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Abstract  

This study examines the growth pattern and stability of total foodgrain production and productivity 

across districts in West Bengal from 1970-71 to 2014-15. This paper calculates sub-period growth 

rates using a kink exponential model because it reduces discontinuity bias, provides a better basis for 

growth-rate comparison, reduces instability, and uses the full set of available information to estimate 

growth rates for each sub-period in a single step. Secondary data on production, productivity, and 

area are collected from various issues of the West Bengal Economic Review and the District 

Statistical Handbooks of West Bengal, with the limitation that no district-level data are available 

after 2014-15. It has been observed that there was persistence of stagnation due to negligible growth 

in agricultural production and productivity from 1970-71 to 1980-81; after that, there was an 

overwhelming turnaround from stagnation in agricultural production and productivity in West 

Bengal since the late eighties; and during the post-1990 period, the state and the districts' growth rate 

in production and productivity have declined over time. All major rice-producing districts 

experienced reduced growth rates in both production and productivity in the 1990s and post-1990s.   
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Introduction 
 

India resorted to a policy of comprehensive economic reforms in June 1991. Contemporary research argues that economic 

reforms initially emphasised price factors and infrastructure; however, the institutional aspect of agriculture has been grossly 

neglected, and as a consequence, deceleration in agricultural growth as well as decline in growth of output have been accentuated 

since 1991 (Chadha,2002; Majumder,2002; Bhalla, 2002; Kumar, 2002). In this regard, West Bengal has become a point of 

interest among researchers, especially because overwhelming agricultural growth took off after the 1980s, when it became a state 

in India, in terms of food grain and rice production performance. 

During the reform era, production costs have increased because fertiliser subsidies were withdrawn, and price determination has 

been left to the market. Secondly, public investment has declined (Reddy, 2006). Diesel prices have risen continuously, making 

irrigation costlier. Other inputs have also become dearer. For West Bengal, doubts may be raised that the rise in agricultural  

productivity achieved during the eighties, if not sustained, may seriously affect agricultural income, employment, and the 

economy at large. A lack of alternative employment and income opportunities outside agriculture may further complicate the 

situation (Ghosh, 1998). It may lead to possible marginalisation of the rural workforce.  

The aforementioned scenario has prompted an attempt to study trends in the growth of food grain production and productivity 

in West Bengal, disaggregated at the district level. 
 

Section I 
 

Data Methodology 

The study is based on Secondary Data and Information collected from various issues of the West Bengal Economic Review and 

the District Statistical Handbook, with the limitation that the Government of West Bengal and other agencies did not publish 

district-level data after 2014-15. The empirical analysis evolved around 15 districts over time.  

The total study period (1970-71 to 2014-15) is divided into four sub-periods: 1970-71 to 1980-81, 1981-82 to 1991-92, 1992-93 

to 2002-03, and 2003-04 to 2014-15. The decade of 1980s to 1990s has been identified as end of the 'agricultural impasse' in 

West Bengal (Saggar, et al. 1989; Harris, 1993; Saha and Swaminathan, 1994; Sen and Sengupta, 1995; Rogaly et al . 1995; 

Raychaudhuri and Sen, 1996; Banerjee and Ghatak,1996; Gazadar and Sengupta, 1996; Sanyal, Biswas and Bardhan, 1998; 
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Rawal and Swaminathan, 1998; Chakraborty, 2002; Banerjee et al. 2002, Bardhan and Mukharjee 2004; 

Chattopadhyay,2005)after a long spate of stagnation ( Saha, 1975; Islam 1978; RBI, 1984; Planning Commission, 1985; 

Vaidyanathan, 1987, Boyce, 1987). The period between the introduction of economic reforms in 1991 and its onward journey 

was divided in two sub-periods, 1991-92 to 2002-03 and 2003-04 to 2014-15, to unearth the initial euphoria or pessimism that 

the introduction of economic reform created in India and to capture the impact of second-generation reforms. 

To calculate sub-period growth rates, we use a kink exponential model. The model also reduces discontinuity bias, provides a 

better basis for growth-rate comparisons, reduces instability and cyclical fluctuations, and uses the full set of available 

information to estimate growth rates for each sub-period in a single step. 

A time series for the period t = 1,2,...n can be disaggregated at a single point k and can be expressed in a single equation as 

follows: 

𝑙𝑛𝑌𝑡 = 𝑎1𝐷1 + 𝑎2𝐷2 + (𝑏1𝐷1 + 𝑏2𝐷2)𝑡 + 𝑢𝑡  (i) 

Djis a dummy variable which takes the value 1 in the jth sub-period and 0 otherwise. 

Resultant discontinuity between trend lines of two sub-periods can be removed by imposing a linear restriction such that two 

trend lines intersect at point k: 

𝑎1 + 𝑏1𝑘 = 𝑎2 + 𝑏2𝑘 

Or 𝑎2 = 𝑎1 + 𝑏1𝑘 − 𝑏2𝑘 

Substituting the value of a2 into equation (i), we get the restricted form.  

𝑙𝑛𝑌𝑡 = 𝑎1 + 𝑏1(𝐷1𝑡 + 𝐷2𝑘) + 𝑏2(𝐷2𝑡 − 𝐷2𝑘) + 𝑢𝑡  (ii) 

If a single kink is used, the kink exponential model can also be specified by re-normalising time such that t = 0 at the break point, 

k. Then equation (ii) can take the following form, which can be used to estimate the sub-period growth rates with a joint intercept: 

𝑙𝑛𝑌𝑡 = 𝑎1 + 𝑏1𝐷1𝑡 + 𝑏2𝐷2𝑡 + 𝑢𝑡 (iii)(Boyce, 1987) 

Three kinks (k1, k2, and k3) are introduced to measure the growth rates of four pre-specified sub-periods. The kinked exponential 

model can also be specified by re-normalising time such that t = 0 at the break point k1,t = 10 at the second break point k2 and t 

= 20 at the third break point k3, then the equation can take the following form, which can be used to estimate the growth rates 

for four sub-periods with a joint intercept: 

𝑙𝑛𝑌1 = 𝑎1 + 𝑏1𝐷1𝑡 + 𝑏2𝐷2𝑡 + 𝑏3𝐷3𝑡 + 𝑏4𝐷4𝑡 + 𝑢𝑡  (iv) 

   

Where,   

𝐷1 = 1for 1970-1971 to 1980-1981 

 = 0 elsewhere. 

𝐷2 = 1for 1981-1982 to 1991-1992, 

 = 0 elsewhere. 

𝐷3 = 1for 1992-1993 to 2002-2003, 

 = 0 elsewhere. 

𝐷4 = 1for 2003-2004 to 2014-2015 

 = 0 elsewhere. 

Multiplying the estimated values of D1t, D2t, D3t, and D4t gives growth rates for four sub-periods, viz. 1970-71 to 1980-81, 

1981-82to 1991-92, 1992-93 to 2002-2003 and 2003-2004 to 2014-15. 
 

Section II 
 

Dominance of Rice in Foodgrain Production in West Bengal 

West Bengal and the central Gangetic Bengal is the oldest agricultural settlement in India. Except the western region (Birbhum 

and Bankura), which contains laterite formation, the rest of West Bengal and central Bengal is identified as a 'semi-aquatic rice 

plain' (Bose, 1987). In fact, two-thirds of the total geographical area falls under flat alluvial plains created by the river Ganges, 

making the region favourable for rice cultivation. Table 1 shows that rice production as a percentage of food grain production 

increased from 81.9 per cent to 89.7 per cent between 1970-71 and 2014-15. In West Bengal, rice dominates most districts in 

terms of its contribution to total food grain production. For most districts, rice production as a percentage of food grain varies 

between 80 per cent and 98.1 per cent. However, in the exceptional districts of Nadia, Murshidabad, Malda, and Darjeeling, the 

percentage of rice in food grain production ranges from 52 per cent to 62 per cent (Table 1). 
 

Table 1: Production of Rice as percentage of District-wise Food grain Production 

YEAR/DIST 1970-71 1980-81 1990-91 2000-01 2009-10 2014-15 

Burdwan 89.6 97.5 99.5 98.7 99.7 99.4 

Birbhum 75.9 92.3 96.3 89.3 90.2 91.5 

Bankura 95.3 96.5 97.4 97.7 98.9 98.9 

Midnapore 94.5 97.4 98.1 97.9 99.2 98.8 

Howrah 89.6 94.9 99.0 98.9 99.7 99.3 

Hoogly 82.6 97.1 99.7 99.1 99.8 99.8 
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24 Parganas 89.6 95.8 97.3 96.4 96.9 95.9 

Nadia 52.9 70.4 83.7 77.1 83.0 78.1 

Murshidabad 52.4 70.3 78.9 56.0 75.3 75.2 

West Dinajpur 86.2 80.7 90.7 90.1 75.7 70.2 

Malda 62.0 74.4 77.7 76.0 77.9 79.3 

Jalpaiguri 98.1 92.2 90.7 87.0 87.4 87.6 

Darjeeling 60.4 53.4 50.9 46.2 56.6 54.4 

Cooch Behar 94.6 91.4 92.9 90.0 85.9 83.0 

Purulia 93.3 96.0 92.3 92.0 97.3 96.1 

West Bengal 81.9 90.1 92.6 90.0 91.1 89.7 

Source: Compiled from the data collected from various volumes of West Bengal Economic Review, Government of West Bengal 

and District Statistical Handbook, Government of West Bengal. 

Inter-District Comparison of Growth in Production and Productivity of Food Grain in West Bengal 

Over the whole period of 1970-71 to 2014-15, the exponential growth of food grain production for West Bengal stood 3.31 

percent per annum and significant at 1 percent level (Table No. 2). District wise exponential growth rates of food grain production 

from 1970-71 to 2014-15 more than 2.5 growth per annum achieved by Burdwan, Bankura, Midnapore, Howrah, 24 Parganas, 

Nadia, Murshidabad, Malda and Darjeeling and are statistically significant at 1 percent level. Hooghly, West Dinajpur and 

Purulia achieved 2 to 2.5 per cent growth per annum at the 1 per cent significance level. Birbhum, Jalpaiguri and Cooch Behar 

registered the lowest growth rate in food grain production. 

While measuring changes in growth rates over different sub-periods for food grain production in the districts of West Bengal, it 

is seen that in the first sub-periods (1970-71 to 1980-81) the growth rates are negative for all the districts excepting 24 Parganas, 

Nadia and Darjeeling (Table No. 2). Absolute agricultural stagnation was found unanimously by all the researchers during this 

period.   

A huge turnaround in food grain growth is observed after 1980-81. In the 2nd Sub-period, food grain production in West Bengal 

grew at an exponential rate of 4.55 per cent per annum. Among the districts, Howrah showed the most impressive growth, with 

food grain production rising by 7.17 per cent, the highest among districts in West Bengal. Bankura, Midnapore, Nadia, and 

Purulia achieved 5 to 6 per cent growth rates in food grain production. Burdwan, 24 Parganas, West Dinajpur, and Malda grew 

food grains by 4 to 5 per cent, while Birbhum, Hooghly, Murshidabad, Darjeeling, and Cooch Behar grew food grains by 3 to 4 

per cent. Jalpaiguri district recorded the lowest growth rate, around 2 per cent.  

Trend break values indicate the extent of gain or loss in growth rates for a particular sub-period compared with the previous sub-

period. Trend break-I reveals that, in sub-period II, Howrah achieved the highest gain in food grain production growth over sub-

period I (significant at 1%). Nadia, Bankura, Midnapore, Purulia, 24 Parganas, Malda, Burdwan, and other districts also achieved 

significant growth rates. 

However, in sub-period III and IV, all districts failed to maintain the high growth rates in food grain production achieved in Sub-

period II. It is seen that all districts, and West Bengal as a whole, saw declining growth rates in Sub-periods III and IV. 

From 1970-71 to 2014-15, food grain productivity (Table 3) in West Bengal grew at an exponential rate of 2.99 per cent per 

annum and was statistically significant at the 1 per cent level. Districts like Burdwan, Bankura, Midnapore, Howrah, 24 Parganas, 

Malda, Nadia, and Darjeeling achieved growth rates above 3 per cent per annum. Nadia achieved the highest growth rate at 5 

per cent per annum during the overall period. Birbhum, Hoogly, Murshidabad, West Dinajpur, and Purulia lie below the West 

Bengal exponential rate, i.e., below 2.99 per cent per annum. Jalpaiguri shows a negative annual growth rate, and Cooch Behar 

shows insignificant growth in food grain production. 
 

Table 2: Districtwise Kinked Exponential Growth in Production of Food grain in West Bengal for (1970-71 to 20014-15) 

District/ 

Sub-

period 

Growth 

Overall 

period Sub-periods 

Adj. R 

Squared 

P-

Value 

of 

DW 

Test 

Trend 

break 

I 

Trend 

break 

II 

Trend 

break 

III 1970-71 

to 

2014-15 

1970-71 

to 

1980-81 

1981-82 

to 

1991-92 

1992-93 

to 

2002-03 

2003-04 

to 

2014-15 

Burdwan 4.29 

(6.851) *** 

0.8 

-0.879 

4.23 

(5.069)*** 

3.76 

(10.786)*** 

2.48 

(11.996)*** 

0.877 0.006 3.43 -0.47 -1.28 

Birbhum 1.60 

(1.892) * 

-1.65 

-1.317 

3.87 

(3.353)*** 

3.44 

(7.139) *** 

2.67 

(9.333) *** 

0.7503 0.016 5.52 -0.43 -0.77 

Bankura 4.60 

(4.342) *** 

-1.09 

-0.727 

6.03 

(4.315)*** 

4.38 

(7.549) *** 

2.46 

(7.183) *** 

0.6972 0.434 7.12 -1.65 -1.92 

Midnapo

re 

3.67 

(5.242)*** 

-0.52 

-0.563 

5.64 

(6.542)*** 

4.39 

(12.237)*** 

3.23 

(15.179)*** 

0.9021 0.166 6.16 -1.25 -1.16 
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Howrah 5.25 

(5.892) *** 

0.92 

-0.713 

7.17 

(5.963)*** 

3.58 

(7.231) *** 

2.43 

(8.269) *** 

0.7723 0.19 6.25 -3.59 -1.15 

Hoogly 2.37 

(3.719)*** 

-0.09 

-0.094 

3.32 

(3.654)*** 

2.85 

(7.534)*** 

2.33 

(10.329)*** 

0.808 0.262 3.41 -0.47 -0.52 

24 

Parganas 

4.56 

(6.758)*** 

1.51 

-1.46 

4.28 

(4.539)*** 

3.47 

(8.847) *** 

2.19 

(9.427)*** 

0.8323 0.076 2.77 -0.81 -1.28 

Nadia 6.16 

( 9.068)*** 

1.43 

-1.646 

6.29 

(7.865)*** 

4.38 

(13.205)*** 

2.44 

(12.476)*** 

0.9047 0.018 4.86 -1.91 -1.94 

Murshida

bad 

2.70 

(4.025) *** 

-0.03 

-0.03 

3.36 

(3.640)*** 

3.31 

(8.573) *** 

2.61 

(11.358)*** 

0.8 0 3.39 -0.05 -0.7 

West 

Dinajpur 

2.21 

(4.199)*** 

-0.4 

-0.582 

4.11 

-6.416 

3.9 

-14.582 

3.43 

-21.518 

0.9473 0.298 4.51 -0.21 -0.47 

Malda 3.47 

(7.271) *** 

0.96 

-1.362 

4.28 

(6.613)*** 

3.3 

(12.267)*** 

2.56 

(15.990)*** 

0.9208 0.004 3.32 -0.98 -0.74 

Jalpaigur

i 

-0.95 

(1.694) * 

-1.63 

-1.677 

2.05 

(2.317) ** 

1.99 

(5.367) *** 

2.22 

(10.039)*** 

0.7635 0.108 3.68 -0.06 0.23 

Darjeelin

g 

4.79 

(5.483) *** 

2.57 

(1.802)* 

3.83 

(2.980)*** 

1.62 

(3.051) *** 

0.56 

(1.773) * 

0.448 0 1.26 -2.21 -1.06 

Cooch 

Behar 

0.72 

(1.438) 

0.04 

-0.049 

3.91 

(5.262)*** 

2.49 

(8.063) *** 

2.8 

(15.182)*** 

0.8945 0.006 3.87 -1.42 0.31 

Purulia 2.41 

(1.867) * 

-2.07 

-1.037 

5.3 

(2.854)*** 

3.85 

(4.993) *** 

3.03 

(6.614) *** 

0.5802 0.896 7.37 -1.45 -0.82 

West 

Bengal 

3.31 

(6.030) *** 

-0.04 

-0.056 

4.55 

(6.714)*** 

3.66 

(12.969)*** 

2.67 

(15.952)*** 

0.9145 0.024 4.59 -0.89 -0.99 

Source: Calculation based on data collected from various volumes of West Bengal Economic Review, Government of West 

Bengal. 

Notes: t-stats are shown in parentheses.  *** Significant at 1%, ** Significant at 5%, * Significant at 10% 0<DW<4 validates 

the absence of first-order autocorrelation.   
 

However, in the first sub-period, only four districts, Burdwan, Nadia, Malda, and Darjeeling achieved a positive and significant 

growth rate of productivity. For the state as a whole, the growth rate in productivity was only 0.57 per cent and insignificant. 

Major breakthroughs in good grain productivity were observed in the sub-period: II Bankura, Midnapore, Howrah, and Nadia 

experienced significant (at the 1% level) exponential growth rates of more than 5 per cent per annum. Burdwan, Birbhum, 24 

Parganas, Murshidabad, West Dinajpur, and Purulia also experienced impressive productivity growth, at more than 4 per cent. 

Hoogly, Malda, Jalpaiguri, and Coochbehar grew by more than 3 per cent. Darjeeling grew by 2.7 per cent, the lowest among 

all West Bengal districts. In West Bengal, productivity growth increased from 0.57 per cent to 4.64 per cent from sub-period I 

to sub-period II. A significant rise in the growth of food grain was observed during this period, and an increase in productivity 

was thus a natural corollary. 

From the trend break-I values, Bankura made the highest addition (5.92 per cent) to the growth rate in productivity from 1981-

82 to 1991-92 over its previous decade of 1970-71 to 1980-81. The addition to growth in productivity for Howrah was 5.7 per 

cent; for Midnapore, it was 5.44 per cent; and for Jalpaiguri and Birbhum, the additions to growth were 5.16 per cent and 5.07 

per cent, respectively. Malda, despite ranking near the bottom of the productivity growth table, recorded a gain of 0.44 per cent 

in food grain productivity growth. 

In sub-period III, food grain productivity growth declined in all districts and in the state. Declining food grain productivity 

growth continued into sub-period IV. The decline varied between 0.11 per cent and 3.31 per cent for most districts; for Howrah 

and Malda, growth declined by 3.1 per cent and 0.11 per cent, respectively. For West Bengal, productivity growth declined by 

1.28 per cent. 
 

Table 3: Districtwise Kinked Exponential Growth in Productivity of Food grain in West Bengal for (1970-71 to 20014-15). 

District/ 

Sub-period 

Growth 

Overall 

period 

Sub-periods Adj. 

R 

Squar

ed 

P-

value 

of DW 

Test 

Trend 

break 

I 

Trend 

break 

II 

Trend 

break 

III 1970-71 

to 

2014-15 

1970-71 

to 

1980-81 

1981-82 

to 

1991-92 

1992-93 

to 

2002-03 

2003-04 

to 

2014-15 

Burdwan 3.62 

(8.589)*** 

1.42 

(2.492)** 

4.19 

(6.486)*** 

2.8 

(11.018)*** 

1.97 

(13.310)*** 

0.9076 0.002 2.77 -1.39 -0.83 

Birbhum 2.72 

(4.501)*** 

-0.07 

-0.095 

5 

(5.679)*** 

3.37 

(9.748)*** 

2.53 

(12.607)*** 

0.8672 0.03 5.07 -1.63 -0.84 

Bankura 3.74 

(5.559)*** 

-0.09 

-0.121 

5.83 

(6.308)*** 

4.05 

(11.145)*** 

2.74 

(12.999)*** 

0.8809 0.238 5.92 -1.78 -1.31 
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Midnapor

e 

3.33 

(5.540)*** 

0.13 

-0.184 

5.57 

(6.587)*** 

3.75 

(11.279)*** 

2.77 

(14.358)*** 

0.898 0.16 5.44 -1.82 -0.98 

Howrah 3.05 

(4.14)*** 

0.42 

-0.454 

6.12 

(5.685)*** 

2.81 

(6.701)*** 

2.16 

(8.857)*** 

0.7765 0.682 5.7 -3.31 -0.65 

Hoogly 2.36 

(5.677)*** 

0.58 

-1.032 

3.53 

(5.540)*** 

2.43 

(9.662)*** 

1.92 

(13.124)*** 

0.8858 0.75 2.95 -1.1 -0.51 

24 

Parganas 

3.23 

(5.744)*** 

1.21 

-1.56 

4.54 

(5.158)*** 

3.16 

(9.117)*** 

2.48 

(12.311)*** 

0.8794 0.234 3.33 -1.38 -0.68 

Nadia 5.00 

(10.455)*** 

2.7 

(4.563)*** 

5.66 

(8.423)*** 

3.55 

(13.485)*** 

2.55 

(16.672)*** 

0.9448 0.004 2.96 -2.11 -1 

Murshida

bad 

2.98 

(5.960)*** 

0.56 

-0.906 

4.53 

(6.382)*** 

3.48 

(12.432)*** 

2.63 

(16.183)*** 

0.9219 0.042 3.97 -1.05 -0.85 

West 

Dinajpur 

2.46 

(4.75) 

-0.04 

-0.074 

4.95 

(7.139)*** 

4.07 

(14.854)*** 

3.5 

(21.967)*** 

0.9508 0.168 4.99 -0.88 -0.57 

Malda 3.73 

(10.66)*** 

3.11 

(5.935)*** 

3.55 

(6.056)*** 

3.44 

(14.820)*** 

3.16 

(23.370)*** 

0.9679 0.012 0.44 -0.11 -0.28 

Jalpaiguri -1.27 

(2.497)** 

-2.15 

(2.899)*** 

3.01 

(3.551)*** 

2.58 

(7.680)*** 

2.82 

(14.369)*** 

0.865 0.864 5.16 -0.43 0.24 

Darjeeling 3.34 

(4.378)*** 

1.66 

-1.498 

2.7 

(2.164)** 

2.52 

(5.114)*** 

1.59 

(5.534)*** 

0.663 0.002 1.04 -0.18 -0.93 

Cooch 

Behar 

-0.01 

(0.042) 

-0.57 

-1.009 

3.65 

(5.632)*** 

2.67 

(10.440)*** 

3.03 

(20.290)*** 

0.9365 0.074 4.22 -0.98 0.36 

Purulia 1.50 

(1.752)* 

-0.57 

-0.478 

4.01 

(2.903)*** 

3.19 

(5.853 )*** 

2.85 

(8.956)*** 

0.7441 0.884 4.58 -0.82 -0.34 

West 

Bengal 

2.99 

(7.008)*** 

0.57 

-1.13 

4.64 

(8.065)*** 

3.36 

(14.822)*** 

2.59 

(19.663)*** 

0.9453 0.104 4.07 -1.28 -0.77 

Source: Calculation based on data collected from various volumes of West Bengal Economic Review, Government of West 

Bengal. 

Notes: t-stats are shown in parentheses.  *** Significant at 1%, ** Significant at 5%, * Significant at 10% 0<DW<4 validates 

the absence of first-order autocorrelation. 
 

Conclusion 
 

Therefore, the empirical results as depicted above reaffirmed three major observations on agriculture in West Bengal. Firstly , 

the persistence of stagnation due to negligible growth in agricultural production and productivity from 1970-71 to 1980-81; 

secondly, an overwhelming turnaround from stagnation in agricultural production and productivity in West Bengal since the late 

eighties; and thirdly, during the post-1990 period, the state and the districts' growth rates in production and productivity have 

declined. All major rice-producing districts experienced reduced growth in both production and productivity in the 1990s and 

post-1990s. 
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