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South-west monsoon (SWM) remains important for 
foodgrains production. Given the El Nino concerns, this 
study empirically investigates the significance of SWM 
for kharif crops production amidst an improvement in 
irrigation infrastructure. The results indicate that while 
the impact of SWM rainfall is statistically significant, 
it has come down in the recent period. Furthermore, 
the impact is found relatively less pronounced in periods 
with more irrigation vis-à-vis less irrigation, indicating 
irrigation mitigates the adverse consequences of monsoon 
deficiency on agricultural production.

 The agriculture sector in India remains dependent 
on monsoon rainfall, especially on south-west 
monsoons (SWM). The average annual precipitation 
in India is estimated to be 4,000 billion cubic meter 
(BCM), with the average precipitation during SWM 
(June-September) at 3,000 BCM contributing about 
80 per cent of the annual precipitation (State of 
Indian Agriculture, Government of India, 2017). 
There has been some shift in spatial distribution of 
SWM reflecting climate change. In this regard, Bhatla  
et al. (2022) report the western shift of Indian summer 
monsoon rainfall (ISMR) in changing climate with an 
enhancement of ISMR over Western India whereas a 
substantial decline over the Northeast Indian region. 
The precipitation during SWM remains critical for 
agriculture production during kharif season; however, 
with increasing irrigation facilities both in terms of 
quantity and reach, and adoption of water-efficient 

irrigation techniques, the dependency of Indian 

agriculture on monsoon rainfalls is reducing. For 

instance, SWM was 0.7 per cent below the long-period 

average (LPA) at all India level in 2021 and kharif 
foodgrains production increased by 3.2 per cent during 

the year. The SWM is impacted by a number of factors, 

notably the El Nino which results due to the buildup 

of warm water along the equator in the eastern Pacific. 

The warm ocean surface warms the atmosphere, 

which allows moisture-rich air to rise and develop 

into rainstorms. Although 2023 is an El Nino year, the 

Indian Meteorological Department (IMD) has forecast 

a normal SWM during 2023 as positive “Indian Ocean 

Dipole (IOD)” conditions (another weather effect) are 

likely to develop during SWM period and contain the 

impact of El Nino. 

 SWM remains important not only for kharif 
foodgrains production but also for rabi foodgrains as 

they help the latter by improving moisture levels and 

augmenting reservoir levels. A recent study by Ghosh 

et al. (2023) also finds a positive and statistically 

significant relationship between annual rainfall growth 

and growth in agriculture GVA for the entire country. 

Against this backdrop and given El Nino concerns, this 

study focuses on examining the sensitivity of crops 

production to rainfall using state-wise1 annual data of 

SWM rainfall, irrigation and kharif crops production 

from 1988-89 to 2021-22 in a panel cointegration 

framework. The empirical analysis indicates that the 

elasticity of agricultural production to SWM has come 

down in the recent period, suggesting an increase 

in agriculture’s resilience to monsoon shocks. 

Furthermore, the impact of SWM is found relatively 

less pronounced with rising irrigation. The structure 

of the remaining study is as follows: Section II delves 

into the trends in SWM and foodgrains production; 

1 To maintain a consistent time series starting from 1988-89, rainfall 
deviation, crop production and irrigation data has been aggregated for the 
following states: Andhra Pradesh and Telengana ; Bihar and Jharkhand; 
Madhya Pradesh and Chattisgarh; and Uttar Pradesh and Uttarakhand. 
To aggregate rainfall, weighted average rainfall data has been used with 
weights as area of the states.
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empirical findings are elaborated in Section III, and 

Section IV contains main conclusions. 

II: Trends in SWM and Kharif  Crop Production

 SWM remains a function of several atmospheric 

and oceanic phenomenon which can lead to its 

volatility. This volatility has inched up with increased 

Year Rainfall 
Deviation

Foodgrains 
production 

Rice 
production 

Coarse 
Cereals 
Production 

Pulses 
production 

Oilseeds 
production 

1990 8.3 -1.2 0.7 -6.4 2.0 1.9

1991 -2.1 -7.2 0.1 -21.0 -19.9 -4.9

1992 -4.9 10.2 -1.7 39.7 31.7 29.1

1993 -0.2 -1.6 8.4 -20.6 -9.3 2.7

1994 10.8 0.5 2.7 -2.0 -11.1 -3.2

1995 2.6 -6.0 -6.5 -4.8 -4.4 9.6

1996 -0.6 6.4 5.1 18.0 -19.2 4.2

1997 -2.8 -2.2 1.7 -9.1 -20.4 3.5

1998 -1.0 1.3 0.3 1.0 19.9 11.8

1999 -7.1 2.6 6.6 -7.3 -6.3 -21.0

2000 -10.5 -3.1 -6.1 7.8 -7.6 -4.4

2001 -9.0 9.8 10.6 7.6 8.8 10.7

2002 -22.1 -22.2 -21.7 -25.4 -14.2 -32.1

2003 1.3 34.1 24.6 61.6 48.5 85.8

2004 -11.4 -11.7 -8.1 -18.3 -23.5 -15.1

2005 -1.4 6.3 8.4 1.2 3.1 18.5

climatic variations and rising extreme weather events, 

which in turns affects the availability of water for 

Indian agriculture. In this context, Table 1 highlights 

the SWM rainfall deviation over the last 30 years and 

corresponding year-on-year (yoy) growth in production 

of major kharif crops.

Year Rainfall 
Deviation

Foodgrains 
production 

Rice 
production 

Coarse 
Cereals 
Production 

Pulses 
production 

Oilseeds 
production 

2006 4.0 0.7 2.4 -4.2 -1.4 -16.4

2007 8.6 9.3 3.2 24.3 33.5 47.9

2008 0.0 -2.3 2.7 -10.6 -26.8 -14.0

2009 -21.4 -12.0 -10.6 -16.7 -10.3 -11.7

2010 2.0 16.7 6.1 41.5 69.4 39.4

2011 1.6 8.6 15.1 -1.9 -14.9 -5.6

2012 -7.1 -2.4 -0.4 -8.1 -2.4 0.5

2013 5.7 0.5 -0.9 4.7 1.4 8.8

2014 -11.9 -0.5 -0.1 -0.8 -4.4 -15.0

2015 -13.7 -2.3 0.0 -9.0 -3.5 -13.2

2016 -2.6 10.6 5.4 15.3 73.3 29.0

2017 -4.7 1.6 0.9 4.9 -2.9 -2.4

2018 -9.4 0.8 5.1 -7.8 -13.1 -1.6

2019 10.4 1.6 0.2 7.1 -2.1 7.6

2020 9.2 4.7 2.9 9.3 8.8 6.6

2021 -0.7 3.2 5.5 -1.7 -4.5 1.1

Table 1: Trends in SWM and Kharif Crop Production
(Production Growth in per cent and Rainfall Deviation in per cent)

Note: Rainfall Deviation refers to deviation of actual rainfall over long-period average.
Sources: India Meteorological Department and Ministry of Agriculture and Farmers Welfare.

Sources: India Meteorological Department and Ministry of Agriculture and Farmers Welfare.

Chart 1a. Rainfall Deviation and Foodgrains Production Growth Chart 1b. Rainfall Deviation and Production of Coarse cereals, 
pulses and oilseeds
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 Since 2016, overall foodgrains and rice production 

have continued to expand every year despite lower 

than normal rainfall in 4 out of last 6 years (Chart 1a). 

However, coarse grains, pulses and oilseeds production 

remained volatile during this period (Chart 1b).

 Further, spatial distribution of monsoon remains 

uneven which contributes to the volatility in crops 

production also. Chart 2 shows the state-wise 

deviation of rainfall from normal over the last three 

decades.

 While the states remain vulnerable to rainfall 

volatility, they have built up irrigation facilities to 

reduce their dependence on SWM. As per the study 

on State of Indian Agriculture (2017), the total 

annual utilizable water resource through rivers and 

groundwater in the country is estimated to be 1,121 

Chart 2: Geospatial Variation of Rainfall

Chart 3: Irrigation Growth in States- Per cent net sown area irrigated

Sources: India Meteorological Department and Ministry of Agriculture and Farmers Welfare.

Source: Ministry of Agriculture and Farmers Welfare.
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BCM. Almost all states have seen an increase in their 

net sown area irrigated over the last three decades. 

Among 17 major states, 9 states have over 50 per cent 

of their net sown area irrigated as compared to only 3 

states during 1990 (Chart 3).

 With improvement in irrigation facilities/

infrastructure, the relationship between rainfall 

deviation and production of major crops does not 

appear to be direct. Chart 4 depicts the trends in 

deviation of rainfall from normal and growth in rice 

production across states during the last three decades. 

It could be seen that several states recorded expansion 

in rice production even during the years of deficient 

rainfalls and similarly, there have been several 

Chart 4: Relationship between Rainfall Deviation and Rice Production

Chart 5: Relationship between Rainfall Deviation and Rice Grains Production in Less Irrigated States

Sources: India Meteorological Department and Ministry of Agriculture and Farmers Welfare.

Sources: India Meteorological Department and Ministry of Agriculture and Farmers Welfare.
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instances when rainfall is surplus but rice production 

declined. 

 Chart 5 and Chart 6 highlight the relationship 

among two categories of states based on proportion 

of their net sown area being irrigated. In less irrigated 

states (defined as net irrigated area as per cent of 

net sown area less than 40 per cent), rice production 

declined during majority times when rainfall was 

deficient. On the other hand, rice production recorded 

expansion during large number of rainfall deficient 

times in many states with high coverage of irrigation 

(defined as net irrigated area as per cent of net sown 

area more than 40 per cent). This trend suggests that 

Chart 6: Relationship between Rainfall Deviation and Rice Grains Production in More Irrigated States

Chart 7: Relationship between Rainfall Deviation and Coarse Grains Production in Less Irrigated States

Sources:  India Meteorological Department and Ministry of Agriculture and Farmers Welfare.

Sources:  India Meteorological Department and Ministry of Agriculture and Farmers Welfare.
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higher irrigation coverage can contain the impact of 

rainfall deficiency to some extent. 

 Similar relationship between rainfall deviation 

and coarse grains production is examined over the 

last three decades in Charts 7 and 8. In case of coarse 

grains production also, several states with lower 

irrigation coverage posted decline during large number 

of times when rainfall was deficient. However, for the 

more irrigated states, coarse grains production has 

continued to decline over the years, notwithstanding 

deficient and surplus rainfalls possibly owing to 

substitution of crops.

III: Empirical Findings

Data & Model Specifications

 To empirically investigate the impact of SWM on 

agriculture production, this study considers state-wise 

annual data for the period 1988-89 to 2021-22 on crop 

production and gross sown area of four primary group of 

crops in the kharif season (namely rice, coarse cereals, 

pulses and major oilseeds); SWM rainfall published 

by the Indian Meteorological Department (IMD)2; and 

net irrigated area3 for eighteen major kharif crop 

Chart 8: Relationship between Rainfall Deviation and Coarse Grains Production in More Irrigated States

Sources: India Meteorological Department and Ministry of Agriculture and Farmers Welfare.

producing states. Overall, the analysis is done using 

data for eighteen states and four crops, covering 1988-

89 to 2021-22 (providing 1,768 observations). The full 

sample period (1988-89 to 2021-22) is also divided into 

three sub-periods: sub-period I (1988-89 to 1999-2000), 

sub-period II (2000-01 to 2010-11), and sub-period III 

(2011-12 to 2021-22) to analyse the changing impact of 

SWM rainfall on agriculture production.

 For the empirical analysis, a state grouped by 

crop - level cointegration panel analysis is performed 

incorporating long run dependence of production on 

area sown. Panel unit root results (Im, Pesaran and 

Shin and Levin, Lin and Chu) suggest the presence of 

unit root in both production and sowing rendering 

them non-stationary (Annex Table 1). Further, 

Pedroni’s panel cointegration test indicates strong 

2 Rainfall data for the SWM season is not available for the states 
corresponding to the year 2011, accordingly weekly rainfall data for the 
months June to September 2011 has been aggregated for the financial year 
2011-12.
3 To maintain a consistent time series starting from 1988-89, crop 
production and irrigation data has been aggregated for the following 
states: Andhra Pradesh and Telengana; Bihar and Jharkhand; Madhya 
Pradesh and Chattisgarh; and Uttar Pradesh and Uttarakhand. To aggregate 
rainfall, weighted average rainfall data has been used with weights as area 
of the states.
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presence of cointegration between the two variables. 

Kao’s cointegration test based on Augmented Dickey 

Fuller (ADF) test statistic also points towards a long 

run cointegrating relationship (Annex Table 2). 

 Accordingly, panel cointegration approach is 

used for the estimation and the long and short-run 

dynamics are examined on the basis of the Pooled 

Mean Group (PMG) estimator (Pesaran et al., 1999). In 

the short-run dynamics, the main explanatory variable 

SWM rainfall (SWMR) is considered in the regressions 

in different forms: log of actual SWM rainfall, rainfall 

deviation (in per cent) from the long period average 

(LPA) and absolute value of the rainfall deviation 

to determine the non-linear impact. The absolute 

deviation in rainfall (i.e., ignore the sign of deviation) 

is used to assess the hypothesis that deviations 

on either side will have a negative impact on crop 

production. Since deficient rainfall is expected to have 

a more adverse impact on agricultural production, the 

panel cointegration model is estimated with a dummy 

variable corresponding to rainfall deviation of less 

than -19 per cent (as per deficient rainfall classification 

used by IMD). This dummy variable is also interacted 

with absolute value of rainfall deviation to capture 

the additional adverse impact of rainfall deviation in 

large deficient periods. To control for irrigation, net 

irrigated area as per cent of net sown area is used 

throughout the specifications. For robustness, the 

empirical analysis is also performed separately for the 

crops considered in the study. Finally, the analysis is 

done for the three sub-periods mentioned earlier to 

gauge the relative importance of the rainfall activity 

over time. 

Empirical results

 The panel cointegration results of all crops are 

furnished in Table 2. The long run coefficients of 

sowing are found to be high ranging from 0.76 to 0.86 

indicating high proportional increase in production in 

Table 2: Panel Cointegration Results - All Crops
Long run equation: log(production) = a x log(sowing) + ECT

 (1) (2) (3) (4) (5)

a 0.757*** 0.770*** 0.832*** 0.856*** 0.792***
(0.0404) (0.0406) (0.0407) (0.0423) (0.0398)

Short run equations

ECT -0.583*** -0.589*** -0.590*** -0.603*** -0.591***
(0.0512) (0.0519) (0.0517) (0.0548) (0.0520)

Δlog(production)(-1) -0.0742*** -0.0720** -0.0786*** -0.0747** -0.0705**
(0.0279) (0.0282) (0.0281) (0.0299) (0.0291)

Δlog(sowing) 0.777*** 0.792*** 0.725*** 0.814*** 0.770***
(0.0970) (0.0994) (0.0929) (0.104) (0.0975)

Net Irrigated area as per cent of net sown area 0.0130*** 0.0133*** 0.0145*** 0.0167*** 0.0144***
(0.00233) (0.00237) (0.00283) (0.00268) (0.00272)

log(SWM Rainfall) 0.210***     
(0.0436)     

SWM Deviation  0.00195***    
 (0.000460)    

Deficient Dummy   -0.154***   
  (0.0265)   

Absolute (SWM Deviation)    -0.00265*** -0.000664
   (0.000457) (0.000683)

Absolute (SWM Deviation)*Deficient Dummy     -0.00483***
    (0.00106)

Constant -0.771*** 0.549*** 0.293*** 0.137 0.458***
(0.296) (0.0987) (0.0831) (0.0833) (0.0899)

Notes: ***, ** and * indicate statistical significance at 1 per cent, 5 per cent and 10 per cent, respectively. Figures in parenthesis denote standard errors. 
Source RBI Staff estimates.
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response to area sown. In case of short-run dynamics, 

the error correction terms (ECT) are significant and high 

indicating production quickly adjusts to the long run 

levels in case of any shocks. The coefficients of sowing 

and irrigation are both positive and significant as per 

expectations. Turning to the impact of SWMR, all the 

measures are found to be statistically significant with 

expected signs. Rainfall level and deviation positively 

impacts production, on the other hand, absolute 

deviation, deficient dummy and the interaction of 

deficient dummy and absolute deviation adversely 

impacts agricultural production. 

 Similar direction and sign are found for crop-wise 

regression results furnished in Annex Tables 3 to 6. 

The estimations also suggest that rice production is 

relatively less dependent on rainfall in comparison 

with the other three crops. This may be due to the fact 

that rice is primarily sown on irrigated areas. Pulses 

and oilseeds production are found to be heavily 

dependent on rainfall. 

 In case of regression across subperiods, the 

estimated results show that the elasticity of rainfall 

has come down in the 2011-12 to 2021-22 period 

compared with 2000-01 to 2010-11 both for actual 

rainfall and deviation. The coefficient of the rainfall 

deficient dummy is negative as expected, and the 

negative impact of the deficient dummy is also coming 

down. In case of absolute deviation, the impact is 

more or less similar in sub-period III compared with 

sub-period II; however, when a deficient dummy is 

included in the regressions along with its interaction 

with absolute deviation, the impact of absolute 

deviation when rainfall is deficient is found to be less 

negative. Results for the different crops are found in 

similar lines (Table 3). Since PMG estimation results 

for sub-periods may suffer from loss of degrees of 

freedom due to availability of a smaller number of 

time periods, the sub-period results using a fixed 

effects panel specification is also produced in Annex 

(Annexure Table 7). The fixed effects panel estimation 

results also confirm less impact of rainfall in the 

recent sub-period variables except for oilseeds.

 Taking the empirical investigation further, in 

order to determine the role played by irrigation in 

resilience of crop production to monsoon, a fixed 

effects panel specification is estimated. In this 

specification, separate fixed effects of states and 

crops have been included to control for heterogeneity 

pertaining to states and crops, and accordingly, the 

following fixed effects model has been estimated: 

where  and  are production and sowing 

respectively corresponding to state i of crop j in year 

t.  are absolute value of rainfall deviation and net 

irrigated area as per cent of net sown for state i in 

year t. Fixed effects  and  are used to control 

for unobserved heterogeneity in production across 

Table 3: Elasticity of SWM rainfall variables

 
 

All Crops

SWM 
Rainfall

SWM 
Deviation

Deficient 
Dummy

Absolute 
(SWM 

Deviation)

Absolute 
(SWM 

Deviation) 
if 

Deficient

Sub-period I 0.1275 0.0014 -0.0800 -0.0005 -0.0021

Sub-Period II 0.3075 0.0032 -0.1942 -0.0030 -0.0056

Sub-Period III 0.1718 0.0019 -0.0770 -0.0031 -0.0043

 Rice

Sub-period I 0.0442 0.0004 -0.0436 0.0021 0.0003

Sub-Period II 0.2001 0.0016 -0.1422 -0.0010 -0.0042

Sub-Period III 0.1188 0.0012 -0.0176 -0.0028 -0.0018

 Coarse Cereals

Sub-period I -0.1187 -0.0014 -0.0186 -0.0007 -0.0001

Sub-Period II 0.3238 0.0033 -0.1529 -0.0043 -0.0060

Sub-Period III 0.1115 0.0015 -0.0598 -0.0033 -0.0039

 Pulses

Sub-period I 0.6318 0.0078 -0.1613 -0.0016 -0.0014

Sub-Period II 0.4135 0.0048 -0.1950 -0.0022 -0.0019

Sub-Period III 0.2109 0.0025 -0.1726 -0.0020 -0.0072

 Oilseeds

Sub-period I 0.1759 0.0014 -0.1136 -0.0055 -0.0092

Sub-Period II 0.4013 0.0042 -0.3308 -0.0053 -0.0118

Sub-Period III 0.2329 0.0023 -0.1145 -0.0041 -0.0059

Source: RBI Staff estimates.
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states, crops and time. Classification of less irrigated 

and more irrigated of each state in every year is made 

based on net irrigated area as per cent of net sown area 

(NIA), specifically, NIA observations below year-wise 

25th quantile, median and 75th quantile of NIA are used 

as proxy for low irrigation, and thereafter, estimate 

different regressions on data partitioned based on 

low and high irrigation proxies to investigate whether 

rainfall has less impact when irrigation is high vis-a-
vis low. The coefficients of absolute rainfall deviation 

while interacting with time dummies over the sample 

period clearly indicate that the negative impact of 

absolute deviation on agricultural production is waning 

over the years, suggesting increasing agriculture’s 

resilience to monsoon shocks. Furthermore, the 

impact of monsoon is found relatively less pronounced 

in periods with more irrigation vis-à-vis less irrigation, 

indicating that higher irrigation imparts resilience to 

agriculture production against the monsoon shortfalls 

(Chart 9,10 and 11).

IV: Concluding Observations

 SWM remains important for kharif as well as rabi 
foodgrains. Given the El Nino concerns, this study 

empirically investigates the significance of SWM for 

kharif crop production amidst an improvement in 

irrigation infrastructure. The results indicate that 

while the impact of SWM rainfall is statistically 

significant, it has come down in the recent period. 

Furthermore, the impact is found relatively less 

pronounced in periods with more irrigation vis-à-
vis less irrigation, indicating irrigation mitigates the 

adverse consequences of monsoon deficiency on 

Chart 9: Elasticity of Absolute Deviation -  
25th quantile

Source: RBI Staff estimates.

Chart 11: Elasticity of Absolute Deviation -  
75th quantile

Source: RBI Staff estimates.

Chart 10: Elasticity of Absolute Deviation - 
Median

Source: RBI Staff estimates.
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agricultural production. With improving irrigation 

infrastructure, crops production is able to weather 

much better the negative shock to SWM rainfalls. 

Enhanced public spending on irrigation, therefore, 

can provide more strength to domestic agricultural 

production against the monsoon vagaries. 
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Annex Table 1: Panel Unit Root Test Results

 log(Production) log(Sowing)

Im, Pesaran and Shin Intercept ADF test statistic 1.46 -0.74

pvalue 0.93 0.23

Intercept and trend ADF test statistic -0.13 1.18

pvalue 0.44 0.88

Levin, Lin and Chu Intercept ADF test statistic 1.04 -2.27

pvalue 0.85 0.02

Intercept and trend ADF test statistic 4.63 3.14

pvalue 1.00 0.99

Source: RBI Staff estimates.

Annex Table 2: Estimation Results: Pedroni and Kao  Cointegration Test

Pedroni Cointegration Test

Panel specific AR coefficients

test statistic pvalue

Modified Philips Perron -14.74 0

Philips Perron -17.91 0

ADF -18.54 0

Panel specific AR coefficients with time trend

test statistic pvalue

Modified Philips Perron -15.32 0

Philips Perron -27.15 0

ADF -26.78 0

Common AR coefficients

test statistic pvalue

Modified variance ratio       -0.96                0.168

Group rho-Statistic -20.63 0.001

Group PP-Statistic -26.69 0

Group ADF-Statistic -26.76 0

Panel specific AR coefficients

Statistics test statistic pvalue

ADF 6.43 0

Source: RBI Staff estimates.
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Annex Table 3: Panel Cointegration Results - Rice

Long run equation: log(production) = a x log(sowing) + ECT

 (1) (2) (3) (4) (5)

a 0.723*** 0.726*** 0.738*** 0.758*** 0.725***
(0.0649) (0.0653) (0.0700) (0.0755) (0.0710)

Short run equations

ECT -0.490*** -0.494*** -0.495*** -0.489*** -0.484***
(0.0813) (0.0831) (0.0848) (0.0872) (0.0824)

Δlog(production)(-1) -0.119** -0.118** -0.118** -0.141** -0.118**
(0.0547) (0.0549) (0.0566) (0.0601) (0.0587)

Δlog(sowing) 1.038*** 1.068*** 0.983*** 1.147*** 1.043***
(0.190) (0.197) (0.174) (0.211) (0.203)

Net Irrigated area as per cent of net sown area 0.00989*** 0.0101*** 0.00972*** 0.0112*** 0.00901***
(0.00254) (0.00258) (0.00242) (0.00240) (0.00250)

log(SWM Rainfall) 0.117**     
(0.0459)     

SWM Deviation  0.000980**    
 (0.000453)    

Deficient Dummy   -0.0905***   
  (0.0273)   

Absolute (SWM Deviation)    -0.00119*** 0.000291
   (0.000333) (0.000631)

Absolute (SWM Deviation)*Deficient Dummy     -0.00359***
    (0.00138)

Constant 0.0867 0.880*** 0.882*** 0.754*** 0.927***
(0.320) (0.213) (0.211) (0.198) (0.214)

Notes: ***, ** and * indicate statistical significance at 1 per cent, 5 per cent and 10 per cent, respectively. Figures in 
parenthesis denote standard errors. Source: RBI Staff estimates.



ARTICLE

RBI Bulletin August 2023 111

Agriculture’s Dependency on Monsoon Rainfall in India

Annex Table 4: Panel Cointegration Results - Coarse Cereals

Long run equation: log(production) = a x log(sowing) + ECT

 (1) (2) (3) (4) (5)

a 0.586*** 0.603*** 0.541*** 0.539*** 0.487***
(0.0890) (0.0892) (0.0842) (0.0812) (0.0833)

Short run equations

ECT -0.529*** -0.532*** -0.551*** -0.554*** -0.555***
(0.0967) (0.0976) (0.100) (0.104) (0.101)

Δlog(production)(-1) -0.0830* -0.0817 -0.0784 -0.0793 -0.0814*
(0.0496) (0.0506) (0.0487) (0.0492) (0.0473)

Δlog(sowing) 1.008*** 1.020*** 0.978*** 1.062*** 1.014***
(0.175) (0.177) (0.175) (0.180) (0.165)

Net Irrigated area as per cent of net sown area 0.0102*** 0.0104*** 0.00908*** 0.0103*** 0.00956***
(0.00339) (0.00327) (0.00337) (0.00343) (0.00358)

log(SWM Rainfall) 0.109**     
(0.0555)     

SWM Deviation  0.000854    
 (0.000598)    

Deficient Dummy   -0.116***   
  (0.0302)   

Absolute (SWM Deviation)    -0.00435*** -0.00348***
   (0.000622) (0.00109)

Absolute (SWM Deviation)*Deficient Dummy     -0.00201
    (0.00127)

Constant 0.592* 1.219*** 1.566*** 1.593*** 1.804***
(0.329) (0.337) (0.393) (0.413) (0.443)

Notes: ***, ** and * indicate statistical significance at 1 per cent, 5 per cent and 10 per cent, respectively. Figures in 
parenthesis denote standard errors. Source: RBI Staff estimates.
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Annex Table 5: Panel Cointegration Results - Pulses

Long run equation: log(production) = a x log(sowing) + ECT

 (1) (2) (3) (4) (5)

a 0.981*** 0.998*** 1.012*** 1.153*** 0.963***
(0.0719) (0.0720) (0.0666) (0.0683) (0.0687)

Short run equations

ECT -0.744*** -0.743*** -0.758*** -0.767*** -0.755***
(0.143) (0.141) (0.139) (0.154) (0.138)

Δlog(production)(-1) 0.0452 0.0432 0.0441 0.0442 0.0596
(0.0522) (0.0527) (0.0500) (0.0603) (0.0555)

Δlog(sowing) 0.368** 0.374** 0.359** 0.315* 0.376***
(0.158) (0.159) (0.142) (0.164) (0.141)

Net Irrigated area as per cent of net sown area 0.0188** 0.0187** 0.0199** 0.0258** 0.0189**
(0.00828) (0.00839) (0.00944) (0.0107) (0.00847)

log(SWM Rainfall) 0.369***     
(0.128)     

SWM Deviation  0.00385***    
 (0.00140)    

Deficient Dummy   -0.242***   
  (0.0912)   

Absolute (SWM Deviation)    -0.00234 0.00250
   (0.00159) (0.00159)

Absolute (SWM Deviation)*Deficient Dummy     -0.00928***
    (0.00279)

Constant -3.358*** -1.058*** -1.132*** -2.129*** -0.888***
(1.087) (0.338) (0.342) (0.556) (0.318)

Notes: ***, ** and * indicate statistical significance at 1 per cent, 5 per cent and 10 per cent, respectively. Figures in 
parenthesis denote standard errors. Source: RBI Staff estimates.
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Annex Table 6: Panel Cointegration Results - Oilseeds

Long run equation: log(production) = a x log(sowing) + ECT

 (1) (2) (3) (4) (5)

a 0.776*** 0.794*** 0.984*** 0.919*** 0.944***
(0.0777) (0.0758) (0.0631) (0.0693) (0.0610)

Short run equations

ECT -0.726*** -0.745*** -0.740*** -0.808*** -0.759***
(0.110) (0.114) (0.109) (0.128) (0.109)

Δlog(production)(-1) -0.0897 -0.0792 -0.103* -0.0469 -0.0746
(0.0634) (0.0652) (0.0591) (0.0615) (0.0602)

Δlog(sowing) 0.321** 0.319** 0.221 0.298** 0.271**
(0.140) (0.145) (0.149) (0.137) (0.134)

Net Irrigated area as per cent of net sown area 0.0186** 0.0194** 0.0216* 0.0256** 0.0234**
(0.00924) (0.00947) (0.0111) (0.0103) (0.0110)

log(SWM Rainfall) 0.323***     
(0.114)     

SWM Deviation  0.00294***    
 (0.00112)    

Deficient Dummy   -0.235***   
  (0.0650)   

Absolute (SWM Deviation)    -0.00360*** -0.00206
   (0.00131) (0.00200)

Absolute (SWM Deviation)*Deficient Dummy     -0.00656**
    (0.00320)

Constant -1.587** 0.441** -0.591** -0.349* -0.426**
(0.806) (0.179) (0.232) (0.186) (0.214)

Notes: ***, ** and * indicate statistical significance at 1 per cent, 5 per cent and 10 per cent, respectively. Figures in 
parenthesis denote standard errors. Source: RBI Staff estimates.
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Annex Table 7: Elasticity of rainfall variables using Fixed effects panel regression

 
 

All Crops

SWM Rainfall SWM Deviation Deficient 
Dummy

Absolute (SWM 
Deviation)

Absolute (SWM 
Deviation) if 

Deficient

Sub-period I 0.1244 0.0011 -0.1167 -0.0020 -0.0036
Sub-Period II 0.2717 0.0027 -0.1504 -0.0025 -0.0045
Sub-Period III 0.1510 0.0013 -0.0980 -0.0023 -0.0034

 Rice

Sub-period I 0.0367 0.0003 -0.0522 -0.0008 -0.0015
Sub-Period II 0.1340 0.0014 -0.0862 -0.0005 -0.0019
Sub-Period III 0.0762 0.0006 -0.0662 -0.0023 -0.0026

 Coarse Cereals

Sub-period I -0.0522 -0.0007 -0.0300 -0.0018 -0.0015
Sub-Period II 0.2114 0.0015 -0.1453 -0.0034 -0.0051
Sub-Period III -0.0255 -0.0005 -0.0273 -0.0018 -0.0015

 Pulses

Sub-period I 0.3079 0.0032 -0.1971 -0.0023 -0.0050
Sub-Period II 0.4516 0.0052 -0.2534 -0.0048 -0.0072
Sub-Period III 0.2304 0.0019 -0.1640 -0.0020 -0.0055

 Oilseeds

Sub-period I 0.4397 0.0045 -0.2839 -0.0036 -0.0080
Sub-Period II 0.3057 0.0038 -0.1576 -0.0018 -0.0037
Sub-Period III 0.4823 0.0044 -0.2094 -0.0020 -0.0069

Source: RBI Staff estimates.
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