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1. INTRODUCTION

Agriculture has been an important sector of the Indian economy for many decades. It contributes
significantly to national income. A large number of people are employed in this sector. For many rural
households, agriculture remains the main source of livelihood. Food grains, horticulture, livestock,
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fisheries, and forestry are included within the agricultural sector. India produces several major agricultural
commodities and is considered one of the leading producers in the world. However, its performance varies
from region to region and also across years.

Although agriculture plays a vital role in the economy, many challenges still exists. A large share of
cultivated land depends on rainfall. This makes agricultural production highly sensitive to weather
conditions. Crop output can be affected by changes in rainfall and temperature. In some years, the effect
becomes very severe. Agricultural instability is therefore often observed. Production levels do not remain
same every year.

Many policy measures have been adopted over time to support the sector. Irrigation facilities were
expanded in different parts of the country. Crop insurance schemes were also introduced. Efforts were
made to improve agricultural marketing systems and related infrastructure. Productivity has increased
because of these initiatives. At the same time, several issues remain unresolved. Not all problems have been
fully addressed. As a result, short-term fluctuations in agricultural performance still continue to occur.

Indian agriculture therefore exhibits both growth and instability. Long-term growth has been
supported by technology, institutional changes and policy interventions. On the other hand, fluctuations
are generated by climatic uncertainty, uneven input use and infrastructure related constraints. The
contribution of these factors may not be same at all times. Therefore, understanding their relative
importance is necessary for framing better agricultural policies and development strategies.

Thus, the primary aim of this study is to analyse the relative significance of various factors
influencing the variability of Indian agriculture and to isolate the factors which are responsible for the
fluctuations in agriculture in the country.

2. RELATED WORK

The concept of relative importance of predictors has changed over time. This happened mainly
because traditional regression methods often face problems when explanatory variables are correlated. [1]
Introduced a hierarchical partitioning approach. This method considers all possible orders of variables
when estimating their contribution. [2] Later proposed Proportional Marginal Decomposition (PMD) based
on cooperative game theory. Shared explanatory power among predictors was allocated through this
approach. [3] Discussed the problem of multicollinearity. Correlated variables were observed to explain
more variation jointly than separately. As a result, the interpretation of regression coefficients becomes
difficult. [4] Introduced orthopartial correlation to address this issue. A clearer separation of the
independent effects of predictors was possible through this method. Later, permutation-based signed R?
decomposition approaches were developed, providing more stable estimates of relative importance. These
methods have been applied in many empirical studies. [5] Examined the role of structural changes,
including break-in-trend, in agricultural output modelling. Short-term fluctuations, however, continued to
remain. [6] Analysed Indian GDP growth using relative importance techniques. Openness contributed more
than crude oil prices in their analysis. The outcome differed from those obtained through conventional
regression models.

[7] Introduced dominance analysis as a procedure for evaluating predictor importance across all
possible subset models. [8] Drew attention to the need for robust statistical techniques, particularly in the
presence of highly correlated predictors. [9] Expanded the practical application of dominance analysis.
Stata-based tools became available and the implementation process became easier for researchers.
Additional developments were reported [10]. Improvements were discussed from both conceptual and
empirical perspectives. [11] Combined logistic regression with relative importance analysis. Key drivers of
urban growth were identified through this framework. [12] Earlier discussed the LMG variance
decomposition method. The method proved useful, although it generally assumes linear relationships
among variables and correct model specification.

[13] Further developed dominance analysis by providing formal definitions of dominance.
Bootstrap procedures were also incorporated to improve reliability. [14] Examined the long-term influence
of the Green Revolution on agricultural productivity. Governance and agricultural development were later
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analysed [15]. Different levels of contribution from governance factors were observed across sub-periods.
Agricultural instability was also investigated [16]. Subsequently [17] examined the principal determinants
of agricultural GDP growth using relative importance methods. [18] Employed fuzzy logic models in
agricultural productivity analysis and demonstrated the applicability of advanced modelling approaches.
Applications of relative importance methods are not limited to economics and agriculture. [19]
Employed the RII method to identify productivity constraints in the construction sector. [20] Used
structured decision-making techniques in the assessment of maternal healthcare determinants. [21]
Extended relative importance analysis to logistic regression settings, allowing its use with categorical
outcomes. In another study [22], they recommended that relative importance measures should be
interpreted together with conventional regression results, particularly when multicollinearity is present.
[23] Developed an R package for calculating different measures of relative importance. The use of
bootstrap procedures for improving estimation accuracy was also recommended. [24] Discussed
limitations associated with standardized coefficients and partial correlations. Greater attention was given
to the need for reliable decomposition techniques. [25] Compared dominance analysis with relative weight
methods. Relative weights required less computational effort, especially in high-dimensional datasets.

3. METHODOLOGY

3.1.Data

This study is based on annual time-series secondary data on India’s agricultural Gross Domestic
Product (GDP) covering the period 1960-61 to 2022-23, measured at constant prices with base year 2011-
12. In addition to agricultural GDP, the analysis incorporates key explanatory variables, namely non-
irrigated area, irrigated area, fertilizer use, rainfall, and temperature.

Data on agricultural GDP, total cultivated area, and irrigated area were obtained from the Central
Statistics Office (CSO), the Directorate of Economics and Statistics, Ministry of Agriculture, and various
editions of the Statistical Abstract published by the Government of India. Data on fertilizer consumption
was sourced from the Department of Fertilizers and the Department of Agriculture & Farmers Welfare.
Climatic variables, including rainfall and temperature, were obtained from the Indian Meteorological
Department (IMD). The non-irrigated area was computed as the difference between total cultivated area
and irrigated area.

The analysis is conducted in two phases. In Phase I, we assess the relative importance of the factors
in explaining the stochastic component of log Agricultural GDP. In Phase II, we deepen the analysis by
decomposing the factors into their respective trend and detrended (residual) components. This enables us
to consider separately the contribution of the long-term evolution of these and the short-term variability
of these to agricultural volatility as shown in the Figure 1.
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Figure 1. Framework for Multi-Phase Factor Decomposition Analysis
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3.2.Method of True Relative Importance Analysis

True Relative Importance (TRI) framework is adopted for the evaluation of contribution of the
predictors. The analysis starts by establishing a linear relationship between a variable Y which is modeled
againstasetofnvariablesX = {X,X,,...,X,}, suchthatY = X + €. The algorithm will generate all possible
(n-1)! Combinations of the predictors, where n is the number of predictors.

The direct effect is calculated using regression of Y on X base for a particular predictor X base. to
obtain the coefficient of determination Ré“’xbase' To handle multi-collinearity and partial contributions, the
logic generates residual terms, known as e-terms. For any subset of predictors S € X\ {Xpase ), the residual
€pase- S is defined as the remaining variance of Xy, that cannot be explained by the variables in S. Formally,
this residual is obtained as ep,se.S = Xpase — Xbase|S: where Xbams denotes the fitted values from
regression Xp,se on S. This residual represents the unexplained variance of X,. and forms the basis of
orthopartial correlation as introduced by Mondal (2008). According to Mondal (2008), the regression
coefficient in this context has two distinct interpretations:

1. The degree of variation in the specific segment of Y that is not affected by other explanatory variables,
resulting from a one-unit alteration in the corresponding portion of X that is also not accounted for by
other explanatory variables.

2. The extent of change in Y when there is a one-unit change in the section of X; that is not accounted for
by other explanatory variables.

The correlation obtained in the first regression is frequently referred to as "partial correlation” in
literature, but it is not truly partial because it does not fully isolate the effects of the other independent
variables. The true partial correlation is obtained in the second regression where the effect of the other
explanatory variables is removed. This measure, therefore, was called orthopartial correlation by Mondal
(2008) since it is correct and completely isolated.

The orthopartial contribution is a regression of Y on the residual e_base.S using Ordinary Least
Squares (OLS) with the residual vector being: epse.S = Y — Xp.

The algorithm then builds up a full contribution path for each variable, step-by-step, along each
permutation path, so that the R*2 contribution for each variable can be determined at each level of factor
complexity. The matrix form of estimation of parameters is given below: B = (XTX)~*XTY.

The R? values associated with these paths are signed according to the t-statistic of the regression
coefficient to distinguish between synergistic and antagonistic effects. Specifically, if the t-value is negative,
the R? is treated as a negative contribution in the signed analysis. The raw path-wise contributions are then
aggregated into two primary metrics for each variable X;. The overall unsigned average is defined as the
arithmetic mean of the absolute values of all R? contributions across the m = (n — 1)! generated paths,

given by iZ{L‘llRiz |, which reflects the magnitude of influence irrespective of direction. The overall signed

average is defined as é M R, capturing the net directional effect of the predictor.

The Final Adjusted Relative Importance is the result of a last refinement. This is done by taking a
weighted normalized sum of the interaction terms. For n predictors, the weight for each path component
is given as:

B 1
T (n-1!

During the adjustment phase the normalization multiplier is 2/n, which means that only the
relevant positive or negative interaction terms are added and weighted (selectively) according to the
signed average. The final absolute importance of predictor Xi is then calculated as:

w

Final Adjusted Importance = |Signed average| + |Normalized Sumweighted|
This value is the actual contribution of the predictor to the variance in the data, after adjusting for the
complex covariances among the data values.
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4. RESULTS AND DISCUSSION

The fluctuation component of agricultural production is broken down in a first stage of the analysis
(Phase I) using the True Relative Importance (TRI) framework. The number of possible decomposition
paths of each explanatory variable is (5-1)! = 24, as five variables are considered. Further each path is
hierarchicalized into five groups according to the number of variables that contribute to the path:
orthopartial, up to two joint, up to three joint, up to four joint, up to five joint. These sections are
representing successive amounts of common explanatory power of the predictors.

The absolute values of the degree of joint contribution is added up for all 24 paths for each section
and compared between variables. The results indicate that there is a definite and consistent dominance of
rainfall at each level of decomposition. In the orthopartial section, 82 per cent of the total contribution is
due to rainfall alone. Its dominance further increases to 85 percent in the up to two joint section, remains
high at 74 percent in the up to three joint section, and continues to explain 64 percent in the up to four joint
section. In the up to five joint section, rainfall again emerges as overwhelmingly dominant, accounting for
nearly 90 percent of the total contribution, as illustrated in Figure 2.

In contrast, the contribution of non-irrigated area remains comparatively small across all sections.
Its share ranges from about 4 percent in the orthopartial component to a maximum of around 14 percent
in the up to four joint section. Similarly, across the intermediate joint sections, the contribution of non-
irrigated area varies between 5 and 13 percent. The remaining variables, irrigated area, fertilizer, and
temperature, also exhibit relatively limited shares in each section when compared to rainfall.
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Figure 2. Distribution of Orthopartial and Higher-Order Joint Shares across Variables

However, the decomposition process reveals substantial negative overlap among the predictors
across the 24*5=120 paths. A total of 158 instances of sign changes are observed when examining all
decomposition points across the five variables. These sign changes indicate the presence of enhancement-
synergism and antagonistic interactions among the explanatory variables. In other words, the contribution
of a factor is not uniform across paths; it varies depending on the order and combination in which other
variables enter the decomposition process. Such behaviour confirms the existence of multicollinearity and
overlapping explanatory power among the determinants.

To address this issue, the adjustment mechanism embedded in the True Relative Importance
framework is applied. This procedure takes into account sign changes and evenly distributes overlapping
effects. These adjustments are then made to get the final relative importance values. The values show the
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proportion of the total coefficient of determination (R”"2) from the multiple regression of Agricultural GDP
in logs on these factors. The final adjusted measures then make sure that the total of the individual
contributions is exactly the total of explained variation.

The TRI analysis takes three situations into account. The Unsigned Average is an average of the
magnitude of contribution but not direction. The Signed Average is a method that takes into account both
positive and negative overlaps, and it records the direction of the net effect. The Adjusted Signed Average
is a final /experimental corrected measure that adjusts for sign reversals and interaction effects.

The results indicate that Irrigated Area is related to agricultural output with an Unsigned Average
value of 0.01273, which accounts for around 1.2 per cent of the overall variation. The signed and adjusted
measures also help support the fact that the irrigated area does not aggravate variability, but instead helps
stabilize agricultural production in India. This means that despite irrigation, the variability will be reduced
instead of increased. The stabilizing effect is found due to irrigation reducing the reliance on rainfall and
providing a more consistent, and reliable, supply of water to crops. This leads to greater crop certainty and
less climate risk for crops. Therefore, irrigated area is mainly responsible for stabilizing agricultural output,
as opposed to its volatile component, as is illustrated in Figure 3.

Rainfall, however, is the most important agricultural fluctuation factor, compared to the other
factors. The Adjusted Signed Average value of rainfall is 0.204247 which shows that variation in
agricultural production due to rainfall is about 20.42 percent of the total fluctuation in the production. This
overwhelming contribution is an indication of the importance of the role of inter-annual rainfall variability
in the Indian agriculture. In India, a substantial proportion of cultivated land is rain-fed and hence the
agricultural production is very much dependent on changes in monsoon patterns. In addition to the spatial
variability of rainfall across the region, India is also plagued by temporal uncertainty of rainfall. Lack of
rainfall may result in drought and loss of crops while heavy rainfall may result in flooding and water
logging, which have negative impacts on productivity. This results in a considerable impact of rainfall
fluctuations on agricultural production fluctuations. Improved water infrastructure, water management
and crop diversification to mitigate vulnerability to rainfall shocks.
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Figure 3. Decomposition of Agricultural Output Fluctuations by Major Determinants in India

The analysis then reveals that the contribution of Fertilizer to agricultural fluctuations is not large
in terms of Adjusted Signed Average with value of 0.004152 or about 0.4 per cent fluctuations. The
quantitative contribution of this to the variation in yield is rather low in comparison to that of rainfall, but
fertilizer use is still a factor of high importance for yield variation. In India, soil fertility varies from one
place to another and farmers often use less than the recommended amount of fertilizer or fertilizers that
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are not recommended for the specific soil type, which can result in poor crop yields. Fertiliser application
is abalance between having enough and too much; too little will grow the crop while too much will decrease
soil quality and lower long term productivity. So, the mismanagement of fertilizers may lead to a higher
variability in output. Balanced nutrient management is a key to optimize the use of fertilizer and thus to
promote productivity without compromising soil health. Temperature also impacts on the variability of
agricultural production but to alesser degree than rainfall. The Adjusted Signed Average value (x0.006041)
implies that the fluctuation is caused by temperature, which is approximately 0.6%. Any deviation from the
optimum temperature may influence the growth and productivity of crops and high temperatures can also
cause yield losses. Though it has a limited impact, temperature is still a key climatic variable affecting
agriculture.

The study utilizes annual information on agricultural GDP of India for the time period 1960-61 to
2022-23, which is characterized by significant changes in agricultural structures and various policy
measures, technological development and institutional changes. Factors are separated into trend and
residual components to avoid giving misleading results due to long-term trends. The first stage accounts
for long-term variation due to structural and policy change, while the second stage accounts for short-term
variation, including climatic changes, market unpredictability and agricultural instability as illustrated in
Figure 1.

4.1. How Agricultural Fluctuation is Influenced by Policy-Driven Trends (Phase-I)

The regression analysis for the trends in agricultural output shows that only 2% of the variations
in the output of agriculture can be attributed to the regression analysis components. That is, the variation
in agricultural production is very small and caused by only a small proportion of long-run structural and
policy-induced changes. This indicates that the instability in agriculture in India is of a short run or even
irregular nature rather than of a gradual change in the policy. This breaks down into 5 factors of TRI, and
does not show significant contribution. In this policy-trend framework, rainfall is also the biggest
contributor in terms of trend components as shown in Figure 4 by the highest adjusted signed average
value. This means that changes in agricultural activity are affected even by a long-term trend in
precipitation, perhaps representing a slow, long-term change in climate. The magnitude is not very large
compared to the overall variation, though.
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Figure 4. Contribution of Trend-Predicted Factors to Agricultural Output Fluctuations in India
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In contrast, the temperature contribution is very small in this trend decomposition. This means
that the effect of the long-run temperature trend on the fluctuations in agricultural production over the
study period is not significant. The observed rise in temperature seems to affect agricultural productivity
more by short-term fluctuations and/or extreme events than by a deterministic trend. Likewise, irrigated
area and non-irrigated area as well as fertilizer use exhibit weak trends in trend components implying that
policy-driven changes in irrigation and fertilizer use primarily drive structural growth and stability and
less output volatility.

There is a significant difference between the sum of the absolute averages and the signed averages,
signifying that there are positive and negative trends in the variables. Unsigned measures are not direction
sensitive, which makes them tend to overestimate the overall contribution. Hence the necessity to make an
adjustment so as to be able to achieve the desired consistency of decomposition.

4.2. How Agricultural Fluctuation is Influenced by Detrended (Residual) Components (Phase-II)

Absolute contribution shares of the different variables across the different decomposition paths,
based on the absolute value of the contribution sums across all 24 paths, are shown here by section. In
every section these factors are all significant and the irrigated area has the largest proportion of the
explained variation at every hierarchical level. It is dominant in the orthopartial, up to two joint and simple
components, suggesting that the irrigated area is a significant influence not only on its own, but also in
combination with other components. Rainfall and fertilizer share moderate shares and have a higher
proportion of interaction effects in higher-order joint components indicating that rainfall and fertilizer
affect fluctuations in agriculture more through interaction effects than pure effects. In comparison, all
sections have relatively small contributions from non-irrigated area and temperature, as shown in Figure
5.
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Figure 5. Absolute Joint Contribution Shares by Hierarchical Section
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The multiple regression results show that the de-trended or irregular components explain about
65 percent of the total fluctuations in agricultural output, which is substantially higher than the
contribution of the policy-driven trend component. This is clearly indicates that agricultural fluctuations in
India are predominantly driven by non-policy factors. The decomposition is internally consistent, as the
sum of the adjusted signed average contributions exactly equals the total explained variation, thereby
confirming the validity of the True Relative Importance framework. In the TRI analysis process, a total of
52 points have been adjusted, as they represent points of sign change, as reported in Table 1 and Table 2.
These sign changes are observed in the paths of two factors, namely X; and X;. After adjusting these points,
the Adjusted Signed Average is obtained.
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Table 1. Total of 24 Paths for FactorX,, with 26 Colored Markers Representing Points of Sign Change. The
Markers are Adjusted with Respect to Factors X, (Light Green), X5 (Light Blue), X, (Light Yellow), and X¢

(Light Orange)

Orthopartial Up to Two Joint | Up to Three Joint Up to Four Joint Simple
-0.01406 -0.08918 -0.17417 -0.01741 -0.01888
-0.01406 -0.08918 -0.17417 -0.21162 -0.01888
-0.01406 -0.08918 -0.00096 -0.01741 -0.01888
-0.01406 -0.08918 -0.00096 0.001344 -0.01888
-0.01406 -0.08918 -0.08116 -0.21162 -0.01888
-0.01406 -0.08918 -0.08116 0.001344 -0.01888
-0.01406 -0.02127 -0.17417 -0.01741 -0.01888
-0.01406 -0.02127 -0.17417 -0.21162 -0.01888
-0.01406 -0.02127 0.005082 -0.01741 -0.01888
-0.01406 -0.02127 0.005082 7.63E-05 -0.01888
-0.01406 -0.02127 -0.04774 -0.21162 -0.01888
-0.01406 -0.02127 -0.04774 7.63E-05 -0.01888
-0.01406 0.00833 -0.00096 -0.01741 -0.01888
-0.01406 0.00833 -0.00096 0.001344 -0.01888
-0.01406 0.00833 0.005082 -0.01741 -0.01888
-0.01406 0.00833 0.005082 7.63E-05 -0.01888
-0.01406 0.00833 0.006013 0.001344 -0.01888
-0.01406 0.00833 0.006013 7.63E-05 -0.01888
-0.01406 -0.02229 -0.08116 -0.21162 -0.01888
-0.01406 -0.02229 -0.08116 0.001344 -0.01888
-0.01406 -0.02229 -0.04774 -0.21162 -0.01888
-0.01406 -0.02229 -0.04774 7.63E-05 -0.01888
-0.01406 -0.02229 0.006013 0.001344 -0.01888
-0.01406 -0.02229 0.006013 7.63E-05 -0.01888

Table 2. Total of 24 Paths for FactorXs, with 26 Colored Markers Representing Points of Sign Change. The
Markers are Adjusted with Respect to Factors X; (Salmon Pink), X, (Light Green), X5 (Light Blue) and X,

(Light Yellow)

Orthopartial Up to Two Joint | Up to Three Joint | Up to Four Joint Simple
0.001452 0.009682 0.000316 0.038494 0.002517
0.001452 0.009682 0.000316 -0.01724 0.002517
0.001452 0.009682 0.032354 0.038494 0.002517
0.001452 0.009682 0.032354 0.007111 0.002517
0.001452 0.009682 1.6E-06 -0.01724 0.002517
0.001452 0.009682 1.6E-06 0.007111 0.002517
0.001452 -0.00833 0.000316 0.038494 0.002517
0.001452 -0.00833 0.000316 -0.01724 0.002517
0.001452 -0.00833 -0.00105 0.038494 0.002517
0.001452 -0.00833 -0.00105 -0.00105 0.002517
0.001452 -0.00833 -0.01685 -0.01724 0.002517
0.001452 -0.00833 -0.01685 -0.00105 0.002517
0.001452 0.005883 0.032354 0.038494 0.002517
0.001452 0.005883 0.032354 0.007111 0.002517
0.001452 0.005883 -0.00105 0.038494 0.002517
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0.001452 0.005883 -0.00105 -0.00105 0.002517
0.001452 0.005883 0.012117 0.007111 0.002517
0.001452 0.005883 0.012117 -0.00105 0.002517
0.001452 0.002319 1.6E-06 -0.01724 0.002517
0.001452 0.002319 1.6E-06 0.007111 0.002517
0.001452 0.002319 -0.01685 -0.01724 0.002517
0.001452 0.002319 -0.01685 -0.00105 0.002517
0.001452 0.002319 0.012117 0.007111 0.002517
0.001452 0.002319 0.012117 -0.00105 0.002517
0.001452 0.002387 0.004481 0.006829 0.002517

The Adjusted Signed Average reveals that the key variable is irrigated area which accounts for
around 34.7% (0.347353) of the variations in agricultural activity. This means that short-run fluctuations
in irrigation supply rather than long run growth in irrigation supply are significant in causing instability in
output. These variations are attributed to changes in water supply, infrastructure performance,
groundwater availability and regional differences in irrigation access. The second largest contributor is
Rainfall with a contribution of about 16.6 per cent (0.165949) of fluctuations. This confirms the importance
of the variability of rainfall as a major factor contributing to agriculture instability particularly in the rain-
fed areas. The variability of monsoon patterns, the spatial variability of rainfall and extreme events directly
influence crop yields and are related to the irrigation constraints, which further exacerbate the volatility in
crop yields as shown in Figure 6.
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Figure 6. Relative Importance of Detrended (Residual) Components in Explaining Agricultural Output
Fluctuations in India

Fertilizer accounts for almost 9.9 percent (0.099208) of agriculture fluctuations, showing that the
need for fertilizer, the price of fertilizer, constraints on fertilizer supply and regional variations in soil
nutrient conditions are important factors affecting performance. Inconsistencies in the application of
fertilizer can also lead to variations in yield, although it is a means towards improving productivity. The
Non-Irrigated Area contribution has a relatively small impact accounting for around 3.5 per cent
(0.034529) of fluctuations. This implies that the variability in the area seeded to rain-fed crops is a source
of output instability, but its effect is less than that of irrigation and rainfall effects. Finally, the contribution
of Temperature is almost negligible (0.03 percent or 0.003781) in the fluctuations in agriculture in the
residual component. This means that the effects of temperature are either slow and/or can be taken up by

Journal homepage: https://journal. hmjournals.com/index.php/IJAAP


https://journal.hmjournals.com/index.php/IJAAP

International Journal of Agriculture and Animal Production (IJAAP) ISSN: 2799-0907 O 102

adapting to them or are expressed only indirectly through interactions with the rains and availability of
water, not as an independent short-run influencer.

5. CONCLUSION

This study examined the factors responsible for fluctuations in agricultural output in India.The
analysis used the True Relative Importance (TRI) methodology.Long-run data from 1960-61 to 2022-23
were used for the study. Unlike conventional regression approaches that rely on standardized coefficients
or partial correlations, the TRI method combines orthopartial and simple correlations. It decomposes the
explained variation into all possible paths of interaction. The findings lead to three major conclusions.
First, when the detrended components are not separated from the data, rainfall emerges as the most
important factor behind agricultural output fluctuations. Its adjusted signed contribution remains high.
Monsoon variability continues to play a major role in agricultural instability. Agricultural production
remains highly sensitive to changes in rainfall.

Second, a clear distinction appears when the explanatory variables are divided into trend and de-
trended components. The trend component represents long-run structural changes. The de-trended
component captures short-run irregular movements. The trend components explain only about 2 percent
of total agricultural fluctuations. Factors such as irrigation expansion, fertilizer use, and technological
progress mainly influence long-term agricultural growth and stability. Their contribution to short-run
fluctuations remains relatively small.

Third, and most importantly, the residual or de-trended components account for nearly 65 percent
of total agricultural fluctuations. Agricultural instability in India is therefore driven largely by short-run
non-policy factors. Within this group, irrigated area emerges as the most important contributor. It explains
around 34.7 percent of the fluctuations. Short-term changes in irrigation availability have a stronger effect
on output instability than rainfall itself. These changes may be linked to water shortages, groundwater
fluctuations, uneven water distribution, or inefficiencies in irrigation systems.

Rainfall ranks second and accounts for about 16.6 percent of the fluctuations. Monsoon
irregularities continue to affect agricultural production, especially in rain-fed areas. Fertilizer explains
nearly 9.9 percent of the fluctuations. Variations in fertilizer availability and usage also contribute to output
instability. The short-run effect of non-irrigated area remains relatively small. Temperature contributes
very little to agricultural output fluctuations during the study period.
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