pathogens

Vector

Survival decrease/increase depending on
the species

Changes in the susceptibility of vectors to
some pathogens

Changes in rate of vector population
growth

Changes in feeding rate & host contact




RISE IN TEMPERATURE
EFFECTS OF CLIMATE CHANGE

Glaciers are melting away
worldwide
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8-12 Million [ ;;“;g A g?
species @ \ -
q@\m
1-1.3 Million %
as per o B
science

Length: 1600 km
Area : 160,000 sq.km
Peninsular India’s watershed

Home to evergreen, semi-evergreen,
shola, moist and dry deciduous forests '”
and grasslands 2\

BIODIVERSITY FOR PEOPLE
Diverse Food, Medicine and Immunity
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Spatial data -Remote sensing

Satellite | Source

Landsat -1, 5, and

IRS-1CHD, P6 PAN, LISS-

1999 -
Till date

112 | 112 | 109 | 101 | 103 | 109 | 109 | 109
109 | 106 | 105 | 108 | 113 | 105 | 108 | 108
105 | 112 | 108 | 110 | 116 | 113 | 110 | 102
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being in contact with it
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7-bit image (0 - 127)

Science of obtaining information about an object or phenomena without

1998 -

Till date

(Terra, Agqua)

2002

Radar  Topography

2002

Radar- Hydro 1K

Spectral bands

PAN,
VIS, NIR, MIR,
TIR
PAM, VIS-2,
MIR=-1
(low spectral
resolution)

PAN,
VI5-3, NIR-1

36
(high spectral
resolution )

DEM-1

Frecipitation,

Slope, Aspect-1

Big Data:

Spatial resolution

in metres (m)

15m = 120m
(moderate spatial
resolution)

58m-235
{high to moderate
spatial resolution)

1 m (PAN)
4 m (Others)
(high spatial)

250 m = 1 km
(low spatial
resolution)

a0 m

(medium cost,



Spatial Data Data

«  Survey of India (SOI)
Topographical Sheets to
8-bit image (0 - 255) generate base layers.

. RS data of various
resolutions.

T
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« Google Earth image
along with the field data

- for validation.
Digital Data — Raster data

Images of Earth’s Surface (collection of pixels — DN’s)
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Al (ARTIFICIAL INTELLIGENCE)

[ Machine Learning

|
|/’ Supervised
|
I

‘I/ Classification

—I/ Regression

Support Vector
Machines

Linear

Discriminant
Analysis

Regression

-_'__,--'
Unsupervised

Hot Spot Analysis

—

Clustering

K-Means

Hierarchical

Naive Bayes

Hierarchical

Nearest
Neighbors

Ensembles

Gaussian

Neural Networks

Decision Trees

Mixture

Neural Networks

11:51:39

Hidden Markov

Neural Networks

Geospatial Machine Learning Operators

Geospatial Machine Learning Operators

Regression

Classification

Clustering

Recognition of Generalized Linear
Address Elements Regression

Classification

Regression

Geospatial Deep Learning Operators |

Image Analysis

Object Detection

Classification
Classification

Land Use/Cover |
Classification

3D Data Analysis

Extracting Building
Footprint from Oblique
Photography DSM Data




Geo-Visualisation of Land Cover Dynamics

1.
2. Visualisation—

Agent based modelling

Spatio-temporal pattern analyses

Data
Acquisiation

eSatellite imagery
*Base maps

Data Pre-
processing

eGeorectification
eGeoregistration
*Mosaic and crop
*Image Enhancement

Models
Cellular Automata
CA-Markov
Geomod
AHP-CA-Markov | Current study,
Land change modeler ;T:::jm :I?P MgﬂEci

Multi Criteria Evaluation Markov models

Regression

Bayesian

Analysis

Interpretation
of results

11:51:39

eResampling

eTraining set creation

eSupervised
Classificaton
eAccuracy Assessment

*Landscape metrics

e understand the behavior of agents

and 1its contribution 1in development
through Fuzzy and  Analytical
Hierarchal Process (AHP).

AHP was used
agent/parameter

to rank each

Output of AHP with constraints
were used 1 Mult1 criterion
evaluation to derive transition maps,
mputs to CA markov

fRBAN SPRAWL

LAND USE ANALYSIS

ANALYSIS

Ground Data,
Toposheets,

Bhuvan,
Google earth

Water

Constrainis

Protected land
based on City
Development
Plan 2015
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| 1 2\ .

Rasterisation
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Western Ghats — Land
cover Scenario _—

Remote Sensing and GIS
Big Data
&

Al, ML

LU analyses of WG from 1985-2018 Forest fragmentation from 1985-2018

1985 1995 2005 2018
& g o & Q
‘.{l- | ‘ .'; &

<
.

@ irGREEN
D oecmuous
@scrun
@:uiror
" OPEN LAND
.\\.\'I'LR
AGRICULTURE
() pLANTATIONS

.

18



Likely LU and fragmentation of WG for year 2031 spatiotemporal frend of Climatic parameters
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An increase of mean temperature by 0.5 °C and decline of

rainy days with the decline of forests.

Maintain Ecosystem Integrity through Prudent Management - SDSS



Ecosystem services

Carbon sequestration

Goods

§ SandabWood

Water

Forest
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Incremental carbon of WG from above ground biomass,
below ground biomass

Incremental carbon of WG from above ground biomass,
below ground biomass

Forest ecosystem in the Western Ghats holds 1.23 MGg in vegetation and soils

The annual incremental carbon is about 37507.3 Gg, and the highest in the forests of Karnataka

part of WG.

Sequestered carbon in WG is about INR 100 billion ($1.4 billion) at $30 per tonne of carbon




o Interaction Alteration in structure and
e Material flow function

e’ Wetlands for Climate Change Mitigation

11:51:39 “»*Nutrient



® Lalagupps

Figure 3. od image of the study 2rea with major sub-basizs a=d sampling peints

3000-4500 mm
Rainfall 1965-2020




Forests and Rainfall
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. Evapotranspiration

. Infiltration

Infiltration to
Transpiration ratio
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Figure 8. Ecologically Sensitive Zones (Village).




Catchment Integrity - Fauna diversity, Vegetation and water linkages

2K Sloth bear Linganamakki Reservoir

* Gaur

* Tiger or Leopard

H
=
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‘*’ Ungulates I © Energy Research Group, CES, 2004

Schistura nagodiensis and S. sharavathiensis are the new fish
species described from Sharavathi river, central Western Ghats.

—n

Schistura nagodiensis sp. nov.

() EWRG, CES, I1Sc, 2006

|

|
g . () EWRG, CES, TISc, 2006 |
Schistura sharavathiensis sp. nov. |
Sreekantha, K.V. Gururaja, K. Remadevi, T.J. Indra and T.V. Ramachandra, 2006.

Two new fish species of the genus Schistura Mcclelland (Cypriniformes:
Balitoridae) from Western Ghats, India. Zoos' PRINT JOURNAL 21(4):2211-2216

Developmental mode in |
% white-nosed shrub frog
Philautus cf . leucorhinus

*Direct development in amphibians bypassing intermediary tadpole stage
has behavioural evolutionary and ecological significance.

*This work presents direct development in Philautus cf. leucorhinus, while
comparing with other congeners of the Western Ghats.

0O, N
-,

==

Gururaja. K.V, and Ramachandra. T.V.,
2006. Developmental mode in whire-
nosed shrub  frog  Philatus  cf.
lencorhinus, Cwrent Science. 90(3):
450-454.
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SDSS
Identify Eco-
sensitive Regions
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https://wgbis.ces.iisc.ac.in/sdss/wgsdss/index.php

Western Ghats Spatial Decision Support System [WGSDSS]
Ecologically Sensitive Regions in the Western Ghats

T V Ramachandra, Bharath Setturu, Vinay S, MD Subash Chandran, Bharath H. Aithal

Energy and Wetlands Research Group (EWRG), Environment Information System (ENVIS)
Center for Ecological Sciences {CES), Indian Institute of Science {IISc)
Tet 0&3 229’3%’9 / 229335'\3 23’1085‘\
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Cultural changes & decline in conservation ethics
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KARIKANAMMAN SACRED FOREST, HONAVAR
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Bangalore - Interconnected wetlands

Rainfall ~ 750mm/year
Temperature : 14°C to 38°C

3 Major wvalleys

— Hebbal Nagavara

— Koramangala Chellaghatta
— Vrishabhavathi

Granitic Gneisses, Schists.

N 073




e Removal of lakes — GW table has fallen to 600’ from 80 — 100’

e Some localities with Intense urbanisation GWT is about 800 —
1000’

* Rejuvenated lakes — groundwater table increase (Example:
Sarakki Lake)



Wetlands — goods and services

UNPOLLUTED

e Rachenahalli Lake— Rs 10500/day/hectare

— (fish, fodder, agriculture in command area, flood mitigation, GW recharge,
recreation,...)

POLLUTED

o Amruthhalli Lake: Rs 20/day/hectare
(Most waterbodies are Sewage fed)



Wetlands — Threats

(i) Unplanned Urbanisation: loss of flood sinks — wetlands and
trees

(ii) Loss of Floodplains
(iii) loss of interconnectivity among wetlands
(iv) narrowing drains with concretisation

(v) loss of Riparian Vegetation (Water infiltration), reduces
shocks and aid in infiltration
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Stop senseless urbanisation

0
1078% ncrease in built up area from 1973 to 2019

leading to a decline of 88% vegetation, 79% area in water bodies in
Greater Bangalore mostly attributing to intense urbanisation process

98.5% would be concretised by 2025

NOT ACCEPTABLE

I
ENOUGH IS ENOUGH

i STOP UNREALISTIC CONCRETISATION — ALLOW
. GRONDWATER RECHARGE

DECONGEST Bangalore




TREES IN BENGALURU # of TREES STILL SUVIVING FROM BUREUCRATS
IRRESPONSIBLE

o

7 persons ONE TREE

a) TreeCensus wang GPS b) Trees from ramote sensing data
through pattem dassifiers

Figure 17: Tree Detrbution in Indian Inststute of Science campus

Distribwtion of trees in IS

One person=7 to 8 trees

908 ocs.olll 01-018 -01::-..-,_., s

Figure 14: Ward wise vegetation density (20 13)
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Figure 16: Tree distribution
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88% Decline in vegetation cover during 5 decades . . =

Figure 20- Ward wise tree per person
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Disappeared Wetlands — ABUSED

77°33'E 77°42'E

-~ 79%0

LAKE ENCROACHMENTS: 98%
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12°54'N

¥ RAJAKALUVE (STORMWATER
—— DRAINS) ENCROACHMENTS: 82%

77°33°E 77°42'E

1078% lincrease in built up area from 1973 to 2019 leading to

a sharp decline of 88% vegetation, 79% area in water bodies in Greater Bangalore mostly 40
Aattribiitino to intence 1irbanication nrocec<
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Escalating GHG FOOTPRINT
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Loss of Wetlands with the Unplanned Urbanisation

- Increased Temperature

e Lakes have become Seasonal

e Ground water table decline

* Changes in Local Temperatures
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April, July-August, Oct News — Every Year

kilometers.

J Dakhina Pinakini river S i nce 2 0 0 1

2,
HRAMANGALA
o LLAGHATTA

Catchment area : 255 square
kilometers.
Joins Dakhina Pinakini river
atchment area :
= kilometers.
Joins Arkavathi river

SUBWAY BETWEEN MAJESTIC RISING WATER LEVEL AND VEXCLES

AND RAILWAY STATION

PLATES: 4.2: SHOWING THE HAVOC OF RAINFALL IN CERTAIN AREAS
OF BANGALORE:




WATER: CURRENT STATUS

POOR WATER AND WASTEWATER MANAGEMENT by BWSSB

(i) Lakes— polluted, abused ..

(ii) Rainwater Harvesting
— suboptimal

(ii)No Reduce, reuse, recycle of wastewater
Sewage Diversion, River diversions — Fools’
ldea & not of sensible Citizens

Wasp%yﬁist

3
®
ENVIRONMENT

—

4=Vl —3-V50




Mapping of illegal dumpsites in and around Details about illegal dumpsites in city periphery

Fhatey A& O A/

Consequences of polluting water bodies = HEAVY METAL IN FOOD CHAIN

1,000,000

Riparian - Vegetation
all Fish 100,000

L ]

Allows water to percolate — vadose zone and
saturated / groundwater zone

Controls timing and amount of water yield

Controls amount of soil for downstream transport
Habitat for Biota

- Long-Term Stomgs
Elsvated Alvisl Terrscas

i Intarmadiats Storags .
Short-Tarm Sadimant.

Storags Channs
Bars and Bed

Cost effective, sustainable solution
Wastewater Treatment with Constructed wetlands and algal pond




WATER: CURRENT STATUS

POOR WATER AND WASTEWATER MANAGEMENT by BWSSB

(i) Lakes— polluted, abused ..

(ii) Rainwater Harvesting
— suboptimal

(ii)No Reduce, reuse, recycle of wastewater
Sewage Diversion, River diversions — Fools’
ldea & not of sensible Citizens

Wasp%yﬁist

3
®
ENVIRONMENT
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Quantify accumulated silt — Scientifically
Bathymetry

Varthuru Bellanduru

~

Bathymetry

Varthuru Bellanduru
Depth of Sediment )
b " I
n D ) e
Depth of Water (m) I ol = = L Bty 1 :_I-‘.
= e —
- | R
2 —
Bathymetry
Varthuru Overlay Water + Slush Bellanduru I |]}Pg
Slno cription Unit of measurement Varthuru Bellanduru
1 |Surface area of Lake Hectare 190.78 367.34
2 |Storage Volume Million cubic meters 6.10 18.67
3 |Current Storage Volume of Water Million cubic meters 1.61 5.50
4 [Volume of Slush deposit Million cubic meters 0.62 6.56
5 Nolume of Sediment deposits Million cubic meters 3.87 6.60

11:51:39 0 135270 MZ:JN 810 1.020 0 1299% %0 L 48



Vegetable grown in silt of Varthiur

Revenue for farmer —Rs 1,50,000 per acre (additional benefit then regular
profit) — data from Mr. Yatish, Mr Khan

49




BANGALORE LAKES INFORMATION SYSTEM [BLIS]
T V Ramachandra, Asulabha KS, Sincy Varghese, Abhishek Baghel _

Lifestyle for j Energy and Wetlands Research Group (EWRG), Environment Information System (ENVIS), r L 5 / ‘ Azadi Ka
Environment R 2023 INDIA : Center for Ecological Sciences (CES), Indian Institute of Science (I1Sc), . = AmritMahotsav
Tel: 080-22933099 / 22933503 / 23608661
Email: tvr@iisc.ac.in, envis.ces@iisc.ac.in
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SOLUTION / ACTION PLANS SOLUTION / ACTION PLANS

ortion1 - Cost effective, sustainable solution

Wastewater Treatment with Constructed orTion2- Sensible, sustainable solution

wetlands and algal pond RAINWATER HARVESTING THROUGH REJUVENATED LAKES
(WITH CONSTRUCTED WETLANDS)

REUSE, RECYCLE
ING WASTEWATER

WASTE WATER REUSE , RECYCLE
GROUNDWATER RECHARGE — STOP UNPLANNED URBANISATION

St ""r'$:-I o M "9."-. Aoy > S 'g-'-:‘“.’"“ - e

SOLUTION / ACTION PLANS Option 4 — Mini forest in each ward ENVIRONMENT EDUCATION to
Enhance Environment Literacy
Option 3 -
P : Sensitise Youth
* Improvements in ground water table
* Create water bodies and mini forest in each * Local ecology
ward /village for adequate water and oxygen * Carbon sequestration

* Reduction in the temperature at least by 2 °C Sensible Youth -> Responsible
-> Optimal Decisions towards

SUSTAINABLE DEVELOPMENT



Tertiary Treatment of Wastewater — Model working since 14 years

INTEGRATED WETLANDS ECOSYSTEM: SUSTAINABLE MODEL TO

MmGATE WATER CRISlS IN BANGALORE Inflow Chracteristics Settling basin/algal pond Lake Outfall
COD = ~38 mgll COD = ~48 mg/l COD = ~20 mgi
BOD = ~47 mg/l BOD = ~16 mg BOD = ~5.04 mg
NO = 0.4 mgA NO. = 0.27 mg!l NO.= 0.28 mgA
T V Ramachandra Durga Madhab Mahapatra Sudarshan P. Bhat PO.= 0.35 mgl PO. =0.21 mgA PO, = 0,08 mg/
Asulabha K S Sincy Varghese Bharath H. Aithal

Wastewater Inflow

Stage-02 ““‘ e
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gure 4: Integrated wastewater management system

— tive, sustainable solution— OPTION 2

ATER HARVESTING THROUGH REJUVENATED LAKES (WITH CONSTRUCTED WETLANDS)



Sustainability — Water Harvesting [Give back to the Nature 10 times of consumption]

Centenary Pond —
Water body

@
l1ISc, 2008

21 AUGUST 2018

Via nu'ﬂr‘m




Sustainability — Water Harvesting [Give back to the Nature 10 times of consumption]

Centenary Pond —
Water body

@
l1ISc, 2008

21 AUGUST 2018

Via nu'ﬂr‘m




Option 4 — Mini forest in each ward

Improvements in ground water table

Local ecology

Carbon sequestration

Reduction in the temperature at least by 2 °C

Ok 4
ST

Mini forest at |1ISc Campus (in front of CES)
Western Ghats plant species (45 no’s, 1988)
Now habitat for Slender Loris, reptiles...

Western Ghats Liana in front of CES (1989)
-Temperature at least 2 degrees lower
than the surroundings

-Groundwater is at 5-10" compared to
150’ earlier

-

Mini Forest with Native plant species




SUCCESS STORIES —Environment
Education

Environment Education (school and colleges)

Capacity Building (Training Programmes, workshops and

Symposiums -

Lake series: Xll Event - Lake 2020, Lake 2018.... Lake
Lake 2000, 1998)

Know Your Ecosystem — Orientation Programmes,
Webinars

Working Professionals - Capacity Building through
ODL: Environment Management (19 sessions)

Advocacy and Sensitize Decision makers/planners

Indian Institute of Science
http //||sc ac.in
. — o8 ;.

Know Your Ecosystem
sessions since 1998

08.0ct.2076

Save Western C ulml

Water Tower of India

Vg

Environment Literacy — Environment Education through Learning

5 14-15 JULY 2018
Basava International School, Davanagere

Course — Environment Management
22 sessions

DISTANCE EDUCATION :
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m'au INTERNET BASED ENVIRON/ EERING COURSES ~ *
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Internet Courses

2018-2019
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Lake 2024 - 14" Biennial Lake Conference

Wetlands for Human Well-being, 17-20 October 2024,

AzaOI Ka \\ﬂ Iéifestyle for
Amrit Mahotsav nvironment

nacfia g sizen

Alva’s Moodubidire
17t to 20" October 2024

Energy and Wetlands Research Group

Centre for Ecological Sciences, Indian Institute of Science

. https://wgbis.ces.iisc.ac.in/energy/
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"W 202




Environment Education — learn by doing

Environment Education — learn by doing

etk Drece e

Ecological Censusing Techniques
Task: Tree Girth Measurements

1. How and where to moasure troe girths?
W z.vanabl\tylnmuu

WETLAND MAPPING AND WATER QUALITY ANALYSIS
Energy & Wetlands Research Group, Centre for Indian itute of
Science, Bangalore - 560 012 in association with Bangalore Rural Schools
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Empowering Rural schools — 2000+ lectures Knowledge Dissemination

Water testing laboratories e o e i bt 1o i ¢ s o ORI
9326 (91 smmsmiuan ‘ | Explore Further .................

Google You Tube, TV Ramachandra ‘ tvr@iisc.ac.in; emram.ces@iisc.ac.in

£ TREEs

[l <cvsi0ns 0 the water worriesof ot S http://ces.iisc.ernet.in/biodiversity

o . http://ces.iisc.ernet.in/foss
Rapid Urbanization and Water Conservation | Dr ... - YouTube®
Y TV Ramachandra’s research Interests are in the area of energy
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waw youtube com

Prof. T. V. Ramachandra, 1|Sc Bengaluru - YouTube ® RES EARCH GATE
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Explore Fuwther ...Energy & Wetlands Research Group,
lISc, Bangalore emram.ces@iisc.ac.in

* http://wgbis.ces.iisc.ac.in/energy
* http://wgbis.ces.iisc.ac.in/biodiversity

* http://wgbis.ces.iisc.ac.in/foss

* https://www.researchgate.net/profile/T_V_Ramachandra/publications
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