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Abstract
The present study attempted to test income convergence of the Indian states. For the analysis, the study utilized panel
linear and recently developed panel nonlinear unit root tests for the period 1980-1981 to 2007-2008. Use of recently
developed panel nonlinear unit root test was the innovation of the study over the conventional studies based on “sigma”
and “beta” convergence for testing convergence of SGDP in Indian sates. Study found strong evidence against the
convergence of the State Gross Domestic product (GDP) among the Indian states.

Keywords: Convergence, Indian states, Nonlinear panel unit root test
JEL classification: O40, O47, C33

1. Introduction

Since 1947 the Indian economy has been characterized by low level of per capita income comparing
with most of the Asian countries. During the period of 1940’s the India was bestowed with
diversifying resource base, vast pool of skilled manpower and well established entrepreneurs and
firm political system. The important issue in front of the policy makers is weather the economies
with low initial per capita income grows much faster and catch up with the economies which started
the development process much before. Considering these facts these differentials in income is not
only apparent in across the countries but regional disparities can also be very huge. India has always
been concerning about the existing regional inequalities in the context of national economic
development.
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Though there are several ways through which these disparities can be eliminated. Across economies
that share common preferences (saving and consumption patterns) and technology, According to
Solow-Swan neoclassical growth model, convergence of per capita incomes is driven by diminishing
returns to capital- regions with lower initial ratios of capital to labor will have higher per capita
income growth rates. Convergence can also take place in many different ways like through the
redistribution of incomes from relatively rich regions to relatively poor regions of a federal country
by its central government and through flows of labor from poor to rich regions.
The concept of convergence considered as economies with lower levels of per capita income
(expressed relative to their steady-state levels of per capita income) tend to grow faster over time in
per capita terms. This behavior is often confused with an alternative meaning of convergence that
the dispersion of real per capita income across a group of economies or individuals tends to fall over
time. The recent literature on this issue has examined the evidences in much detail and has provided
significant theoretical contributions and also has examined the circumstances where there may be
divergence in income levels.
Although there are many definitions of convergence in the literature, there are mainly two concepts
of convergence in classical literature namely, β-convergence and, σ-convergence. When the distribution of
real per capita income across a group of economies cascade over time, there is σ-convergence. When
the partial correlation between growth in income over time and its initial level is negative there is βconvergence.
It is important for India to examine the behavior of each states income differentials over time and to
find out whether there is any noticeable evidence of convergence within them. The conventional
cross-country regression method for determining convergence has come under some criticisms by
Friedman (1992) and Quah (1993) for showing bias results.. Several researchers have now a day’s
avoided cross country regression altogether and uses time series information for determining
existence or non existence of convergence. In this paper, however we are attempting to test the
income convergence of Indian states. The innovation of this study is that we used panel unit root
tests (linear and nonlinear) for increasing the power of test, which is a better approach than “sigma”
and “beta” convergence. Study finds strong evidence against the convergence of State Gross
Domestic product (GDP) among the Indian states.
Rest of the paper is organized as follows. Second section presents a brief review of the literature
followed by methodology adopted in this paper for analysis and data source in the third section. The
fourth section presents data analysis and the fifth section concludes.

2. Literature review

Jones (2002) had done test for beta and sigma convergence for low income countries in Africa by
using both cross sectional and time series approach. He found that the tendency for per capita
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income to convergence and a diminution of the standard deviation of per capita income over time. It
is to be noted that while the two approaches are used to measured convergence, they showed
fundamentally different properties of the data under question. Cross section test required that the
first difference of cross economy output possesses non zero means, where as time series test require
the same to possess a zero mean (Bernaud and Durlauf,1996).
Cashin and sahay (1995) has taken into account the sectoral composition of the 20 states, and found
about 1.5 percent of the gap between real per capita incomes in rich and poor states was closed each
year during 1961-91. That is it would take about 45 years to close half the gap between any state’s
initial per capita income and the states common long-run level of per capita income. However, in an
industrial country, it would take only about 35 years. The author also found that that over 1961-91,
there was a widening of the dispersion of real per capita Net Domestic Product (NDP) for the
Indian states.
Subramanayam and Rao (2000) examined data on per capita net state domestic product of major 17
states for the period of 1965-66 to 1996-97 to test the premise that neo-classical theory of growth
predicts convergence of per capita incomes across the region in the face of equal accessibility to
technology and identical saving rate in the Indian context. The authors also tried to find out whether
agriculture led growth is more equitable or industry led growth. However, there was no evidence of
convergence of per capita incomes across Indian States in either period.
Tseliost (2009) examined whether growth and convergence are determined by the average values in
income distribution and/or by its upper and lower bounds, and the nature and contribution of
income distribution to growth and convergence. By using spatial econometric techniques, the author
tried to resolve the issue of (un)conditional convergence in the whole income distribution in the
European regional context. For this purpose data from the European Community Household Panel
for 102 regions over the period 1995-2000 was used and the analysis was conducted using crosssectional and panel data growth models with spatial interaction effects. The study found the presence
of a conditional convergence in income per capita after controlling for educational attainment,
unemployment, sectoral composition, spatially lagged growth of income per capita, and regional
fixed effects, and that of unconditional convergence in income inequality.
Apergis et.al (2010) used new panel convergence methodology developed by Phillips and Sul (2007)
to find the convergence of real per capita output across the European Union (EU) countries, and
behaviour of the factors that may be responsible for any convergence or divergence pattern, and
used in a production function growth accounting approach by using data from the (Total Economy
Database and the Total Economy Growth Accounting Database). The study suggested that the EU
countries form two distinct convergent clubs, exhibiting considerable heterogeneity in the underlying
growth factors.
Agarwalla and Pangotra (2011) have tried to examine the trends in disparities across the regions in
India over a period of 26 years (1980 to 2006) by employing panel data estimation method based on
the neo-classical framework. Examining 25 state economies in India they found convergent trend in
regional incomes, conditional upon growth rates of inputs, and technological growth rate. They have
also found that during the period of 1992 to 2006 the speed of convergence has been faster, because
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during that period Indian economy had gone through structural reforms. Further, evidence showed
that incomes of the special category states have experienced convergence at a higher rate
Bandyopadhyay (2011) used the distribution dynamics method to identify polarization of incomes
across the Indian states and further examined whether there is any evidence of a “neighbouring
regions effect”. The author found no evidence of conditional convergence in investigating for a
“neighbours effect” that explains the polarization which suggest that regions that have robust
engines of growth not connected sufficiently to regional markets which strongly suggests that India
being a developing country need to develop the networks across the states to generate spatial
interactions.
Kalra and Sodsriwiboon (2010) examined the convergence and spillover across the Indian states
using non-stationary panel data techniques. The finding suggested the existence of divergence over
the entire sample period, convergence during sub-periods corresponding to structural breaks, and
club convergence. There was strong evidence of club convergence among the high- and low-income
states; the evidence for middle-income states was mixed. Dynamic spillover effects among states
were small.

3. Data and methodology

For the analysis, we obtained data from the Hand Book of Statistics of the Indian economy for the
period 1980-1981 to 2007-2008.
Most of the studies to date to find the evidence of convergence have focused on either beta or sigma
approaches however; few studies have used time series approach i.e., testing of the unit root
hypothesis (in the presence and/or absence of structural breaks) on the mean deviation of the GDP
per capita of the context studied. However, as Breitung and Pesaran (2008) and Baltagi (2005)
suggested that in the time-series econometrics literature, the usual procedure to increase the power
of unit root tests, in light of shorter univariate time series data, is to use the panel data. Therefore,
for the analysis, we have used linear panel unit root test and also to test the validity of linear panel
unit root test we used a panel nonlinear unit root test. We firstly, used the IPS test in which the
standardized t_bar statistic is based on the movement of the Dickey–Fuller distribution as follows:
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where E (tiT ) is the expected mean of t iT , and Var (tiTi ) is the variance of t iT . Secondly, we used
Ucar and Omay (2009) test for heterogeneous panel in the nonlinear framework as heterogeneity of
the panel and nonlinearity of the data series is the major concern. Their test can be described as
Econ Res Guard

63

2012

The Economic Research Guardian – Vol. 2(1)2012
Semi-annual Online Journal, www.ecrg.ro
ISSN: 2247-8531, ISSN-L: 2247-8531
Econ Res Guard 2(1): 60-69
follows. Assume yi,t be Panel Exponential Smooth Transition Autoregressive Process of order one
(PESTAR(1)) on the time domain t=1,2,…,T for the cross section units i=1,2,…,N. Further, assume
that yi,t follows the data generating process (DGP) with fixed effect (heterogeneous intercept)
parameter αi:

∆y i,t = µ i + Φ i y i,t −1 + γ i y i,t −1 [1 − exp( −Θ i y i,2t − d )] + ε i,t

(2)

where d≥1 is the delay parameter and Θ i > 0 implies the speed of mean reversion for all i. Further,
they set Φ i = 0 for all i (i.e, yi,t has a unit root process in the middle regime) and d=1, which gives
specific PESTAR (1) model :

∆y i, t = µ i + η i y i, t −1 [1 − exp( − Θ i y i,2t −1 )] + ε i, t

(3)

Therefore, in the equation (3) testing the presence of nonlinear unit root in panel framework is
simply to test the null hypothesis Θ i = 1 for all i against Θ i > 0 for some i under the alternative
hypothesis. However, direct testing of the Θ i = 0 is somewhat problematic because η i is not
identified under the null hypothesis. This problem has been sorted out by applying first-order Taylor
series approximation to the PESTAR (1) model around Θ i = 0 for all i. Hence, we obtain the
auxiliary regression:

∆y i, t = µ i + λ i y i,3t −1 + ε i,t

(4)

where λi = θiηi .
Further, they established the hypotheses for unit root testing based on regression (4) as follows:
H0 : λi = 0 ; for all i; (i.e., linear nonstationarity)
H1 : λi < 0 ; for some i; (i.e., nonlinear stationarity)
They proposed a panel unit root test which is computed through taking the simple average of
individual KSS statistics. The KSS statistic for the ith individual is simply t-ratio of λi in regression (4)
defined by

t i, NL = )
σ i, NL

∆y 'i M τ y i,3 − 1
(y 'i, − 1 M τ y i, − 1 ) 3/2

(5)

)
where σ i, NL is the consistent estimator such that
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)

σ i2,NL

=

∆yi' M τ ∆yi /(T − 1),

M τ = I T − τ T (τ T' τ T ) −1τ T' .

Here,

∆y i = (∆y i ,1 , ∆y i , 2 ,..., ∆y i ,t ) ' ,

y i3, −1 = ( y i3, 0 , y i3,1 ,..., y i3,T −1 ) ' and τ T = (1,1,...,1) ' . Furthermore, for a fixed T, they defined

t NL

1
=
N

N

∑

t i, NL

(6)

i =1

which is invariant average statistic when ti,NL is invariant with respect to initial observations yi,0,
heterogeneous moments σi2 and σi4 if yi,0=0 for all i=1,2,…,N. The authors show that when the
invariance property for ti,NL holds for each i and the existence of moments are satisfied (in other
words when the individual statistics ti,NL are i.i.d. random variables with finite means and variances)
the standard normalization of t NL statistic have the limiting standard normal distribution as N→∞
such that:

Z NL =

N(t Nl − E(t i, NL ))
Var(t i, NL )

d

→
N(0,1)

(7)

Therefore, they produced critical values of Z̅NL statistic as well as its truncated version because they
may be different from the fractiles of the standard normal distribution, particularly for small N
observations, to which they converge as N goes to infinity. The main feature of the time series
approach to tests for convergence within a neo-classical, Solow type model, stems from the basic
conclusion of that model. In particular, the model produces the property that the long-run behaviour
of the economy will be independent of initial conditions. To see this clearly, consider the following
equation, which describes a linear approximation to the out of (stationary) steady-state behaviour of
log per capita output (in our case states GDP) within an exogenous growth model:
y t = y(0)e − βt + y * (1 − e − βt )

(8)

where yt is defined as (log) states GDP, y ( 0) (log) initial states GDP, y* is the stationary steadystate (log) states GDP and β is the speed of adjustment which depends on various model
parameters. If we consider two countries i and j, and assume a common β due to the fact that the
countries have the same savings, depreciation and population growth rates, we can rewrite equation
(8) as:
(y it − y jt ) = (y(0)i − y(0) j )e − βt + (y i* − y *j )(1 − e − βt )

(9)

Furthermore, if we assume sufficient time elapses such that catching- up has been completed then
e− β t ≡ 0 and equation (9) reduces to
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(y it − y jt ) = (y *i − y *j )

(10)

where the difference in log per capita output will be stationary without trend, that is, states i and j will
have converged. Notice the absence of any association between initial values and the definition of
convergence.
When this result is translated into considering output differences between states, the time series tests
require that these differences must be stationary with no statistical association with initial values. This
is in sharp contrast to the basic cross-sectional tests of convergence, which are based upon a negative
association between output differences and initial levels. This particular feature represents the crucial
potential incompatibility between cross-sectional and time series tests.
As defined above, the statistical tests of long-run convergence hinges, therefore, on the time series
properties of yi − y j . The natural route for such tests involves Dickey–Fuller type tests based on the
bivariate difference in per capita output between pairs of countries, i and j, i.e.,
n

(y it − y jt ) = µ + α(yi, t −1 − y j, t −1 ) + βt + ∑ δk ∆(y i,t − k − y j,t − k ) + εt

(11)

k =1

where y indicates the logarithm of states GDP. If the difference between states GDP series contain a
unit root, α = 1 , states GDP in the two states will diverge. The absence of a unit root, α < 1, ,
indicates either catching up if β ≠ 0 , or long-run convergence if β = 0 .

4. Data analysis and findings

First, we present the average growth rate scenario of GDP of different states of India for which we
have conducted our study in Table 1.
Table 1: Average growth rates of different states of India
Year
1980-81
1985-86
1990-91
1995-96
2000-01
2005-06

Andhra
Pradesh

Arunachal
Pradesh

Assam

Bihar

Goa

Gujarat

Haryana

Himachal
Pradesh

Jammu &
Kashmir

16.19
1.76
5.61

15.31
2.65
14.29

11.31
4.61
4.41

5.59
0.92
-5.66

-7.30
15.07
-0.35

9.94
-1.50
-8.26

3.73
6.23
2.06

6.22
-3.52
0.52

2.29
3.26
2.21

6.91
4.53
11.15
Karnataka

-6.01
15.99
14.00
Kerala

2.42
2.58
4.71
Madhya
Pradesh

25.47
-5.73
24.04
Maharashtra

16.94
3.88
10.45
Manipur

15.25
8.13
9.51
Meghalaya

11.79
7.72
13.24
Nagaland

5.65
5.10
6.14
Orissa

4.81
1.93
6.06
Punjab

Year
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1980-81
1985-86
1990-91
1995-96
2000-01
2005-06
Year
1980-81
1985-86
1990-91
1995-96
2000-01
2005-06

6.62
2.43
12.71
9.18
1.81
6.93
West
Bengal
-2.70
3.95
7.83
6.95
7.22
9.04

-1.26
2.49
1.96
4.00
5.00
10.87
Andaman &
Nicobar
Islands
6.12
-3.85
-8.11
7.50
2.27
9.94

2.55
4.45
-7.21
6.71
7.15
4.34
Delhi

2.35
3.85
-0.31
3.94
3.53
9.65
Pondicherry

5.5
2.0
8.5
9.7
6.2
3.9
Rajasthan

3.89
1.60
4.93
3.51
6.69
8.28
Sikkim

19.05
14.40
4.20
7.06
11.47
5.87
Tamil
Nadu

-0.17
-5.96
12.70
-6.90
6.09
14.72
Tripura

9.51
2.94
4.53
7.37
1.30
7.81
Uttar
Pradesh

8.15
12.62
15.22
13.76
3.85
15.40

1.20
8.28
-6.30
39.31
6.78
39.78

8.53
2.05
-7.67
11.69
11.39
13.12

6.12
13.46
6.67
6.71
8.23
7.58

10.99
-5.41
2.67
4.10
-1.94
11.66

-1.14
9.96
2.68
10.96
13.71
2.08

2.40
7.81
0.41
11.10
3.23

The Table 1 above represents the NDP growth rate of the various states. Nagaland a remote States
in the North Eastern States recorded highest growth rate in 1980-81 at 19.05 per cent. Pondicherry
recorded the highest growth rate in 1995-96 at 39.31 per cent followed by Bihar at 25.47 per cent but
it came down to -5.73 in 2000-2001and again touched the level of 24.04 per cent in 2005-06. Among
the North Eastern States Nagaland performed better than all other States throughout the period
considered in the study. Further, when we look at the average growth rate of pre-reformed era,
Sikkim recorded the highest growth rate at 10.79 followed by Assam among all the states taken under
the study. The lowest growth rate recorded in performed era is 2.79 for Jammu and Kashmir
followed by Orissa at 2.98, where as in post reform era Chandigarh recorded highest at 10.45 and
Jharkhand is sowing negative average growth rate at -5.53.
Finally, to test the convergence of SGDP of Indian states we used panel linear and nonlinear unit
root tests and the results of both tests are reported in Table-2 below.
Table 2: Results of nonlinear and liner unit root analysis
Intercept
Lag 1
Lag 2
Lag 3
Lag 4

t ∗ NL
1.8825
(0.9850)
1.8825
(0.9850)
1.8825
(0.9850)
1.8825
(0.9850)

Z ∗ ANL
21.4494
(0.9850)
21.4494
(0.9850)
21.4494
(0.9850)
21.4494
(0.9850)

t ∗ NBAR
2.0628
(0.9890)
2.0628
(0.9890)
2.0628
(0.9890)
2.0628
(0.98900

W ∗ NBAR
22.4026
(0.9890)
22.4026
(0.9890)
22.4026
(0.9890)
22.4026
(0.9890)

-0.1510
(0.5470)

13.4495
(0.5470)

-1.0640
(0.5870)

8.0620
(0.5870)

Trend and intercept
Lag 1
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-1.0640
8.0620
(0.5870)
(0.5870)
-1.0640
8.0620
Lag 3
(0.5870)
(0.5870)
-1.0640
8.0620
Lag 4
(0.5870)
(0.5870)
Note: (1) p-values in parenthesis with 10000 bootstrap replications. (2) t ∗ NL and Z ∗ ANL are the statistics of Ucar and
Lag 2

-0.1510
(0.5470)
-0.1510
(0.5470)
-0.1510
(0.5470)

13.4495
(0.5470)
13.4495
(0.5470)
13.4495
(0.5470)

Omay (2009) while t ∗ NBAR and W ∗ NBAR are the statistics of Im, Pesaran and Shin.
Source: Author’s calculation

It is evident from Table 2 that either when only constant term is included in the regression or
constant and trend term both are included in the regression both tests (linear and nonlinear panel
unit root test) do not reject the null hypothesis. Hence implying that SGDP of Indian countries
follows random walk i.e., nonstationary. Hence our results provide evidence to support for the nonconvergence hypothesis of the Indian states GDP.

5. Conclusions

This study utilized 27 Indian states data for the period 1980-81 to 2007-08 to test for convergence of
Indian states GDP in the panel framework by using a more recently test developed by Ucar and
Omay (2009) for heterogeneous panel. We preferred to use Ucar and Omay (2009) for
heterogeneous panel unit root test particularly for two reasons. First, it is based on heterogeneous
panel as India states are heterogeneous in nature and culture. Second, it has advancement in showing
the nonlinear nature of convergence if it exists as it is ignored by existing studies. We found that
when constant term is included in the regression or constant and trend term both are included in the
regression both tests (linear and nonlinear panel unit root tests) do not reject the null hypothesis.
Hence our results provide evidence that there is no convergence of SGDP of the Indian states. This
implies that Indian states do not follow balanced growth path. That is Indian states are not growing
together and there is strong mismatch in the growth path of SGDP. Hence, policy implication lies in
making proper strategies by Indian Government in order to have balanced and equitable growth of
SGDP.
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