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Carbon sequestration constitutes a vital ecological function
executed by ecosystems to mitigate global warming due to the
burgeoning sustained anthropogenic activities which release
greenhouse gases (carbon dioxide, methane, carbon monoxide,
efc.). The current study evaluates carbon dynamics in forest
ecosystems through the InVest model with temporal land use
analyses using remote sensing data from 1973 to 2021 in the
Chikamagaluru district of Karnataka. Land use dynamics were
assessed using temporal remote sensing data through a machine-
learning-based supervised Bandom Forest algorithm, which shows
& decline in forest cover of 28.98%, an increase in agricultural area
by 5.31%, and horticulture by 42.52% in the last five decades,
which has led to the depletion of carbon stock by 30883.81 Gg.
Land use changes have a long-term effect on climatic variables,
leading to changes in local temperature, annual rainfall, and
number of rainy days in the study area.
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Introduction

Carbon is a foundational element within the
Earth system, forming the structural framework of
compeunds containing energy that sustains bio-geo-
chemical processes (Reichle, 2023), Carbon occurs
in diverse forms {as elements, compounds etc.) and
reservoirs (carbon sink in plants, sediments, eic.),
intricately distributed and consistently exchanged
among the four major spheres of the earth system
(Ramachandra & Bharath, 2020). Bicgeochemical
mechanisms govern carbon transitions from one
reservoir to another, and insights into the process are
crucial for mitigating carbon dioxide (CQO,) emissions
and climate change (Ussiri & Lal, 2017).

Land degradation due to unregulated
developmental activities with sustained human
activities leading to deforestation, biomass burning,
pollution in aguatic environments, and the burning of
fossil fuel in transportation, electricity manufacture,
industrial processes, and agricultural practices along
with the uncontrolled rapid urban development has
been contributing to the global carbon cycle, which
alters previously inert carbon reserves (Tyrrell et al.,
2012; Ramachandra et al., 2015). Consequently,
the concentrations of greenhouse gases in the
atmosphere and their influence have progressively
increased (Lal, 2008), particuiarly since the Industrial
Revolution in 1850, with rapid growth in the human
population. Globally, the greenhouse gas (GHG)
footprint has been continuously increasing, with 72%
of the resulting carbon dioxide (CO,) significantly
influencing global warming and consequent climate
modifications (Yoro & Daramola, 2020). These
changes have a distinct impact on the subsistence
and livelhood of people due to the degradation
of vital ecosystem services such as ecosysiem
productivity, scil fertility, carbon storage, and water
retention capacity (Ramachandra & Bharath, 2021).
The leading international forums have engaged in
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extensive deliberations on global climate change
and have reached a unanimous consensus fto
reduce carbon emissions, aiming to attain global
carbon neutrality by the middle of this century while
also striving to cap the potential increase in global
temperatures at a maximum of 1.5°C (United Nations
Climate Action, 2021).

Forest ecosystems sequester significantamounts
(45%) of carbon during photosynthesis and contribute
about 50% of the net production (Bonan, 2008).
These ecosystems play a pivotal role in mitigating
the carbon foolprint by sequestration of atmospheric
carbon and retard global warming and associated
climatic changes (Ramachandra & Bharath, 2018}.
Forests also serve as exiensive terrestrial carbon
repositories and hold a pivotal position within the
carbon cycle (C-cycle). The significance of forests
lies in their capacity to sequester atmospheric carbon
within components such as above-ground biomass
(AGB), below-ground biomass (BGB), and soil
organic carbon {SOC; Leuschner et al., 2013; Raha et
al., 2020), Sequestration of carbon (C) in ecosystems
refers to the assimilation of atmospheric CO, and
storage in various constituents, which increase its
mean residence time {MRT) and minimize sinks of
re-emission {Lal et al., 2015). This process is most
effective in native, intact forests (Ramachandra &
Bharath, 2018).

Alterations in landscape structures along with
mismanagement have resulted in soil degradation,
contributing to the emission of greenhouse gases,
which include carbon species (such as CO, CH,
etc.). The scale and composition of these emissions
from land deterioration depend on factors such as
vegetation cover, agricultural methodologies, and
soil administration. Decline in soil quality demands
urgency in adopting sustainable land management
techniques for agricultural activities and in pursuing
the restoration of degraded and depleted forests to
enhance carbon reservoirs (Lal, 2003).

Modifications in land use and land cover (LULC)
within forest ecosystems lead to significant changes
in the composition and structure of a landscape (van
Noordwijk et al., 1997). Long-term alterations have
resulted in the fragmentation of forest ecosystems,
with the breaking of contiguous forests, which have
led to the depletion of biodiversity and modifications
in hydrological processes and biogeochemical cycles
(Bharath et al., 2014).

There have been significant carbon emissions of
about 43.5 PgC through changes in land use, as is
evident from large-scale deforestation in south and

southeast Asia. The decline in forest biomass from
76 PgC to 32 PgC from 1850 to 1920 contributed to
58% and 18% decrease in soil carbon, respectively.
By 1995, the global carbon emissions of tropical Asia
was estimated to be approximately 7.7 PgC (out of
253 PgC), contributing to 3% from the combustion
of fossil fuels, and around one-third emissions of
38.6 PgC out of 120 PgC by giobal land-use change
(Houghton & Hackler, 1999). In [ndia, the global
carbon flux attributed to Land Use and Land Cover
Change (LULCC) was estimated to be approximately
1.14 +0.18 Pg of carbon per year (Pg C yr-1) between
1990 and 2012 (Houghton et al.,, 2012}). The net
carbon emissions resulting from land use changes
vary by region and range from 0 to 50 gCO2/kWh
{grams of CO, per kilowatt-hour), with levels <12 g/
kWh (van de Ven et al., 2021).

- Carbon emissions from forest ecosystems have
shown consistency during the past two centuries,
with estimated emissions increasing from 3Gt CO,
in 1850 to 6Gt CO, in 2021. India holds the seventh
position, contributing 3.4% of the cumulative total
CO, emissions, and more significanily to forest
degradation and is ranked slightly ahead of the
UK, which accounts for 3.0% of the total emissions
(Intergovernmental Panel for Climate Change, 2021).

The industrial revolution and the subseguent
globalization during the past century have given
impetus to the uncontrolled increase in global
atmospheric carbon emissions, aggravating the
impacts of climate change on natural resources
like land, water, forest, soil, eic., which have made
policymakers worldwide focus on the carbon stocks
of the Earth (Ramachandra & Bharath, 2021).
Deforestation-induced temperature shifts lead to
variations in the surface energy budget with changes
in albedo, soil moisture, and land-atmosphere
turbulent energy exchanges. Tropical deforestation,
particularly  large-scale  clear-cutling, disrupts
regional climate, comparable to prolonged giobal
warming in dire emissions scenarios, necessitating
appropriate  strategic policy interventions  for
safeguarding community welfare by maintaining
ecosystem integrity with sustainable management
of fragile ecosystems (Zeppetello et al., 2020).
Hence, comprehending land use and land cover
(LULC) transformations and associated reduction in
biomass and carbon storage is extremely essential
for formulating prudent management approaches
to mitigate abrupt LULC changes to address the
challenges concerning the curtailing of greenhouse
gas emissions (Ramachandra & Bharath, 2021).
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Earth observation systems have emerged as the
primary source for methodically coliecting repetitive
and reliable spatial datasets for global climate change,
earthsystemmodeling, natural resource management,
food security, and biodiversity conservation (Roy et
al. 2022, p. 1619). The availability of spatial data
acquired regularly through remote sensors facilitates
the quantification of landscape dynamics, which aids
in the assessment of status of forests, deforestation,
and carbon stock, and plays a crucial role in decision-
making processes at the local, regional and national
levels for the sustainable management of forests with
systematic alterations in land use (Roy et al., 2022;
Ramachandra & Bharath, 2020). InVEST® (the
Carbon Storage and Sequestration model at https://
naturalcapitalproject.stanford.edu/software/invest)
helps in quantifying carbon stock and sequestration
potential (Mengist et al., 2023; Babbar et al., 2021)
through land use information with field data on four
carbon pools (above-ground biomass {AGB), below-
ground biomass (BGB), soil, and dead organic
matter). Recent developments in geoinformatics and
the availability of multi-resciution remote sensing
data, coupled with collateral data (compiled through
field investigations), have gained prominence for
estimating biomass, particularly in tropical forest
ecosystems, which play a vital role in future biomass
monitoring through AGB, BGB, and soil carbon
(Eisfelder et al. 2019, p, 2938) and quantification of
changes in carbon footprint due to transitions in fand
uses.

Objectives

The objectives of this study are (i} assessment of
land use dynamics in the Chikamagaluru district of
Karnataka during the past five decades, (i} estimation
of changes in forest structure through fragmentation
matrices, (iii) evaluation of carbon sequestration in
the forest ecosystem using the INVEST model and
(iv) appraisal of the impacts of changes in and use
on the regicnal climate.

Materials and Methods
Study Area

The Chikamagalury district (total area 7101 sg. km)
is located at 12° 54' 427 N, 75° 04’ 46" E and 13°
53" 83" N, 76° 21’ 50" E in the south-western part of
Karnataka (Figure 1). The district is divided into seven
taluks: Chikamagaluru, Kadur, Koppa, Mudigere,
Narashimharajapura, Sringeri, and Tarikere. A large
part of this district, in the west, is the ‘Malnad’ area,
an undulating forested hilly area. The remaining

area, or the eastern part of the district is ‘Maidan’,
which denotes the plain region. The district's
highest peak is Mullanagiri, which is 1928 meters
above MSL. There are two main rivers in the district
named Tunga and Bhadra. Rivers like Hemavati,
Netravati, and Vedavathi keep flowing throughout
the year. The overall climate is cool because of
the extensive hilly area. The mean daily maximum
temperature in April (hottest month) is 36°C and
the mean daily minimum temperature is 19°C. The
average rainfall in the Chikamagaluru district varies
from 595 mm to 2379 mm from vear to year. There
are three agro-climatic zones in the Chikamagaluru
district: the hilly zone (Chikamagaluru, Koppa,
Mudigere, Narashimharajpura, and Sringeri taluks),
the central dry zone (Kadur taluk} and the southern
transition zone (Tarikere taluk). Major crops which
are produced in this region are ragi (55.5%), paddy
(45.6}, sunflower (16.1%), jowar (9.8%), Bengal
gram (7.0%), groundnut (5.2%) and maize (2.3%).
About 5,727 ha of the district has canal-based
irrigation facilities. Arecanut, coconut, coffee, black
pepper and cardamom agroforestry can be seen in
the surrounding hills. Coffee was first grown on the
slopes of Baba Budan Giri hills in the Chikamagaluru
district in India. In 1966-77, around 67,000 hectares
of land was under coffee plantation, producing 40,000
tonnes of coffee. About 85,465 ha of the district is
under coffee plantations; the average production is
about 55,000 million tonnes. According to the 2011
Census data, the total population is 11,37,867, with
a population density of 158 per sq. km. The majority
(81%) live in rural areas, while 19% live in urban
areas (Directorate of Census Operations, Karnataka,
2011). The district is driven by a thriving agricultural
economy, and supplemented by incomes from
tourism. The GDP of the district was INR5,222 crore,
and the per capita annual income was INR66,366
in 2012-13 (Government of Karnataka, 2020; State
Gazetteer Advisory Committee, 1983).

Forests in the Chikamagaluru district are
governed through five divisions — Chikamagaluru
(25% forest cover), Bhadra Wildlife Sanctuary,
Kudremukh Naticnal Park, Koppa, and Bhadravathi.
The vegetation broadly falls into 4 types - dry
deciducus hill, moist deciduous, evergreen, and
the Sholas and Grassland. The Bhadra Witdlife
Sanctuary (492.46 sq. km) is situated in the Western
Gihats in Chikamagaiuru district, which has primarily
meist deciduous forests in the southern parts and
dry deciduous in the north. The Kudremukh National
Park is located at the tri-junction of Dakshin Kannada,
Udupi, and Chikamagaluru districts, which is one of
the largest grassland shola-based ecosystems in the
mid-Western Ghats of Karnataka.

it
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Figure 1: Study Area Chikamagaluru, Karnataka, India
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The method adopted for this study, explained in
Figure 2, consists of three sections: (a) assessment
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of land use dynamics, (b} evaluation of fragmentation
of forest ecosystem, (c) quantification of carbon, and
(d) assessment of climate variability with agenis as
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Figure 2: Methods Used for Data Analysis
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Landscape Dynamics: Changes in land uses in
the Chikamagaluru district have been quantified using
remote sensing data from 1973 to 2021 through a
Mechine Learning (ML) algorithm. Remote sensing
data (Landsat MSS, TM, ETM+ OLI) from open data
source USGS (https:/earthexplorerusgs.gov/) has
been used for the 1973, 1981, 1998, 2005, 2013 and
2021 analyses using Google Earth Engine Platform
(hitps://code.earthengine.google.com/). The remote

sensing data was pre-processed with geometric
and radiometric rectifications. Red, Green, and NIR
bands of the Landsat image were used io create
False Colour Composite (FCC), which helped identify
diverse landscape features in the district through
heterogensous patches. Evenly distributed training
polygons corresponding to heterogeneous patches
in FCC, covering 10-15% of the study area were
digitized. Atiribute data of the training polygons was
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collected from the field through pre-calibrated GPS
{(global positioning systems) and supplemented with
information from online portals (Google Earth, http:/
earth.google.com and Bhuwan, hitp//bhuvan.nrsc.
gov.in) with high spatial resolution data. Temporal
spatial data was classified through a supervised, non-
parametric, machine learning-based Random Forest
classifier. Seventy percent of the training data was
used for classification, and 30% for validation (Lillesand
et al., 2014). Random Forest classifier uses a number of
decision trees on subsets of the given dataset and takes
the average value to enhance predictive accuracy. It
uses bagging or Bootstrap aggregation, which chooses
a random sample from the data set, resulting in greater
accuracy than other traditional classification methods in
a heterogeneous landscape.

Assessment of Fragmentation of Foresis: The
forest fragmentation index is calculated with the
help of a fixed area window (3x3} surrounding a
forest pixel. The binary map of forest and non-forest
categories was generated, excluding waterbody as a
non-fragmented land cover, Fragmentation of forests
is calculated through metrics P, and P, (Riitters et al.,
2000). P, determines the proportion of forest pixels
in the window (Equation 1) and P, determines the
proportion of all cardinal pixel pairs with at least
cne forest pixel, for which both pixels are forested
(Equation 2). Different levels of forest fragmentation
are computed through P, and P, as shown in Table 1.

proportion of number of forest pixels
*™ iotal number of non water pixels in window .{1)
P = proportion of number of forest pixel pairs
™ fotal number of adjacent pairs of at least one forest pixel) .. (2)

Table 1: Details of Fragmentation Matrices Calculated through P, and P, Using Pair-Wise Analysis

‘Fragmentation classes e T i Description’: L
Interior Integration of forest plxels and presence of no non-forest plxeis P =1
Perforated Boundary area between interior forest and patch forest with P,>0.6and (P, - P) <0
small perforations.
Edge Boundary of interior forest. P,>06and (P, —P}>0
Transitional Transition area between forested and non-forested pixels. 0.4<P <06
Patch Small forest pixel patches surrounded by non-forest pixels. P, <04
Non-forest Non-forest pixels containing anthropogenic land use areas. -
Waterbody Areas covered with water are considered non-fragmented land -
use feature.

Source: Authors’ own

Carbon Assessment: Carbon in the forest
ecosystems of Chikamagaluru was quantified on the
basis of field data (AGB, BGB, and soil carbon) and
information from published literature. Different forest
categories computed through remote sensing data
were validated with the vegetation map developed by
the French Institute, Pondicherry (Pascal et al., 1986)

Carbon stored in vegetation and soil was
estimated through transect-based quadrats. The
number of quadrats per transect in the sampled
locality ranged between three to five depending cn
the saturation of the occurrence of species (species-
area curve). Soil organic carbon (SOC) is estimated
by collecting soil samples (top 3C cm) across different
forest types (Ramachandra & Bharath, 2020;
Swamy, 1992} and supplemented with the average
soll carbon values reported in published literature
(Ramachandra & Bharath, 2020; Ravindranath et al.,
1997; Ravindranath & Ostwald, 2008).

Climate Variability Assessment. Daily tempera-
ture and precipitation data (of 0.5 degree resolution}
from 1901 to 2018 was collected from the Indian

Meteorological Department (IMD, n. d.}, National
Center for Atmospheric Research (NCAR) climate
data guide (n. d.), a dataset from Princeton Univer-
sity (2006), and supplemented with the local climate
data (Karnataka State Natural Resource Disaster
Monitoring Centre [KSNDMC], n. d.). The data from
NCAR and Princeton at latitude levels was validated
through surface measurements of IMD and local cli-
mate (KSNDMC) data. The mean and variance were
computed for variability and trend, comparable (with
deviation = 4.3%) to surface measuremenis (Ram-
achandra & Bharath, 2019).

Results

Land Use Dynamics and Forest
Fragmentation Analyses

Temporal L.andsat data was analyzed to understand
the changes in land use from 1973 to 2021 in the
Chikamagaluru district of Karnataka (Figure 3 and
Table 2), which shows a decrease in forest cover of
28.98%, with a rise in agricultural areas {(crop area
by 5.31%, and horticulture by 42.52%) in last five
decades.
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Figure 3: Land Use and Forest Fragmentation Dynamics of Chikamagaturu District from 1973 to 2021
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Table 2. Land use changes from 1973 to 2021 in Chikamagaluru District

o LandUsen s | ooderall o aeen |t 1998 | 2008 12013 2021
sq. km 1293.59 1175.42 1165.50 1107.73 1060.33 705,48

Evergreen
% 17.63 16,30 16.02 15.36 14.70 9.78
Moist Decid 5. km 1645.18 1174.90 1241.76 1192.58 1008.58 1138.02
olst beclduious % 22.81 16.29 17.22 16.53 13.98 15.78
Drv Decid sa. km 406.67 478.34 297.81 355.85 376.41 367.47
vy beciduous % 5.64 6.63 4,13 4.93 522 5.09
Shola forest sq. km 390.77 27117 272.04 201.81 327.33 249.61
clafores % 5.42 3.76 3,77 2.80 4.54 3.46
sq. km 674.65 499.94 365,35 390.32 374.30 256.98

Scrub land
% 9.35 6.893 5.07 5.41 5.19 3.56
Waterbod sq. km 125.84 160.83 143.28 90.67 146,95 124.48
aterbody % 1.74 2.3 1.99 1.26 2.04 1.73
5q. km 600.74 615.07 831.17 878.65 909.55 974.78

Crop land
% 8.33 8.53 11.52 12.18 12.61 13.51
sq. km 1542.28 1610.01 1461.35 1445.67 1390.16 1380.31

Fallow land
% 21.38 22,32 20.26 20.04 19.27 19.14
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Cimiland Use | gyt s e i qfees [ s0es o 2013 T o021
i sq. km 313.43 1044.68 1270.19 1382.50 1418.43 1807.18
Horticulture
% 4.35 14.48 17.61 19.17 19.66 25.05
sq. km 187.04 138.61 130.09 109.65 125.91 103.27
Open space
%Yo 2.59 1.92 1.80 1.52 1.75 1.43
Built sg. km 32.84 43.96 44.50 57.61 75.09 105.48
Eit-u
P Y% 0.46 0.61 0.62 0.80 1.04 1.46

Source: Author’s own

The total forest cover declined from 44.60%
(1973} to 30.89% (2021). The evergreen forests
decreased from 800.14 sq. km in 1973 to 706.38 sq.
km in 2021; the moist deciduous forests decreased
from 1960.01 sq. km in 1973 to 1139.64 sq. km in
2021, Degradation in dry deciduous forests was
seen from 457.41 sq. km (1973) to 368.03 sq. km
(2021). The shola forest between the evergreen hilis
also decreased from 426.96 sqg. km (1973) to 249.82
59. km (2021}. The scrub cover area decreased from
707.86 sq. km (1973) to 256.97 sq. km (2021). The
conversion of forested areas into agriculturai and
horticultural land is the prime reason for extensive
degradation and deforestation in the study area. The
Bhadra Wildlife Sanctuary and Kudremukh National
Park, marked as a reserved forest, which has the
densest forest region in the district also saw forest
degradation at the edge of the national park area.

The area devoted to agricultural activity was
around 2174.46 sq. km in 1973, which increased to
2358.52 sqg. km in 2021, There has been a constant
increase in agricultural land use due to increased
water availability from the Bhadra dam in the district,

which marks an increase of 5.31% from 1973 to
2021. The area under horticulture increased from
4.64 % (1973) to 25.05% (2021), showing a rise of
42.52%. Many parts of forest and agricultural lands
have been converted into horticultural land devoted
1o growing coffee, pepper, and silver oak in the last
five decades.

Changes were also observed in open spaces
in agricultural fields and built-up areas. The built-up
area increased by 1.97% (from 31.66 sq. km in 1973
10 99.77 sq. km in 2021). Unregulated anthropogenic
activities leading to escalation in agricultural and
horticultural activities were the prime reasons for land
degradation, leading to deforestation and severe
decline in ecosystem goods and services.

An assessment of the condition of forest
ecosystems through the structure of the forests
(Figure 3; Table 3) shows that the interior forest
declined from 55.72% in 1973 to 28.05% in 2021, with
an increase in patch forest (0.72 sq. km), transitional
forest (129.76 sqg. kmy), edge forest (368.33 sq. km),
and perforated forest (2023.07 sq. km).

Table 3. Forest Fragmentation analysis from 1973 to 2021 in Chikamagaluru District

Fin L neTs o odger ] 1098 2005 0 2013 2021
Exterior sg. km 2676.33 3452.33 3737.29 3874.08 3019.15 4371.01
% 37.10 47.86 51.81 53,71 54.33 60.60

Patch sq. km 0.17 0.53 0.57 8.73 0.84 0.79
% 0.00 0.01 0.01 0.12 0.01 0.01

Transitional sq. km || 32.38 107.78 119.72 129.22 122.61 129.77
%' 0.45 1.49 1.66 1.79 1.70 1.80

Edge _sq. km 260.05 364.75 375.05 343.65 374.05 368.34
% | 3.61 5.06 5.20 4.76 5.19 5.11

Perforated sq. km | 99,37 2B7.44 237.72 25218 236.99 195.59
% | 1.38 371 3.30 3.50 3.29 2,71

Interior sq.km|  4018.89 2859.26 2599.42 2514.51 2412.46 2023.07
% 55,72 39.64 36.04 34.86 33.45 28.05

Waterbody sg. km 125.84 160.93 143.28 90.87 146.95 124,48
% 1.74 2.23 1.99 1.26 2.04 1.73
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Carbon Assessment

Carbon content in the forest ecosystems of
Chikamagaluru district was quantified by using
field data and literature review. The study shows
that the forest ecosystems of Chikamagaluru have
an irreplaceable stock of carbon, which aids in the
mitigation of global warming. The above-ground

biomass in 1973 was 55,706.29 (Gg, which decreased
to 38,781.8 Gg in 2021 due to extensive land cover
changes. A similar trend can be seen in below-
ground biomass {decrease of 3,426.41 Gg) and soil
and dead biomass (decrease of 1033.71 Gg). The
total carbon decreased by 30,683.81 Gg from 1973
10 2021 (Figure 4, Table 4).

Figure 4. Change in Total Carbon in Forest Ecosystem of Chikamagaluru District from 1973 to 2021
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Table 4. Carbon Assessment of Chikamagaluru District from 1973 to 2021
ST e L e e AGBHBGBASHD
Carbon Assessment | . AGB(Gg) .- |  BGB(Gg) . | Soil+dead(Gg). | e
1973 55706.29 11241.27 34306.46 101254.02
1991 46119.49 9303.11 29063.48 84486.08
1998 44224.56 8914.85 27133.85 80273.26
2005 43140.73 8694.237 26556.41 78391.51
2013 40193.41 8110.32 25358,36 73662.09
2021 38781.6 7814.86 23973,75 70570.21
Source: Author’s own
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Appraisal of Climate Variability

Figure 5 depicts the current temperature (°C),
number of rainy days and annual rainfall (mm), in
the Chikamagaluru district (13° to 14° N latitude),
which shows that Chikamagaiuru has an average
temperature of less than 25°C, 120 to 150 rainy
days in a year and annual rainfall of >3000 mm. The

analysis of climatic trends through long-term climatic
data, presented in Figure 5 highlight that the study
area will experience an increase in temperature of
< 0.5°C, ¢ to 100 mm increase in rainfall, and 2 to
4 days of rainy days, which are comparable to the
¢limatic trends in the Western Ghats {Ramachandra
& Bharath, 2019).

Figure 5. Effect on Climatic Variables Due to Inappropriate Land use Changes
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I 25003000 mem
300

A
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<60 days
60-50 dsys
50120 days

120-150cays
0 0 0k

150- 180 doys
> 180 days

Source: Appraisal of Climate Variability

Discussion

Land use fransitions in Chikamagaluru district
are due to escalating agriculiural and horticultural
activities in the forest ecosysiem during the past
five decades (Nagaraja et al., 2014). Continued land
degradation along with a lack of timely ecosystem
restoration has been posing a serious threat to food
security. The erosion of hydrological and ecological
services has been impacting the livelihood of the
local people. Declining carbon stock and potential for
sequestraticn necessitate immediate eco-restoration

and implementation of siringent pclicies and norms
for the protection of ecologically fragile regions.

The study highlights that land-use alterations have
significantly impacted a district's micro-climate.
Forests, often referred to as "water towers,” play a
pivotal role in capturing atmospheric meisture through
rainfall and aiding in condensation (Bonan, 2008). The
decline in natural forest cover has reduced surface
roughness, a change in the hydrological regime, and
altered aerodynamics. Consequently, rain-bearing
clouds now follow prevailing winds, resulting in
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rainfall primarily in windward areas. Climate change
is evident from the alterations in the spatial patterns
of rainfall accompanied by an increase in rainy days
and rainfall in the Northern Western Ghats, and a
decrease in rainy days and rainfall in the Southern
Western Ghats, which will result in recurring
instances of flash floods and drought-like conditions
{(Ramachandra & Bharath, 2019).

Conclusion

Land use dynamics (from 1973 to 2021) and climate
variability were studied, and quantification of carbon
done to understand likely climatic trends in the
Chikamagaluru district. Land use analyses showed
a decline in forest cover of 28.98%, an increase
in agricultural area by 5.31%, and horticulture by
42.52%, Assessment of forest structure through
fragmentation metrics reveals a decrease in intact
forests from 55.72% (1973} to 28.05% (2021).
Globalization and liberalization in the 1990s
provided an impetus to rapid land use changes
with the conversion of forest lands into agricultural,
horticuliural, and built-up areas to meet the needs of
the expanding human population. This has caused
an imbalance in the ecological structure of the region.
Carbon assessment from 1973 to 2021 also shows
declining carbon stock (soil, dead biomass, above
ground, and below ground biomass), which has led
to a decrease in carbon by 30,683.81 Gg from 1973
to 2021. The analyses reveal that continued land
degradation and loss of associated native forests
would impact the carbon sequestration capability of
ecosystems to mitigate changes in the climate with
the global warming. Analyses of long-term climatic
trend show that the study region will experience an
increase in temperature (< 0.5°C), an increase in
rainfall (up to 100 mm), and rainy days (2 to 4 days).
The analyses of landscape cover dynamics with
climatic variability demonstrate that land cover in the
Western Ghats landscape has played a critical role in
moderating microclimatic conditions and continuance
of land degradation with deforestation would have
serious implications on the climate with higher
temperatures, alterations in rainfall and rainy days,
" which will eventually have serious implications on the
¢ livelihood of peaple in the form of increase in vector-
_ borne diseases because of increase in temperature
and recurring instances of landslides and mudslides
. due to flooding because of changes in the rainfall
pattern.

This study emphasizes the necessity for sustain-
able development measures and forest restoration

policies to protect the ecologically fragile ecosystem
in the study region to maintain the carbon sinks. This
would also aid in the sustainment of hydrological and
other ecological cycles. Proper policy measurements
will help the local community to reach the sustainable
goal of zero poverty and equal livelihood opportuni-
ties.
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