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ABSTRACT ARTICLE HISTORY
This study focuses on analysing the evolving patterns of land use/land Received 1 February 2024
cover (LU/LC) within the Meenachil River Basin-MRB (n = T7th, Revised 2 March 2024

L = 78 km, A = 1272 km?), in Kerala, India, over a span of 107 Accepted 5 March 2024

years (1914-2021). The research employs remote sensing techniques to
discern and characterize changes in LU/LC across four distinct periods,
viz., 1914, 1967, 2007, and 2021. Data from Survey of India toposheets
(1914 and 1967), Indian Remote Sensing satellite series IRS I-D .
(LISS; 2006-2007), and Landsat 8 OLI and TIRS imagery (2021) were Remote Sensing
processed using software such as ERDAS Imagine and Arc GIS. About GIS o .
seven LU/LC categories were identified under Level-I and 17 sub- Mee_maChﬂ River Basin
categories were identified under level-II. The predominant category is India

agriculture, which has maintained its dominance throughout the study

period. However, a significant reduction in coconut cultivation and

forested land has become evident over the past century. Intriguingly,

the land area allocated to rubber cultivation has exhibited a substantial

increase, resulting in an observable expansion of built-up urban areas

and a corresponding decline in water bodies. It is noteworthy that

the ongoing trend of diminishing forested areas and water bodies

contradicts established climate change mitigation policies. Urgent

and concerted efforts are imperative to safeguard and conserve both

forested regions and aquatic ecosystems. Moreover, proactive measures

are required to address waste management issues within built-up urban

locales. Additionally, considering the heightened risk of soil erosion

in regions characterized by rubber cultivation, mitigative strategies

should be formulated to combat this challenge effectively. This study

underscores the critical need for comprehensive conservation strategies

to counteract the adverse impacts of changing LU/LC patterns. By

prioritizing the protection of forests, water bodies, and implementing

waste management solutions, stakeholders can align with climate

change mitigation objectives while fostering sustainable resource

management practices. This study also identified urbanization coupled

with LU/LC change, which influenced negative impact on environment.
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1. INTRODUCTION 2007). LU/LC is a crucial driver of global environ-
mental change and has important implications for
many national and international policy issues. The
vital challenge for sustainability is to preserve natural
ecosystems and their services (Ewunetu et al., 2021;

A shift in land use/land cover (LU/LC) is promi-
nent in the history due to human settlement patterns
and various economic developments (Long et al.,
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Abebe et al., 2022). Integration of natural and social
sciences as well as recognition of the increasing role
of global factors, are required to meet the challenge.
This challenge for developing countries confronts the
force of globalization, which seeks cropland that is
shrinking in availability and which triggers deforesta-
tion (Lambin and Meyfrid, 2011). Some cumulative
changes in land use pattern, for instance cropland,
grasslands, wetlands, or human settlements, have
reached continental, even global, proportions long be-
fore the 20th century, including deforestation and the
modification of grasslands. The extent of land con-
version especially in croplands is also reported glob-
ally. Global expansion of croplands since 1850 has
converted about 6.0 million km? of forests and 4.7
million km? of grasslands (Ramankutty and Foley,
1999).

During the period from 1980 to 2000, more than
half of the new agricultural land across the tropics
came at the expense of intact forests, and another
28% came from disturbed forests (Gibbs et al., 2010).
Further studies have shown that the replacement
of natural vegetation by modern vegetation cover
leads to large changes in regional climate (Kueppers
et al., 2007; Tewabe and Fentahun, 2020; Samal and
Gedam, 2021; Preetha et al., 2021). Land use changes
often alter the composition of plant communities of
a larger area due to fragmentation of the landscape,
removal and introduction of species, and alteration
of nutrient and water pathways. These can further
enhance greenhouse gas feedback to the climate sys-
tem (Ojima et al., 1994). These changes in land use
have important implications for future changes in the
earth’s climate and, in turn, more significant impli-
cations for subsequent LU/LC.

A plethora of publications are available on the im-
pacts of land cover, for example, modification on the
physical landscape (Skole and Tucker, 1993; Meyer
and Turner II, 1992; Lambin and Geist, 2001; Li
et al., 2021). A massive study of changes in land use
class aimed at carbon estimates for thirteen countries
in South and South—East Asia for the periods 1880,
1920, 1950, 1970 and 1980 (Richards and Flint, 1994).
It summarises that, over 123 x 106 ha of land in the
forested /woodland and forested wetland classes have
been converted to low-biomass categories (e.g., grass-
land) by 1980. Studies on land use change along with
carbon fluxes were carried out in different countries
(Woodwell et al., 1983; Melillo et al., 1988; Tate et al.,
2003; Pfeifer et al., 2013).
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Intergovernmental Panel on Climate Change
(IPCCQ) is focusing on comprehensive global land use
datasets and improving the modeling strategies allow-
ing for an extensive representation of the land use sys-
tem. As a part, it is developing new advanced Earth
System Models (ESMs) to assess the combined effects
of human activities on the carbon-climate system and
is generating land use history data together with fu-
ture scenario information from multiple Integrated
Assessment Models (IAMs) into a single consistent,
spatially gridded set of Land use change scenarios for
studies of human impacts on the past, present and fu-
ture earth system (Hartman et al., 2011). Further, in-
tegrated resource analysis for CLEWs (climate, land-
use, energy, and water strategies) models, incorpo-
rating Land use scenarios, were also studied (Ngondo
et al., 2021; Mark, 2013). Human-induced Land use
changes were also studied by simulation models (Pi-

janowski et al., 2002; Klein et al., 2011).

For the past two decades, remote sensing is ac-
cepted as an efficient tool for monitoring LU/LC.
Remote sensing can generate cost-effective, multi-
spectral and multi-temporal data, for understanding
and monitoring land change patterns and processes,
and for creating LU/LC data sets. The collection of
remotely sensed data facilitates the synoptic analysis
of earth-system functions, patterns and change at lo-
cal, regional and global scales over time. In India, a
variety of LU/LC analysis were carried out by vari-
ous researchers (Menon and Bawa, 1998; Pontius and
Batchu, 2003; Singh, 1989; Roy and Giriraj, 2008;
Sheeja et al., 2010).

This investigation elucidates the spatio-temporal
intricacies of LU/LC modifications within the
Meenachil River Basin (MRB), Kerala, India.
Through meticulous quantitative analyses, this en-
deavour stimulates a profound and resilient compre-
hension of LU/LC dynamics. Furthermore, it fa-
cilitates the discernment of intricate environmental
challenges, thereby fostering the formulation of judi-
cious management strategies tailored to the exigen-
cies of the river basin. This study will help to under-
stand major anthropogenic factors behind the LU/LC
changes in Meenachil river basin.

2. STUDY AREA

The Meenachil River Basin-MRB (n = 7th, L = 78
km, A = 1272 km?) holds a distinct geospatial iden-
tity with its coordinates ranging from 9°25" to 9°55’
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Fig. 1. Study area.

N latitudes and 76°30’ to 77°00" E longitudes. Orig-
inating in the Western Ghats, the MRB follows an
Fast—West trajectory, culminating in its discharge
into the Vembanad Lake, situated in the lowland
physiographic domain at Kavanattinkara (as depicted
in Fig. 1), Kerala, India. The basin encompasses
a network of 38 tributaries, collectively shaping a
dendritic drainage pattern that intricately interacts
with its varied physiographic domains. The river’s
course traverses through distinct topographical do-
mains, constituting highlands, which account for 33%
of the basin area, midlands occupying 66%, and low-
lands occupying the remaining 1%. The prevailing
tropical climate imparts an annual average rainfall of
3000 mm, while temperatures fluctuate between 24
and 32°C.

Predominantly characterized by Precambrian
metamorphic formations, the MRB is primarily com-
posed of quartzite, charnockite, garnetiferous biotite
gneiss, and pink/grey granite. Notably, the Vaga-
mon region, situated in the eastern basin, features
amphibolite facies rocks. The geological tapestry is
further embellished by the presence of quartz and
pegmatite veins intricately intersecting the country
rock. The major soil type prevalent in the area is well
drained laterite soils (Watershed Atlas, 1998). Recent
sediments, encompassing coastal sands and alluvium
occupy certain areas, particularly proximate to the
river’s mouth, thereby framing the Vembanad lake
region.
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3. MATERIALS AND METHODS

The research utilized digital data from various
sources to analyze Land use/Land Cover (LU/LC)
changes within the Meenachil River Basin (MRB)
over the period from 1914 to 2021. The data sources
included Landsat 8 OLI & TTRS imagery from 2021,
Indian Remote Sensing satellite series IRS I-D (LISS
IIT) images from 2006-2007 at a scale of 1:50,000,
and Survey of India (SOI) toposheets from 1914
(1:63,360 scale) and 1967 (1:50,000 scale). The col-
lected geocoded data were merged and processed to
create different layers. The study employed a super-
vised classification technique on the multi-temporal
images using ERDAS Imagine 9.0 software for accu-
rate LU/LC mapping and change analysis. Spatial
statistical analysis was conducted using the ArcGIS
10.0 environment. The thematic map was generated
through a delineation process based on image char-
acteristics such as tone, texture, shape, association,
and background. This procedure followed established
visual interpretation techniques outlined in works by
(Wilkie and Finn, 1996). The resulting map was clas-
sified into both Level-I and Level-II categories.

To assess the accuracy of the findings, a vector
polygon was converted to a raster format, and fre-
quency analysis was performed. This information was
then used to generate a pivot table (error matrix),
which provided a comprehensive evaluation of field
accuracy during the assessment process.
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Table 1. Area wise distribution of land classes (in km?)
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Land use Class 1914 1967 2007 2021
Level-I Level-II Area (km?) Area (km?®) Area (km?) Area (km?)
Agriculture Paddy 48.19 154.87 96.22 44.51
Pepper 0 0.12 0.27 0
Mixed Crops 119.32 364.21 167.36 159
Tea 0 1.08 0.61 0
Coconut 567.19 72.4 2.64 1.80
Rubber 0.79 545.83 749.59 787.2
Fallow Land 7.94 57.02 10.27 0
Sub Total 743.43 1195.53 1026.96 992.51
Built-up land  Town/Cities 1.85 15.68 130.18 178.64
Forest Forest 202.66 11.74 10.96 8.2
Grassland Grassland 33.46 5.76 2.81 0
Wasteland Land with scrub 26.99 15.69 77.84 78.59
Land without scrub 51.6 1.95 0 0
Sandy Area 0.71 0.34 0 0
Mining/industrial waste 0 0.07 0 0
Barren land 28.62 2.12 0.43 2.98
Sub Total 107.92 20.17 78.27 81.57
Waterbodies  River/waterbodies 119.69 23.99 16.83 9.28
Wetland 0 0.06 6.86 2.69
Total 1208.99 1272.89 1272.89 1272.89
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Fig. 2. LULC Change of MRB, 1914.

4. RESULTS AND DISCUSSION

Table 1 and Fig. 2-6 present the spatial distribu-
tion of Land Use/Land Cover (LU/LC) classes within
the Meenachil River Basin (MRB) at both Level-I and
Level-II for the years 1914, 1967, 2007, and 2021. Ad-
ditionally, Table 2 provides a comprehensive overview

of the percentage-wise abundance of these categories,
while Table 3 and 4, along with Fig. 7 and 8, elucidate
the dynamic changes observed between the four time
periods for Level-I and Level-II classifications. Dur-
ing the analysis, an error matrix was generated in
the ArcGIS platform by integrating 72 ground truth
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Fig. 3. LULC Change of MRB, 1967.
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Table 2. Land use class (Level-I) for 1914, 1967 and 2007 (in area %).

Land use 1914 1967 2007 2021
Level-I Area (%) Area (%) Area (%) Area (%)
Agricultural land  61.49 93.92 80.68 77.97
Built-up land 0.15 1.23 10.23 14.03
Forest 16.76 0.92 0.86 0.64
Grassland 2.77 0.45 0.22 0
Wasteland 8.93 1.58 6.15 6.4
Waterbodies 9.90 1.88 1.32 0.73
Wetlands 0.00 0.00 0.54 0.23
Table 3. Change in area (%) for different periods of Land use class (Level-T).
Land use 1914-1967 1967-2007 19142007 20072021
Level-I Area change (%) Area change (%) Area change (%) Area change (%)
Agricultural land  +32.43 -13.24 +19.19 -2.71
Built up land +1.08 -+9.00 +10.07 3.8
Forest -15.84 -0.06 -15.90 -0.22
Grassland -2.32 -0.23 -2.55 -0.22
Wasteland -7.34 +4.57 -2.78 0.25
Waterbodies -8.02 -0.56 -8.58 -0.59
Wetlands 0.00 +0.54 +0.54 -0.31
Table 4. Land use class (Level-II) for years 1914, 1967, 2007 and 2021.
No. Land use 1914 1967 2007 2021
Level-II Area (%) Area (%) Area (%) Area (%)
1 Paddy 3.99 12.17 7.56 3.49
2 Pepper 0 0.01 0.02 0
3 Mixed crop 9.87 28.61 13.15 12.49
4 Tea 0 0.08 0.05 0
5 Coconut 46.91 5.69 0.21 0.14
6 Rubber 0.07 42.88 58.89 61.85
7 Fallow land 0.66 4.48 0.81 0
8 Built up land 0.15 1.23 10.23 14.03
9 Forest 16.76 0.92 0.86 0.65
10 Grassland 2.77 0.45 0.22 0
11 Land with scrub 2.23 1.23 6.12 6.18
12 Land without scrub 4.27 0.15 0 0
13 Sandy area 0.06 0.03 0 0
14 Mining/industrial waste 0 0.01 0 0
15 Barren land 2.37 0.17 0.03 0.23
16 River /waterbodies 9.9 1.88 1.32 0.73
17 Wetlands 0 0 0.54 0.21
No. Land use 1914 1967 2007 2021
Level-II Area (%) Area (%) Area (%) Area (%)
1 Paddy 3.99 12.17 7.56 3.49
2 Pepper 0 0.01 0.02 0
3 Mixed crop 9.87 28.61 13.15 12.49
4 Tea 0 0.08 0.05 0
5 Coconut 46.91 5.69 0.21 0.14
6 Rubber 0.07 42.88 58.89 61.85
7 Fallow land 0.66 4.48 0.81 0
8 Built up land 0.15 1.23 10.23 14.03
9 Forest 16.76 0.92 0.86 0.65
10 Grassland 2.77 0.45 0.22 0
11 Land with scrub 2.23 1.23 6.12 6.18
12 Land without scrub 4.27 0.15 0 0
13 Sandy area 0.06 0.03 0 0
14 Mining/industrial waste 0 0.01 0 0
15 Barren land 2.37 0.17 0.03 0.23
16 River /waterbodies 9.9 1.88 1.32 0.73
17 Wetlands 0 0 0.54 0.21

© CEHESH TRUST OF INDIA

e-ISSN: 2583-6900

19142021

Area change (%)

16.48
13.88
-16.12
-2.77
-2.53
-9.17
0.23

35



JOURNAL OF GEOINTERFACE, Vol. 3, No. 1, July 2024, pp. 29-43 e-ISSN: 2583-6900

40
m 1914-1967 Area change (%)
30 = 1967-2007 Area change (%)
m2007-2021 Area change (%)
20 1914-2021 Area change (%)
10
b. (3 < (3 o ) S
\\’bs\ \@Q & ‘}"é\ e>‘§\ 5\2’ \,b‘(‘b
s S o ol
A0S o & & & N
& N ©
)
-20
Fig. 7. Change in area (%) for different periods of Land use class (Level-I).
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Fig. 8. LULC class (Level-II) for years 1914, 1967, 2007 and 2021.
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points (GCP) from diverse land use classes, ensuring
a rigorous validation of accuracy.

This study identified and categorized seven
principal land use classes at Level-I, viz., agricultural
land, built-up land, forest, grassland, wasteland,
water bodies, and wetland. Subsequently, Level-1I
classification further delineated these into 17 distinct
sub-categories. An assessment of the spatial dis-
tribution revealed the dominance of the agriculture
category across the entire study duration, while the
remaining categories exhibited varying and often
fluctuating trends. For instance, in 1914, agricultural
land held the highest abundance, followed by forest,
water bodies, wasteland, grassland, and built-up
land in a descending order. However, by 1967, the
hierarchy shifted to agricultural land > water bodies
> built-up land > forest > grassland. Notably,
2007 saw a significant alteration in this sequence,
with agriculture land > built-up land > wasteland
> water bodies > forest > grassland becoming the
new order. By 2021, the order had evolved once
again to prioritize agricultural land > built-up land
> wasteland > water bodies > forest > wetland
> grassland. The description of various categories
under level I and II are as follows:

4.1. Land Use Changes

4.1.1. Agricultural lands

Agricultural lands play a pivotal role within the
Meenachil River Basin (MRB), serving as the foun-
dation for food, fiber, and the cultivation of com-
mercial and horticultural crops. Leveraging satellite
data, a meticulous and detailed classification of these
agricultural zones has been achieved, extending even
to the Level-II categorization. In the year 1914, the
agricultural stretch covered a total area of 743 km?
(61%). This encompassed a diverse range of crops
including paddy, mixed crops, coconut, rubber, and
fallow land. This footprint expanded significantly by
1967, covering 1195 km? (94%). However, a minor re-
duction was noted between 2007 and 2021, with the
area shrinking from 1026 km? (80.6%) to 992.51 km?
(77.97%). These shifts can be primarily attributed
to the conversion of waterlogged areas and ambitious
land reclamation efforts in the Vembanad lake region,
particularly on the western fringes of the MRB.

Taking a more nuanced perspective, the Level-1I
classification of the agricultural sector (as depicted
in Table 4 and Fig. 8) reveals intriguing patterns.
In 1914, coconut cultivation held prominence in the
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agricultural landscape, followed by mixed crops. In
contrast, by 1967, 2007, and 2021, rubber cultiva-
tion emerged as the dominant activity, surpassing
mixed crops. A closer examination of crop-specific
changes across the study periods presents compelling
dynamics. The area dedicated to paddy cultivation
witnessed a remarkable surge from 3.99% in 1914 to
12.17% in 1967, driven by extensive land reclama-
tion activities in the Vembanad lake regions during
that period. However, this trajectory witnessed a
subsequent decline, receding to 7.56% in 2007 and
further to 3.49% in 2021. The dip in paddy cultiva-
tion during the 19672021 period can be attributed
to a convergence of factors including crop failures,
labour shortages, heightened input costs, encompass-
ing labour expenses, and the absence of a robust mar-
keting infrastructure.

Conversely, the cultivated area of coconut wit-
nessed a substantial decline, plummeting from
46.91% in 1914 to a mere 0.14% by 2021. This decline
can be attributed primarily to reductions in toddy
tapping and coir processing activities. In contrast,
rubber plantations experienced rapid expansion, es-
calating from a mere 0.07% in 1914 to 42.8% in 1967,
further surging to 58.89% in 2007, and culminating
at 61.85% in 2021. Notably, reports indicate a stag-
gering 627% expansion of rubber plantation area in
the Kerala State from 1955 to 2000, with Kottayam
district occupying a leading position in this trajec-
tory (Kumar, 2005). The surge in rubber cultivation
was propelled by burgeoning market demand, com-
pelling individuals to transform traditionally culti-
vated lands into rubber plantations. The transfor-
mation of scrubland saw a notable intensification, ex-
panding from 2.23% in 1914 to 6.18% in 2021. This
shift was primarily attributed to the abandonment of
agricultural land. Meanwhile, barren land underwent
a decline, dwindling from 2.37% in 1914 to a mere
0.23% by 2021.

Overall, when considering both Level-I and Level-
IT classifications, the period between 1914 and 1967
witnessed an increase in the areas dedicated to paddy,
mixed crops, rubber, built-up land, and fallow land.
In contrast, coconut, forest, water bodies, and grass-
land experienced substantial declines. The surge in
agricultural areas, particularly rubber and paddy,
came largely at the expense of forest and fallow land.

However, during the 1967-2021 period, a decline
was observed in paddy cultivation, mixed crops, co-
conut cultivation, and fallow land. In contrast, built-
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Fig. 9. Change in area (%) for different periods of LULC class (Level-II).

up land, rubber plantations, and shrubland experi-
enced rapid expansion. The growth in built-up land
was primarily at the cost of mixed crops and coconut
cultivation, while the increase in rubber plantations
predominantly replaced mixed crops. In 1914, co-
conut (46%) and forest (16.7%) were the dominant
land use classes, but by 1967 and 2007, rubber had as-
sumed prominence with proportions of 42% and 58%,
respectively. Throughout the study period from 1914
to 2021, a pronounced decline in coconut cultivation,
forested areas, and water bodies was observed, while
rubber cultivation and built-up areas underwent in-
tensification. Similar conclusions based on the studies
in Neyyar river basin, Kerala (Sheeja et al., 2010).

4.1.2. Built-up land

Built-up lands encompass areas of human habi-
tation that have been developed for non-agricultural
purposes, such as construction, transportation, com-
munication, and utility infrastructure. These zones
emerge either in vacant spaces or through the conver-
sion of water bodies and vegetated lands. They are
distinguishable on satellite images by their distinc-
tive dark bluish-green core and a bluish tone along
the periphery. Notably, they exhibit a characteris-

38

tic coarse and mottled texture, often interwoven with
the network of canals, roads, and railway lines.

Built-up land being a minor fraction of 1.85 km?
(0.15%) in 1914, increased to 15.6 km? (1.2%) in 1967,
130.2 km? (10.2%) in 2007, and 178.64 km? (14.03%)
in 2021. Major construction activities which took
place at Kottayam, Pala, and Erattupetta town-
ship regions during these periods were responsible for
this. The primary cause of increased built-up area
is largely attributed rapid urbanization. The study
aligns with previous research findings (Abraham and
Kundapura, 2022).

4.1.3. Forest

Forests within the Meenachil River Basin (MRB)
are characterized by dense canopies of towering
trees, predominantly maintaining their verdant hue
throughout the year. Distinguished by their red-to-
dark red tonality and varied sizes, these areas ex-
hibit irregular shapes and smooth textures. The
forest cover encompasses diverse types including ev-
ergreen, semi-evergreen, and deciduous forests, as
well as degraded forests, forest blanks—defined as
openings within forests devoid of tree cover—and
forest plantations consisting of trees of significant
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forestry value, cultivated on officially designated for-
est lands.

Within the context of the MRB, the forested
stretch has witnessed a gradual decline, contracting
from 202.6 km? (16.76% of total area) in 1914 to 11.7
km? (0.92%) in 1967, further diminishing to 10.9 km?
(0.86%) in 2007, and finally reaching 8.2 km? (0.64%)
by 2021. This decline can be attributed to deforesta-
tion practices and the conversion of these areas into
rubber plantations, which have emerged as a primary
catalyst for this transformation. Four distinct phases
of deforestation within Kerala, including (1) the ex-
tensive conversion of forestlands to plantations fol-
lowing a Royal Proclamation in the late 19th century,
(2) the ”Grow More Food” campaign during the mid-
1940s, which led to the clearing of substantial forested
areas for food crop cultivation, (3) the colonization
wave of the 1950s and 60s, marked by the establish-
ment of new settlements within deforested regions,
and (4) the post-independence era’s infrastructure de-
velopment, during which forestlands became host to
projects in the power, irrigation, and transportation
sectors (George and Chattopadhyay, 2001).

4.1.4. Grassland

The grassland area, constituting 2.77% of the re-
gion in 1914, has also exhibited a persistent declining
trend, dwindling to 0.22% by 2007. Similarly, the
wasteland area, accounting for 8.93% in 1914, expe-
rienced a substantial decline to 1.58% in 1967. This
decline was primarily attributed to the conversion of
waterlogged areas into agricultural lands.

4.1.5. Wasteland

There was a notable intensification of scrub-
land, which shifted from 8.93% in 1914 to 6.4% by
2021. This transformation was predominantly a con-
sequence of abandoned agricultural land areas. Con-
versely, barren land experienced a decline from 2.37%
in 1914 to a mere 0.23% in 2021. Similarly, sandy ar-
eas decreased from 0.06% in 1914 to nearly zero by
2021. This doomed decline may be attributed to ille-
gal sand mining and channel encroachment, emerging
as the primary factors contributing to this distressing
situation.

4.1.6. Water Bodies
Water bodies, comprising 9.95% of the landscape

in 1914, underwent a rapid reduction to 1.88% in
1967, 1.32% in 2007, and further declined to 0.73%
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by 2021. This swift decline can be attributed to sev-
eral factors, including the conversion of waterlogged
areas within the lowlands for agricultural activities,
land reclamation initiatives along river banks and
channels, and a shift in traditional water use prac-
tices. Notably, this shift encompasses the abandon-
ment of inland water transport facilitated by ferry
boats and the exacerbating issue of eutrophication,
primarily due to the proliferation of water hyacinth.
These combined factors have played a pivotal role in
shaping this downward trend in water body coverage.
Global phenomena like LU/LC changes cause signif-
icant challenges to resource management, including
the management of water resources 3. These changes
particularly concerning given the increasing uncer-
tainties and stresses associated with resource man-
agement. Several numbers of studies have been con-
ducted worldwide revealing that decline in natural re-
sources, which is resulting in the reduction of ecosys-
tem services; specifically, services related to support,
regulation and provisioning of the services.

4.1.7. Wetland

Until 1967, wetland areas were nearly absent;
however, they subsequently expanded to 0.5%. This
notable change was primarily attributed to wet-
land conservation activities concentrated along Ku-
marakom and other coastal regions within the basin
(Fig. 2).

In light of the results depicting percent area
changes for Level-I (as presented in Table 3 and
Fig. 7), a discernible pattern emerges. The period be-
tween 1914 and 1967 witnessed the expansion of agri-
cultural land (+32.43%) and built-up land (+1.08%),
while forest (-15.84%), grassland (-2.32%), waste-
land (-7.34%), and water bodies (-8.02%) experienced
a decline in their coverage. A closer examination
based on Level-II changes (as detailed in Table 5
and Fig. 6) unveils a clearer perspective. During
this same period, there was intensification observed
in paddy cultivation (+8.18%), mixed crop cultiva-
tion (+18.74%), rubber plantations (+42.82%), fal-
low land (43.77%), and built-up areas (+1.08%).
In contrast, coconut cultivation (-42.15%), forest (-
15.84%), and barren land (-2.20%) exhibited substan-
tial declines.

However, the period spanning 1967 to 2007 wit-
nessed a drastic shift in this landscape. Agricultural
lands (-13.24%), forest (-0.06%), grassland (-0.23%),
and water bodies (-0.56%) all experienced reductions,
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Table 5. Change in area (%) for different periods of Land use class (Level-II).

No. Land use 1914-1967 1967-2007 19142007 2007—2021 19142021

Level-IT Area change Area change Area change Area change Area change
(%) (%) (%) (%) (%)

1 Paddy +8.18 -4.61 +3.57 -4.07 -0.5

2 Pepper +0.01 +0.01 +0.02 -0.02 0

3 Mixed crop +18.74 -15.47 +3.27 -0.66 2.62

4 Tea +0.08 -0.04 +0.05 -0.05 0

5 Coconut -41.23 -5.48 -46.71 -0.07 -46.77

6 Rubber +42.82 +16.01 +58.82 2.96 61.78

7 Fallow land +3.82 -3.67 +0.15 -0.81 -0.66

8 Built up land +1.08 +9.00 +10.07 3.8 13.88

9 Forest -15.84 -0.06 -15.90 -0.21 -16.11

10 Grassland -2.32 -0.23 -2.55 -0.22 -2.77

11 Land with scrub -1.00 +4.88 +3.88 0.06 3.95

12 Land without scrub -4.11 -0.15 -4.27 0 -4.27

13 Sandy area -0.03 -0.03 -0.06 0 -0.06

14 Mining/industrial waste +0.01 -0.01 0.00 0 0

15 Barren land -2.20 -0.13 -2.33 0.2 -2.14

16 River/Waterbodies -8.02 -0.56 -8.58 -0.59 -9.17

17 Wetlands 0.00 +0.53 +0.54 -0.33 0.21

while a corresponding growth occurred in built-up
land (49.00%), wasteland (+4.57%), and wetland ar-
eas (+0.54%). A similar trend emerged in Level-
IT classifications, where paddy cultivation (-4.61%),
mixed crop cultivation (-15.47%), and coconut cul-
tivation (-5.48%) declined, while intensification was
notable in rubber plantations (+16.01%), scrubland
(+4.88%), and built-up areas (+9.00%). In essence,
these shifts underscore the dynamic nature of land use
and cover within the MRB, shaped by multifaceted
interactions between human activities, conservation
efforts, and ecological factors. The similar results are
also made Vincy et al. (2012). The transition from
rural to urban living, particularly in central Kerala,
has led to significant alterations in LU/LC patterns.
These transformations, primarily the rise in urban
development and deterioration of wetlands, played a
pivotal role in intensifying the floods witnessed by
the region in the years 2018, 2019 and 2021 (Sonu
and Bhagyanathan, 2022). Greater flood peaks could
occur as a result of growing urbanisation (Chandu
et al., 2022). Land conversions and rapid urbaniza-
tion could have an impact on both the ecosystem and
the presence of diverse inhabitants. If there is inad-
equate planning during infrastructure development,
there is a possibility that an ecologically significant
area could be turned into an ecologically insignificant
region (Raj and Azeez, 2010).

4.2. Comparison of land use trend with the current
policies

A comparison has been made with the current
land use with the current policies for climate change
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and sustainable development. The present land use
trend in the basin is totally against the policies. A
drastic reduction in the forest can be observed in the
basin, which is against the present climate change
policy for the intensification efforts to protect forests.
The high rise in built-up area may cause a rise in the
discharge of waste water into the river, soil erosion
etc. The current policy on sustainable development
is to be strictly adhered to. The facility for the treat-
ment of wastewater shall be in place. The consider-
able reduction in our water bodies is to be considered
seriously, and provision for the conservation of water
resources is to be made.

4.3. Suggested Land use policy for MRB

1. The deforestation and degradation of existing
forests shall be stopped. Reforestation and af-
forestation shall be encouraged. Forest is to be
protected from the forest fire, mining and nat-
ural calamities. The existing forests are to be
developed as national park for its protection.
Survey of the forest is to be conducted and its
inventory shall be prepared. The laws for the
protection of forest are to be implemented in an
effective manner.

2. Appropriate soil erosion control measures shall
be adopted, especially in the steep sloping area
having rubber plantations. Steps are to be
taken to identify such areas for soil erosion con-
trol measures. Water recharge measures are to
be adopted in plantation areas.

3. The conservation of water bodies is to be given
prime importance in consideration of climate
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change and the rise in population. Rivers, wet-
lands, and springs are to be protected, espe-
cially from reclamation and encroachment. The
summer flows in rivers shall be enhanced by
watershed conservation measures. The area in
which the depletion of water resources occurred
shall be studied, and steps for restoring water
bodies are to be taken.

4. The paddy fields, wetlands shall be preserved
for the percolation of rain water. Artificial
ground water recharge shall be promoted. The
recharge of wells shall be improved. The perco-
lation of ground water shall be promoted storm
water drainages shall be rejuvenated, especially
in rubber plantation areas.

5. Mixed crop cultivation, paddy cultivation, and
coconut cultivation shall be encouraged. The
use of bio fertilizers and bio pesticides shall be
promoted for agricultural activities.

6. Adequate treatment facilities shall be provided
in the built-up area for the sewage, sullage, and
garbage generated in the basin. Green pub-
lic transportation, green energy access, green
housing, and building are to be adopted, espe-
cially in the built-up areas for developing sus-
tainable cities. The reuse and recycling of water
shall be encouraged.

5. CONCLUSION

The Land Use/Land Cover (LU/LC) study con-
ducted in the Meenachil River Basin (MRB), In-
dia, spanning over 107 years—encompassing the years
1914, 1967, 2007, and 2021—has meticulously iden-
tified seven categories under Level-I and delved into
17 sub-categories under Level-1I. The findings of this
study illuminate profound and dramatic shifts in land
use patterns during the observed period, with agri-
culture consistently dominating the landscape. How-
ever, the trends within other categories have been
notably erratic.

In 1914, the hierarchy of land abundance was led
by agricultural land, trailed by forest, water bod-
ies, wasteland, grassland, and built-up areas. This
landscape configuration underwent significant trans-
formations by 2007, with agricultural land surging to
the forefront, followed by built-up areas, wasteland,
water bodies, forest, and grassland. This pronounced
shift underscores the drastic decline in forested areas
and the rapid expansion of built-up spaces.
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Analyzing the period from 1914 to 1967, consid-
ering both Level-I and Level-II classifications, reveals
an expansion in areas dedicated to paddy cultivation,
mixed crops, rubber plantations, built-up develop-
ment, and fallow land. Simultaneously, significant
decreases are observed in coconut cultivation, forest
cover, water bodies, and grassland. The upswing in
agricultural land is largely at the expense of forested
areas. However, within the agricultural domain, the
rise of rubber plantations is chiefly at the cost of
forest, coconut cultivation, and mixed crops. Con-
versely, from 2007 to 2021, a decline is noted in paddy
cultivation, mixed crops, coconut cultivation, and fal-
low land. This period saw substantial growth in built-
up areas, rubber plantations, and scrubland. The ex-
pansion of built-up areas primarily encroached upon
mixed crop and coconut cultivation spaces, while rub-
ber plantations saw growth at the expense of mixed
Crops.

A striking transformation emerges in the realm
of rubber cultivation, which witnessed an exponen-
tial rise of 816.94%, contrasted by a sharp decline
of 624.2% in coconut cultivation. A noteworthy re-
duction of 214.26% in forested areas is evident, indi-
cating a significant impact of rubber cultivation on
both coconut plantations and forests. Across the en-
tire observation span (1914-2021), a stark decrease
in coconut cultivation, forest cover, and water bod-
ies is evident, juxtaposed with the intensification of
rubber cultivation and the expansion of built-up ar-
eas. The surge in built-up areas poses a consider-
able threat to water conservation efforts, as it leads
to a decline in water resources. This concerning tra-
jectory must be addressed with utmost urgency, as
the increasing demand for water due to population
growth will exacerbate the already dwindling water
resources. Thus, prioritizing water resource conser-
vation becomes paramount.

Furthermore, the current land use change is not in
lieu of the climate change policy, and mitigatory mea-
sures are urgently needed for the sustainable manage-
ment of MRB, safeguarding its ecological integrity
and the well-being of its inhabitants.

ACKNOWLEDGEMENTS

The authors extend their heartfelt gratitude to
the University Grants Commission (UGC), New
Delhi, India, for their unwavering support of
this research through the Major Research Project

41



JOURNAL OF GEOINTERFACE, Vol. 3, No. 1, July 2024, pp. 29-43

(No. F. 41-1096/2012(SR) scheme). We also express
our sincere appreciation to the Director, Kerala State
Remote Sensing and Environment Centre (KSREC)
for providing the GIS lab facility for the study.

References

Abebe, G., Getachew, D., Ewunetu, A., 2022. Analysing land
use/land cover changes and its dynamics using remote sens-
ing and GIS in Gubalafito district, Northeastern Ethiopia.
SN Applied Sciences 4(1), 30. https://doi.org/10.1007/
s42452-021-04915-8.

Abraham, A., Kundapura, S., 2022. Spatio-temporal Dynamics
of Land Use Land Cover Changes and Future Prediction
Using Geospatial Techniques. Journal of the Indian Society
of Remote Sensing 50(11), 2175-2191. https://doi.org/
10.1007/s12524-022-01588-7.

Chandu, N.; Eldho, T.I., Mondal, A., 2022. Hydrological im-
pacts of climate and land-use change in Western Ghats,
India. Regional Environmental Change 22(1), 32. https:
//doi.org/10.1007/s10113-022-01879-2.

Ewunetu, A., Simane, B., Teferi, E., Zaitchik, B.F., 2021. Map-
ping and quantifying comprehensive land degradation status
using spatial multicriteria evaluation technique in the head-
waters area of upper Blue Nile River. Sustainability 13(4),
2244. https://doi.org/10.3390/su13042244.

George, P.S., Chattopadhyay, S., 2001. Population and Land
use in Kerala. In: Growing Populations, Changing Land-
scapes: Studies from India, China and the United States.
National Academy of Sciences, Washington DC. https:
//doi.org/10.17226/10144.

Gibbs, H.K., Ruesch, A.S., Achard, F., Clayton, M.K., Holm-
gren, P., Ramankutty, N., Foley, J.A., 2010. Tropical forests
were the primary sources of new agricultural land in the
1980s and 1990s. Proceedings of the National Academy of
Sciences 107(38), 16732-16737. https://doi.org/10.1073/
pnas.0910275107.

Hartman, M.D., Merchant, E.R., Parton, W.J., Gutmann,
M.P., Lutz, S.M., Williams, S.A., 2011. Impact of histor-
ical land-use changes on greenhouse gas exchange in the
U.S. Great Plains, 1883-2003. Ecological Applications 21(4),
1105-1119. https://doi.org/10.1890/10-0036.1.

Klein, G.K., Beusen, A., De, V.M., Van, D.G., 2011. The
HYDE 3.1 spatially explicit database of human induced land
use change over the past 12,000 years. Global Ecology and
Biogeography 20(1), 73-86. https://doi.org/10.1111/j.
1466-8238.2010.00587 .x.

Kueppers, L.M., Snyder, M.A., Sloan, L.C., 2007. Irrigation
cooling effect: Regional climate forcing by land-use change.
Geophysical Research Letters 34, L03703. https://doi.org/
10.1029/2006GL028679.

Kumar, B.M., 2005. Land use in Kerala: changing scenar-
ios and shifting paradigms. Journal of Tropical Agriculture
42(1-2), 1-12. URL: https://jtropag.kau.in/index.php/
ojs2/article/view/125.

Lambin, E.F., Geist, H.J., 2001. Global Land-use and Land
Cover change: what we have learnt so far.Global. Change
News Letter 46(6), 27-30. https://doi.org/10.1007/
3-540-32202-7.

42

e-ISSN: 2583-6900

Lambin, E.F., Meyfrid, P., 2011. Global land use change, eco-
nomic globalization, and the looming land scarcity. Proceed-
ings of the National Academy of Sciences 108(9), 3465-3472.
https://doi.org/10.1073/pnas.1100480108.

Li, X., Zhang, Y., Ma, N., Li, C., Luan, J., 2021. Contrasting
effects of climate and LULC change on blue water resources
at varying temporal and spatial scales. Science of The To-
tal Environment 786, 147488. https://doi.org/10.1016/
j.scitotenv.2021.147488.

Long, H., Heilig, G.K., Li, X., Zhang, M., 2007. Socio-
economic development and land-use change: Analysis of ru-
ral housing land transition in the Transect of the Yangtse
River, China. Land Use Policy 24(1), 141-153. https:
//doi.org/10.1016/j.landusepol.2005.11.003.

Mark, H..et.al., 2013. Integrated analysis of climate change,
land-use, energy and water strategies. Nature Cli-
mate Change 3, 621-626. https://doi.org/10.1038/
NCLIMATE1789.

Melillo, J.M., Fruci, J.R., Houghton, B.M., Skole, D.L., 1988.
Land-use change in the Soviet Union between 1850 and 1980:
Causes of a net release of CO2 to the atmosphere. Tellus
40(B), 116-128. https://doi.org/10.1111/3j.1600-0889.
1988.tb00215.x.

Menon, S., Bawa, K.S., 1998. Deforestation in the tropics:
Reconciliation disparities in estimates for India. Ambio 27,
567-577. URL: http://wuw. jstor.org/stable/4314794.

Meyer, W.B., Turner II, B..L., 1992. Human population
growth and global land-use/land-cover change. Annual Re-
view of FEcology and Systematics 23, 39-61. URL: http:
//www.jstor.org/stable/2097281.

Ngondo, J., Mango, J., Liu, R., Nobert, J., Dubi, A., Cheng,
H., 2021. Land-use and land-cover (LULC) change detection
and the implications for coastal water resource management
in the Wami-Ruvu Basin, Tanzania. Sustainability 13(8),
4092. https://doi.org/10.3390/su13084092.

Ojima, D.S., Galvin, K.A., Turner, B.L., 1994. The global
impact of land-use change. BioScience 44(5), 300-304.
https://doi.org/10.2307/1312379.

Pfeifer, M., Platts, P.J., Burgess, N., Swetnam, S., Willcock, S.,
Marchant, R., 2013. Land use change and carbon fluxes in
Fast Africa quantified using earth observation data and field
measurements. Environmental conservation 40(3), 241-252.
https://doi.org/10.1017/30376892912000379.

Pijanowski, B.C., Brown, D.G., Shellito, B.A., Manik, G.A.,
2002. Using neural networks and GIS to forecast land
use changes: a land transformation model. Computers,
environment and urban systems 26(6), 553-575. https:
//doi.org/10.1016/50198-9715(01)00015-1.

Pontius, R.G., Batchu, K., 2003. Using the relative operating
characeristic to quantify certainty in prediction of location
of land cover change in India. Transactions in GIS 7(4),
467-484. https://doi.org/10.1111/1467-9671.00159.

Preetha, P.P., Al-Hamdan, A.Z., Anderson, M.D.; 2021. As-
sessment of climate variability and short-term land use land
cover change effects on water quality of Cahaba River basin.
International Journal of Hydrology Science and Technol-
ogy 11(1), 54-75. https://doi.org/10.1504/IJHST.2021.
112656.

Raj, P.N., Azeez, P.A., 2010. Land use and land cover changes
in a tropical river basin: a case from Bharathapuzha River
basin, southern India. Journal of Geographic Information

© CEHESH TRUST OF INDIA


https://doi.org/10.1007/s42452-021-04915-8
https://doi.org/10.1007/s42452-021-04915-8
https://doi.org/10.1007/s12524-022-01588-7
https://doi.org/10.1007/s12524-022-01588-7
https://doi.org/10.1007/s10113-022-01879-2
https://doi.org/10.1007/s10113-022-01879-2
https://doi.org/10.3390/su13042244
https://doi.org/10.17226/10144
https://doi.org/10.17226/10144
https://doi.org/10.1073/pnas.0910275107
https://doi.org/10.1073/pnas.0910275107
https://doi.org/10.1890/10-0036.1
https://doi.org/10.1111/j.1466-8238.2010.00587.x
https://doi.org/10.1111/j.1466-8238.2010.00587.x
https://doi.org/10.1029/2006GL028679
https://doi.org/10.1029/2006GL028679
https://jtropag.kau.in/index.php/ojs2/article/view/125
https://jtropag.kau.in/index.php/ojs2/article/view/125
https://doi.org/10.1007/3-540-32202-7
https://doi.org/10.1007/3-540-32202-7
https://doi.org/10.1073/pnas.1100480108
https://doi.org/10.1016/j.scitotenv.2021.147488
https://doi.org/10.1016/j.scitotenv.2021.147488
https://doi.org/10.1016/j.landusepol.2005.11.003
https://doi.org/10.1016/j.landusepol.2005.11.003
https://doi.org/10.1038/NCLIMATE1789
https://doi.org/10.1038/NCLIMATE1789
https://doi.org/10.1111/j.1600-0889.1988.tb00215.x
https://doi.org/10.1111/j.1600-0889.1988.tb00215.x
http://www.jstor.org/stable/4314794
http://www.jstor.org/stable/2097281
http://www.jstor.org/stable/2097281
https://doi.org/10.3390/su13084092
https://doi.org/10.2307/1312379
https://doi.org/10.1017/S0376892912000379
https://doi.org/10.1016/S0198-9715(01)00015-1
https://doi.org/10.1016/S0198-9715(01)00015-1
https://doi.org/10.1111/1467-9671.00159
https://doi.org/10.1504/IJHST.2021.112656
https://doi.org/10.1504/IJHST.2021.112656

JOURNAL OF GEOINTERFACE, Vol. 3, No. 1, July 2024, pp. 29-43

System 2(04), 185. https://doi.org/10.4236/jgis.2010.
24026.

Ramankutty, N., Foley, J.A., 1999. Estimating historical
changes in global land cover: Croplands from 1700 to 1992.
Global Biogeochemical Cycles 13, 997-1027. https://doi.
org/10.1029/1999GB900046.

Richards, J.F., Flint, E.P.; 1994. Historic land use and car-
bon estimates for South and Southeast Asia, in: Daniels,
R.C. (Ed.), ORNL/CDIAC-61, NDP-046. Carbon Dioxide
Information Analysis Center, Oak Ridge National Labora-
tory, U.S. Department of Energy, Oak Ridge, Tennessee.
https://doi.org/10.2172/10142986.

Roy, P.S., Giriraj, A., 2008. Land use and land cover
analysis in Indian context. Journal of Applied Sciences
8(1346), 1346-1353. https://doi.org/10.3923/jas.2008.
1346.1353.

Samal, D.R., Gedam, S., 2021. Assessing the impacts of land
use and land cover change on water resources in the Up-
per Bhima River basin, India. Environmental Challenges 5,
100251. https://doi.org/10.1016/j.envc.2021.100251.

Sheeja, R.V., Sabu, J., Jaya, D.S., Baiju, R.S., 2010. Land
use and land cover changes over a century (1914-2007)
in the Neyyar River Basin, Kerala: A remote sensing
and GIS approach. International Journal of Digital Earth
4(3), 258-270. https://doi.org/10.1080/17538947.2010.
493959.

Singh, A.; 1989. Digital change detection techniques us-
ing remotely sensed data. International Journal of Re-
mote Sensing 10(6), 989-1003. https://doi.org/10.1080/
01431168908903939.

Skole, D., Tucker, C., 1993. Tropical deforestation and habitat
fragmentation in the Amazon: Satellite data from 1978 to
1988. Science 260, 1905-1910. https://doi.org/10.1126/

© CEHESH TRUST OF INDIA

e-ISSN: 2583-6900

science.260.5116.1905.

Sonu, T.S., Bhagyanathan, A., 2022. The impact of upstream
land use land cover change on downstream flooding: A
case of Kuttanad and Meenachil River Basin, Kerala, India.
Urban Climate 41, 101089. https://doi.org/10.1016/j.
uclim.2022.101089.

Tate, K.R., Scott, N.A., Saggar, S., Giltrap, D.J., Baisden,
W.T., Newsome, P.F., Trotter, C.M., Wilde, R.H., 2003.
Land-use change alters New Zealand’s terrestrial carbon
budget: Uncertainties associated with estimates of soil car-
bon change between 1990-2000. Tellus 55(B), 365-377.
https://doi.org/10.3402/tellusb.v55i2.16762.

Tewabe, D., Fentahun, T., 2020. Assessing land use and land
cover change detection using remote sensing in the Lake
Tana Basin, Northwest Ethiopia. Cogent Environmental Sci-
ence 6(1), 1778998. https://doi.org/10.1080/23311843.
2020.1778998.

Vincy, M.V., Rajan, B., Pradeepkumar, A.P., 2012. Geographic
information system—based morphometric characterization of
sub-watersheds of Meenachil river basin, Kottayam dis-
trict, Kerala, India. Geocarto International 27(8), 661-684.
https://doi.org/10.1080/10106049.2012.657694.

Watershed Atlas, 1998. Kerala State Land use Board. Govern-
ment of Kerala, Publications, Kerala: India.

Wilkie, D.S., Finn, J.T., 1996. Remote Sensing Im-
agery for Natural Resource; a guide for first time users.
Colombia Press, New York. https://doi.org/10.1017/
S0016756899252363.

Woodwell, G.M., Hobbie, J.E., Houghton, R.A., Melillo, J.M.,
Moore, B., Peterson, B.J., Shaver, G.R., 1983. Global defor-
estation: Contribution to atmospheric carbon dioxide. Sci-
ence 222, 1081-1086. https://doi.org/10.1126/science.
222.4628.1081.

43


https://doi.org/10.4236/jgis.2010.24026
https://doi.org/10.4236/jgis.2010.24026
https://doi.org/10.1029/1999GB900046
https://doi.org/10.1029/1999GB900046
https://doi.org/10.2172/10142986
https://doi.org/10.3923/jas.2008.1346.1353
https://doi.org/10.3923/jas.2008.1346.1353
https://doi.org/10.1016/j.envc.2021.100251
https://doi.org/10.1080/17538947.2010.493959
https://doi.org/10.1080/17538947.2010.493959
https://doi.org/10.1080/01431168908903939
https://doi.org/10.1080/01431168908903939
https://doi.org/10.1126/science.260.5116.1905
https://doi.org/10.1126/science.260.5116.1905
https://doi.org/10.1016/j.uclim.2022.101089
https://doi.org/10.1016/j.uclim.2022.101089
https://doi.org/10.3402/tellusb.v55i2.16762
https://doi.org/10.1080/23311843.2020.1778998
https://doi.org/10.1080/23311843.2020.1778998
https://doi.org/10.1080/10106049.2012.657694
https://doi.org/10.1017/S0016756899252363
https://doi.org/10.1017/S0016756899252363
https://doi.org/10.1126/science.222.4628.1081
https://doi.org/10.1126/science.222.4628.1081

	Introduction
	Study Area
	Materials and Methods
	Results and Discussion
	Land Use Changes
	Agricultural lands
	Built-up land
	Forest
	Grassland
	Wasteland
	Water Bodies
	Wetland

	Comparison of land use trend with the current policies
	Suggested Land use policy for MRB

	Conclusion

