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Abstract

Climate change poses profound challenges to agricultural landscapes, disrupting
farming regions through unpredictable rainfall patterns, extreme temperatures
and other adverse environmental conditions. Climatic and institutional factors
critically influence land use and cropping patterns, necessitating comprehensive
studies to understand agricultural transformations. The study examines changes
in land use patterns and cropping systems in Coimbatore district, Tamil Nadu,
from 2008-09 to 2022-23, employing a multi-dimensional analytical framework to
assess the rationality of land use classifications and agricultural dynamics. Key
findings reveal that net sown area declined by -0.67%, while traditional food
crops experienced negative growth rates namely: cereals (-1.91%) and pulses (-
4.10%). Oilseeds emerged as the most dominant crop group, displaying a positive
growth rate of 0.58% with low instability. Permanent fallows increased by 3.37%,
coinciding with decreased rainfall. The analysis showed a modest increase in
non-agricultural land (0.26%) and a distinguishable trend towards tree-based
agriculture (0.63%), indicating changes in land use practices. Land use
transitions revealed that forest lands and permanent pastures have complete
retention due to the combination of legal protections and natural constraints
that limit land-use conversion. An expected 13.17% loss of net sown area to
permanent fallow raises concerns about agricultural land degradation, posing a
potential threat to food security. Green manure crops exhibited 54.41%
retention with 20.86% growth rate reflects farmers’ adaptive strategies towards
climate change. The findings underscore the intricate relationship between
land use, cropping patterns and climate adaptation, calling for integrated
policies that support climate-smart agriculture by providing targeted incentives
while balancing urban development.

Keywords

CDVI index; climate adaptation; growth rate; land use transitions; location
coefficient; Markov-Chain analysis

Introduction

Climate change poses a significant challenge to sustainable development in the
21 century, with agriculture emerging as one of the most economically
vulnerable sectors (1, 2). The impact of climate variations on the agricultural
landscape is profound, disrupting the existing farming regions through
unpredictable rainfall patterns, extreme temperatures, intense cyclonic events
and other adverse environmental conditions. Beyond direct agricultural and
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biodiversity impacts, climate change and global warming
significantly alter land cover and land use. Degradation of
agricultural lands leading to increased permanent fallows can
threaten food security and disrupt local economies. This
transformation indirectly heightens the vulnerability of regions
and communities to interconnected economic, climatic and
socio-economic challenges associated with shifting of workforce
from rural-agricultural to urban areas, thereby increasing land
demand for non-agricultural uses (3-6). Land is one of the most
basic natural resources and a critical factor in agricultural
production, has always been a subject of debate regarding its
effective uses and faces huge competing demands from various
sectors (7). Climate change coupled with urbanization and rapid
economic development has dramatically intensified the pressure
on the already constrained natural resource base (811).
Although technological advances in agriculture have partially
addressed the growing need for food production, the
population growth and increased demand for non-agricultural
land continue to pose significant challenges for researchers,
policymakers and stakeholders (6). Comprehensive studies on
land use and cropping patterns are critical for addressing
interconnected challenges. These include expanding forest
cover, reclaiming fallow lands, optimizing agricultural
classifications, securing food production for a growing
population and developing effective climate change adaptation
strategies (7).

Given these challenging scenarios, this paper aims to
analyse the dynamic changes in land use and cropping
patterns in the Coimbatore district, providing a nuanced
understanding of land use and crop-mix dynamics in the
context of climate change. The study seeks to develop suitable
solutions for managing land use and cropping pattern changes
under the climate change regime by comprehensively
examining the current landscape and generating forward-
looking insights into potential future scenarios. To achieve this,
a clear framework will be established to understand the
magnitude of variability in land use and cropping patterns,
enabling a comprehensive long-term analysis of land use and
agricultural transformations.

Materials and Methods
Sampling Design

Coimbatore district, located in the western zone of Tamil
Nadu, was selected as the study area. The western zone of
Tamil Nadu represents a vital agricultural region with diverse
agro-climatic conditions. The purposive selection of the
Coimbatore district provides an exemplary context for
comprehensively understanding the dynamics of land use and
cropping patterns in the region. The research is based on a
comprehensive secondary data analysis, comprising time
series data on land use patterns, crop categories and rainfall
from the Directorate of Economics and Statistics (DES) and
Season and Crop Reports of Tamil Nadu. The study period
from 2008-09 to 2022-23 was purposively selected, coinciding
with the significant administrative restructuring that
bifurcated Coimbatore district into Coimbatore and Tiruppur
districts. The geographical location of the study area is

2

presented in Fig. 1, highlighting position of Coimbatore within
western agro-climatic zone of Tamil Nadu.

ey

imbatore
South

Fig. 1. Map representing the study area.

Analytical Methods

This study employed multiple statistical techniques to
comprehensively analyse land use and cropping pattern
dynamics. The Location Coefficient was utilized to determine
the distribution and concentration of different land use
classifications by comparing the district’s proportion to the
state’s (Tamil Nadu). Compound Annual Growth Rate (CAGR)
was applied to evaluate overall growth trends in land use
classifications and crop transition, providing a normalized
perspective on long-term changes. Cuddy-Della Valle
Instability Index was used to assess the volatility and
fluctuation in land use classifications and areas under major
crop groups. Markov chain analysis was employed to trace the
direction and probability of land use and crop transitions to
provide insights into potential future land use and cropping
pattern scenarios.

Location Coefficient of Land Use Pattern

Location coefficient is an analytical tool to quantify land
distribution and concentration of various land use
classifications across different geographical regions (6). This
approach was built upon methodological frameworks
employed (12, 13) in their analyses of land use rationality and
water use efficiency. In this study, the Location Coefficient is
employed to compare land use concentration by assessing the
relative distribution of land use classifications in Coimbatore
district in comparison to the broader Tamil Nadu landscape
and is expressed as in Egn. 1.

_ Ly/L
Lj/Ls

& Egn.1

where, Ljj is an area of the j category of land in Coimbatore
district; Li is area of all classifications of land in the district; L; is
an area of the j" category of land in Tamil Nadu and Ls is area of
all classifications of land in Tamil Nadu. When the location
coefficient (L) equals one, it indicates that the concentration of
a land use type is consistent with the average level in the entire
study area. A value greater than one (L > 1) suggests a higher
concentration of that land use classification in the subregion
(Coimbatore) compared to the overall Tamil Nadu. Conversely,
a value between zero and one (0 < L < 1) implies a lower
concentration that the average. Greater the L value, higher the
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regional concentration level of a particular land use type.
Estimation of Growth Rates - CAGR

Compound Annual Growth Rate (CAGR) of different land use
classifications and major crop groups were analyzed using the
exponential growth function form, mathematically expressed

asin Eqn. 2.
— t
Y _ {Ib Eqgn.2

where Y denotes the land under various classifications / major
crop groups in year t; t represents the time variable; a and b
are parameters. To obtain the CAGR growth rate, the
logarithmic form of the equation was used.

Analysis of Instability Index - CDVI

Cuddy-Della Valle Instability (CDVI) Index, developed by Cuddy
and Valle in 1978, was used in estimating variability of time
series data. Unlike the simple coefficient of variation which
over-estimates instability by failing to account for long-term
trends, the CDVI index offers a more critical approach to
measure fluctuations and this index is particularly
advantageous in agricultural research (14, 15). The key
strength of CDVI lies in its ability to de-trend time series data
using the coefficient of determination, effectively addressing
the limitations of traditional CV calculations. The index is
applied to analyze the variability of area under different land
classifications and major crop groups which enables a more
precise assessment of temporal changes and instability in
agricultural and land use patterns. The equation is
mathematically expressed as in Egn. 3.

IX =CV*y1— Adj R? Eqn.3

where IX is Instability Index; CV'is Coefficient of
Variation (in %); Adj R? is the Coefficient of determination from
a time - trend regression adjusted by the number of degrees of
freedom (adjusted R square). The instability levels are
categorized as: low instability ranges between 0 and 15 (0<IX <
15), medium instability spans from greater than 15 to lower
than 30 a (15 < IX = 30) and high instability is characterized by
values exceeding 30 (IX > 30). This provides a clear framework
for understanding the magnitude of variability in land use
classifications and cropping patterns.

Analysing the Distribution of Land Use Classifications
and Area Under Major Crop Groups using Markov Chain
Analysis

Markov chain analysis emerges as a useful tool for examining
systemic transitions and structural variations over time,
particularly when phenomena shift between different states
(16). The analysis is employed to comprehensively explore and
quantify dynamic characteristics and structural changes in
land use and cropping patterns. By creating a matrix of
transitional probabilities (denoted as ‘P’), the method allows
for a detailed examination of how land use and cropping
patterns evolve during the study period from 2011 to 2020. The
transitional probability matrix developed using linear
programming (LP) techniques and LINGO software provides
insights into the likelihood of land area and crop group
transitioning between different categories (7, 17). This
approach enables better analysis of land use and cropping
pattern  dynamics, revealing patterns of stability,

transformation and potential future scenarios in the
agricultural  landscape of Coimbatore district and
mathematically represented as in Egn. 4.

n
E; = Z(Eit —1P; + e, Ean.4
i1
where,

The transitional probabilities Py, which can be arranged
in a (cx n) matrix, have the following properties.

Ej:= land under a category/crop group from i categoryj/crop to
the j* category/crop in the year ¢’

Ei= land under it category/crop group during the year ‘t-1’

Pij= probability of shift in land use under category/crop
group from it" to j" category/crop group

ejt=error term which is statistically independent of Eit1
n = number of land use classifications/crop groups
T = Study Period

* PU =1 ;0<Pj<1

i Eqgn.5

The sum of the row elements should be equal to 1 and each of
the row elements should be between zero and one as
expressed in Egn. 5. In the transition matrix table, each row
represents the initial land use /crop group, while each column
represents the resulting categories after transition. The
diagonal elements exhibit the retention probabilities,
indicating the propensity of land use and crop categories to
maintain their current status/area, while off-diagonal elements
showcase the potential for inter-category transitions. The
matrix values quantitatively represent the probabilities of
shifting between different land use and crop categories which
provides the understanding of systemic changes.

Results and Discussion

Distribution and Concentration of Nine-Fold Land Use
Classifications in Coimbatore

The Location Coefficient analysis of land use classifications in
Coimbatore district presented in Table 1, reveals dynamic
agricultural patterns between 2008-09 and 2022-23. Net Sown
Area’s location coefficient decreased from 1to 0.94 indicating a
reduction in the district’s concentration and distribution of Net
Sown Area compared to the state’s overall pattern. Current
fallow land’s concentration declined from 1.53 to 1.35, while
permanent fallows and land under miscellaneous trees and
groves saw significant increases from 0.56 to 0.87 and 0.34 to
0.54 respectively. A substantial increase in permanent fallow
land concentration likely stems from the reduced
concentration on the net sown area and current fallows. This
shift suggests that agricultural lands have remained
uncultivated for more than 5 years, potentially correlating with
significant rainfall variations observed between 2011 and 2016.

Analysis of Growth Rate and Instability Trends in Land
Use Patterns

The comprehensive analysis of land use dynamics in
Coimbatore district from 2008-09 to 2022-23 presented in
Table 2 reveals a complex transformation across nine-fold land
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Table 1. Dynamics of distribution of land use classifications in Coimbatore

e .. Location coefficient
Land use classifications

2008-09 2022-23

Forests 0.09 0.08

Area under non-agricultural uses 0.94 0.96
Barren and unculturable land 0.27 0.29
Permanent pastures and other grazing lands 0.02 0.02
Land under misc. Tree crops and groves 0.34 0.54
Culturable waste land 0.75 0.65
Permanent fallow lands 0.56 0.87
Current fallows 1.53 1.35

Net area sown 1.00 0.94

Total cropped area 0.90 0.77

Area sown more than once 0.31 0.19

Table 2. Distribution, compound annual growth rate and instability index of
land use classifications in Coimbatore district

Periodl Periodll
(2008-09) (2022-23)

Cbvi

CAGR % index

Land use classifications

Geographical area 472321.98 472321.98 - -

(100.00)  (100.00)

Forest “”gfggg reserve  111871.17 111871.17 0.00  0.00
(23.69) (23.69)

i (1570 (60 0% 0%

Barrenandunculturable 478677 479702 002 0.05
(1.01) (1.02)

Permanent pastures and 76.96 76.96 0.00 0.00
other grazing lands (0.02) (0.02)

Land “;‘:gg\%fc'nee 3168.66 3464.96 063  1.84
(0.67) (0.73)

Culturable waste land 9061.71  8239.88  -0.68 1.55
(1.92) (1.74)

Permanent fallow 30630.44 58074.72  3.37 18.19
(6.49) (12.30)

Current fallow 56218.72 43690.54 -0.48 26.12
(11.90) (9.25)

Net sown area 182306.04 165117.14 -0.67 1.77
(38.60) (34.96)

Gross cropped area 191146.81 175077.07 -0.54 2.64
(40.47)  (37.07)

Area sown more than once  8840.76 9959.93  -0.67 177
(1.87) (2.11)

Cropping intensity 104.85 106.03 2.35

classifications. Permanent fallows have the highest positive
growth rate of 3.37% and moderate instability (18, 19). Current
fallows and Net sown area show negative growth rates of -
0.48% and -0.67% respectively. The conversion of net sown
area and current fallows into permanent fallows has
contributed to the negative trend, as agricultural lands were left
uncultivated for extended periods, exceeding 5 years, rendered
unsuitable for cultivation. This shift is largely influenced by
climatic risks such as recurrent droughts, declining
groundwater levels and irregular monsoon patterns. This
underscores potential challenges in agricultural productivity
and shifting economic priorities. Fig. 2, illustrates a critical
correlation where the surge in permanent fallows coincides
with a reduction in current fallows and a significant decline in
rainfall from 2011-12 to 2015-16. There was a dynamic shift in
agricultural and non-agricultural land use patterns, since non-
agricultural land area increased by 0.26%, indicating a gradual
but persistent trend of urban development, infrastructural
growth and workforce migration towards non-agricultural
sectors. A significant 0.63% annual growth in miscellaneous
tree groves, reflects on emerging climate consciousness and
strategic agricultural diversification. The analysis of common
property lands reveals a nuanced transformation. Barren and
unculturable land marginally increased by 0.02%, while
permanent pastures and other grazing lands remained stable
and culturable waste lands decreased by -0.68%. The temporal
analysis demonstrates a significant correlation between rainfall
patterns and land use dynamics. Sharp rainfall reduction in
2011, 2012 and 2016 coincided with substantial changes in
fallow lands (Fig. 2 and 3) underscoring the intricate
relationship between climatic variations and agricultural land
utilization. These multifaceted transitions reflect the district’s
adaptive resilience and ongoing restructuring of land use
strategies in response to climatic challenges.

30000
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|

RO S P S P ST S LI N N
O I S MG I N N
I S I M I U M DN A
Years
=== Common Property lands ~ ====TFallow lands other than current fallows  ===Current fallows

Fig. 2. Share of common property and fallow lands in Coimbatore district
(2008-09 to 2022-23).
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Fig. 3. Rainfall of Coimbatore district from 2008 to 2023.

https://plantsciencetoday.online


https://plantsciencetoday.online

Trends in Cropping Pattern:

Table 3 presents the significant transformation of Coimbatore
district’s agricultural landscape from 2008-09 to 2022-23.
Traditional food crops experienced a significant contraction,
with cereals and pulses showing negative growth rates of -
1.19% and -4.10% respectively with low instability. This
emphasizes the shifting agricultural priorities of the district.
Oilseed emerged as the dominant crop group, displaying a
positive growth rate of 0.58% and the lowest instability index
of 1.13. The area under oilseeds expanded from 44.93 to
54.47% of the gross cropped area. In contrast, sugar crops
suffered the most significant decline, with a negative growth
rate of -12.58% and moderate instability, while fibre crops
decreased by -6.46% with the highest instability of 39.37.
Vegetables and medicinal crops demonstrated resilience with
growth rates of 2.14% and 0.35% respectively. This trend
highlights the district’s strategy of agricultural diversification
and adaptive measures towards climate change and food
insecurity. Green manure crops showed the highest positive
growth rate (20.86%) but had the highest instability index. This
volatility might be due to an increase in green manure
cultivated areas in recent years. This transformation reflects a
shift towards more economically viable crop groups and
farmers’ growing awareness of environmentally conscious
farming practices.

Land Use and Crop Group Transition
Dynamic Changes of Land Use Classifications

The land use transition analysis of Coimbatore district (Table 4)
reveals a complex and dynamic transformation. Among
various land use classifications, forest land and permanent
pasture and grazing land demonstrated exceptional stability
with a complete retention probability of one. This reflects strict
conversion strategies and effective land preservation
mechanisms. Current fallow lands exhibited significant
resilience, maintaining a high retention capacity of 90.51%.
These lands show a modest propensity for transition, with
3.03% probability of conversion to non-agricultural uses and
4.85% to net sown area. This suggests gradual land
reutilization for agriculture and adaptive management
practices. Non-agricultural uses maintained a substantial
retention capacity of 84.77%, indicating ongoing urban
expansion and infrastructural development. Net sown area
with 77.48% retention probability, underscores the impact of
climatic variations on agricultural land continuity. Net sown
area is expected to gain share of culturable waste land,
permanent fallows and current fallow lands at probabilities of
73.77, 40.69 and 4.85% respectively, demonstrating strategic
optimization of agricultural land use efficiency. Barren and
unculturable land and miscellaneous tree crops have zero
retention capacity, expected to completely transition to

Table 3. Distribution, compound annual growth rate and instability index of major crop groups in Coimbatore district

Crop Groups Period |1 (2008-09) Period 11 (2022-23) CAGR (%) CDVI index
Cereals 42912.79 28220.48 -1.91 9.74
(22.45) (16.12)
Pulses 12555.01 6734.14 -4.10 5.39
(6.57) (3.85)
Spices and Condiments 6870.26 6325.98 -1.33 7.12
(3.59) (3.61)
Sugar crops 2623.52 420.44 -12.58 17.24
(1.37) (0.24)
Fruits 13698.63 12499.77 -1.53 9.33
(7.17) (7.14)
Vegetables 7602.47 7623.98 2.14 15.39
(3.98) (4.35)
Fibre crops 1183.14 566.23 -6.46 39.27
(0.62) (0.32)
Oilseeds 85878.57 95358.04 0.58 1.13
(44.93) (54.47)
Medicinal crops 13658.16 14146.56 0.35 1.86
(7.15) (8.08)
Fodder 2484.17 1657.73 -5.20 83.05
(1.30) (0.95)
Green manure crops 10.50 169.02 20.86 134.71
(0.01) (0.10)
Flowers 795.72 654.77 -1.13 13.64
(0.42) (0.37)
Misc. non-food tree crops 8(3343;‘ 6(39433 -3.01 23.61
Total non-food crops 104884.14 113252.27 0.33 2.53
(54.87) (64.69)
Total food crops 86262.67 61824.80 -1.84 6.52
(45.13) (35.31)
Total food and non-food crops 1?llol; 308)1 1(7150007;'0(;7 -0.63 2.64
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Table 4. Transition probability matrix of land use pattern in Coimbatore district

Permanent .
Area under non Barren and Misc. tree
" pastures and Culturable Current Netarea Permanent
Forests -agrlucsu;:ural unct{lat:;able other grazing C?r':’sv:rs'd waste land fallows Sown fallows
lands
Forests 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Area under non-agricultural 0000 08477 0.0457 0.0000 0.0425  0.0000  0.0506 0.0135  0.0000
Barren a“fa‘r‘]r(‘f“'t“rable 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000  1.0000
Permanent pastures and

other grazing lands 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Land ””‘;i:jrg'rsoc\; (__f;ee C¢roPs  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 1.0000  0.0000
Culturable waste land 0.0000 0.0000 0.0000 0.0000 0.0000 0.2623 0.0000 0.7377 0.0000
Current fallows 0.0000 0.0303 0.0036 0.0000 0.0043 0.0064 0.9051 0.0485 0.0018
Net area sown 0.0000 0.0525 0.0059 0.0000 0.0000 0.0350 0.0000 0.7748 0.1317
Permanent fallows 0.0000 0.0292 0.0031 0.0000 0.0000 0.0000 0.0000 0.4069 0.5608

permanent fallow lands and net sown area. These findings Conclusion

underscore the urgent need for integrated land use policies
that harmoniously balance agricultural expansion and urban
development under the regime of climate change.

Dynamic Changes of Area Under Major Crop Groups

Transition probability matrix in Table 5 provides insights into
the dynamics of crop cultivation within the agricultural system.
under study. None of the crop groups demonstrated absolute
retention, with medicinal crops emerging as the most stable
category with a probability of retaining 90.87% of their area
share followed by oilseeds at 87.41% and cereals at 76.18%.
This analysis reveals an intricate transition pattern. Cereals, a
staple crop group, are expected to lose 6.63% of their area to
pulses showing potential for diversification. Oilseeds exhibit
the most dynamic transition characteristics, with remarkable
potential to gain land area from multiple crop groups,
specifically, 38.65% probability of expansion from vegetables,
37.28% from pulses, 35.53% from fruits. This trend aligns with
the observed 0.58% growth in oilseed crops. The ‘Others’
category, primarily comprising green manure, has
demonstrated a moderate retention capacity of 54.41%, which
explains the substantial positive growth rate of 20.86%. These
transitions suggest a profound shift in agricultural practices,
indicating farmers’ growing awareness of environmental
sustainability and the potential negative impacts of inorganic
farming.

The land use and cropping pattern dynamics in Coimbatore
district reveal a complex agricultural transformation. The study
demonstrates a significant shift in agricultural practices,
characterized by a steady decline in net sown area and
traditional staple food crops like cereals and pulses, while
oilseeds emerged as the dominant crop group. A sudden surge
in permanent fallows coincided with declined rainfall patterns,
underscores the critical role of climatic variations in shaping
land use and crop transitions. The increased concentration of
miscellaneous tree crops and groves represents a strategic
approach to agricultural resilience adapting to climate risks.
The expansion of green manure crops further reflects farmers’
growing awareness of environmentally conscious farming
practices. Alongside agricultural transformations, the district
experienced modest urban expansion evidenced by an
incremental increase in non-agricultural land area. The
findings call for an integrated land use policy that supports
climate-smart agricultural practices and provides targeted
incentives while balancing urban development. By developing
such a comprehensive framework, the district can develop a
more resilient and adaptive agricultural landscape.

Table 5. Transition probability matrix of major crop groups in Coimbatore district

Cereals Pulses & Cos:c:ic::en ts Fruits Vegetables Oilseeds Mt::(i:::al Fodder Flowers Others

Cereals 0.7618  0.0663 0.0255 0.0427 0.0298  0.0306 0.0000 0.0143 0.0018  0.0272
Pulses 0.1441  0.4405 0.0179 0.0000 0.0000 03728 00159  0.0000 0.0087  0.0000
Cipr::?;::‘:s 0.0000  0.2958 0.4171 0.0000 0.0000 02380 00258 0.0233 0.0000  0.0000
Fruits 0.0000  0.0000 0.0438 0.5020 0.0000  0.3553  0.0890  0.0000 0.0099  0.0000
Vegetables 0.0000  0.0000 0.0000 0.0423 0.5711 03865  0.0000  0.0000 0.0000  0.0000
Oilseeds 0.0516  0.0000 0.0082 0.0433 0.0205  0.8741  0.0000 0.0023 0.0000  0.0000
Medicinal crops ~ 0.0000  0.0000 0.0645 0.0000 0.0000  0.0000 0.9087 0.0000 0.0267  0.0000
Fodder 0.3038  0.1898 0.0000 0.1395 0.0000  0.0000  0.0045 0.3520 0.0000  0.0104
Flowers 0.0000  0.0000 0.9722 0.0000 0.0000  0.0000  0.0000 0.0000 0.0278  0.0000
Others 02382 02177 0.0000 0.0000 0.0000  0.0000  0.0000 0.0000 0.0000  0.5441
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