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Abstract
Recognizing the critical role of agricultural sector in the overall growth as well as development performance, the study estimates total factor productivity (TFP) in Indian agriculture at state-level. Using two alternative measures of agricultural output- Index of Agricultural Production (1983-2006) and Net State Domestic Product from agriculture (1972-2006), changes in TFP are estimated using non-parametric Sequential Malmquist TFP index. The TFP change is decomposed into efficiency change and technical change. It is found that productivity improvements are marked in very few states, and so is technical change. The improvements in efficiency are observed to be low for most of the states and efficiency decline is observed in several states implying huge gains in production possible even with existing technology. In order to achieve higher productivity, it is essential to increase efficiency levels as well as achieve a more even spread of new technology.
Section I: Introduction

A rise in production can be attributed to input growth and total factor productivity growth. The level of Total Factor Productivity (TFP) can be measured by dividing total output by total inputs. When all inputs in the production process are accounted for, TFP growth can be thought of as the amount of growth in real output that is not accounted for by growth in inputs. Productivity is often defined as the efficiency
 with which output is produced by a given set of inputs. 

If a firm is efficient, it is said to be operating on the production frontier (i.e. it is achieving best practice), where the production frontier is defined at some point in time with reference to a particular set of firms. Productivity growth, however, encompasses not just changes in efficiency but also changes in the best practice. A rise in efficiency implies either more output is produced with the same amount of inputs or that less inputs are required to produce the same level of output.  Equally, the outward shift of a production frontier implies productivity growth. 

There are several studies which point out decline in agricultural productivity in developing countries even in the years well-known for success of Green Revolution. The modified Malmquist TFP index- using Sequential technology, as proposed by Forstner and Isaksson (2002) and Nin et al (2003), attempts to rectify the biases in computation of productivity growth arising from non-neutral technical change. This study uses non-parametric Sequential Malmquist TFP Index to estimate changes in total factor productivity in Indian agriculture at state-level. 

Section II: Literature Review
There are relatively few studies that estimate agricultural total factor productivity in developing countries. Most of these have come out with rather surprising and paradoxical results of declining TFP in the developing countries
 even in the years which are well documented for success stories where green revolution varieties of wheat and rice have been widely adopted. 
The studies of multifactor agricultural productivity in developing countries include work done by Kawagoe et al. (1985), Kawagoe and Hayami (1985), Lau and Yotopoulos (1989), Fulginiti and Perrin (1993, 1997, 1998), Trueblood (1996) and Arnade (1998). 

Kawagoe et al. (1985), using data for 1960, 1970 and 1980 in 21 developed countries and 22 less developed countries, estimate cross-country production functions for 1970 and 1980. They find technological regression during both decades for the less developed countries, but technological progress in the developed countries. Kawagoe and Hayami (1985) use an indirect production function and find similar results in that data set. Fulginiti and Perrin (1993) estimate technical progress for LDCs for the period 1961-1985 using Cobb-Douglas production specification. The study reports technological regression for 14 of the 18 countries. It is possible, as suggested by the authors that interferences with the agricultural sector such as price policies had a depressing effect on incentives so as to stifle potential productivity gains. Fulginiti and Perrin (1998) use a parametric meta-production function and a non-parametric Malmquist index to examine the performance of the agricultural sectors in a set of 18 LDCs and find productivity regress in many of them.  

Trueblood (1996) uses non-parametric Malmquist index and also estimates Cobb-Douglas production function for 117 countries. The study also finds negative productivity growth in a significant number of developing countries. Arnade (1998) estimates agricultural productivity indices using non-parametric Malmquist index approach for 70 countries during the years 1961-1993. It is found that thirty six out of forty seven developing countries in the sample show negative rates of technical change. Kudaligama and Yanagida (2000), using deterministic and stochastic frontiers for 43 developed and developing countries over 1960, 1970 and 1980, indicate agricultural productivity for developing countries on a per farm basis deteriorated over the time period under consideration. 

Forstner et al (2001) compute Malmquist TFP index using Data Envelopment Analysis to estimate productivity change over about two decades for 32 Least Developed Countries. They find an overall decline in total factor productivity (TFP), pointing to technology as a major problem area in the growth of these countries. The study, however acknowledges that behind such decline, there seems to be ‘best-practice regress’. 
Nin et al (2003) estimate TFP growth for 20 countries during 1961-1994 using non parametric Malmquist TFP index with an alternative definition of technology- Sequential technology and find that the earlier results reverse and most of the developing countries experience productivity growth. 
A number of studies on the measurement of productivity have been carried out for India as well. These studies can be classified into two groups: (i) agriculture sector, and (ii) crop-specific analysis. There are very few estimates available of TFP changes at state-level. A notable study in this regard is Fan, Hazell and Thorat (1998) which estimates TFP for agriculture at state-level using Tornqvist-Theil index for the period 1970-1994. The study finds that total factor productivity for India grew at an average annual rate of 0.69 percent between 1970 and 1995. In the 1970s, total factor productivity improved rapidly, growing at 1.44 percent per annum, grew faster in the 1980s at 1.99 percent per annum. But since 1990, total factor productivity growth in Indian agriculture has declined by 0.59 percent per annum. The study also reports state-level estimates- for the whole period 1970 to 1994, the states with TFP growth rate in the range 0-1 percent per annum are Andhra Pradesh, Karnataka, Uttar Pradesh, Himachal Pradesh and Kerala; with TFP growth rate greater than 1 are Punjab, Bihar, Orissa, Maharashtra, West Bengal and J&K. The states with negative TFP growth are Haryana, Madhya Pradesh, Gujarat, Assam and Rajasthan.  
Kumar and Rosegrant (1994) estimate TFP growth for rice. They find that the TFP index has risen by around 1.85 per cent annually in the southern region, 0.76 per cent in the northern and 0.36 per cent in the eastern region. In the western region, due to wide fluctuations in weather wide variation in the TFP index was observed and the estimated annual growth was negative (-0.98), but insignificant.

Mukherjee and Kuroda (2001) use Törnqvist-Theil methodology to construct the TFP index for Indian agriculture in fourteen states from 1973 to 1993. They find TFP index to be 1.73 for 1973-79, 2.51 for 1980-89, 1.34 for 1990-1993 and 2.19 for entire period 1973-2003. Bosworth and Collins (2007) use growth accounting approach and estimate TFP growth in primary sector for India to be 0.8% during 1978-2004, 1% for the period 1978-1993 and 0.5%  for the period  1993-2004.

Murgai (1999) uses Tornqvist-Theil Index to estimate TFP growth in Punjab at district level during 1960-1993. TFP growth averaged 1.9 percent from 1960 to 1993. Productivity growth in Punjab is found to be lowest during the green revolution years, even as farmers moved from traditional varieties of wheat and rice to modern hybrid seed varieties and the agricultural sector experienced high growth rates in production. The study attributes most yield improvements to rapid factor accumulation, particularly that of fertilizers and capital. Contrary to widespread belief, the contribution of productivity growth to economic growth is found to be small.

Kumar and Mittal (2006) estimate crop-specific TFP growth across different states for paddy and wheat. They find TFP of paddy has started showing deceleration in Haryana and Punjab but TFP of wheat is still growing in these two Green Revolution states. About 60 per cent of the area under coarse cereals is facing stagnated TFP. Similarly, the productivity gains which occurred for pulses and sugarcane during the early years of Green Revolution, have now exhausted their potential.
Bhushan (2005) uses Data Envelopment Analysis to estimate Malmquist TFP index for major wheat producing states in India- Punjab, Haryana, Madhya Pradesh, Uttar Pradesh and Rajasthan. He finds TFP growth rate to be highest in Punjab and Haryana which is attributed to technical progress in these two states. Rajasthan (with no efficiency change) and Uttar Pradesh (with improvement in efficiency and negative growth in technological progress) have positive TFP growth rate while Madhya Pradesh (no change in efficiency and negative growth of technical progress) is reported to record negative TFP growth rate. As compared to 1980s, mean growth of TFP is found to be higher in 1990s and the primary source of TFP growth is technical progress and not efficiency improvements.  
It is useful to point out Fulginiti and Perrin (1998) who mention that “it is also possible that the methods and data previously used have inaccurately portrayed the LDCs agricultural sectors as regressing in productivity….. two of these three frontier countries, Argentina and Korea, experienced declines in productivity during 1961-1985…..The Malmquist index indicates that, productivity in frontier-establishing countries (Argentina and Korea) was declining, which resulted in a measured regression of technology (negative technological change) and a measured improvement in technical efficiency among most of the other countries”.  The problem in the technique of Malmquist index was, thus, laid down and the approach was modified by Forstner et al (2002) and Nin et al (2003) by dis-allowing technical regress. 
Section III: Methodology

This section begins by briefly describing the Malmquist TFP index and thereafter discusses the modified version of the index by using alternative definition of technology, that is, Sequential technology. 

Let the set theoretic representation of a production function that involves multiple outputs and inputs technology be described as the technology set S. Let x and y denote a N*1 input vector of non-negative real numbers and a non-negative M*1 output vector, respectively. The technology set is then defined as: 

S={(x,y): x can produce y} 




(1)
This set consists of all input-output vectors (x,y) such that x can produce y.

The piece-wise linear convex hull approach to estimate frontier was proposed by Farrell (1957) but the application of this methodology increased only after the term Data Envelopment Analysis was coined by Charnes, Cooper and Thodes (1978). Data Envelopment Analysis (DEA), a non-parametric approach to frontier estimation, involves the use of linear programming methods to construct a piece-wise surface (or frontier) over the data points such that the constructed frontier envelops all given data points, that is, all observed data points lie on or below the production frontier. It constructs a benchmark technology from among the observed input-output bundles of the firms in the sample. Efficiency measures are then calculated relative to this surface.
A major advantage in the use of DEA in measuring productivity growth is that this method does not require any price data. This is a distinct advantage, because in general, agricultural input price data are seldom available and such prices could be distorted due to government intervention in most developing countries
. The DEA seems to be a much more powerful tool for measurement of productivity since it also makes the least number of restrictive assumptions (no functional form of production function / distribution form of inefficiency) and at the same time permits decomposition of TFP change into two components of efficiency change and technical change that would help in gaining insights into the sources of growth of TFP. However, the disadvantage of DEA is that it does not account for noise and the conventional tests of hypotheses cannot be carried out. 

DEA uses Distance Functions that allow us to describe a multi-input, multi-output production technology without any specification of a behavioural objective (such as cost-minimization or profit-maximization). The concept of distance function is closely associated with production frontiers. Distance functions can be output-oriented or input-oriented. An output distance function considers the maximum proportional expansion of the output vector corresponding to a given input vector. It measures the distance of a firm from its production frontier- how close a particular level of output is to the maximum attainable level of output that could be obtained from the same level of inputs if production is technically efficient. Fare, Grosskopf, Norris and Zhang (1994) define an output distance function at time t as


Distance function is defined as the inverse of the maximum proportional increase in the output vector yt, given the set of inputs xt and production technology St. The distance so computed is equivalent to the reciprocal of Farrell’s (1957) measure of technical efficiency. The superscript t associated with D refers to which period’s production frontier is used as reference technology. The calculation of distance functions and how they can be used to give insights about efficiency change and technical change is illustrated diagrammatically in Figure 1. 

[image: image1]In Figure 1, production possibility sets are depicted for periods t and t+1. Firm B is lying on the frontier in both the time periods, implying it is fully technically efficient. Firm A lies inside the production frontier. For firm A, the distance from the production point in time period t to the frontier in time period t, that is, Dto(xt,yt) is given by OAt/ OBt. This ratio is less than one as the firm is inefficient. In case of firm B, the distance from its production point to the frontier shall be equal to one as it lies on the frontier. Firm A’s distance of its production point from the frontier in time period t+1, Dt+1o(xt+1,yt+1), is given by OAt+1/ OBt+1. The comparison of these two distance functions tells about the performance of firm A on efficiency front. If firm A has become more efficient in time period t+1 than it was in time period t, then its production point in t+1 would be closer to the same period frontier than in the preceding period. In other words, the distance computed from Dt+1o(xt+1,yt+1) would be greater than Dto(xt,yt).
The above distances are calculated from same period’s production frontier. However, the distances can also be computed using some other period’s production frontier / technology as well. For example, for firm A, distance of its production point in time period t can be calculated with respect to frontier of time period t+1. This distance, Dt+1o(xt,yt) is given by OAt/ OBt+1. Similarly, the distance of firm A’s production point in time period t+1 can be computed using time period t’s frontier as reference technology. This distance, Dto(xt+1,yt+1), is given by OAt+1/ OBt. A comparison of these mixed-period distance functions can tell us about whether or not technical change has taken place. If what is produced in time period t+1 could not have been produced in time period t, then the distance Dto(xt+1,yt+1) would be greater than one. Similarly, if the distance computed of period t’s production point from period t+1’s frontier exceeds that from period t’s frontier, that is Dt+1o(xt,yt) >  Dto(xt,yt), then it implies an outward shift of production frontier in time period t+1. 
Malmquist TFP Index

The Malmquist TFP index was first introduced by Caves, Christensen and Diewert (1982). They defined the TFP index using Malmquist input and output distance functions, and thus the resulting index came to be known as the Malmquist TFP index.  The period t Malmquist productivity index is given by  
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(3)
i.e., they define their productivity index as the ratio of two output distance functions taking technology at time t as the reference technology. Instead of using period t’s technology as the reference technology it is possible to construct output distance functions based on period (t+1)’s technology and thus another Malmquist productivity index can be laid down as:
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Fare et al (1994) attempt to remove the arbitrariness in the choice of benchmark technology by specifying their Malmquist productivity change index as the geometric mean of the two-period indices, that is,
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Using simple arithmetic manipulation, the equation (5) can be written as the product of two distinct components- technical change and efficiency change (Färe et al (1994)).
 Mo(xt+1,yt+1, x t,y t) =
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where Efficiency change = 
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Technical change =
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Hence the Malmquist productivity index is simply the product of the change in relative efficiency that occurred between periods t and t+1, and the change in technology that occurred between periods t and t+1.
The Sequential Malmquist TFP Index

The first to question technical regress in a DEA framework were Tulkens and Eeckaut (1995). Forstner and Isaksson (2002) mention that “one drawback of the standard DEA is that the method allows countries to lose knowledge about production techniques. This kind of memory loss is implausible and causes inaccurate measurement of technological change and technical-efficiency change. As a consequence, a country appears as performing exceptionally well in technical efficiency without actually having improved at all. This bias occurs when the country is located in a region where the world technology frontier is receding”. They propose an amendment to Data Envelopment Analysis called Long-Memory DEA (LMDEA) that imposes infinite technological memory. 
Nin et al (2003) argue that technical regression is the combined consequence of biased technical change (frontier shrinks in atleast one input or output direction) and the definition of technology used to estimate the Malmquist index. They propose an alternative method of constructing the frontier of the production set- sequential production set- as against contemporaneous production set that is commonly used in many studies. They mention that under contemporaneous production technology, successive production sets are essentially unrelated to each other. The sequential production set, on the other hand, assumes that there is a certain form of dependence between the production sets across time. This dependence stems from the assumption that “production units can always do what they did before in the production process.”  Thus, the construction of the frontier in a particular time period will require information on inputs and outputs for all the time periods prior to that time period.  
The Sequential or Long-memory Malmquist TFP index seeks to rectify the two kinds of biases that arise in case of non-neutral technical change (and the resultant technological regress) when contemporaneous technology is used. One, the estimated change in technical efficiency will be biased for the non-frontier production unit. This bias arises because in atleast one of its segments the technology frontier is receding towards some non-frontier countries. Such a firm will have moved closer to the frontier which would be reported as increase in technical efficiency. Two, the problem arises for the frontier firm that experiences non-neutral technical change. The comparison of its two production points can result in reporting a decline in productivity for this firm.  
This is shown diagrammatically in Figure 2. Part (a) depicts a situation where there is a simple outward shift of the production possibility set. In this case, Malmquist indices are Mto= (OBt+1/OB t) /1= Mt+1o= 1/ (OB t/OB t+1) > 1. However incase of biased technical change, the measures of productivity growth obtained by the two indices would turn out to be different. This is illustrated in Figure 2(b) where production of the frontier country B is not expanding along the same ray through the origin. The t-period based Malmquist index is estimated as Mto= (OBt+1/OE)/1 > 1, that is, productivity in country B has risen due to technical progress. However, when productivity growth is estimated using t+1 period technology, it is estimated as M t+1 = 1/(OBt/OD) < 1, that is, it indicates a decline in productivity in this country because of technical regress. A geometric mean of these two shall give Färe Malmquist TFP index that could turn out to be less than one and report productivity regress for the firm B.
As an alternative, the Sequential technology prevents any segment of the technology frontier from receding. In other words, once a production technique becomes available and used, it is not erased from memory in successive time periods and remains, at least, potentially utilizable. 


[image: image8]
The sequential production set can be stated as follows:
P1,t(x)= Uj=1 to t P1,t(x),            (10)
That is, the input-output mix used in previous years remains available and is part of technology in period t.

Figure 3 shows the shift in frontier with biased technical change assuming sequential technology (as against production frontier shifting inside in one of the ordinates in Figure 2b).


[image: image9] 

Figure 3: Output Possibility Set using Sequential technology (Source: Nin et al, pp 408)
A move from Bt to Bt+1 is considered as technical progress under Sequential technology whereas under contemporaneous technology, it can be categorized as technical regress (that is, if Dt(xt+1,yt+1) < Dt+1o(xt,yt) or OBt+1/OE < OBt/OD in Figure 2(b)).

It is to be noted that an important characteristic of Sequential technology is that it rules out the possibility of technical regression but it does allow negative productivity growth through the route of decline in efficiency component. Even though the overall productivity measure computed under Sequential technology may turn out to be similar to that computed under contemporaneous technology, the decomposition would be different, with technical change assuming greater magnitudes.
Using the sequential DEA approach, the definition of the output distance function for each time period t has to be modified as follows:
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This distance function still represents the smallest factor, θ, by which an output vector yt is deflated so that it can be produced with a given input vector xt under period t’s technology. However, the reference technology now is sequential/ long memory instead of contemporaneous/ short memory.

Section IV: Data

This section describes the output and inputs used to estimate productivity changes. The study focuses on crop production. It uses two alternative estimates for agricultural output- Index of Agricultural Production and Net State Domestic Product from Agriculture. Index of Agricultural production (IAP) presently covers 42 crops that account for nearly 96% of total gross cropped area in the country. The data is available for 13 major states- Andhra Pradesh, Assam, Gujarat, Haryana, Karnataka, Madhya Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh, West Bengal- for the time period 1980s onwards. The data on IAP is, however, very scanty for two states- Bihar and Kerala. Hence these states had to be dropped when IAP is used as the output measure. The series has been constructed for all the states using 1993-94 as the base year. The State Domestic Product (SDP) from agriculture has been used as an alternative output measure. The disaggregation of SDP is available for different sectors at the state-level (including Bihar and Kerala that get included in the states covered when SDP from agriculture is taken as the output measure). The study uses Net State Domestic Product series that has been constructed for all the states taking 1993-94 as the base year (the data on Gross State Domestic Product is not available for 1970s).
There are six inputs taken. One, land as an input used is taken as Gross Cropped area. There is no distinction being made on the quality of land, that is, land input is assumed to be homogenous. Two, irrigation input is captured by Gross area irrigated (in thousand hectares). Three, the fertilizer input is measured as total consumption of fertilizers of all three kinds- nitrogenous, phosphate and potassium- in million tonnes. Four, number of tractors are used as a proxy for machinery used in agriculture. The data on agricultural machinery is collected in Machinery Census conducted on quinquennial basis. The Machinery Censuses that have been conducted so far are in the years 1966, 1972, 1977, 1982, 1987, 1992, 1997 and 2003. The data for the various time-periods has been interpolated using Census results. Five, livestock input is taken as total number of draught animals. Like machinery, the data on livestock is also collected in quinquennial census that have been conducted for the years 1966, 1972, 1977, 1982, 1987, 1992, 1997, 2003 and 2008. The data for the various time-periods has been interpolated using Census results. Lastly, the concept of labour used is number of persons engaged in agriculture. The estimates of workforce in agriculture are not available on an annual basis. There are two sources of estimates of workforce in different sectors-Census and NSSO surveys. The Census figures on number of persons engaged as ‘Cultivators and Agricultural labourers’ are available only for the Census years- 1971, 1981, 1991 and 2001. In this case, the figures for workforce need to be interpolated for the remaining years. In order to avoid this large-scale interpolation, the study uses NSSO surveys for estimating the labour input
. 
Although the information on output and all inputs except labour is available on annual basis, the choice of the period under the present study gets restricted to those time-points when data is available on labour input. Though there are organizations like FAO which do extrapolate labour input figures to get estimates of annual time series of labour input in agriculture, this methodology has always invited serious criticism from researchers. The present study, thus, attempts to estimate TFP for agriculture for the following time-points of 1972-73, 1977-78, 1983, 1987-88, 1989-1990 to 2005-6. This implies 21 time-points when State Domestic Product from agriculture is used as the output measure and 19 time-points when Index of Agricultural Production is used (excluding the years 1972-73 and 1977-78).

Section V: Results
The Malmquist TFP index is not based on specific assumptions about the returns-to-scale properties of the production technologies. All the distances can be computed whether the technology exhibits variable returns to scale or constant returns to scale. However, Grifell-Tatje and Lovell (1995) use a simple one-input one-output example to illustrate that the Malmquist TFP index may not correctly measure TFP changes when variable returns to scale is assumed for the technology. 

Most of the studies adopt the constant returns to scale frontier as a benchmarking technology. There are several studies that find constant returns to scale in developing countries and increasing returns to scale in developed countries- Hayami and Ruttan (1985), Khaldi (1975), Lopez (1980), Wan and Cheng (2001),  Alcanatara and Prato (1973). Goyal and Suhag (2003) find for Haryana state of India for the years 1996-97 to 1998-99 that wheat cultivation in the state experienced constant returns to scale, as the sum of input elasticities (in the Cobb-Douglas production function) was 1.01.

This section presents TFP indices computed using the Sequential Malmquist approach
 assuming constant returns to scale. The overall TFP indices based on Index of Agricultural Production are reported first followed by insights about their decomposition. The analysis is then carried out for TFP indices based on State Domestic Product from agriculture.
The results are presented for the states and also at the regional level- the Northwest region comprising of  Haryana, Punjab and Uttar Pradesh; the Eastern region comprising of Assam, Bihar,  Orissa and West Bengal; the Central region comprising of Gujarat, Madhya Pradesh, Maharashtra, Rajasthan and the Southern region comprising of Andhra Pradesh, Karnataka, Kerala and Tamil Nadu. 

The earlier studies on Malmquist TFP index have discussed only the direction of TFP index- whether TFP is declining or increasing or no change (TFP index less than 1, greater than 1 or equal to 1 respectively). The present study attempts to take into account the magnitude of the index as well in order to capture the distinction between minor (say TFP index taking the value 1.110) and major TFP changes (say, TFP index taking value 3 or 7). The TFP increase is termed as ‘marginal’ if the index lies in the range 1-1.399; ‘small’ if the index lies in the range 1.4 – 1.999 and ‘large’ if TFP index value equals or exceeds 2.  Similarly, when TFP declines, it is termed as ‘marginal decline’ (TFP index falling in the range 0.8-0.999), ‘small decline’ (TFP index falling in the range 0.5-0.799) or ‘large decline’ (TFP index taking the value less or equal to 0.5) 
.

Sequential Malmquist TFP Indices based on Index of Agricultural Production
The trends in productivity growth are analyzed for the entire time-period 1983-84 to 2005-06 and for the sub-periods- 1983-84 to 1989-90 (the 1980s), 1990-91 to 1998-99 (the 1990s) and 1999-2000 to 2005-06 (the years of 2000s).

The results (presented in Appendix 2) obtained by Sequential approach indicate TFP index to be 1.229 in 1980s, 1.214 in 1990s, 1.401 in 1999-2000 to 2005-6 and 2.036 in the period 1983-2006. This implies that as compared to TFP growth in 1980s, there was a marginal decline in 1990s and it picked up in 2000s. 
For the time period 1983-84 to 2005-6, it is found that all states except Orissa exhibit improvement in productivity. There are ‘large’ productivity gains occurring in Haryana, Punjab, Rajasthan, Tamil Nadu and Uttar Pradesh. Whereas the states of Andhra Pradesh, Assam, Karnataka, Maharashtra and West Bengal exhibit ‘small’ productivity improvements. The Northwest and Southern regions outperform the Eastern and Central regions; with productivity showing a ‘marginal’ rise in the Eastern region.  
During the sub-period of 1980s, Madhya Pradesh exhibits a decline in productivity, with rest of the states showing productivity improvements. ‘Small’ TFP gains are observed in Haryana, Punjab and TN with remaining states showing ‘marginal’ productivity improvements. All regions show TFP improvement, with Northwest region taking the lead. 
The sub-period of 1990s saw decline in productivity in Orissa and West Bengal. The TFP improves only ‘marginally’ in remaining states except Gujarat, Karnataka, Punjab and Tamil Nadu (that show a ‘small’ rise in TFP).  Eastern region experiences a decline in productivity. Southern region outperforms Northwest and Central region. 
During the sub-period 1999-2000 to 2005-6, productivity is found to decline in the state of Madhya Pradesh. Punjab exhibits ‘large’ productivity improvements while Assam, Gujarat, Haryana and Rajasthan show ‘small’ TFP increases.  Northwest region stays ahead followed by Eastern region (that shows marked improvement over the previous decade), with Central and Southern regions experiencing marginal TFP increases. 
Table 1: Sequential Malmquist TFP Index based on Index of Agricultural Production 

	TFP
	Declining (<1)
	No Change
	Increasing (>1)

	Time Period
	Large

(<=0.5)
	Small

(0.5-0.799)
	Marginal

(0.8-0.999)
	=1
	Marginal 

(1- 1.399)
	Small

(1.4-1.999)
	Large

(>=2)

	1983-84  to
2005-6
	
	
	Orissa
	
	Guj, MP 
	AP, ASS, KAR, Maha, WB
	Haryana, Pun, Raj, TN, UP

	
	
	
	
	
	Eastern
	Central
	Northwest,

Southern



	1983-84 
to 1989-90


	
	
	MP
	
	AP, ASS, Guj, Kar, Maha, Orissa, Rajasthan, UP, WB
	Har,Punjab, TN
	

	
	
	
	
	
	Eastern

Central

Southern


	Northwest
	

	1990-91 to
1998-99


	
	Orissa
	WB
	
	AP, Assam, Har, MP, Maha, Rajasthan, UP
	Guj, Kar, Punjab, TN
	

	
	
	
	Eastern
	
	Northwest,

Central


	Southern
	

	1999-2000 to 2005-06
	
	
	MP
	
	AP,  Kar, Maha, Orissa, TN, UP, WB
	Ass, Guj, Haryana, Rajasthan
	Punjab

	
	
	
	
	
	Central,

Southern
	Eastern
	Northwest




In order to shed light on the sources of TFP growth- whether it comes from efficiency change or from technical change, a decomposition analysis of TFP indices is performed. The states are grouped as per their performance on efficiency change (whether it is increasing or decreasing over time), technical change (whether technical progress has taken place in the state or technical regress over time) and which component contributes more to productivity change. The results are laid out in Table 2.
The overall Period (1983-84 to 2005-6): Efficiency is reported to increase
 in all the states except Gujarat and Orissa (where efficiency is found to decline over the time period) and Assam and Haryana (where there is no efficiency change)
. 

Table 2: Decomposition analysis of TFP index (Index of Agricultural Production as the output measure)
	Component
	Direction of Change
	1983-84 to 1989-90
	(1990-91 to 1998-99)
	1999-2000 to 2005-6
	(1983-84 to 2005-6)

	Efficiency Change
	Increasing 

(EFFCH> 1)
	1-1.399:

AP, MP, MAHA, PUN, RAJ, UP, WB
1.4-1.999:

TN
	1-1.399:

AP, ASS, GUJ,  MP, MAHA, PUN, RAJ, TN, UP 
1.4-1.999

KAR
	1-1.399:

AP, GUJ, KAR, ORR, RAJ, UP,WB
	1-1.399:

AP, KAR, MP, MAHA, PUN, RAJ, TN, UP, WB
1.4-1.999:

RAJ

>2:TN

	
	No change 

(EFFCH =1)
	ASS, HAR
	HAR
	ASS, HAR, PUN, TN
	ASS, HAR

	
	Decreasing

(EFFCH<1)


	GUJ, KAR, MP 
	ORR, WB
	MP, MAHA
	GUJ, ORR

	Technical Change
	Technical progress

(TECHCH>1)
	1-1.399: ALL OTHER STATES 

1.4-1.999:

HAR, PUN


	1-1.399:ALL STATES 


	1-1.399: ALL OTHER STATES 
1.4-1.999: ASS, HAR 

>2: PUN
	1-1.399: AP,   KAR, MP, MAHA, ORR, RAJ, WB
1.4-1.999: ASS, GUJ, TN, UP
>2: PUN, HAR

	
	No change 

(TECHCH=1)


	 _
	_
	_
	_

	
	Technical Regress

(TECHCH<1)


	_
	_
	_
	_

	Component whose contribution to TFP is greater 


	Efficiency change

(EFFCH>TECHCH)


	AP, MAHA, ORR, TN, UP, WB

	AP, ASS, GUJ, KAR, MP  MAHA, RAJ, TN, UP
	AP, ORR, RAJ, WB
	RAJ, TN

	
	Technical Change 

(TECHCH>EFFCH)
	ASS, GUJ, HAR, KAR, MP,  PUN,
	HAR, ORR  PUN, WB
	ASS, GUJ, HAR, KAR, MP, MAHA. PUN, TN, UP
	AP, ASS, GUJ, HAR, KAR, MP, MAHA, ORR, PUN, UP, WB


As far as technical change is concerned, the Sequential Malmquist approach, by definition, rules out technical regress and hence all the states report technical progress. Maximum technical change occurs in two states- Punjab and Haryana where the magnitude of technical change index is found to be greater than two, while it is in the range 1-2 (‘small’ and ‘marginal’) for rest of the states.

As far as sources of productivity change are concerned, the technical change component assumes greater significance for 11 out of 13 states. In Gujarat, even though efficiency is found to decline over the period, overall TFP is observed to be on a rise due to positive counteracting effect of technical progress. On the other hand, in Orissa the declining efficiency (coupled with marginal technical progress) pulls down overall productivity levels.

The Sub-period 1983-84 to 1989-90

Efficiency is observed to decline in Gujarat, Karnataka and Madhya Pradesh and it is found to be improving in all other states (except Assam and Haryana which report no change in efficiency, being the frontier states).  Maximum efficiency rise is exhibited by Tamil Nadu. All states report ‘marginal’ technical progress except Haryana and Punjab (that show ‘small’ technical progress). The contribution of technical change is greater than that of efficiency change to overall productivity changes in six out of thirteen states- Gujarat, Haryana, MP, Punjab, Assam and Karnataka. In rest of the states, the contribution of efficiency change to productivity improvements is greater. In case of Gujarat and Karnataka, technical progress far outweighs the impact of declining efficiency and hence these two states report an overall productivity improvement. However, in case of Madhya Pradesh, technical progress made is marginal and hence together with declining efficiency, overall productivity regress is observed.
The Sub-Period of 1990s
Efficiency is observed to decline in two states- Orissa and West Bengal and since enough technical progress did not take place, overall productivity regress is also reported for these two states. Maximum efficiency gains occur in Karnataka. ‘Marginal’ technical progress is observed in all the states. In four out of thirteen states – Haryana, Orissa, Punjab and West Bengal, technical change contributes more than efficiency change. It hints at the pace of technical progress slowing down during this period.
The sub-period of 1999-2000 to 2005-6
Madhya Pradesh and Maharashtra report a decline in efficiency with all other non-frontier states showing improvements in efficiency. All states show technical progress with Punjab showing maximum technical changes. The contribution of technical change is greater than that of efficiency change in nine out of thirteen states (including Madhya Pradesh and Maharashtra). This shows this period saw improvements in technical diffusions as compared to 1990s. In Maharashtra, technical progress ‘covered up’ the impact of declining efficiency and overall TFP rise was indicated. However, Madhya Pradesh with very little technical progress and declining efficiency reported overall TFP decline.  
Malmquist TFP Indices based on State Domestic Product from agriculture

This section presents TFP change estimates based on alternative measure of output, that is, State Domestic Product from agriculture
. As mentioned earlier, the two states of Bihar and Kerala are added, that is, the number of states studied is fifteen and the time periods covered are 1972-73, 1977-78, 1983-84, 1987-88, 1989-90 to 2005-6 (21 time periods). It is to be noted that the results from SDP are not directly comparable even for the similar time-periods with those obtained using IAP, the reason being that the former approach includes two additional states- Bihar and Kerala. Kerala turns out to be a frontier state, thereby making the frontier constructed under the Index of Agricultural Production measure different from that constructed using SDP
. 
The detailed TFP results obtained are presented in Appendix 3. The mean TFP index is found to be 1.976 for the entire time-period (1972-73 to 2005-6), 1.170 in 1970s, declines to 1.141 during 1980s, picks up in 1990s to 1.248 and again declines to 1.205 in 2000s.  
The states where TFP is found to decline are Madhya Pradesh and Orissa (during the time-period 1972-73 and 2005-6,), Bihar and MP (during 1970s); MP and Rajasthan (during 1980s); Assam, Bihar, Orissa and Rajasthan (during 1990s); MP and Maharashtra (during 2000s). 
The TFP indices so obtained are rearranged and classified into the categories of ‘marginal’, ‘small’ and ‘large’ increase or decline. The re-arranged results are presented in Table 3 and decomposition analysis of TFP is presented in Table 4.
During the overall time period (1972-73 to 2005-6), Punjab, Tamil Nadu, Haryana, Gujarat, Karnataka and Assam report ‘large’ productivity improvements while Andhra Pradesh, Bihar and UP show ‘small’ productivity gains. Madhya Pradesh and Orissa report ‘small’ decline in productivity. The decomposition analysis shows that marginal efficiency improvements are reported in Bihar, Haryana, Tamil Nadu and Uttar Pradesh, while small efficiency gains are observed in Andhra Pradesh, Gujarat and Punjab. Efficiency is observed to decline in six out of thirteen states- Karnataka, Madhya Pradesh, Maharashtra, Orissa, Rajasthan and West Bengal. In two of these 
Table 3: Sequential Malmquist TFP Index based on State Domestic Product from agriculture

	TFP
	Declining (<1)
	Increasing (>1)

	Time Period
	Large

(<=0.5)
	Small

(0.5-0.799)
	Marginal

(0.8-0.999)
	Marginal 

(1- 1.399)
	Small

(1.4-1.999)
	Large

(>=2)

	1972-73 to

 2005-06


	
	MP, Orissa
	
	Karnataka,

Maharashtra,

Rajasthan,

WB
	AP,

Bihar

UP
	ASS, Gujarat,

Haryana,

Kerala,

Punjab, TN

	
	
	
	
	Eastern, Central


	
	Northwest, Southern

	1983-84 to
2005-6
	
	Orissa
	Rajasthan
	Bihar, Karnataka, 

MP
	AP, Assam, Gujarat,

Maharashtra, 

TN, UP, WB


	Haryana, Kerala, Punjab

	
	
	
	
	Eastern, Southern


	
	Northwest, Southern

	1972-73 to

 1977-78


	
	
	Bihar,

MP
	AP, ASS,

Haryana,

Karnataka,

Kerala, Maharashtra, Orissa,

Punjab, Rajasthan,

TN, UP, WB


	Gujarat
	

	
	
	
	
	Northwest, Southern, Central, Eastern 


	
	

	1983-84 to

 1989-90


	
	MP
	Rajasthan
	AP, Assam, Bihar, Gujarat, 

Haryana, Karnataka, Kerala,

Orissa,

TN, UP, WB
	Maharashtra,

Punjab
	

	
	
	
	
	Northwest, Southern, Central, Eastern 
	
	

	1990-91 to
1998-99


	
	
	Assam, Bihar,

Orissa, Rajasthan
	AP,

Gujarat,

Haryana, MP, Maharashtra, Punjab, UP, 
	Karnataka,

TN, WB
	Kerala

	
	
	
	
	Northwest, Central, Eastern 
	
	Southern

	1999-2000 to 2005-06
	
	
	Karnataka, MP, Maharashtra
	AP Bihar, Haryana, Orissa, 

Rajasthan, TN, UP, WB
	Assam, Gujarat,

Kerala, Punjab
	

	
	
	
	
	Northwest, Southern, Central, Eastern
	
	


Table 4: Decomposition analysis of TFP index (State Domestic Product from agriculture)
	Compo-

Nent
	Direction of Change
	1972-73 to 

1977-78
	1983-84 to 
1989-90
	1990-91 to 
1998-99
	1999-2000 to 2005-6
	1972-73 to 2005-6
	1983-84 to 2005-6

	Efficiency Change
	Increasing 

(EFFCH> 1)
	(1-1.399):

AP, GUJ, HAR, ORR, PUN, RAJ, TN, UP
	1-1.399:

HAR, KAR, ORR, PUN, TN
>1.4:

MAHA, 
	1-1.399:

AP, GUJ, KAR, MP, TN, WB
	1-1.399:

AP, ASS, BIH, GUJ, ORR, RAJ, TN, UP, WB
	1-1.399:

BIH, HAR, TN, UP
>1.4:

AP, GUJ,  PUN
	1-1.399:

AP, GUJ, MAHA, PUN, RAJ, TN, WB


	
	No change 

(EFFCH =1)
	ASS, KER, WB
	ASS, KER
	KER
	KER, PUN
	ASS, KER
	ASS, KER

	
	Decreasing

(EFFCH<1)


	BIH, KAR, MP, MAHA
	AP, BIH, GUJ, MP, RAJ, UP, WB 
	ASS, BIH, HAR, MAHA, ORR, PUN, RAJ, UP
	HAR, KAR, MP, MAHA
	KAR, MP, MAHA, ORR, RAJ, WB
	BIH, HAR, KAR, ORR, MP, UP

	Technical Change
	Technical progress

TECHCH>1
	1-1.399:

ALL STATES
	1-1.399:

ALL OTHER STATES
	1-1.399:

ALL OTHER STATES 

1.4-1.99

BIH 

>2: KER
	1-1.399:

GUJ, HAR, KAR,  MP, RAJ, WB

1.4-1.99

ASS, KER, PUN


	1-1.399:

AP, BIH, GUJ, MP, ORR,  
1.4-1.99

KAR, MAHA, RAJ, TN, UP, WB

>2: ASS, HAR, KER, PUN
	1-1.399:
BIH, MP, MAHA, ORR, RAJ

1.4-1.99

AP,ASS, GUJ, KAR, TN, UP, WB

>2: HAR, KER, PUN 

	
	No change 

TECHCH=1


	PUN
	MAHA, ORR, RAJ
	-
	AP, BIH, UP, MAHA, ORR, TN
	-
	_

	Component whose contribution is greater 


	Efficiency change

EFFCH>
TECHCH


	AP, GUJ, HAR, ORR, PUN, TN, UP
	MAHA, ORR
	-
	BIH, GUJ, ORR, RAJ, TN, UP, WB
	AP, GUJ
	MAHA

	
	Technical Change 

TECHCH>EFFCH
	ASS, BIH, KAR, KER, MP, MAHA, RAJ, WB
	AP, ASS, BIH, GUJ, HAR, KAR, KER, MP, PUN, RAJ, TN, UP, WB
	ALL STATES
	ASS, AP, HAR, KAR, KER, MP, MAHA, PUN
	Other States
	OTHER STATES


six states, overall TFP declines owing to declining efficiency together with marginal technical change. For the other four states, small technical progress outweighed efficiency decline and hence TFP rise is reported in theses states. All states show marginal or small technical progress except Assam, Kerala, Haryana and Punjab that exhibit large technical progress.
 The contribution of efficiency gains is greater than technical change only in two states- Andhra Pradesh and Gujarat. 
The period of 1970s witness a marginal decline in productivity in Bihar and MP; and ‘marginal’ rise in productivity in all remaining states except Gujarat (that shows ‘small’ productivity improvements). All regions exhibit ‘marginal’ TFP improvements. The decomposition of TFP change into its two components indicates a decline in efficiency in four states- Bihar, Karnataka, Madhya Pradesh and Maharashtra while marginal improvements occur in other non-frontier states. Out of these four states, Bihar and Madhya Pradesh also report TFP regress since technical progress was not strong enough to counter the impact of efficiency regress. Marginal technical change occurs in all states except Punjab that exhibits no technical change. In eight out of fifteen states, technical change contributes more to TFP performance. 

During 1980s, MP and Rajasthan report marginal decline in TFP; and all other states show ‘marginal’ increase in TFP except Maharashtra and Punjab (that show ‘small’ productivity improvements). The performance of regions stays the same as in 1970s. During this period, efficiency decline is reported in seven states- Andhra Pradesh, Bihar, Gujarat, Madhya Pradesh, Rajasthan, UP and West Bengal. Maharashtra, Orissa and Rajasthan report no technical change occurring. The result that only two states report efficiency change component greater than technical change component- Maharashtra and Orissa implies that in most of the states, technical change assumes greater significance further implying that 1980s was the period of greater dispersal of new agricultural technology. 

During 1990s, eight states report a decline in efficiency- Assam, Bihar, Haryana, Maharsahtra, Orissa, Punjab, Rajasthan and UP. Of these, four states also report TFP regress- Assam, Bihar, Orissa and Rajasthan. All states show marginal technical progress except Bihar (that reports small technical progress) and Kerala (that reports large technical progress). All states show technical change component greater than efficiency change component. 

The period 1999-2000 to 2005-6, Karnataka, MP and Maharashtra report ‘marginal’ decline in TFP; ‘small’ TFP improvements are observed in Assam , Kerala, Gujarat and Punjab; the remaining states show ‘marginal’ TFP gains. All regions show marginal TFP rise. During this period, efficiency regress is observed in four states- Haryana, Karnataka, Madhya Pradesh and Maharashtra- of which the latter three states also exhibit a regress in overall productivity. While the states of Gujarat, Haryana, Karnataka, Madhya Pradesh, Rajasthan, West Bengal show marginal technical progress; Assam, Kerala and Punjab report small technical progress. There are six states where no technical change took place in this time period- Andhra Pradesh, Bihar, Uttar Pradesh, Maharashtra, Orissa and Tamil Nadu. Eight out of fifteen states report technical change component to be greater than efficiency change. 

Summing up

It is a matter of serious concern that Madhya Pradesh, Orissa and West Bengal report productivity decline, using Index of Agricultural Production as the output measure.  Efficiency decline is, however, observed in many states (coupled with low efficiency levels)- Gujarat, Karnataka, Madhya Pradesh, Orissa, West Bengal and Maharashtra in various time periods. This implies huge potential increase in production possible even with existing technology. Some of these states escape reporting overall productivity regress due to technical progress outweighing the impact of decline in efficiency.    
When state domestic product from agriculture is used, a decline in efficiency is observed in thirteen out of fifteen states in entire period or any of the sub-periods- Bihar, Karnataka, Madhya Pradesh, Maharashtra, Andhra Pradesh, Gujarat, Rajasthan, Uttar Pradesh, West Bengal, Assam, Haryana, Orissa and.Punjab. The worst performance is reported by Orissa and Madhya Pradesh with ‘small’ decline in efficiency over different time periods. A smaller subset of these states- Madhya Pradesh, Orissa, Bihar, Karnataka, Maharashtra and Rajasthan- report productivity decline, while the others report technological progress sufficient to nullify the effect of efficiency regress.
The study re-affirms the list of problem-states that show far from satisfactory agricultural performance. Except Punjab, Haryana, Tamil Nadu, Uttar Pradesh and West Bengal, all remaining states have less than fifty percent of gross cropped area as irrigated area. Lack of assured water supply constraints the farmers to use better varieties of seeds and other complementary inputs. These are also the states that are also well-known for dismal performance in several interrelated fields- literacy, health and infrastructure. This highlights the need for a ‘package’ policy focusing on several areas simultaneously- improving education and health of rural population, increasing connectivity of rural areas, easy availability of quality inputs, institutional credit and warehousing/ marketing facilities and concessions for the needy farmers. There is also a need to increase the land under high yielding varieties of seeds, expand the network of irrigation system and rationalize the use of fertilizers and pesticides.   
Demand for food would continue to rise and food supply has to keep pace in order to avoid food shortages. This requires production to increase manifold. Since net area under cultivation has almost exhausted, productivity levels have to increase by leaps and bounds. The reported technical progress is not ‘large’ in most of the states.   It is necessary to reverse the efficiency decline that is exhibited by many states and faster and larger scale of diffusion of technical innovations across states. 
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Appendix 1: Data envelopment Approach to computing Malmquist Index
The output oriented CRS DEA model can be written as: 

maxφ,λ φ,

st 
-φyi + Yλ ≥ 0,

xi - Xλ ≥ 0,

λ ≥ 0, (1)

where

yi is a M×1 vector of output quantities for the i-th country;

xi is a K×1 vector of input quantities for the i-th country;

Y is a N×M matrix of output quantities for all N countries;

X is a N×K matrix of input quantities for all N countries;

λ is a N×1 vector of weights; and

φ is a scalar.

Four distance functions are to be calculated to measure the TFP change between two periods. This requires the solving of following four LP problems. 

[dot(qt,xt)]-1 = max ф,λ   ф ,

st 
- фqit + Qtλ ≥  0

xit - Xt λ ≥  0, 


λ ≥ 0.    




LP1
[dos(qs,xs)]-1 = max ф,λ   ф ,

st 
- фqis + Qsλ ≥  0



LP2
xis - Xs λ ≥  0, 


λ ≥ 0.    






[dot(qs,xs)]-1 = max ф,λ   ф ,

st 
- фqis + Qtλ ≥  0

xis - Xt λ ≥  0, 


λ ≥ 0.    




LP3
[dos(qt,xt)]-1 = max ф,λ   ф ,

st 
- фqit + Qsλ ≥  0

   xit - Xs λ ≥  0, 


    λ ≥ 0.    




LP4
In order to calculate the Sequential productivity index, we need to compute the above-mentioned four distance functions as in the contemporaneous technology, but the technology used would now be sequential. This distance shall be modified under sequential technology-

[dot(qt,xt)]-1 = max ф,λ   ф ,

st 
- фqit + Σs=1to t Σk=1to K  λsk yskm≥  0

xit - Σs=1to t Σk=1to K  λsk xskm  ≥  0, 


λsk ≥ 0.    




LP5
The subscript K, N, M, T represent, respectively, the total number of firms, inputs, outputs, and time periods in the sample, 
[image: image11.wmf]q

 denotes a scalar of the proportional expansion in output for a given input vector, and λsk is an intensity variable used in construction of the frontier. The LP problem presented above for the sequential DEA approach shows that the frontier for each year is constructed on the basis of all observations generated up to that year, implying the last year frontier covers all observations for the entire time period. The remaining three distances are also calculated using similar technology definition.

Appendix 2: Sequential Malmquist TFP Index for 1983-2006 (Based on Index of Agricultural Production)
	
	1983-2006
	1983 & 1989-90
	1990-91 & 1998-99
	1999-2000 & 2005-06

	
	TEC
	TC
	MI
	TEC
	TC
	MI
	TEC
	TC
	MI
	TEC
	TC
	MI

	AP
	1.317
	1.379
	1.816
	1.118
	1.075
	1.202
	1.131
	1.086
	1.229
	1.209
	1.077
	1.302

	ASS
	1.000
	1.999
	1.999
	1.000
	1.039
	1.039
	1.018
	1.001
	1.019
	1.000
	1.885
	1.885

	GUJ
	0.822
	1.526
	1.254
	0.935
	1.101
	1.029
	1.349
	1.061
	1.432
	1.184
	1.202
	1.423

	HAR
	1.000
	3.836
	3.836
	1.000
	1.405
	1.405
	1.000
	1.152
	1.152
	1.000
	1.903
	1.903

	KAR
	1.317
	1.369
	1.803
	0.974
	1.079
	1.051
	1.628
	1.064
	1.733
	1.014
	1.085
	1.100

	MP
	1.128
	1.148
	1.295
	0.920
	1.028
	0.946
	1.247
	1.015
	1.265
	0.925
	1.019
	0.942

	MAHA
	1.044
	1.357
	1.417
	1.136
	1.073
	1.219
	1.088
	1.012
	1.101
	0.889
	1.148
	1.021

	ORR
	0.801
	1.116
	0.894
	1.214
	1.011
	1.227
	0.787
	1.001
	0.788
	1.214
	1.014
	1.231

	PUN
	1.221
	6.525
	7.966
	1.161
	1.444
	1.677
	1.187
	1.307
	1.552
	1.000
	3.528
	3.528

	RAJ
	1.593
	1.330
	2.119
	1.037
	1.099
	1.139
	1.097
	1.012
	1.110
	1.357
	1.073
	1.457

	TN
	2.505
	1.563
	3.915
	1.851
	1.075
	1.991
	1.391
	1.139
	1.584
	1.000
	1.166
	1.166

	UP
	1.349
	1.516
	2.046
	1.135
	1.101
	1.250
	1.196
	1.055
	1.262
	1.010
	1.107
	1.118

	WB
	1.149
	1.287
	1.479
	1.078
	1.065
	1.148
	0.912
	1.008
	0.919
	1.353
	1.028
	1.381

	Mean
	1.195
	1.703
	2.036
	1.102
	1.116
	1.229
	1.137
	1.067
	1.214
	1.079
	1.299
	1.401

	
	
	
	
	
	
	
	
	
	
	
	
	

	Regions
	
	
	
	
	
	
	
	
	
	
	
	

	North-west
	1.181
	3.360
	3.969
	1.096
	1.307
	1.433
	1.124
	1.167
	1.312
	1.003
	1.952
	1.958

	Eastern
	0.973
	1.421
	1.383
	1.094
	1.038
	1.135
	0.901
	1.003
	0.904
	1.180
	1.253
	1.474

	Central
	1.114
	1.333
	1.486
	1.003
	1.075
	1.078
	1.190
	1.025
	1.220
	1.072
	1.108
	1.188

	Southern
	1.632
	1.434
	2.340
	1.263
	1.076
	1.360
	1.368
	1.096
	1.500
	1.070
	1.109
	1.186


Appendix 3: Sequential Malmquist TFP Index for 1972-2006 Based on NSDP from Agriculture

	
	1972-73 & 2005-6
	1972-73 & 1977-78
	1983-84 & 2005-6
	1983-84 & 1989-90
	1990-91 & 1998-99
	1999-2000 & 2005-6

	
	
	
	
	
	
	

	 
	EFFCH
	TECHCH
	TFPCH
	EFFCH
	TECHCH
	TFPCH
	EFFCH
	TECHCH
	TFPCH
	EFFCH
	TECHCH
	TFPCH
	EFFCH
	TECHCH
	TFPCH
	EFFCH
	TECH
CH
	TFPCH

	AP
	1.517
	1.313
	1.991
	1.158
	1.004
	1.163
	1.043
	1.626
	1.697
	0.988
	1.146
	1.133
	1.005
	1.234
	1.24
	1.235
	1
	1.235

	ASS
	1
	2.341
	2.341
	1
	1.381
	1.381
	1
	1.714
	1.714
	1
	1.039
	1.039
	0.874
	1.095
	0.957
	1.268
	1.461
	1.852

	BIH
	1.018
	1.385
	1.409
	0.939
	1.022
	0.96
	0.835
	1.389
	1.16
	0.908
	1.32
	1.198
	0.699
	1.419
	0.993
	1.197
	1
	1.197

	GUJ
	1.842
	1.332
	2.455
	1.341
	1.143
	1.533
	1.048
	1.433
	1.502
	0.933
	1.075
	1.003
	1.13
	1.225
	1.384
	1.718
	1.027
	1.764

	HAR
	1.185
	3.574
	4.237
	1.147
	1.002
	1.149
	0.909
	3.074
	2.795
	1.075
	1.231
	1.323
	0.889
	1.249
	1.111
	0.901
	1.251
	1.128

	KAR
	0.815
	1.42
	1.158
	0.837
	1.32
	1.105
	0.969
	1.401
	1.358
	1.031
	1.074
	1.107
	1.154
	1.227
	1.416
	0.835
	1.016
	0.849

	KER
	1
	8.274
	8.274
	1
	1.315
	1.315
	1
	7.356
	7.356
	1
	1.32
	1.32
	1
	2.718
	2.718
	1
	1.551
	1.551

	MP
	0.581
	1.373
	0.798
	0.764
	1.252
	0.956
	0.889
	1.162
	1.033
	0.776
	1.016
	0.789
	1.08
	1.145
	1.236
	0.926
	1.001
	0.927

	MAHA
	0.882
	1.498
	1.321
	0.92
	1.357
	1.248
	1.232
	1.191
	1.468
	1.569
	1
	1.569
	0.89
	1.201
	1.069
	0.962
	1
	0.962

	ORR
	0.497
	1.202
	0.597
	1.044
	1.035
	1.081
	0.538
	1.206
	0.649
	1.084
	1
	1.084
	0.851
	1.16
	0.987
	1.121
	1
	1.121

	PUN
	1.632
	6.437
	10.502
	1.346
	1
	1.346
	1.121
	5.7
	6.39
	1.121
	1.382
	1.55
	0.999
	1.369
	1.367
	1
	1.497
	1.497

	RAJ
	0.707
	1.671
	1.182
	1.002
	1.038
	1.04
	0.744
	1.336
	0.995
	0.809
	1
	0.809
	0.83
	1.112
	0.923
	1.236
	1.002
	1.238

	TN
	1.265
	1.793
	2.268
	1.147
	1.003
	1.151
	1.184
	1.668
	1.975
	1.094
	1.168
	1.278
	1.165
	1.234
	1.438
	1.035
	1
	1.035

	UP
	1.227
	1.435
	1.76
	1.143
	1.004
	1.148
	0.983
	1.638
	1.61
	0.996
	1.137
	1.133
	0.92
	1.257
	1.156
	1.062
	1
	1.062

	WB
	0.943
	1.419
	1.338
	1
	1.115
	1.115
	1.064
	1.592
	1.693
	0.991
	1.099
	1.089
	1.151
	1.262
	1.452
	1.118
	1.004
	1.122

	Mean
	1.011
	1.954
	1.976
	1.041
	1.124
	1.17
	0.953
	1.844
	1.759
	1.012
	1.127
	1.141
	0.966
	1.292
	1.248
	1.091
	1.105
	1.205

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Regions
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	North-west
	1.334
	3.208
	4.278
	1.208
	1.002
	1.211
	1.001
	3.062
	3.064
	1.063
	1.246
	1.324
	0.935
	1.291
	1.206
	0.985
	1.233
	1.215

	Eastern
	0.831
	1.534
	1.274
	0.995
	1.13
	1.124
	0.831
	1.462
	1.216
	0.994
	1.108
	1.101
	0.88
	1.228
	1.08
	1.174
	1.101
	1.292

	Central
	0.904
	1.463
	1.322
	0.986
	1.192
	1.174
	0.961
	1.276
	1.227
	0.979
	1.022
	1.001
	0.974
	1.17
	1.14
	1.173
	1.007
	1.181

	Southern
	1.118
	2.293
	2.565
	1.027
	1.15
	1.181
	1.046
	2.299
	2.405
	1.027
	1.174
	1.206
	1.078
	1.501
	1.619
	1.016
	1.12
	1.139
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Figure 1: Production possibility set for period t and t+1 
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Figure 2: Output Possibility Set, periods t and t+1


(Source: Nin et al, pp 400-401)








(b) Biased technical change





(a) Neutral technical change
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� In computation of productivity, input-output actually used and achieved are used while the concept of efficiency is “relative” to a frontier. 


� The literature of getting technological regression in developing countries, even in those which are well-known for technical progress is quite vast for GDP but relatively less for agricultural TFP


� Most of the literature mentions about the price distortions only in developing countries because of government intervention. However, this is true even for developed countries where, in fact, the quantitative levels of support by the government to the farmers are extremely high as compared to those provided by governments of developing countries. The deadlock in WTO over the issue of opening up agricultural markets and reducing government support is an evidence in point here.  Hence the problem of obtaining reliable/ undistorted price data for agricultural sector is true for both developed as well as developing countries.


� The quinquennial surveys on consumer expenditure and employment-unemployment were taken up in 27th Round (1972-73), 32nd Round (1977-78), 38th Round (1983), 43rd Round (1987-88), 50th Round (1993-94), 55th Round (1999-2000) and 20061st Round (2005-6). From 42nd Round onwards, NSSO decided to canvass a slightly pruned schedule 1.0 in every round with a reduced sample of only two households per sample village/ block in order to derive an annual series on consumer expenditure. From 45th Round, it was decided to extend the scope of the annual survey to cover employment-unemployment as well so that an annual time series on employment and unemployment is available from 1989-90 onwards.  








� The software used is MINOS solver of GAMS.


� The ranges defined here, however, are arbitrary. One can define alternative range of values to suit the nomenclature of ‘marginal’, ‘small’ and ‘large’.


� That the efficiency has improved has to be read with caution, since the efficiency levels in many states- before as well as after the improvement- are very low. There exists huge efficiency gaps, that is states can increase their production multi-fold simply by better utilizing resources. For example, in Madhya Pradesh, the efficiency gap is as high as 80%, that is, the state is operating far below the attainable level of output.


� It is to be noted here that these two states are always on the ‘frontier’, that is they are already operating at maximum efficiency levels The states that are ‘on’ the frontier in several time-periods are Punjab and Tamil Nadu. The remaining states are never lying ‘on’ the frontier.


� It is important to note some limitations of SDP data. First, there are some conceptual problems of measuring GDP at the state level. Secondly, although CSO compiled SDP data are based on the primary data of production and prices collected by the concerned state statistical department. In some states, the quality of primary data is very weak, partly because of poor statistical systems and partly because of biases in data collection and dissemination.





� The frontier constructed under the Sequential approach gets altered. It is important to note that Kerala, a frontier state, reports a decline in the use of one of the inputs- livestock. All types of livestock have been showing a declining trend in Kerala after 1996. The factors that have attributed to the decline are scarcity of cheap and quality fodder, rapid increase in the price of feed and feed ingredients, inflow of cheap and low quality livestock products from neighbouring states, indiscriminate slaughter of animals, under exploitation of production potential of animals, non availability of good germplasm and threat from contagious diseases like FMD etc. (http://www.livestockkerala.org/livescen.htm)





� When TFP change was estimated using contemporaneous technology approach, technical regress was observed in several states- AP, Haryana, Gujarat, Orissa, Punjab, Rajasthan, TN and UP. Some of these states are famous for huge success achieved under the new agricultural technology. It, therefore, makes it imperative to use the Sequential approach.  
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