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Environmental Accounts at the Sub -National level

Ecosystems support human well-being through provisioning, regulating, and cultural services.

The value of all ecosystem services, including the degradation costs, needs to be understood for developing
appropriate policies toward the conservation and sustainable management of ecosystems

> GDP to GEP
Natural Capital Accounting and Valuation of e e e g
Ecosystem Services (NCAVES) — Karnataka, o[ KARNTAKA

I i 35°0'0"N
F30°0'0"N 17°00"N _
30“(}.0..1\.- .

* Assessment of ecosystem extent and

_'2'3;0“"_\] 16°00"NA

condition accounts for the state of o
Karnataka R

* Valuation of the ecosystem services |

* Asset accounting SR e e e e e 9;;0"]5 A : e



Ecosystem Accounting (SEEA EEA) Protocol

=

Natural Capital Accounting through SEEA Experimental

Ecosystem extent accounts: record the total area of each
ecosystem which is classified by type within an ecosystem
accounting area and, over time in a specified area (e.g. State,
District)

Environment

Ecosystem assets

Ecosystem
extent

Final ecosystem
services

Ecosystem condition accounts: record the condition of
ecosystem assets in terms of selected characteristics at specific
points in time and, over time, record the changes to their
condition.

Ecosystem
condition

Ecosystem goods and services accounts: record the supply of

ecosystem services by ecosystem assets and the use of those services by Stookemecolunie

(& change in stocks)

economic units, including households. Ecosystem services accounts are

Ecosystem
condition

Ecosystem

presented both in physical and monetary units, using techniques for

extent

valuation of ecosystem services.

Society

Economy

Benefits

GDP boundary

Flow accounts

Ecosystem

Monetary

> services flow

Ecosystem

Ecosystem monetary asset accounts: record information on

ecosystem <

stocks and changes in stocks asset

(additions and reductions) of ecosystem assets. This includes @

accounting for ecosystem @ o e
STATISTICS DIVISION Accounting

degradation and enhancement.

UNITED NATIONS

services flow

/ Individual \,
/ and !
societal

well-being /

. Physical accounts

Monetary accounts


https://seea.un.org/

Ecosystem Extent using Big Data and

Classification through ML algorithm
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obtaining injformation about an object o phewomena

Science

without

110 108 103 103 92 89

Big Data:
Spatial data -Remote sensino

Big Data - RS data for Natural Capital Accounting

Time Satellite | Source Sensor
scale
1972 — | Landsat-1, 5, and EEAEERRITE
1999 T ETM+
1988 - IRS-1CHMD, P& PAN, LISS-
2010 i
1999 - | IKONOS
Till date
1999 - | MODIS VIS, NIR,
Till date | (Terra, Aqua) MIR, TIR
2002 SRTM (5 huttle
Radar Topography
Mission)
2002 Radar- Hydro 1K

Asia

Spectral bands

FAN,
VIS, MIR, MIR,
TIR
PAMN, VIS-2,
MNIR-1
(low spectral
resclution)

PAN,
WI5-3, NIR-1

36
(high spectral
resolution)

DEM-1

Frecipitation,
Slope, Aspect-1

Spatial resolution

Temporal
in metres (m) resolution
15m= 120m
(moderate spatial
resolution)

58m-235
{high to moderate
spatial resolution)

16-18 days
(free)

24 days
(medium cost,
moderate
tempaoral
resolution)

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

1-3 days
[costy)

250 m = 1 km
(low spatial
resolution)

1-2 days
(free & high
tempaoral
resolution)

1 time
(free)

1 time
(free)




Spatial Data | o | o T Data
p 106 105 108 | 113 105 108 | 108
112 | 108 | 10 | 116 | 285 | 110 | 102

102 113 | 113 | 109 | 108 | 109 | 103
98 108 | 112 | 112 | 102 | 9% | 98

98 | 108 [ 112 112 ] 102 | 96 | 98 Survey of India (SO|)
ECIRSSN|E0s | 103 | 100 |ie | Topographical Sheets to
8-bit image (0 - 255) generate base layers.

i I RS data of various

ol resolutions.

Pre-calibrated handheld
GPS.

Google Earth image
along with the field data
for validation.

. - Digital Data — Raster data
Images of Earth’s Surface (collection of pixels — DN’s)




Al (ARTlFICIAL INTELLIGENCE) Geospatial Machine Learning Operators

Regression
[ Machine Learning J Clustering Classification
I
I " o - Recognition of
r - HrUnsu pteond e Address Elements
Supervise p . Forcst. Bacci il
| 1 Classification
-_'_-.-"'
‘I/Classiﬁcatinn ‘I/ Regression H Clustering
Support Vector Linear T - Geospatial Deep Learning Operators
Machines Regression
Discriminant : . . . Ruiid g Lnalysts
. Hierarchical Hierarchical 4 .
Analysis Object Detection
. Gaussian 3D Data Analvsis Scene
4 o e “ Binary
Extracting Building . o E I
Nearest - : : Classificati
: Decision Trees Hidden Markov Footprint from Ob PSSO
Neighbors Photography DSM Data T
1 Classnﬁcatlon
Neural Networks Neural Networks Neural Networks
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1.
2. Visualisation—

Agent based modelling

Spatio-temporal pattern analyses

Data
Acquisiation

Data Pre-
processing

Analysis

Interpretation
of results

12:49;

eSatellite imagery
*Base maps

eGeorectification
*Georegistration
*Mosaic and crop
eImage Enhancement
eResampling

eTraining set creation

eSupervised
Classificaton

eAccuracy Assessment

*Landscape metrics

Models
* Cellular Automata
+ CA-Markov
* Geomod
« AHP-CA-Markov | Current study,
» Land change modeler ;?:Zn:nﬂ :I?P M;ii

* Multi Criteria Evaluation Markov models

* Regression

* Bayesian

e understand the behavior of agents
and its contribution in development
through Fuzzy and  Analytical
Hierarchal Process (AHP).

- AHP was used
agent/parameter

to rank each

e Output of AHP with constraints
were used in  Multi criterion
evaluation to derive transition maps,
mputs to CA markov

RBAN SPRAWL

LAND USE ANALYSIS

ANALYSIS

@[ Factors and Constraints ]
| 1 2\ —

/( ) Ground Dat Rasterisati
Satellite Data und Latd, asterisation
Acquisition Toposheets, T
\ 1T y, Bhuvan, actors
Constraints Proximity to
- N Google earth Industrics.
. Water Major Roads,
Pre Processing Educational
\ ) Protectedlz:md institutions,
{} based on City Bus and Railway
Development .
( h Plan 2015 stations,
Land use Metro stations
classification Cemeteries,
. & J Slope - DEM
P — .'—‘
Accuracy
L assessment Analytical Hierarchical
S Process
Welghts
Multi Criteria Site Suitability
Analysis Maps
Z
Z
<0
=
' 3) N
- ~
é a Markov Transition CA based
e Probability Prediction
+ )
Predicted
LULC t,
Predicted
Validation
< > ‘ LULC t,
{ Land Scape Metric } <



ECOSYSTM EXTENT AND DYNAMICS 1985 % .. 2008 Wi 2019

Feature Extraction: [ ! LAND USE —‘ Satellite Data

Slope, Roads, Industries, Bus | LU 2005 |
stops, Educational hubs, other Data Preprocessing: Ancillary data:
socio-economic amenities. (—‘ LU 2019 * Geometric Corrections H—+ SOI Topographic sheets
i} + Radiometric Corrections < Vegetation Maps
N lisati F Tramsiti = Extraction to AOI
ormalisation of Factors: ansition: " .
1. Euclidian distance Markov Chains u 1. NRS\gr]tglLTv:;rth data:
estimation, | False Colour Composite ‘ - G le Earth
2. Zone of influence for each Vlf i} cogle 4
land use > LU Modelling: <
3. Normalising using fuzzy Cellular Training ‘ GPS based field Observations ‘
logic ] Automata }
__‘ Administrative boundaries ‘
@ Model | Classification ‘ ]
Site Suitability : - LUOZl]el9 l} i Secondary Spatial and Non
1. Multi Criteria Evaluation : Spatial Data
(Weights for each factor w.r.t | Accuracy Assessment 7 Climate, Soil, Demographics,
Land use type) Validation Livestock, Agro Climatic Zones,
2. Analytical Hierarchical l' L Agriculture, Roads, Industries
Process =) FOREST FRAGMETNATION ete.
Culibraiion | Extraction of Forest Pixels ‘ Published Literatures:
Reports form Government < e e
Simulation LU 2033 | | Fragmentation analysis ‘ Organisations, Journals, etc. = :ver?':en :o Sen: eve:green Forest 9 :ry I:e:l:l:ous IFor:st % :Ign:..::ure : :Ia:l:.- O ;P"m fields
OIS leciduous rores crul rass lan lantations ulit-up
1985 005 2019
Category Asset Extent Asset Extent Asset Extent
% % %
Sqg. Km Sqg. Km Sqg. Km
Evergreen Forest 14292.73 7.45 12444.70 6.49 10887.78 5.68
Moist deciduous Forest 10960.11 5.71 9900.18 5.16 7892.28 4.12
Dry Deciduous Forest 7621.69 3.97 7409.52 3.86 4280.94 2.23
Scrub_Grass lands 6732.90 3.51 5603.86 2.92 4906.70 2.56
Plantations 16789.65 8.75 20209.09 10.54 21325.23 11.1
Agriculture 128467.66 66.98 127196.30 66.32 127962.17 66.7
| water  JEVERR 2.26 5176.70 2.70 5933.93  3.09
KARNATAKA_AGROCLIMATICZONES i
[ Kamataka Plateau, Arid 3
Rt A et iy s A “ 904.17 0.47 2666.15 1.39 5748.34 3.00
[ Kamnataka Plateau, Hot dry sub humid RBAN
(o il e, ko et Openland 1678.30 0.88 1184.50 0.62 2853.63 1.49
lest coast plain, hot humid
[ Western Ghats, Hot moist sub humid
Ooiics ¢ Total Area 191791

oTraining sites IEE——



Task 2: Ecosystem Condition Account

Ecosystem Condition Account for Karnataka State, India

Ramachandra T.V'., Bharath Sctturu', Vinay S Rakesh D.R'., Bharath H Aithal®
! Energy and Wetland Research Group, Centre for Ecological Sciences, CES TE 15,
Indian Institute of Science Bangalore 560012
2 Ranbir and Chitra Gupta School of Infrastructure Design and Management (RCG SIDM),
Indian Institute of Technology Kharagpur
E Mail: tvr@iisc.ac.in; energy.ces@iisc.ac.in

System of ‘? 4 %

Environmental £ =

Economic 2, | I
) =~ v

Accounting

The SEEA Ecosystem Condition Typology (SEEA ECT

ECT groups

ECT classes

Abiotic ecosystem
characteristics

Ition

Cond

Biotic ecosystem
characteristics

Landscape level
characteristics

1.Physical state characteristics (soil structure,
water availability)

2. Chemical state characteristics (soil nutrient
levels, water quality, air pollutant
concentrations)

3. Compositional state characteristics (including
species-based indicators)

4. Structural state characteristics (including
vegetation, biomass, food chains)

5. Functional state characteristics (including
ecosystem processes, disturbance regimes) NPP

6. Landscape and seascape characteristics
(including landscape diversity, connectivity,
fragmentation, embedded semi-natural
elements in farmland), Land Surface
Temperature (LST)



Ecosystem condition Accounts: Fragmentation of Forests &

2006

1985

2019

2005 : -

I INTERIOR FOREST
PERFORATED
EDGE FOREST

I TRANSITIONAL

B raTcH

NON FOREST

ol
&

%

B WATER

Fragmentation

Metrics

Transitional

sq.km 31224 1247 211 3184 1189 150057 4680 191791
% 16.3 0.7 0.1 1.7 0.6 78.2 2.4
sg.km 24607 1170 2359 6655 1151 150671 5178
% 12.8 0.6 1.2 3.5 0.6 78.6 2.7
sq.km 11335 2839 2071 7365 595 161661 5926
% 5.9 1.5 1.1 3.8 0.3 84.3 3.1
Changes during 1985 to 2019
sq.km 31224 1247 211 3184 1189 150057 4680 191791
[ 2019 BN 11335 2839 2071 7365 595 161661 5926 191791

Net changes during 1985 to 2019

B so.km

-19889 1592 1860 4181 -595 11603 1247

G . @D 2s-33 ( )33-38 QD >38°

Land Surface Temperature

2012 2018

e

Table 3.2.12: Ecosystem Condition Indicators based on Landscape level Characteristics considering land
Surface Temperature in Karnataka State (district wise)

Karnataka State (district wise) Scope : Landscape level
Districts Opening Stock 2005 Closing Stock 2019
Medium Medium
High (30-35 Low High | (30-35 Low

units Total | (<30°%) '0) | (>35"C) Total | (<30°C) C) (>35°C)

Ha 688140 747 8870 | 678523 | 688140 0 11498 | 676642
Bagalkot

% 0.11 1.29 98.60 0.00 1.67 98.33
Ei’:aglal"re‘ Ha 251101 0 3780 | 247321 | 251100 0 6596 | 244504

% 0.00 1.51 98.49 0.00 2.63 97.37
%i‘;‘fsl"re' Ha 226800 0 8771 | 218029 | 226800 0 25953 | 200847

% 0.00 3.87 96.13 0.00 11.44 88.56

Ha | 1547100 11643 68806 | 1466651 | 1547100 567 117563 | 1428970
Belgaum

% 0.75 445 94.80 0.04 7.60 92.36




Table 3.6.1: Ecosystem Condition Index Account — Karnataka state (district wise)

weight  High Medium Low High Medium Low

Abiotic ecosystem Soil K 0.017 0.0 84.4 15.6 0.0 99.3 0.7
Soil N 0.017 100.0 0.0 0.0 0.0 0.0 100.0

P 0.017 0.0 0.0 100.0 37.6 62.4 0.0

OoC 0.017 0.0 72.4 27.6 0.0 100.0 0.0

S 0.017 45.4 54.6 0.0 454 54.6 0.0

Zn 0.017 0.0 85.8 14.2 0.0 100.0 0.0

Fe 0.017 0.0 100.0 0.0 0.0 100.0 0.0

B 0.017 0.0 0.0 100.0 0.0 0.0 100.0

Cu 0.017 0.0 99.3 0.7 0.0 99.3 0.7

Mn 0.017 0.0 100.0 0.0 0.0 100.0 0.0

EC 0.017 100.0 0.0 0.0 100.0 0.0 0.0

pH 0.017 94 .4 5.6 0.0 100.0 0.0 0.0

Biotic - Compositional  Flora 0.05 87.8 5.5 6.7 73.1 5.5 21.4
State Fauna 0.05 56.3 11.0 32.7 46.9 11.0 42.1
Biotic - Structural State  AGB 0.05 46.2 35.2 18.6 33.1 42.1 24.8
BGB 0.05 46.2 35.2 18.6 33.1 42.1 24 .8

Biotic - Functional State NPP 0.10 324 55.2 12.4 1.4 84.8 13.8
Landscape Level Fragmentation 0.25 55.0 10.8 34.2 45.8 13.5 40.8
LST 0.25 20.6 53.2 26.2 0.6 69.9 29.6

Index 1.00 39.6 35.9 24.5 25.8 46.3 28.0

Note: N: Nitrogen, P: Phosphorous, K: Potash, OC: Organic Carbon, Zn: Zinc, Fe: Iron, B: Boron, Cu: Copper, Mn: Manganese, S: Sulphur,
EC: Electrical conductivity, AGB: Above ground biomass, BGB: Below ground Biomass, NPP: Net Primary Productivity, LST: Land Surface

T armimeratiire



Valuation of services - Forest Ecosystems

Field Observations &
Forest Department Data

/'I lin_:hcr: NTFEP I
:

Medicine Resources

Genetic Material

Global & Local Climate

Soil Fertility ||

Water Regulation &
Cround water R«-charE:

Li=1 Q*(P—Cp)

Benefit
Transfer
Ncthod

1 Pollination |

\ir Filtration

Waste Treatment

Acsthetic

i Spiritual and historic
CUI a' piritual and historic

Tourism & Recreation]

Education & Rescarch

Figure 4.1.6 Method adopted for the valuation of ecosystem services

Total
Ecosystem
Supply
Value/GEP




VALUATION OF ECOSYSTEM SERVICES, KARNATAKA
STATE, INDIA

2005 *

O TIT]

N2 )

Karnataka, India
Total Ecosystem
Supply Value/
Gross Ecological
Product (GEP

Ramachandra T. V', Vinay S?, Bharath Setturu' and Bharath H Aithal®

! Energy and Wetland Research Group, Centre for Ecological Sciences, CES TE 15,
Indian Institute of Science, Bangalore 560012
2 Ranbir and Chitra Gupta School of Infrastructure Design and Management (RCG SIDM),
Indian Institute of Technology Kharagpur
E-Mail: tvr@iisc.ac.in; energy.ces@iisc.ac.in; envis.ces@iisc.ac.in

System of
Environmental
Economic
Accounting

Eucalyptus

2009

1019

®

A5

Figure 5.3.1 Timber, Bamboo, and canes extracted (in the physical units) across forest circles in Karnataka for the years 2005 and 2019




Provisioning Services Regulating Services Cultural Services
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™ < 0.5 Billion Rs
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Total Ecosystem Supply Value (TESV) of forest ecosystems in Karnataka

2005 2019

Goods & Services Billion Rs Goods & Services Billion Rs
e = 614
o : 33%
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igure 5.3.32. District-wise TESV (Total Ecosystem Supply Value) of forest ecosystem in Karnataka,



Agriculture

(croplands and
horticulture)

Total

Agriculture

2005

2019

Million X

%

Million X

%

Million X

%

Million X

%

Million X

%

Million X

%

12,67,528
44.6
4,11,834
52.9
16,79,361
46.4
6,13,883
33.5
5,89,283

61.2
12,03,166

41.3

12,70,583
44.7
3,44,933
44.3
16,15,516
44.6
9,26,346
50.5
4,59,037
36.3
13,85,383

47.6

3,03,034
10.7
21,819
2.8
3,24,854
9.0
2,94,955
16.1
29,305
2.5

3,24,260

11.1

| Ecosystems | Year | Units | _ Provisioning | __Regulating Cultural

28,41,145
100
778,586
100
36,19,731
100
18,35,184

100
10,77,625

100

29,12,809

100



Total Ecosystem Supply Value

8
ultural Services

Agriculture
(Cropland + Horticulture)

Cropland

'7'Ir‘oTa17Ecosystem i
- Supply Value /

Product (GEP)
Green GDP

3 £h
Services o e

Rs/Ha/yr
Ecosystem
Provisioning Regulating Cultural TESV
Forest 219494.8 331216.4 105461.6 656172.8
Agriculture 39473.2 30748.6 1963.0 72184.8

Terrestrial 258967.9 361965.0 107424.6 728357.6



NPV - Monetary asset account (2005-2019)

Forest Agriculture Total
ecosystem | ecosystem NPV

Opening stock — 2005 Billion X

73,099 20,031 93,130
(at 2019 values)
Changes (absolute) Billion X -25,885 7,693 -18,192
Changes % -35.4 38.4 -19.5
Provisioning % -51.6 43.1 -28.4
Regulating % -27.1 33.1 -14.2
Cultural % -2.7 34.3 -0.2

Billion X 47,214 27,724 74,938




SCENARIO-BASED ASSESSMENT OF POLICY
INTERVENTIONS IN KARNATAKA STATE, INDIA

Ramachandra T.V'., Bharath Setturu', Vinay S, Chandan M.C? and Bharath H Aithal®

! Energy and Wetland Research Group, Centre for Ecological Sciences, CES TE 15,
Indian Institute of Science, Bangalore 560012
2 Ranbir and Chitra Gupta School of Infrastructure Design and Management (RCG SIDM),
Indian Institute of Technology Kharagpur
E-Mail: tvr@iisc.ac.in; energy.ces(@iisc.ac.in: envis.ces@iisc.ac.in

System of
Environmental
Economic
Accounting

(iif)

BAU assumes the current development will
continue and evaluates the various agents
responsible for the change and forecast what

would be the future landscape status

Policy Context

Various driver’s (agents) such as proposed (hew)
developments by the government, existing and
proposed (i) industries, (ii) liner projects, (iii)
urbanization, (iv) slope, (v) core built-up areas, (vi)
special economic zones (SEZ) etc., responsible for

the land use changes in the neighborhood.

Spatial extent of reserve forests, national parks,
sanctuaries are maintained with strict

regulations. Absence of abrupt land use change.

(iv)  Afforestation (High
conservation) scenario (AF)

Considering afforestation initiatives, agents are -
same as (ii);
Spatial extent of afforestation data (during the

past decade) and proposed afforestation

Sustainable development policy scenario ensures (i) the
protection of reserve forests and (ii) afforestation and hence
includes the constraints same as scenario 3 & 4 and allows the

growth in regions other than forest area.




IViodeling Landscape Dynamics: Scenario based Analysis through Al

Land use and Land cover

H;brld Modeling Technl_que

Satellite Image

Slope and
Hillshade

»-
»

Geo-reglsmﬂon

Line and polygon

Vector layers Vector layers
(Road, City, buffer and from authority/
excluded) sources
Land use map /
statistics

v

| Classified LU map

TO,T1,T2

v

Topography, Slope
and Drainage

1

LU transitions -

Multi Criteria

A

Predicted LU map

Predicted LU map T2

i Tn (1)

Predicted LU map

Tn (52)

Predicted LU map

A4

Tn (S3)

Predicted LU map

Tn (54)

Predicted LU map

Validation

Tn (S5)

Result

Interpretaton

Figure 4.5: Method adopted to analyze land use transitions in the Karnataka region



Model Constraints: Agents

Busstop BMTC Mines Railway KIADB Industries

v

Estuaries Slope Lakes Protected Areas

e
2 m [ | [ | I = =
0 678032 0 307794.5 0 206666.8 0 237197.3

E U Roads SEIAA Industries Slope Proposeq snglets
Z Z & Railway
ja— Reserve Forest Reservoirs Urban - 2019 Very Dense Forest :
9 o) |
~ A - - L -

¢ Hop 0 200842.5 0 225269 0 193496.3 0 221381.1

—— kM g 5 5

B Non-constraint Feature
Il Constraint Feature

Industries, proximities to roads, railway stations, metro stations, educational institutes, religious places, service infrastructure such as

police stations, hotels, hostels etc.

Constraints Drainage network, slope, water bodies, Reserved regions for non-development, Protected areas, catchment areas, etc.
21




Scenarios: BAU, ALT, RFP, AF

BAU: 2033

ALT: 2033

RFP: 2033

AF: 2033

. Evergreen to Semi evergreen Forest D Dry Deciduous Forest (_j Agriculture . Water

. Moist Deciduous Forest

@ scrub & Grassland () piantations () Built-up

O Open fields|




SDP 2033

. Evergreen to Semi evergreen
. Moist Deciduous Forest

(R\ Dry Deciduous Forest
. Scrub & Grass land

() Open fields

i ]Agllculturn . Water
Plantations () Built-up

LandUse2019vsSDP 2033

/

62.02

70.0

60.0
50.0
40.0
30.0
20.0
10.0

0.0

®2019 mSDP_2033

0 2550 100 150 200

Kilometers




Land use categories

Built-up
Agriculture
Plantation
Open fields

Evergreen Forest

Moist Deciduous Forest

Dry Deciduous

Scrub_Grass

Water

Total

BAU_2033

Ha
22,01,515

1,17,64,649
21,77,670
6,68,824
9,20,948

5,77,449

1,52,389
1,15,952

5,99,704

11.48

61.34

11.35

3.49

4.80

3.01

0.79

0.60

3.13

ALT_2033

Ha
28,10,015

113,30,926
20,66,713
6,68,824
9,15,179

5,72,085

1,51,217
1,14,432

5,49,709

Scenarios: BAU, RFP, ALT, AF, SDP

RFP_2033

Ha
21,70,349

1,18,94,624
21,98,428
6,85,063
9,32,811

5,41,381

1,24,597
91,496

5,40,351

1,91,79,100

AF_2033

Ha
21,46,203

1,18,58,568
21,69,239
6,68,824
9,59,097

5,75,213

1,56,922
97,938

5,47,096

11.19

61.83

11.31

3.49

5.00

3.00

0.82

0.51

2.85

SDP_2033

Ha
20,71,994

1,16,67,178
21,52,053
6,85,063
9,72,489

6,66,957

2,36,863
1,96,677

5,29,826

10.76

60.88

11.23

3.57

5.07

3.48

1.24

1.01

2.76




Ecosystem: Forests (in Billion Rupees)

Policy Scenarios

Services Type 2019

BAU

ALT

RFP

AF SDP

Provisioning Goods 613.90

524.23

521.67

533.69

530.82 540.33

Regulating Services 926.36 724.85 716.94 720.78 725.33 824.59
Cultural Services 29497 291.69 291.62 291.67 291.68 293.23
Total 1835.23 1540.77 1530.23 1546.14 1547.83 1658.15
CIZUIC O.14. RCIAUVC SHAIC U1 CCUSYSLICIL SCIVICCS (1UICSL CCUSYSLICILS ), N
P r— 2019:Goods & Services Billion Rs Cultural ALT-Goods & Services Billion Rs . —— RFP-Goods & Services Billion Rs S
294.97 Provisioning 2162 521.67 s 291.67 ';lnl ‘-)l B
16% e 613.90 1% {7 d 19% ' o
33% |
R";'-]“;."c:ing Regulating
Reegzueld;éng 47% B Provisioning B Regulating Cultural 71(7);,708 B Provisioning B Regulating @ Cultural
51% @ Provisioning B Regulating @ Cultural
Figure 5.13b: Relative Share of Forest Ecosystem Services, 2033 Figure 5.13c: Relative Share of Forest Ecosystem Services, 2033
BAU-Goods & Services Billion Rs (ALT Scenario) (RFP Scenario)
g ool Cultural AF-Goods & Services Billion Rs Cultural SDP-Goods & Services Billion Rs R
19% 5 291.68 Provisioning 293.23 Provisioning

T
HIRENNL

Regulatin
724.85
47%

v Provisioning . Regulating & Cultural

19% AT

Regulating

725.33 s
s @ Provisioning

D Regulating B Cultural

540.33
32%

18%

Regulating <
824,59

50% @ Provisioning [ Regulating  Cultural




Wetlands — goods and services

UNPOLLUTED

* Rachenahalli Lake— Rs 10500/day/hectare

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

POLLUTED

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



Wetland Ecosystem
Functions

* Production
* Habitat

* Information
Regulation

Ecosystem Services

Human Benefits

* Provisioning Services Total Ecosystem

Supply Value

* Social - cultural values
* Ecological values
* Economical values

* Regulating Services

Cultural Services

Decision making process:

policies, conservation, and

Provisioning services

Food (crops, fodder, fisheries,
honey, ctc.),

Freshwater,

Fiber (timber, cotton, silk, etc.),
Fuel,

Genelic resources,
Biochemicals/pharmaceuticals/
natural medicines, and
Ornamental resources.

Wetlands - Services
: 1“ .‘__ , “ - -~ Bairhns

" Wetland Ecosystem Serv

g

services
Air quality regulation,
Climate regulation,
Waler regulation,
Water purification,
Waste treatment,
Disease regulation,
Natural pest control,
Pollination,
Erosion control,
Photosynthesis,

Regulating and maintenance

ices

i —

———
e ?ip};“ g

Cultural services

* Aesthetic values,

* Recreation/tourism,

» Spiritual/religious values,

« Educational/scientific values,
and

8 - Cultural heritage values.

Provisioning services |

Regulating and
maintenance services

Cultural services



Total ecosystem value of Karnataka wetlands

Services Details
Wetland: Total area (ha) based on grid 281299.5
Total Rs/yr (in Billion Rupees) 49.70
Provisioning Service Production Rs/ha/yr (in Lakhs) 1.8
% distribution 18
Regulating and Total Rs'/yr (in Billion 'Rupees) 196.89
YT Production Rs/ha/yr (in Lakhs) 7
% distribution 69
Total Rs/yr (in Billion Rupees) 37.93
Cultural Service Production Rs/ha/yr (in Lakhs) 1.3
% distribution 13
Total Rs/yr (in Billion Rupees) 284.52
TESV ) :
Production Rs/ha/yr (in Lakhs) 10.1

NPV in Billion Rupees 7320.6
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Ecosystem Services

Valuation

Residual method
. X711 0:x(P;—C))

e di—

~~ — Estuarine ecosystem

-

Provisioning Regulatlng Services Cultural Services _
Ecosystem TESV (Rs/ha/yr
Services (Rs/ha/yr Rs/ha/yr Rs/ha/yr (Rs/ha/yr)

Inland Wetland 176681 699941 134822 1011444

289928 557451 64357 911736
m 183328 691577 130686 1005591

i (CIRSSITRC I VTS l 5 | 3 Cultural |




+* The work is part of the international EU-funded, Natural Capital Accounting and Valuation of Ecosystem
Services (NCAVES) project

** The NCAVES project is being carried out as a collaboration between United Nations environment
programme (UNEP), United Nations Statistics Division (UNSD), the Ministry of Statistics and Programme
Implementation (MoSP), Government of India and The ENVIS division, The Ministry of Environment

Forests and Climate Change (MoEFCC), Government of India.

http://iisc.ac.in

http://wgbis.ces.iisc.ernet.in/energy tvr@iisc.ac.in, envis.ces@iisc.ac.in




