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Abstract !
The present research intends to analyse the development patterns and
instability in rubber cultivation in Kerala between 2003 and 2020: Period |
(2003-04 to 2008-09), Period Il (2009-10 to 2014-15), and Period llI Article History
(2015-16 to 2020-21). Further, the study intends to understand how the Received: 08 August 2025
. . . . Accepted: 30 October 2025
climatic factors such as rainfall (Rn) and temperature (Tem), along with the
area under rubber, are affecting the productivity of rubber during the period

Keywords
2003-2021. Data has been taken from government publications, Rubber CAGR; CDVI;
Board statistics and the Indian Meteorological Department. Trends in area, Panel ARDL;
.. . . . Rainfall;
output, and productivity were assessed using methods including CAGR Rubber Farming;
computation and instability analysis utilising the Coefficient of Variation Temperature.

(CV), the Cuddy-Della Valle Index (CDVI), and the Cuppock Instability
Index (CII). A panel ARDL (autoregressive distributed lag) model has been
applied for analysing the short- and long-term impact of climatic elements
on rubber cultivation. Although productivity showed hints of resiliency in
the latter period, the statistics suggest a downward trend in the area and
output of rubber, particularly after 2009. The results of panel ARDL show that
rainfall and area have a positive impact on productivity of rubber, whereas
temperature has a negative effect in the long run. All variables have positive
effect on productivity, though the impact of area is statistically insignificant
in the short term. The study underscores the urgent need for region-specific
adaptive strategies to stabilise and boost rubber productivity. Policy support
should focus on climate-resilient agricultural practices, targeted irrigation
investments, and research in heat-tolerant rubber clones. Moreover,
maintaining or expanding cultivated areas where feasible, coupled with
microclimatic monitoring, can sustain long-term productivity.
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Introduction

Rubber is an important economic crop that provides
income for many nations and plays a vital role in
reducing rural poverty across tropical regions.'
Natural rubber is a key global commodity used in
a wide range of products, from industrial goods to
household applications.? Historically, Brazil's Amazon
region was the primary source of rubber until the 19th
century, when large-scale plantations expanded in
Asia. Today, Asia accounts for about 89% of global
production, with Thailand, Indonesia, Vietnam, India,
China, and Malaysia as the leading producers—
Thailand and Indonesia alone contribute nearly 60%
of the world’s supply.®*

In 2021, the overall demand for rubber was predicted
to increase by 9.40 percent, leading to 29.57 million
tonnes, which was much higher than pre-pandemic
levels.® In the Indian context, they has two major
rubber cultivation regions determined by agroclimatic
variables. The traditional area constitutes 93 percent.®
In India, about 90% of all-natural rubber produced
comes from Kerala. In India, the total area under
rubber cultivation during 2020-21 was about 6.93
lakh hectares, with a production of nearly 7.15 lakh
tonnes of natural rubber.® Rubber was introduced
to India in the British era and is mainly cultivated
in the mountainous areas of Kerala. It is centred in
the North Kerala region, where several small and
large plantations can be found, and it serves as
the primary source of income for many cultivators.
The first rubber farming in India began in Kerala in
1905, mainly in the districts of Kollam and Kottayam.
Kottayam district, which accounts for 21 percent of
Kerala’s total rubber cultivation. Kerala continues to
dominate the sector, accounting for approximately
3.84 lakh hectares under cultivation and contributing
around 3.70 lakh tonnes of production annually. This
highlights Kerala’s pivotal role, as it alone produces
more than half of India’s natural rubber output.” It
should be noted that small land holdings (less than
2 hectares) accounts the majority of the rubber
plantation cultivation in India, for around 92 percent
of total production and 89 percent of the area under
rubber cultivation (Ministry of Commerce and Industry,
2019). Small-scale growers in rubber plantations
are also motivated by consistent returns over an
extended period.® They are significant in increasing
the acreage and natural rubber output.® Some small-
scale farmers in the northern region of India also
cultivate rubber.
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However, rubber cultivation is facing significant
problems nowadays in Kerala. One of the most
important problems they face is a lack of labour. In
the past, the tapping labour market's key organi-
sational characteristics were (i) a high level of
segmentation, (ii) a lower level of unionisation, and
(iii) the system of single-grower dependency for
regular employment." The caste combination of the
tapping- labour market and the land owned by tapper
households are further distinctive characteristics
supporting its segmentation. In contrast to the state's
agricultural industry, which is dominated by backward
castes,' over 80% of the tappers were from higher
socioeconomic strata.®'® Furthermore, the average
size of land owned by tapper households is larger
(55 cents) than that of homesteads.™

However, the wages provided to them were lower
than those of their counterpart industries. This led to
a lack of interest among the tappers, which led to the
planters adopting labour-saving strategies. But the
government has been involved actively in reducing
these problems. Yet, another significant problem
they face is volatility in price. However, the price of
rubber has seen unprecedented volatility in recent
years. According to the research, prices were so low
that rubber cultivators were unable even to cover
their employees' salaries, and the recent, unheard-
of price volatility caused rubber output to plummet,
which in turn caused Kerala's rubber farmers'
standard of living to decline.” Further'® reported
that small rubber farmers face low yields, subpar
processing, and weak marketing infrastructure.
Due to the large number of smallholdings, the
industry is susceptible to price swings, middleman
exploitation, etc. Rubber Producers' Societies
(RPSs) were proposed as a cooperative to address
the issue of small rubber farmers. All these issues
can affect the productivity and the interest in
production or continuing rubber cultivation among
the farmers in Kerala.

Despite of importance of rubber and its historical
significance to Kerala, much of the existing research
has largely centred on national-level long-term
trends or specific factors such as price fluctuations,
lacking a critical analysis of trends and determinants
of rubber cultivation in Kerala. A notable research
gap exists in terms of conducting a comprehensive,
district-wise, and time-segmented analysis of the
fundamental indicators of rubber cultivation—area,
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production, and productivity. Most prior studies
have not simultaneously examined Compound
Annual Growth Rates (CAGR) and instability across
both the state and district levels, nor have they
segmented their analyses into distinct time periods
that reflect changes in climatic conditions, policy
interventions, and market behaviour. Furthermore,
there is a lack of empirical work that systematically
investigates the temporal and spatial variations in
these rubber farming indicators across Kerala's
districts. Particularly underexplored is the role of
environmental and agro-climatic elements, such
as precipitation and temperature, and how these
influence rubber productivity at a regional level. The
absence of inter-district-level studies incorporating
climatic variables and cultivation area as explanatory
factors for productivity restricts our understanding
of local dynamics and inhibits the development of
tailored policy measures. Closing this research gap
is crucial for designing district-specific interventions
and for enhancing resilience and productivity
in Kerala’s rubber sector in the face of climatic
uncertainty and economic change. Accordingly, the
current research is guided by the given below goals:

. To divide the study period (2003-2020)
into three distinct phases to compute the
Compound Annual Growth Rates (CAGR)
of rubber farming area, production, and
productivity in Kerala.

. To investigate the influence of key climatic
variables such as precipitation and
temperature, along with cultivated area, on
the productivity of rubber cultivation through
an inter-district analytical framework.
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The study is organised as follows: the introduction
provides background information and highlights
the study's importance; the methodology section
describes the data sources and methods used,
such as CAGR and instability analysis techniques;
the results section discusses the findings about
trends at the state and district levels; the fourth
section discusses the main patterns and potential
explanations; and the fifth section wraps up the
study by outlining policy implications and offering
suggestions for future research pathways.

Materials and Methods

Sources of Data

The secondary rubber data from Kerala state
between 2003 and 2020 served as the basis for the
current investigation. The Directorate of Agriculture
Development and Farmers' Welfare, Government
of Kerala," provided district-by-district data on the
area, yield, and rubber output in Kerala state. The
current analysis uses rubber data over the last 20
years, from 2003—-04 to 2020-21. The 18-year rubber
data has been split down into three periods for more
clarity: Period | (2003-04 to 2008-09), Period 11 (2009-
10 to 2014-15) and Period Il (2015-16 to 2020-21)
To analyse the growth trend in area, production, and
productivity of a district, the district-wise growth rate
of Kerala state's area under cultivation, production,
and productivity is calculated for each period, and
instability examinations were also undertaken for
Kerala and inter-district-wise. And the data related
to rainfall and temperature has been taken from the
Indian Meteorological Department (IMD)."® Table 1
provides the details regarding the various sources
of the data.

Table 1: Description of the variables

Variables Specification Measurement unit
Area (Ar) Area under rubber cultivation in Kerala Thousands of hectares
Productivity (Pr) Productivity of rubber Thousands of tons
Production (Pp) Production of rubber Thousands of tons
Rainfall (Rn) Average rainfall Millimetres
Temperature (Tem) Mean temperature °Celsius

Measuring the Growth Rates Y=abt

The following exponential was used to determine  Log Y=log a+ tlog b

the compound growth rate.'® CCR(r) = [Antilog (log b)- 1] (1)

(Mardhiyah')
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CGR stands for compound growth rate. t represents
the year. a and b are the regression parameters. Y
indcates the values related to either area, production,
or productivity. The growth rate has been computed
using mean data for 3 years since climatic conditions
impact agricultural production outcomes.'®-2

Instability Analysis

The divergence from the trend is known as instability
which was calculated to investigate the characteristic
and extent of instability in the area, yield, and
production of rubber at the state level. Since the trend
component inherent in the time series data cannot
be well explained by simple CV,?'22 the Cuddy-
DellaValle index—a better measure of variability—
was used to generate the instability index.?® This
was used in research by Jambhulkar et al.24 and
Samal et al.?®

Instability Index= CV*V1- R2

CV=(Standard Deviation of the variable)/(Mean of
the variable) x 100 ....(2)
(Samal et al.25)

The CV is regarded as an instability index if the
regression equation's calculated coefficient is
insignificant. R? is the coefficient of determination,
and CV is the coefficient of variation.?® The Cuddy-
Della Valle Index was employed to calculate the
instability.

CDVI= CV * V1- Adj. R? .(3)

Where CDVI stands for Cuddy-Della Valle Instability
Index in terms of percentage, CV indicates the
coefficient of variation in percent. The coefficient
of determination when taken into consideration the
degree of freedom from a temporal trend regression
is known as the adj. R% The instability has been
divided into five groups using the classification
methods for instability put out by Jambhulkar et al.?42
This current examination computed the Coppock
Instability Index (Cll) developed by Cuppock.?” This
was also used in earlier research by Singh and Rai.?®

Coppock’s Instability Index =Antilog (\Nlog V-1*100

Xt+1
LogV=(1+x)"=+ [(Log ﬁ) M]2
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Where,
X, is the area, production, and productivity of rubber
in the year "t";

Log V is the series' logarithmic variance;

N is the number of years;

m is the mean of the difference between logs of
X, and X.

Model Specification

For achieving the goal of how the climatic factors
such rainfall and temperature and area of rubber is
impacting the rubber production in Kerala- district
wise, the present study has used panel ARDL model.
Similar panel ARDL model were utilised by Reshma
et al.® The given below equation were employed.
Pr. =f(Ar, Rn
Where,

» Rn,, Tem,) (1)

Pr, = Productivity

Ar, = Area under production
Rn, = Rainfall

Tem, = Temperature

‘t" indicates ‘time’, ‘i’ indicates ‘observation’ and ‘f’
indicates ‘function’. Equation (2) can be derived from
equation (1).

Pr. =Ar®, Rn 2 Tem . vt .(2)

The major research question addressed in this study
is: Is the productivity of rubber cultivation district-
wise impacted by the variables given above? How it
impact the productivity of rubber? Existing research
has made contradictory results. For instance,
Mesike and Esekhade? have found that rainfall has
a negative impact on rubber cultivation in Nigeria.
In the research focusing on Thailand, Sangchanda
et al.** found a significant positive impact of rainfall
on the rubber cultivation. Whereas Nguyen and
Dang?®*' found an long- term association which is
positive between the rubber and temperature.
However, there is a lack of research on the effect of
climatic factors on the rubber productivity in Kerala,
especially a district-wise analysis. Employing the
data from 2003 to 2020, the present research
attempts to address this gap and to give an idea
about the factors affecting the productivity of rubber
in Kerala.
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Unit Root Test

The stationarity of the variables included in the
study is tested using unit root tests.® The first-
generation unit root tests used in the current study
were the Im, Pesaran, and Shin (IPS) tests, which
were introduced by Im et al.,*® and the LLC (Levin,
Lin, and Chu) tests, introduced by Levin et al.3* The
second-generation unit root tests, CIPS and CADF
developed by Pesaran® was also used.

Panel Cointegration

The Pedroni panel cointegration test is employed
for testing whether the cointegration exists or not.
Pedroni®* came up with two different test such as within-
dimension and between dimension. If the p-value
for each of these data points is below the specified
significance threshold, the alternative hypothesis
indicating the presence of cointegration is accepted.

Panel ARDL Approach

In the current study, the production of rubber is
associated to climatic variables including rainfall,
temperature and area. The empirical model states
that rubber productivity is a function of these climatic
factors and the area under rubber cultivation. For
finding the association among the variables, the
current research uses the following equation.

Pr. = do + a1Ar, + a2Rn, + asTem, + u, ...(6)

The coefficients that measure the influence of
explanatory factors on the dependent variable
are a+ to as, with ao serving as the model's
intercept. Furthermore, to avoid autocorrelation
and heteroskedasticity, we translate our model to
logarithmic form.*”

Panel ARDL was used in the current investigation.
The main argument in favour of employing the panel
data is that only a minor information is forgone while
conducting an analysis.® The issue of heteros-
cedasticity can be avoided in panel data.* Moreover,

if the problem of lack of data arise, and if the
variables are integrating in different orders | (0) and
I (1), then panel method is most suitable. The
association between production and its effecting
variables are expressed as the equation given below.

LnPr =0+ asLnPr, + azLnAr,+ asLnRn + asLnTem, +v,

-(3)
In ARDL form, this can be expressed as given below.

ALnPr=ao+y _"a, LnPr +> _ "a,ALnAr +3 "
a,ALnRn + 3 _™a,ALnTem,, + B:LnPrt, +B,LnAr,,
+B,LnRn , + BsLnTem, , + et ..(4)

et is the white noise error term, A is the initial
difference between the variables, and a0 is a drift
component. The coefficients from a,, to a,, in equation
(4) indicate that there is a correlation between short
and long-term associations, as indicated by the
coefficients from B, to B,. The ARDL model in the
error correction form can be represented as follows.

ALnPr = a, +3_" a, LnPr, +3>_." a, ALnAr  +
. a, ALnRn_+ > ™ a, ALnTem, + B,LnPr
+ B,LnAr_, + B,LnRn_, + B LnTem , + vyEC _ +e

...(5)

Where vy indicates the extent to which the values
are adjusted to the previous year shock and error
correction are the residual based on equation (5).

Results

Compound Growth Rate- Kerala

Significant trends and changes in Kerala's rubber
cultivation may be seen in the compound annual
growth rate (CAGR) while taking into consideration
the area under rubber, production and productivity
rubber plantations throughout the three different
periods from 2003 to 2021. Different dynamics
affected by climatic, economic, and policy issues
are reflected each time (table 2)

Table 2: Outcome of CAGR

Time Period Area Production Productivity
Period | (2003-04 to 2008-09) 1.3171% 3.0268% -33.350%
Period Il (2009-10 to 2014-15) 0.7639% -6.2023% -3.000%
Period 1l (2015-16 to 2020-21) -0.0057% 1.9494% -0.5306%
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Instability Analysis of Rubber Cultivation in Kerala
The stability of rubber cultivation in Kerala is
examined in Table 2 for three different periods:
Period | (2003-04 to 2008-09), Period 1l (2009-10
to 2014-15), and Period Il (201516 to 2020-21).
Using important statistical metrics, including the
Cll, CDVI, and the CV, the instability analysis were
undertaken. Each of these indices measures the

degree of instability: Cll provides a weighted average
to measure instability, often used in agricultural
research to see how much a variable changes over
time; CDVI adjusts the CV by considering how well
a trend line fits the data (looking at trends instead
of random changes); and CV measures how one
variable vary in relation to each other.

Table 3: Instability analysis — Kerala

Time Period/Variables Area Production Productivity
Period | (2003-04 Mean 497537.1667 733693.6667 1477.8333
to 2008-09) Std 16068.0583 51152.8343 56.2403
Adj. R? 0.9731 0.7831 0.3868
CV (%) 3.2295 6.9720 3.8056
CDVI 0.5297 3.2470 2.9800
cl 38.0005 39.5036 38.2239
Period Il (2009-10 Mean 539491.3333 711833.3333 1409.8333
to 2014-15) Std 9075.2192 114605.5098 117.7411
Adj. R? 0.9265 0.4075 0.1557
CV (%) 1.6822 16.1000 8.3514
CDVI 0.4561 12.3929 7.6738
Cll 37.4175 43.9354 40.1996
Period Il (2015-16  Mean 551000.8333 507596.6667 911.5000
to 2020-21) Std 212.7538 41206.5094 68.9137
Adj. R? -0.2285 -0.2167 -0.2333
CV (%) 0.0386 8.1180 7.5605
CDVI 0.0428 8.9544 8.3962
cl 36.8059 40.0039 39.7561

Impact of Climatic Factors

Rainfall and Temperature on Rubber Productivity
Cross- Sectional Dependence Test

CDS test reveals a strong cross-sectional depen-
dence between the variables used in the present
study. The coefficient value of CD statistics shows
that values are highly significant, suggesting that
they are not independent between the cross-
sectional units. The values of CD statistics are 12.61,
11.47, 15.63, 5.36 for production, area, rainfall, and
temperature.

Slope Homogeneity Test
The outcome of the Pesaran and Yamagata“® slope
homogeneity are shown in Table 4. The value of the

Astatistic is high, positive and significant. Hence, the
alternative hypothesis of heterogeneity is accepted.

Table 4: Slope Homogeneity test result

Test A statistic P- value
Ntest 14.536 0.032
N adj test 18.496 0.029

Panel Unit Root Test
The results of the panel unit root tests are given in
Table 5.
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Table 5: Panel Unit Root

Variables Levin- Chu CIPS CADF Decision
1(0) 1(1) 1(0) 1(1) 1(0) 1(1)

LnPr -1.451 -4.215*** -3.518*** -7.185***  -1.265"** -8.139*** 1(0)
-0.012 -0.002 -0.009 -0.034 -0.003 0

LnAr -1.741 -3.125*** -7.952 -9.456***  0.541 -7.911%* I(1)
-0.073 -0.005 -0.451 -0.003 -0.321 0

LnRn -2.415*** -8.632*** -2.841***  -4.256***  -3.174*** -8.741*** 1(0)
-0.002 -0.02 -0.001 -0.002 0 -0.003

LnTem -1.521 -4.521*** -8.312 -8.519***  0.151 -6.133*** I(1)
-0.081 -0.005 -0.332 -0.005 -0.851 0

Note: *** indicates the significance
Panel Cointegration the long-run association between the selected

Results of cointegration test developed by Pedroniis  variables. Individual and common auto-regressive
displayed in table 6. This was undertaken to confirm  coefficients were evaluated.

Table 6: Outcome of Cointegration test

Common AR coefs. (within- dimension)

Statistic Prob. Weighted Prob.
Statistics
Panel v-statistic -1.84202 0.80012 -0.74321 0.85212
Panel rho- statistic -2.41212 0.89321 -1.39561 0.90213
Panel PP- Statistic -8.23451 0.00071 -5.10223 0.00014
Panel ADF- Statistic -4.69445 0.00019 -4.36962 0.00006

individual AR coefs. (between dimension)

Statistic Prob.
Group rho- statistic -4.36963 0.6123
Group PP- Statistic -8.51998 0.0001
Group ADF- Statistic -9.51967 0.0000
Panel ARDL endogenous variable LnPr in both the long and short

Using the panel ARDL method, the present term. Table 7 display the outcome of long- term
investigation found the effect of independent panel ARDL.
variables such as LnAR, LnRn, and LnTem on the



SAHADEVAN & VAITHIYANATHAN, Curr. Agri. Res., Vol. 13(3) 907-920 (2025)

914

Table 7: Result of long term estimation- Panel ARDL

Variables Coefficient t-statistic Probability
LnAr 0.3816 4.0251 0.012
LnRn 0.3578 2.7895 0.003
LnTem -0.1811 2.0012 0.001

Panel ARDL method outcome in the short run have
been displayed in Table 8. The error term coefficient
value in any model indicates the extent to which

the current year can adjust to the previous year's
uncertainties and shocks.?#4! In the current study
the value of the error term is -0.5217.

Table 8: Result of Short term- Panel ARDL

Variables Coefficient t-statistics Prob.
COINTEQO1 -0.5217 -6.324 0.003
DLnAr 0.2302 2.623 0.058
DLnRn 0.3412 1.336 0.004
DLnRn(-1) 0.3741 1.202 0.012
DLnTem 0.2812 6.236 0.030
C -20.362 -12.634 0.001

Discussion

Compound annual growth rate of rubber cultivation
in terms of area, production and productivity were
examined by dividing into three period.

Period | (2003-04 to 2008-09)

Production rose at 3.026 percent annually during
this first period, while the area under rubber
cultivation expanded at a positive CAGR of 1.3171
percent. However, with a negative growth rate of
-33.350 percent, productivity fell precipitously and
unexpectedly. This contradictory pattern—increasing
area and output but decreasing productivity—
indicates that land coverage, not increases in
per-hectare yield. This can be substantiated with
several reason. First, farmers cultivate rubber in
additional areas in the early 2000s due to high rubber
prices, including marginal and sub-optimal lands."
mentioned this in the paper analysing the history of
Kerala's rubber cultivation. He further reported that
a shortage of rubber and increased demand during
the late 1990s have led the existing cultivators to
increase production to earn more profit. However,
productivity did not increase in the same manner.
Second, the reduction in yield per unit area may have

been caused by inadequate replanting techniques,
a lack of acceptance of high-yielding seeds, and
limited technical developments. Additionally, even
as farmers increased cultivation, Kerala during that
period witnessed unpredictable rainfall patterns and
sporadic pest and disease outbreaks, negatively
impacting rubber yield. This was reported in a study
by Thomas.*

Period Il (2009-10 to 2014-15)

During this second period, the area under rubber
plantation grew at a slower pace of 0.7639 percent.
Production saw a sharp decline, registering a negative
CAGR of -6.2023 percent. Despite being negative,
productivity increased compared to Period |, declining
by a comparatively lower amount at -3.000 percent.
There are several reasons for this decline. Global
economic problems, including the 2008 financial
crisis and competition from synthetic rubber, were
the leading causes of the significant fluctuation in
international rubber prices. Reduced production
resulted from farmers'reluctance to continue or expand
rubber cultivation as prices declined. This was
mentioned in a study by Karunakaran, 15 since most
rubber producers in Kerala are small-scale operators.



SAHADEVAN & VAITHIYANATHAN, Curr. Agri. Res., Vol. 13(3) 907-920 (2025)

Therefore, any financial limitations, price swings,
or technological lag would significantly impact the
cultivators. Farmers, particularly smallholders,
were deterred from sustaining productivity by
labour shortages and the rising expense of tapping
operations. In the prevailing rubber smallholding
industry, the lack of workers, particularly rubber
tappers, has been increasingly problematic in recent
years for several reasons, including the following: (a)
the increase in smallholders' rubber-operated land
and the corresponding increase in rubber-tapped land;
(b) the reluctance of younger generations to pursue
rubber tapping as a business venture; (c) the
comparatively low presence and active involvement
of women in rubber tapping and associated activities;
and (d)the ageing of the currenttapping workforce. 14344

Period Ill (2015-16-2020-21)

With an almost insignificant negative CAGR of
-0.0057 percent, the area under rubber cultivation
affected adversely. While productivity saw a slight
fall of -0.5306%, production growth rebounded
significantly, with a positive CAGR of 1.9494%.
Improved tapping techniques, a greater use of
disease-resistant cultivars, and better farm manage-
ment techniques all helped to stabilise yield levels as
the government of Kerala has increased the budget
allocated for plantations with the aim of reviving
plantation industries.*!

With a CV of 3.23 percent, a CDVI of 0.5297, and a ClI
of 38.00, the average area under rubber cultivation
during Period | (2003-04 to 2008-09) was 497,537
hectares. These values show a moderate degree of
variability in the area under cultivation. Increase in
area was very constant throughout this time, despite
minor fluctuations, according to the comparatively
low CV and CDVI. Production indicated considerable
inconsistency with a CV of 6.97%, CDVI of 3.247,
and Cll of 39.50. The higher value of CV and CDVI
suggests that external variables such as diseases,
market forces, and climatic fluctuations had a greater
impact on production. Productivity was consistent,
as indicated by its CV of 3.80%, CDVI of 2.980, and
Cll of 38.22.

During Period Il (2009-10), the value of CDVI,
Cll, and CV for area were 0.4561, 37.41, and 1.68
percent with a average area of 539,491 hectares.
Compared to Period I, this decrease in variability
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indicates that rise in area under cultivation became
more consistent. The production situation, however,
deteriorated significantly: the CIl increased to
43.93, the CDVI to 12.39, and the CV to 16.10%,
all indicating considerable instability. This implies
that even while the area has increased, production
was highly variable, mostly due to unpredictable
weather patterns, insect infestations, or variations in
tapping intensity. Compared to Period |, productivity
also saw more volatility, with a CV of 8.35%, a CDVI
of 7.67, and a ClIl of 40.19. Small rubber farmers
face low yield, subpar processing, and a weak
marketing strategy. Due to the large number of
smallholdings, the industry is susceptible to price
swings, middleman exploitation, etc., which can
contribute to instability.

The mean area expanded slightly to 551,000
hectares in Period Ill (2015-16 to 2020-21).
However, the CV fell to a very low 0.0386 percent,
with a CDVI of 0.0428 and a CII of 36.80. These
extremely low numbers suggest that the area used
for rubber production has stabilised, which may
result from the state government's stabilisation or
growth strategies. Production's CV, CDVI, and ClII
were 8.12 percent, 8.95, and 40.00, respectively,
indicating moderate instability. Better management
techniques may cause decreased production
variability. With a CV of 7.56 percent, a CDVI of 8.39,
and a Cll of 39.75, productivity exhibited significant
fluctuation, mirroring production patterns. Production
swings were comparatively limited compared to
Period I, even though they remained concerning.

Further, the study also determined the impact of
rainfall and temperature on rubber productivity
using the panel data across all the 14 districts of
Kerala. First, cross- sectional dependence test were
conducted which indicates that any variation in one
element lead to variation in the value of the other
variables also. The result of slope homogeneity
test further shows that slopes of this panel model
are not even between the cross-sectional. Then
the panel unit root test were undertaken. Because
of the high p-value (more than 0.05), the variables
such as area (LnAr) and temperature (LnTem)
indicate non-stationarity at the level. However, after
transforming the variable into the first difference,
the stationarity is achieved. Hence, for analysis,
the variables such as area (LnAr) and temperature
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(LnTem) are converted into first differences for
further examination. Whereas, the variables such
as production (LnPr) and rainfall (LnRn) become
stationary at level.

Following, panel cointegration were undertaken.
Results of v-statistic and rho-statistic shows an
inverse value, indicating contradicting evidence
for a long-term connection, even if they are
statistically insignificant. However, the no
cointegration hypothesis is firmly disproved by the
panel cointegration outcome. Since the values are
negative for both Group PP and Group ADF, we fail
to accept the null hypothesis.

Then panel ARDL test including the long and short
term impact. Area (LnAr) has a positive effect on
the productivity of rubber (LnPr) in the long term,
with a coefficient value of 0.38 indicating that 1
percent rise in the LnAr would increase the yield
of rubber by 0.38 percent which was in line with
the existing literature, such as Datta et al.*® This
can be connected to the benefits of scale, since
greater cultivated areas promote more effective use
of inputs, mechanisation, and scientific agricultural
methods. Rainfall (LnRn) is a contributing factor
to the rise in productivity of rubber, as seen by the
positive and significant long-term coefficient of LnRn.
A 1 percent rise in rainfall leads to 0.35 percent
increase in productivity. Sufficient rainfall promotes
nutrient absorption, increases soil moisture, and
supports the physiological processes required for
strong tree development. Higher yields are the
result of improved latex flow and less stress on the
trees caused by this favourable water availability.
Therefore, regions with regular and well-distributed
rainfall are more likely to observe enhanced rubber
productivity. These findings were supported by
Sangchanda et al.,*® and Mesike and Esekhade.?

However, temperature (LnTem) has a negative effect
on rubber productivity (LnPr) with a coefficient value
of -0.18. The reason behind this is because rubber
trees are extremely vulnerable to drastic changes
in temperature. High temperatures can impair
latex production by causing heat stress, increasing
evapotranspiration, and decreasing soil moisture.
Long-term high temperatures may also interfere
with rubber tree physiological functions, including
photosynthesis and nitrogen absorption, which
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would reduce productivity. This was in line with the
outcome of Ling et al.,* In the short term, error term
indicates that the current year's degree of adjustment
to the previous year's shock are by 52.17 percent.
And LnRn (rainfall) and LnTem (temperature) has
a favourable effect on the productivity (LnPr) with
values of 0.34 and 0.28. However, the area (LnAr)
is positive, but it is insignificant.

Conclusion

The current study examined Kerala's rubber
cultivation's development trends and determinants
from time period 2003 to 2021- a time when the
industry saw significant structural changes. The study
divided the analysis into three phases: 2003—-2008,
2009-2015, and 2016-2021. It used econometric
modelling using a Panel Autoregressive Distributed
Lag (ARDL) approach, the Compound Annual Growth
Rate (CAGR), and instability indices (CV, CDVI, and
Cll) to evaluate changes in area, production, and
yield. The results show that, even while productivity
has somewhat stabilised in recent years, rubber
cultivation area and production have been declining,
especially after 2009. The instability study revealed
notable variations, particularly in output and
productivity during the second phase, while the
CAGR analysis demonstrated a declined growth
rate in area and productivity throughout periods.
These trends suggest that Kerala's rubber sector is
becoming more vulnerable and unpredictable, which
is probably being made worse by pressures from the
environment and the economy.

Deeper understanding of the connection between
temperature and rainfall, two climatic factors, and
rubber productivity was made possible by the
econometric study. The Panel ARDL data throughout
time verified a statistically significant and favourable
correlation between rainfall and both area under
cultivation and production. However, temperature
had a markedly negative influence, highlighting
how rising temperatures have a negative effect on
rubber yield. All three factors—temperature, rainfall,
and area—improved production in the short term,
while area's influence was statistically negligible.
According to this differentiation between short- and
long-term dynamics, continuous climatic trends—in
particular, temperature rise—present a significant
effect the regions rubber production over the long run.
Kerala's agriculture and climatic adaptation policies
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would be significantly impacted by these findings.
First, the rubber industry urgently needs to
encourage climate-resilient farming methods. Given
the detrimental long-term effects of temperature on
production, climate change may further negatively
affect the economic viability of rubber cultivation in
the absence of intervention, particularly in areas more
susceptible to heat stress. Second, while rainfall
boosts production, investments in water management
infrastructure, including check dams, rainwater
gathering units, micro-irrigation systems, and better
drainage, are necessary to provide a steady and
adequate water supply. These methods will guarantee
more consistent latex output all year round in
addition to lessening water stress during dry times.

Furthermore, the study underscores the continuous
need of preserving or even extending the area
under rubber cultivation whenever environmentally
and economically possible. Larger agricultural
fields are frequently connected with more effective
resource usage, better access to mechanisation,
and enhanced institutional support. The observed
stalling and eventual reduction in cultivated area
over the research period, however, may be a
reflection of more general problems, including
diminishing profitability, a lack of workers, and
competition from other land uses or crops. Labour
scarcity, driven by rural outmigration and the rising
cost of wages, has increased the dependence on
hired workers and mechanisation. Addressing this
issue will require greater promotion of mechanised
tapping, skill development programmes for local
youth, and farmer cooperatives that can pool
labour resources. Supportive government policies
such as minimum support prices, crop insurance,
and incentives for mechanisation can also help
farmers overcome labour constraints. In addition,
strengthening cooperative and cluster-based
structures will enhance collective bargaining power,
ensure economies of scale, and make credit and
technology more accessible. Smallholders can
also get access to technology and capital, develop
collective resilience, and realise economies of
scale by supporting cooperative and cluster-based
structures. It must serve as the central hub for
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developing and carrying out credit, insurance, and
price stability policies. It is recommended that the
PSF programme be made mandatory or restructured
so that many farmers may participate. This might
be accomplished by integrating PSF with finance,
insurance, replanting planting subsidies, etc.
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