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                                         Abstract

We work out technical efficiency levels of the Indian States and Union Territories using Data Envelopment Analysis from 1980-81 to 1997-98. We decompose net value added per worker growth into components attributable to technological changes (shifts in the overall production frontier),technological catch up(movement towards or away from the frontier) and capital accumulation(movement along the frontier).The overall production frontier is constructed using data envelopment analysis, requiring no specification of functional form for the technology nor any assumption about market structure or the absence of market imperfections. We analyze the evolution of cross states net value added distribution for the 22 Indian states and union territories from 1980-81 to 1997-98 using Kernel densities. The efficiency factor accounted for  5.07 % only,technological change accounted for  11.66 % while the contribution of capital deepening  is relatively higher at 17.82% while the point to point productivity change is of 11.66%.

The overall averages provide evidence of productivity improvements of 173.29 over 1980-81(base) to 1997-98(current year) period.The efficiency factor accounted for  -10.63% % only,technological change accounted for  173.20 while the contribution of capital deepening  is 42.52% TO ACCOUNT for 173.20% overall PRODUCTIVITY CHANGE(not point to point).  The results seems to suggest  that there are other  factors suggested in the literature like barriers to exit, a maze of rules and regulations, government import policies, high concentration,  among others, rather than the ones that are included below for the growth accounting exercise which can totally account for point to point and overall productivity changes from 1980-81 to 1997-98..Also, we do find that the efficiency levels for the Indian states have gone down  from what it was in 1980s to what it were in 1997-98.However,the smaller states have out performed the larger states in terms of their efficiency levels. Also, States which had relatively lower efficiency levels and net value added per worker in 1980-81 are the ones which have grown faster than other states. We see tendency of catching up among the Indian states in terms of net value added per worker..

                                               Introduction

Very much in the spirit of Quah’s (1993, 1996b, 1997) suggested approach (also adopted by Galor [1996] and Jones [1997]), we analyze the evolution of the entire distribution of the three growth factors of net value added: technological change, technological catch-up, and capital accumulation
. We analyze the contribution of these three components to the growth of Indian States net value added per worker and to the shift in the states distribution of net value added per worker over time. Data envelopment analysis has been used to estimate the best production frontier .The states production frontier is constructed using deterministic methods requiring no specification of  functional form for the technology nor any assumption 
Figure I:Kernel Distribution,1980-81 of the Net Value Added Per Worker for 22 Indian States 

[image: image1.wmf](

)

11

jjj

ttt

Y,L,K,t,..,T,j,...J,

==


Figure II:Kernel Distribution,1997-98 of the Net Value Added Per Worker for 22 Indian States 
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about market structure or the absence of market imperfections. Technological catch up signifies movement towards the frontier, technical change is movement of the frontier, capital accumulation is movement along the frontier  and human capital accumulation  implying changes in the efficiency of labor.

Quah has argued compellingly that analyses based on standard regression methods focusing on first moments of the distribution cannot adequately address the convergence issue. These arguments are buttressed by the empirical analyses of Quah and others posing a robust stylized fact about the international growth pattern resulting in twin peaked distribution that begs for explanation. A plot of the distribution of net value added per worker across Indian 22 states (states and union territories names are given in Appendix Table I at the last) in 1997-98 and 1980 appears in Figures 1 and II respectively, above. (The data and the kernel based method of smoothing the distribution are described below in the section on methodology).  Over this 17-18 year period, the distribution of  net value added per worker  was transformed from a uni- modal distribution in 1980-81 into a multi modal distribution in 1997-98 with a higher mean. This transformation in turn means that, while in 1980-81 there were states under one single peak distribution of net value added per worker, in 1997-98 the Indian industry net value added per worker has divided, as a stylized fact, states into many categories  symbolizing regional variations across Indian states in terms of net value added per worker.

Our analysis is aimed at explaining this bipolarization of the distribution of net value added per worker, as well as its growth pattern, in terms of the tripartite decomposition described below. As such, it builds upon Quah’s insights about the need to examine the “dynamics of the entire cross-section distribution” (Quah, 1997, p. 29).Also, related to the concept of labour productivity is the concept of technical efficiency, i.e amount by which outputs can be increased without requiring extra inputs. In this study we will  work out technical efficiency of the 22 states and identify  reasons for the existence of multi-modal distribution. The main variable used will be net value added per worker  prevailing in  different Indian states included in our study.

   Review of Literature:Empirics of Growth 

 The results of total factor productivity differ  due to different assumptions made in respect of production functions and limitations of data availability on productivity of capital and labor and quality of workers.Kumar and Russell(KR,2002) and Henderson and Russell(2003) studies are exceptions.

Kumar and Russel(2002) use frontier methods to analyze international macroeconomic convergence. In particular, they decompose the  labor-productivity growth of 57 industrial, newly industralized, and developing countries into  components attributable to (1) technological change (shifts in the world production frontier),(2) technological catch-up (movements toward or away from the frontier), and (3) capital accumulation (movement along the frontier). These calculations amount to standard growth accounting with a twist—without the need for specification of a functional form for the technology, for the assumption that technological change is neutral, or for assumptions about market structure or the absence of market imperfections. Indeed, market imperfections, as well as technical inefficiencies, are possible reasons for countries falling below the world-wide production frontier. Taking a cue from the Quah critique spelled out in the introduction of this study, KR(2002) go on to analyze the evolution of the entire distribution of these three growth factors.

Although the analysis of KR is quite simple, it yields somewhat striking results:

(1) While there is substantial evidence of technological catch-up (movements toward the production frontier), with the degree of catch-up directly related to initial distance from the frontier, this factor apparently has not contributed to convergence, since the degree of catch-up appears not to be related to initial productivity.

(2) Technological change is decidedly non-neutral, with no improvement—indeed,

possibly some implosion—at very low capital/labor ratios, modest expansion at

relatively low capital/labor ratios, and rapid expansion at high capital/labor ratios.

(3) Both growth and bimodal polarization are driven primarily by capital deepening.

Henderson and Russell(2003) introduce human capital into the Kumar and Russell(KR,2002) growth accounting analysis of international macroeconomic convergence.They amend the KR methodology by (1) adopting the Diewert(1980) approach to dynamic frontier analysis,thus precluding implosion of the worldwide production frontier over time and (a) changes in the mean and (b) mean-preserving shifts in the distribution of productivity.Their principal conclusions were

* Over half of the increase in mean productivity attributed to KR to the accumulation of physical capital was,in fact, the result of the accumulation of human capital.

* In contradiction to the KR conclusion that capital accumulation also accounts for the shift in the distribution, primarily from unimodal to bimodal, their analysis indicates that efficiency changes account for the qualitative shift from unimodal to bimodal,whereas the accumulation of physical and human capital account for the increased worldwide dispersion of productivity. 

*There is evidence of technological progress in the developed nations only.

In this study we also do growth accounting with a twist-without the need for specification of a functional form for the technology,for the assumption that technological change is neutral,or for the assumptions about market structure or the absence of market imperfections.We use sample of 22 Indian states. The objective is to study the net value added per worker distribution across time and try to identify the reasons for its deformation across time.
                                 Objectives of the study

      To work out the Technical efficiency index, technological catch up.(movement towards or away from the frontier), technical changes(shifts in the overall production frontier) and capital accumulation(movement along the frontier) indexes  for the Indian Industries across 22 states and across the years(1980-81 through 1997-98)

To undertake growth accounting exercise which can decompose net value added growth into components attributable to technological changes ,technological catch up and capital accumulation

Identify reasons for the existence of multi-modal net value added distribution prevailing across Indian States by analyzing the evolution of the determinants of cross states net value added per worker  over time for the 22 states included in our sample.

Hypothesis

To test whether technological change, technological catch up  and capital accumulation are

primarily  responsible for differential growth in net value added per worker across states and

are also responsible for the existence of multi-modal net value added per worker distribution across Indian States included in our sample.

Technical Efficiency across Indian states has increased over the years.

Smaller States tend to have higher efficiency than larger states.

Methodology

For the growth accounting exercise(net value added per worker decomposed into its three factors), we consider a sample of 22 states and union territories over the period 1980-81-1997-98,using data from the Annual Survey of Industries. The included states and union territories are given in Appendix Table I.Our measure of aggregate output is net value added per worker calculated at constant 1980-81 prices .Aggregate inputs used in the model are fixed capital  and labor force (proxied by number of employees) Appropriate deflator was used to estimate fixed capital stock and net value added per worker at constant 1980-81 prices. The input and output data is available with the authors.

We decompose labor productivity into its components, efficiency change, technological change and  capital accumulation. The level of efficiency for each state has been worked out using Data Envelopment Analysis(DEA)
 for all years in the interval period starting from 1980-81 through 1997-98.Technological change reflects shifts in the states production frontier, determined conceptually by the state-of-the-art, potentially transferable technology; while efficiency change reflects the movements toward (or away from) the frontier as countries adopt “best practice” technologies and reduce (or exacerbate) technical and allocative inefficiencies; and the third capital accumulation reflects movements along the frontier. The states production frontier at each point in time is constructed using deterministic, nonparametric (mathematical programming) methods (essentially, finding the smallest convex cone enveloping the data) and efficiency is measured as the (output-based) distance from the frontier. These data-driven methods do not require specification of any particular functional form for the technology, nor do they require any assumption about market structure or about the absence of market imperfections;  market imperfections, as well as technical inefficiencies, are possible reasons for states falling below the statewide production frontier. 

Non Parametric Construction of Technologies and Efficiency Measurement (Technological Catch Up)     

 Our approach to constructing the Indian States production frontier and associated efficiency levels of individual states (distances from the frontier), motivated in part by the first such effort in this direction by Fare, Grosskopf, Norris, and Zhang (1994), Charnes et. al(1978),followed by Kumar and Russell(2002) and Henderson and Russell,(2003) which in turn is based on the pioneering work of Farrell (1956) and Afriat (1972). The basic idea is to envelop the data in the “smallest”, or “tightest fitting”, convex cone, and the (upper) boundary of this set then represents the “best practice” production frontier. Although this data-driven approach, implemented with standard mathematical programming algorithms, requires no specification of functional form, it does require an assumption about returns to scale of the technology (as well as free input and output disposability).

In our simple case, we deal with only three macroeconomic variables: aggregate output and two aggregate inputs: labor and capital. Let 
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 represent T observations on these three variables for each of the J countries. The constant-returns-to-scale reference technology (the “Farrell cone”) for the state in period t is defined by
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In this construction, each observation is interpreted as a unit operation of a linear process, zj represents the level of operation of the process and every point in the technology set a linear combination of observed output/input vectors or a point dominated by a linear combination of observed points. The constructed technology is a polyhedral cone, and isoquants are piecewise linear.
 

Or course, typically some  observed input-output combinations will be redundant in constructing the technologies, in that the observed output can be produced by some other process (generated by an alternative observed input-output vector) or by some linear combination of other processes using less of one input and no more of the other. These dominated processes are technologically inefficient. The Farrell (output-based) efficiency index for country) at time t is defined by
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This index is the inverse of the maximal proportional amount that output 
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 ;it is less than or equal to 1 and takes the value of 1 if and only if the jt observation is on of the period t production frontier. In this case of a scalar output, the output-based efficiency index is simply the ratio of actual to potential output evaluated at the actual input quantities, but in multiple-output technologies the index is a radial measure of the (proportional) distance of the actual output vector from the production frontier.

The Farrell efficiency index can be calculated by solving the following linear program for each observation:
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The solution value of  in this problem is the value of the efficiency index for country j at time t.

 Tripartite Decomposition of the Factors Affecting Labor Productivity

We decompose the ratio of labour productivity(net value added per worker) in current year to labour productivity in base year into its three components: efficiency change(catching up to the frontier),technical change(movement of frontier) and capital accumulation(movement along the frontier).Please refer to Kumar and Russell Paper(2002) for the derivation.
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= : EFF(Technological Catch Up) × TECH(Technical Change) × KACCUM(capital deepining)).

 Kernel Densities

We employ kernel based density functions  for estimating the cross states   net value added per worker distribution for various years.The density estimates are computed using the Rosenblatt-Parzen kernel density estimator.We use an optimal bandwidth parameter chosen as h=1.0592*(*N^(-.20) where ( is the standard deviation of the data and N is the number of observations.Splus software has been used to estimate the Kernel smoothers.

Discussion of the Results:Efficiency Levels and Changes, Technological Changes, Capital Accumulation and Contribution of Such Factors to  Net Value Added Per Worker Changes(1980-81-1997-98)

     Empirical Results:Technical Efficiency and Technological Catch Up

Table I and II lists the efficiency levels of each of the 22 states for the years 1980-81 through 1997-98.Efficiency indexes are calculated from the input and output data(available with authors ) for the 22 states included in our study.

Table I:EFFICIENCY INDEX OF INDIAN STATES 1980-1  to 1984-85

	Indian States
	1980-81
	1981-82
	1982-83
	1983-84
	1984-85

	AP
	0.47
	0.57
	0.7
	0.69
	0.72

	ASS
	0.56
	0.77
	0.85
	1
	1

	BH
	0.37
	0.67
	0.66
	0.83
	0.55

	GOA
	1
	0.55
	1
	0.59
	0.9

	GUJ
	0.71
	0.75
	0.73
	0.86
	0.79

	HAR
	0.74
	0.83
	0.81
	0.91
	0.67

	HP
	0.8
	1
	1
	0.95
	0.63

	KR
	0.73
	0.8
	0.83
	0.95
	0.84

	KERALA
	0.73
	0.78
	0.76
	0.67
	0.85

	MP
	0.63
	0.73
	0.71
	0.58
	0.5

	MH
	1
	1
	1
	1
	1

	MEG
	0.59
	0.32
	0.33
	0.32
	0.27

	ORRISA
	0.54
	0.56
	0.44
	0.49
	0.34

	PUN
	0.59
	0.58
	0.5
	1
	0.49

	RAJ
	0.56
	0.59
	0.47
	0.65
	0.51

	TN
	0.87
	0.91
	1
	0.85
	0.94

	TRIPURA
	0.34
	0.42
	0.76
	0.55
	0.89

	UP
	0.41
	0.74
	0.59
	0.45
	0.45

	WB
	0.89
	0.88
	0.87
	0.74
	0.72

	ANN
	0.91
	0.91
	0.75
	1
	0.36

	DEL
	0.63
	0.73
	0.8
	0.83
	0.78

	PON
	1
	1
	1
	0.95
	1

	Mean Across States
	0.685
	0.731364
	0.752727
	0.766364
	0.690909


Table II :      Efficiency Indexes of Indian States:1985-6 to 1997-98

	1985-86
	1986-87
	1987-88
	1988-89
	1989-90
	1990-91
	1991-92
	1992-93
	1993-94
	1994-95
	1995-96
	1996-97
	1997-98
	Mean over

The Years

	0.45
	0.46
	0.39
	0.37
	0.34
	0.28
	0.21
	0.32
	0.29
	0.36
	0.6
	0.34
	0.35
	0.439

	1
	0.88
	0.95
	0.41
	0.82
	0.72
	0.43
	0.54
	0.57
	0.6
	0.72
	0.42
	0.3
	0.697

	0.56
	0.63
	0.81
	0.7
	0.65
	0.65
	0.57
	0.62
	0.9
	0.61
	0.6
	0.76
	1
	0.674

	1
	1
	0.88
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0.94

	0.59
	0.66
	0.71
	0.6
	0.53
	0.59
	0.37
	0.8
	0.59
	0.78
	0.66
	0.72
	0.51
	0.664

	0.53
	0.59
	0.64
	0.53
	0.51
	0.65
	0.45
	0.5
	0.47
	0.55
	0.84
	0.69
	0.53
	0.636

	0.76
	0.79
	0.64
	0.59
	0.47
	0.65
	0.48
	0.52
	0.66
	0.58
	0.48
	0.58
	0.58
	0.676

	0.68
	0.72
	0.75
	0.58
	0.67
	0.73
	0.61
	0.81
	0.66
	0.69
	0.8
	0.61
	0.38
	0.713

	0.59
	0.59
	0.74
	0.59
	0.73
	0.53
	0.43
	0.53
	0.47
	0.63
	0.71
	0.56
	0.35
	0.624

	0.61
	0.43
	0.77
	0.56
	0.5
	0.61
	0.42
	0.59
	0.51
	0.63
	0.64
	0.56
	0.62
	0.589

	0.95
	0.89
	1
	0.81
	0.79
	0.91
	0.6
	0.93
	0.87
	1
	0.9
	0.85
	0.73
	0.902

	0.01
	1
	0.51
	1
	0.14
	0.16
	0.2
	0.29
	0.38
	0.26
	0.29
	0.5
	0.44
	0.389

	0.34
	0.45
	0.49
	0.6
	0.6
	0.59
	0.7
	0.55
	0.46
	0.53
	0.46
	0.56
	0.61
	0.517

	0.42
	0.43
	0.48
	0.35
	0.55
	0.43
	0.51
	0.52
	0.42
	0.44
	0.44
	0.46
	0.38
	0.50

	0.45
	0.66
	0.51
	0.4
	0.39
	0.5
	0.61
	0.65
	0.53
	0.63
	0.51
	0.41
	0.54
	0.532

	0.63
	0.68
	0.65
	0.57
	0.61
	0.62
	0.56
	0.6
	0.6
	0.52
	0.7
	0.47
	0.37
	0.675

	0.63
	0.41
	0.36
	0.12
	0.11
	0.1
	0.08
	0.44
	0.17
	0.21
	0.47
	0.22
	0.48
	0.376

	0.35
	0.54
	0.58
	0.44
	0.48
	0.48
	0.77
	0.59
	0.37
	0.69
	0.54
	0.59
	0.54
	0.533

	0.55
	0.68
	0.73
	0.43
	0.38
	0.47
	0.43
	0.44
	0.41
	0.44
	0.79
	0.47
	0.47
	0.60

	0.79
	0.24
	1
	0.08
	0.17
	0.53
	0.76
	0.22
	0.17
	0.59
	0.3
	0.31
	0.24
	0.518

	0.86
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0.62
	1
	0.903

	0.36
	0.63
	0.6
	0.43
	0.49
	0.52
	0.5
	0.52
	0.44
	0.33
	0.24
	1
	0.79
	0.656

	0.596
	0.65
	0.69
	0.55
	0.54
	0.57
	0.53
	0.59
	0.54
	0.59
	0.62
	0.57
	
	


Goa has an efficiency score of one in all years except 1981-82,1983-84,1984-85 and 1987-88.Delhi also has an efficiency score of one in all years from 1986-87 through 1997-98 except 1996-97 .Pondicherry, Maharashtra, Himachal Pradesh, Punjab, Bihar, Tamil Nadu, Meghalaya, Andaman and Nichobar Islands and Assam   have an efficiency score of one in at least one of the years from 1980-81 to 1997-98.
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Figure III :Mean Efficiency Index for 22 Indian States Across the Years

The mean efficiency index from all states over the years surprisingly show a declining trend(see last row of Table I and II) although there has been fluctuations between the years(see figure III).The mean efficiency index which was 0.685 in 1980-81,went up to 0.76 in 1983-84 and then again came down to 0.57 in 1997-98.

Goa has the highest mean efficiency index of 0.94 from all the years, followed by Delhi with an index of 0.903 , then followed by the industrial state of Maharashtra with 0.902(see last column of Table II). Tripura has the lowest mean efficiency index of 0.376 among the 22 states in our country followed by that of Meghalaya with a score of 0.389.It seems that the small sizes of states has had its impact on their production efficiency. Both Delhi and Goa are small states compared to other states and are ranked first and second in terms of their efficiency scores. The North East states have not been doing well in terms of their efficiency scores. This underscores the need to transfer technology by the centre to North East states. 

Assam,  Meghalaya and Bihar too have scores of one in atleast one of the years from 1980-81 to 1997-98.It seems peculiar that these states are on the frontier.The interpretation of this finding is that such states  have relatively low per capita state incomes because it  seems that they are relatively undercapitalized  and not because they make inefficient use of the relatively meager capital inputs that it has. Another(perhaps more plausible) interpretation is that the DEA method of constructing the best -practice frontier-a lower bound on the frontier under the assumption of constant returns-fails to identify the 'true'  but unknown frontier, especially at low capital labour ratios
.

             It has been argued that non-convergence or slow convergence in net value added per worker across states is primarily caused by slow technological catch up. In the context of our structure, the state of Indian State wide technology is represented by a production surface in output/input space, and technological catch up is represented by movement toward the frontier, reflected by increases in efficiency. The least squares regression of the change in efficiency(column V of Table III below ) on the level of efficiency in 1980-81(column II of Table I) has a coefficient of -4.769 with a t statistic of -.3906(insignificant relationship) establishing that technological transfers to relatively backward states have either not taken place or have not been effective in pulling up their net value added towards those states which had higher efficiency levels.
 Empirical Results for Tripartite Decomposition of the Factors Affecting Net Value Added Per Worker

We have carried out the above calculations for the years 1980-81 through 1997-98  The conceptual decomposition is discussed more thoroughly in the paper by Kumar and Russell(2002). Appendix Tables (available with authors) give the results for finding out the average efficiency changes, technological changes  and capital accumulation  from 1980-81 to 1997-98 on year to year basis. The results of tripartite decomposition of labour productivity are summarized in Table III and Table IV

Table IV lists the percentage changes from 1980-81 to  1997-98 in labour productivity and each of the three components: (I) change in efficiency,(ii)technological change, and (iii) capital deepening,for all 22 states,along with the sample mean percentage changes.The overall averages provide evidence of productivity improvements of 173.29 over this period.The efficiency factor accounted for  -10.63% % only,technological change accounted for  173.20 while the contribution of capital deepening  is 42.52% TO ACCOUNT for 173.20% overall PRODUCTIVITY CHANGE(not point to point changes). 

The efficiency factor accounted for  5.07 % only,technological change accounted for  11.66 % while the contribution of capital deepening  is relatively higher at 17.82% TO ACCOUNT FOR POINT TO POINT PRODUCTIVITY CHANGE OF 11.66%
.The results suggest that most of the industries in different states operate along the frontier( and so Solovian Model(1956) may be appropriate to account for the Indian Industries)  as was found by Kumar and Russell(2002) for cross section of countries across the world. It is this latter result where this study deviates from Kumar and Russel(2002) and Henderson and Russel(2003) results who had earlier found that capital accumulation and human capital accumulation, respectively were primarily responsible for differential levels of per capita growth across countries..

Such results,however, do convey that there are some other factors besides the ones decomposed in the growth accounting exercise which may have profound  and greater affects on net value added per worker  growth rates across the states included in our sample and could also account for the point to point and overall productivity changes from 1980-81 to 1997-98..It is this latter result where this study deviates from Kumar and Russel(2002) and Henderson and Russel(2003) results who had earlier found that capital accumulation and human capital accumulation, respectively were primarily responsible for differential levels of per capita growth across countries.

Table III: Percentage Change of Tripartite  Decomposition Indexes towards Point to Point Productivity Change

	
	
	
	
	Contribution towards point to point productivity change

	Indian States
	Net value Added Per Worker,

1980-81(Rs)

Constant 1980-81 Prices
	Net Value Aded Per Worker 1997-98(Rs) Constant 1980-81 Prices
	Productivity Change

(1997-98-1980-81)
	(EFF-1)

*100

Efficiency Change
	(TECH-1) *100

Technical Change
	(KACC-1)*100

Capital Deepening

	AP
	8762.14
	20394.
	132.7548
	2.002513
	6.159374
	5.651282

	ASS
	9307.11
	17267.
	85.53378
	2.25519
	6.108737
	10.69117

	BH
	13123.7
	72890.
	455.4058
	9.399251
	14.73762
	-2.67834

	GOA
	39799.7
	73784.
	85.38995
	3.59459
	10.00873
	3.73539

	GUJ
	16280.6
	37690.
	131.5039
	2.373045
	7.2379
	5.690642

	HAR
	20435.4
	33322.
	63.06059
	0.244657
	4.118344
	4.218503

	HP
	27863.9
	42302.
	51.81788
	0.154731
	5.087644
	4.047239

	KR
	15218.7
	22889.
	50.40639
	-2.00661
	3.538568
	5.942086

	KERALA
	13967.6
	19307.
	38.23201
	-1.68312
	3.281276
	7.266579

	MP
	18543.1
	45266.
	144.1167
	3.276777
	7.520385
	3.222359

	MH
	22321.5
	53281.
	138.7012
	-0.32257
	5.928066
	3.371619

	MEG
	23381.9
	28899.
	23.59728
	-8.28338
	13.59321
	187.387

	ORRISA
	14877.6
	44819.
	201.2525
	2.269416
	9.739421
	0.908728

	PUN
	16418.6
	24515
	49.31667
	2.042776
	5.302551
	7.222112

	RAJ
	17477.8
	38289.
	119.0741
	2.359081
	7.957927
	2.683783

	TN
	15464.2
	20984.
	35.69719
	-3.43618
	2.944596
	6.86422

	TRIPURA
	2735.05
	29929.
	994.281
	32.89493
	32.51594
	20.6595

	UP
	9723.26
	39685.
	308.1478
	7.423326
	14.27932
	3.318002

	WB
	14442.2
	29833.
	106.5728
	-0.48315
	5.629821
	7.215262

	ANN
	8031.56
	10039.
	25.00476
	39.92834
	61.25375
	94.00035

	DEL
	13564.3
	53655.
	295.5642
	4.294927
	11.96507
	-1.15675

	PON
	11906.9
	44895.
	277.0493
	13.31806
	17.88492
	11.85034

	Mean Across States
	16074.86
	36542.4
	173.29
	5.07
	11.66
	17.82


Table IV:Percentage Change of Tripartite  Decomposition Indexes Towards Overall Productivity Changes

	
	
	
	
	Contribution towards productivity change(1997-98-1980-81)

	Indian States
	Net value Added Per Worker,

1980-81(Rs)

Constant 1980-81 Prices
	Net Value Aded Per Worker 1997-98(Rs) Constant 1980-81 Prices
	Productivity Change

(1997-98-1980-81)
	(EFF-1)

*100

Efficiency Change
	(TECH-1) *100

Technical Change
	(KACC-1)*100

Capital Deepening

	AP
	8762.14
	20394.
	132.7548
	-25.5319
	132.7539
	34.28571

	ASS
	9307.11
	17267.
	85.53378
	-46.4286
	85.53333
	86.66667

	BH
	13123.7
	72890.
	455.4058
	170.2703
	455.4033
	-63

	GOA
	39799.7
	73784.
	85.38995
	0
	85.38983
	0

	GUJ
	16280.6
	37690.
	131.5039
	-28.169
	131.5036
	39.21569

	HAR
	20435.4
	33322.
	63.06059
	-28.3784
	63.06053
	39.62264

	HP
	27863.9
	42302.
	51.81788
	-27.5
	51.81782
	37.93103

	KR
	15218.7
	22889.
	50.40639
	-47.9452
	50.40586
	92.10526

	KERALA
	13967.6
	19307.
	38.23201
	-52.0548
	38.23184
	108.5714

	MP
	18543.1
	45266.
	144.1167
	-1.5873
	144.1164
	1.612903

	MH
	22321.5
	53281.
	138.7012
	-27
	138.701
	36.9863

	MEG
	23381.9
	28899.
	23.59728
	-25.4237
	23.59698
	34.09091

	ORRISA
	14877.6
	44819.
	201.2525
	12.96296
	201.2523
	-11.4754

	PUN
	16418.6
	24515
	49.31667
	-35.5932
	49.31625
	55.26316

	RAJ
	17477.8
	38289.
	119.0741
	-3.57143
	119.0731
	3.703704

	TN
	15464.2
	20984.
	35.69719
	-57.4713
	35.69711
	135.1351

	TRIPURA
	2735.05
	29929.
	994.281
	41.17647
	994.277
	-29.1667

	UP
	9723.26
	39685.
	308.1478
	31.70732
	308.1474
	-24.0741

	WB
	14442.2
	29833.
	106.5728
	-47.191
	106.5729
	89.3617

	ANN
	8031.56
	10039.
	25.00476
	-73.6264
	25.00468
	279.1667

	DEL
	13564.3
	53655.
	295.5642
	58.73016
	295.564
	-37

	PON
	11906.9
	44895.
	277.0493
	-21
	277.049
	26.58228

	Mean Across States
	16074.86
	36542.4
	173.29
	-10.6193
	173.294
	42.52659
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Figure IV summarizes these calculations by plotting the four growth rates(net value added per worker  and its three components against NVA per Worker 1980-81)

(a)                                                                                             (b)
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                                                                                                                                                                                                                                                                                                       Figure IV:Percentage Changes Between 1980-81 and 1997-98 in Net Value Added Per Worker Growth and Three Decomposition Indexes Plotted Against 1980-81 Net Value Added Per Worker 

OLS regression lines are also plotted.Net value added per worker in 1980-81 is the independent variable in all the four regressions.

Figure IV (a) indicates that states which had lower net value added per worker in 1980-81 grew at faster rates in terms of net value added per worker growth in the period 1980-81 to 1997-98.The negative slope coefficient of -.0130 with t value as -2.3729(statistically significant at 5% level of significance) suggest that laggards in the initial period grew at faster rates subsequently.

Figure IV(b),shows the relationship between the efficiency change and the initial level of net value added per worker in 1980-81.It evinces clear negative relationship. The beta coefficient has negative value of -.0007 with t value of -2.5409 .States which had lower net value added per worker in 1980-81 were also the ones who had faster technological catch up rates(higher efficiency changes).Our earlier results  however showed that states which had lower efficiency levels in 1980-81 also had higher efficiency rates(although the relationship was not statistically significant). 

Figure IV(c) shows that the relationship between technological changes and initial level of net value added per worker is negative(-.0006) though not significant(t value -1.85).States which had lower net value added per worker in 1980-81 did not necessarily had higher technical change.

Figure IV(d) shows that the relationship between capital accumulation and net value added per worker growth is positive but insignificant.(coefficient value is .0003 with t value of .2068).The positive regression slope coefficient suggests that relatively wealthier states have benefited more from capital accumulation than have less developed states(although the evidence is not statistically significant)

Analysis of Productivity Distributions:

Our objective is to assess whether the three components of net value added growth(labour productivity growth) can together change account for the deformation  of the distribution of net value added per worker from single modal distribution in 1980-81 to multi-modal distribution in 1997-98 with higher mean.

Figure V: Counterfactual Distribution of Net Value Added Per Worker,1997-98
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The distribution we employ are nonparametric kernel based density estimates, essentially Rosenblatt Parzen kernel density estimator(details are given in the chapter on Objectives and Methodology).

           Rewrite the quadripartite decomposition of labour productivity changes as follows:

yc= (EFF × TECH × KACC )*yb
Thus, the net value added per worker distribution in 1997-98 can be constructed by successively multiplying net value added per worker in 1980-81 by each of the three factors. The counterfactual distribution of 1997-98 is constructed (Figure V) by multiplying the average decomposition figures successively with the net value added per worker in 1980-81.It seems from the figure that the distribution remains single modal (as the 1980-81 distribution) and therefore the three decomposition factors of net value added per worker: efficiency change, technological change and capital accumulation  together have not been able to transform the 1980-81 distribution and bring it at par with the actual 1997-98 multi-modal distribution of net value added per worker
. This means that some other factors may have been more responsible for the transformation of single modal distribution of 1980-81 into the multi-modal distribution of 1997-98. 

If we consider the current year as 1997-98 and base year as 1980-81 the counterfactual distribution of 1997-98 is constructed by  multiplying the decomposition figures( not averages ) successively with the labour productivity in 1980-81(eff*tech*kacc*y1966) we get some striking results different from the above analysis. All the three decomposed factors jointly , efficiency change and technical change jointly and  technical change with capital accumulation jointly, can produce the counterfactual distribution of year 1997-98 similar to the 1997-98 kernel probability multimodal distribution 

                                                           Conclusions

Technical Efficiency of the Indian States have been worked out using data envelopment analysis. Goa has an efficiency score of one in all years except 1981-82,1983-84,1984-85 and 1987-88.Delhi also has an efficiency score of one in all years from 1986-87 through 1997-98 except 1996-97 .Pondicherry,  Maharashtra, Himachal Pradesh, Punjab, Bihar, Tamil Nadu, Meghalaya  ,Andaman and Nichobar Islands and Assam   have an efficiency score of one in at least one of the years from 1980-81 to 1997-98.Goa has the highest mean efficiency index of 0.94 from all the years, followed by Delhi with an index of 0.903 , then followed by the industrial state of Maharashtra with 0.902(see last column of Table II). Tripura has the lowest mean efficiency index of 0.376 among the 22 states in our country followed by that of Meghalaya with a score of 0.389.It seems that the small sizes of states has had its impact on their technical efficiency. Both Delhi and Goa are small states compared to other states and are ranked first and second in terms of their efficiency scores. The North East states have not been doing well in terms of their efficiency scores. This underscores the need to promote industrial activities and transfer technology to North Eastern states by the Central Government. 

The mean efficiency index from all states over the years surprisingly show a declining trend since 1983-84.The mean efficiency index which was 0.685 in 1980-81,went up to 0.76 in 1983-84 and then  came down to 0.57 in 1997-98.It is upto future research to work out  further reasons  for the reduction of mean technical efficiency, existence and increase of regional variations across states despite the new economic policy undertaken by Central Government since 1991 .

 The efficiency factor accounted for  5.07 % only,technological change accounted for  11.66 % while the contribution of capital deepening  is relatively higher at 17.82% while the point to point productivity change is of 11.66%.

The overall averages provide evidence of productivity improvements of 173.29 over 1980-81 to 1997-98(current year) period.The efficiency factor accounted for  -10.63% % only,technological change accounted for  173.20 while the contribution of capital deepening  is 42.52% TO ACCOUNT for 173.20% overall PRODUCTIVITY CHANGE(not point to point). 

We analyze the evolution of cross states net value added distribution for the 22 Indian states from 1980-81 to 1997-98 using Kernel densities.The overall averages provide evidence that   none of  the three factors are  responsible for the 1997-98 kernel probabilities .However If we consider the current year as 1997-98 and base year as 1980-81  we get some striking results different from the above analysis. All the three decomposed factors jointly , efficiency change and technical change jointly and  technical change with capital accumulation jointly, can produce the counterfactual distribution of year 1997-98 similar to the 1997-98 kernel probability multimodal distribution.
 The results also seems to suggest  that there are other  factors suggested in the literature like barriers to exit, a maze of rules and regulations, government import policies, high concentration,  among others, rather than the ones that are included for the growth accounting exercise, which may be primarily responsible for the point to point and overall productivity changes. These latter factors  also seem to explain reasons for the regional variations of net value added per worker across states .Also, we do find that the efficiency levels for the Indian states have gone down  from what it was in 1980s to what it were in 1997-98.However,the smaller states have out performed the larger states in terms of their efficiency levels.Also, States which had relatively lower efficiency levels and net value added per worker in 1980-81 are the ones which have grown faster than other states.We see tendency of catching up among the Indian states.

                   Generally, speaking policies that will augment technological transfers to laggard states , will help more in reducing net value added per worker differences and growth rates across states and regions and also help in achieving the basic goal of planning- i.e., reduce regional variations. 
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Appendix Table I:Indian States and Union Territories Included in the Study

	

	Indian States and Union Territories(22)

	AndhraPradesh(AP)

	Assam(ASS)

	Bihar(BH)

	Goa(GOA)

	Gujrat(GUJ)

	Harayana(HAR)

	Himachal Pradesh(HP)

	Karnataka(KR)

	KERALA

	Madhya Pradesh(MP)

	Maharshtra(MH)

	Meghalya(MEG)

	ORRISA

	Punjab(PUN)

	Rajasthan(RAJ)

	Tamil Nadu(TN)

	TRIPURA

	Uttar Pradesh(UP)

	East Bengal(WB)

	Andaman Nicobar Islands(ANN)Union Territory

	Delhi(DEL)

	Pondicherry(PON)Union Territory
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� This approach to Growth Accounting is not dependent on particular assumptions about the technology,market 


structure,technological change and other aspects of the growth process.


� Our efficiency calculations were carried out using the Onfront software(demo version),available from Economic Measurement and Quality I Lund AB(Box 2134,S-220 Lund,Sweden(www.emq.se).


� 	The non increasing-returns-to scale (NIRS) technology is constructed by restricting the process operation levels as satisfy � EMBED Equation.DSMT4  ��� for all j, so that observed process can be radially contracted but not expanded. The variable-returns-to-scale (VRS) technology is constructed by adding the restriction � EMBED Equation.DSMT4  ���, resulting in increasing returns as scale at low levels of input. By construction, efficiency indexes calculated under the assumption of constant returns to scale are no higher than those calculated under the assumption of NIRS, which in turn are no greater than those constructed under the assumption of VRS (see Fare et al. [1994] for details).








� We should note that these mathematical programming methods take no account of measurement error, sampling error and other stochastic phenomena(as mentioned earlier). Recent research(Leopold Simar,1996;Alois Kneip et.al,1998;Irene Gijbels,1999;Simar and Paul W.Wilson,2000) has made substantial progress on the use of bootstrapping method to construct confidence intervals around efficiency index .In this study, however ,we are more concerned about the statistical significance of changes in the distributions of efficiency indexes and the components of tripartite decomposition of net value added per worker changes.


� If we see the results of growth accounting in context of productivity changes on point to point basis(and overall productivity changes) we find that efficiency changes along with technological changes and capital accumulation does not account totally for the overall and point to point productivity changes. This needs explanation. Growth accounting factors accounts for more than point to point and overall percentage change in productivity. This happens because  if we take log(yc/yb)=log eff+log tech +log kacc and then we approximate log yc/yb by taylors expansion(with one term and could have had more) it works out to be (yc-yb)/yb .Similary log tech works out to be


.5 ((ybarc(kc)/ybarb(kc)+ybarc(kb)/ybarb(kb))-1 and log kacc works out to be .5((ybarc(kc)/ybarc(kb)+ybarb(kc)/ybarb(kb))-1 THE SUM OF THREE TERMS ON RIGHT HAND SIDES DOES NOT EQUAL TO LEFT HAND SIDE BECAUSE OF APPROXIMATIONS�.





� Two-Sample Kolmogorov-Smirnov Test confirm that both 1980 probability distribution of net value added per worker(V1) and counterfactual distribution of 1997-98(V2) are same.data:  x: V1 , and y: V2  ks = 0.3636, p-value = 0.1093 alternative hypothesis: cdf of x: VI does not equal the cdf of y: V2 in DS40 for at least one sample point.The data for counterfactual net value added per worker for year 1997-98 and netvalue added per worker in 1980-81 is given in the appendix table(available with authors).











� Two-Sample Kolmogorov-Smirnov Test is used to compare the similarity of the actual and counterfactual kernel probability distribution(results are available with authors on demand) 
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