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Model 2: D(HDI) = 0.22*(HDI - 0.13 LPCGSDPy.; - 0. 006 LEDU,.; - 0.06 LHE, ; + 0.28)
+0.15*HDI(-1) - 0.006*LPCGSDP(-1) -0.01 *LEDU(-1) + 0.12*LHE(-1)) + 0.0068

Diagnostic Check of the Residual

To check the normality of the residual of Model, the present study applied the
Jarque-Bera test. The probability value of this test was 0.935; therefore, the study
accepted the Hy for the model, which means that after taking the log values of
variables, they became normally distributed. Moreover, the heteroscedasticity of
the residuals of the model was checked by the Breusch-Pagan-Godfrey test. The
probability value of this test was found to be 0.203; therefore, the study accepted
the Hy for the model, which indicates that the residuals are homoscedastic. On the
other hand, to check whether the autocorrelation in the errors of the regression
model is present or not, the study used the Breusch-Godfrey (BG) test. The
probability value of this test is found to be 0.769; therefore, the study accepted the
Hy for the model, which reveals that there is no problem with autocorrelation. To
check the long-run stability of the coefficient, the study used the “CUSUM Test
and CUSUM Square Test,” as depicted in Figures 2 and 3. It was found that the
selected models were correctly specified as well as structurally stable, as the plots
of both tests were within the critical limits of the confidence interval. Therefore,
the selected models were correctly specified as well as structurally stable.

Figure 2: CUSUM Test for Model
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Figure 3: CUSUM Squares Test for Model
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Granger Causality Test

The co-integration test demonstrates the existence of a causal relationship among
the variables in the long run, but does not confirm the direction of causality.
Therefore, pair wise Granger Causality test was used in the study as shown in
Table 7. The null hypothesis of this test is that “there is no causality between
variables”. The findings confirmed unidirectional causality from LHE to HDI,
from LPCGSDP to HDI, and from LPCGSDP to LEDU. Moreover, there is
bidirectional causality from LPCGSDP to LHE.

Table 7: Results of Granger Causality Test

Pairs of the Variable F-Statistics P-value Causality (at 0.05 level)
LEDU and HDI 0.369 0.695 No
HDI and LEDU 2.331 0.120 No
LHE and HDI 4916 0.017 Yes *
HDI and LHE 1.360 0.277 No
LPCGSDP and HDI 11.000 0.0004 Yes *
HDI and LPCGSDP 0.001 0.999 No
LHE and LEDU 0.254 0.778 No
LEDU and LHE 0.160 0.853 No
LPCGSDP and LEDU 4.198 0.028 Yes *
LEDU and LPCGSDP 2.886 0.076 No
LPCGSDP and LHE 5.167 0.014 Yes *
LHE and LPCGSDP 3.471 0.048 Yes *

Note: *at five per cent level of significance.
Source: Computed by Authors.
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IV Conclusion and Policy Implications

The economic theories have shown that merely an increase in GDP is not enough
for economic development; growth potential should be converted to human
development. For this, public expenditure has an important role, especially in
development expenditure. Therefore, the present study had analysed the linkage
among development expenditure, economic growth and human development. The
findings confirmed that in Haryana, the level of human development had improved
over the study period. Moreover, education and health expenditure have also
increased in the state. However, the education sector has always given preference
over health sector in Haryana. The findings revealed that in long run there was
positive relation among economic growth, education expenditure, human
development and health expenditure. Moreover, in the short run, PCGSDP,
education has found an insignificant negative impact and health expenditure has
significant positive impact. The study concluded that there is direct positive
relationship between economic growth and human development. Further, granger
causality test showed the presence of unidirectional causality from health
expenditure to human development, PCGSDP to human development and from
PCGSDP to education expenditure. A bidirectional causality was found in the
study, from PCGSDP to health expenditure. All these results signify that the
government should increase development expenditure on education and health
services to enhance the level of human development. Besides the amount of
expenditure, the government should also make an efficient mechanism for use of
expenditure. Moreover, the government should make different policies to provide
basic education and health facilities to the needy people. Conclusively, the study
suggested that the government should focus on human prior services, especially
on education and health for improvement in human development in the state.

References

Appiah, M., R. Amoasi and D.I. Frowne (2019), Human Development and Its Effects on Economic
Growth and Development, International Research Journal of Business Studies, 12(2):
101-109.

Baldacci, E., M. Teresa, G. Siu and L. Mello (2002), More on the Effectiveness of Public Spending
on Health Care and Education: A Covariance Structure Model, IMFWP/02/90 (Washington:
International Monetary Fund).

Canh, N.P. (2018), The Effectiveness of Fiscal Policy: Contributions from Institutions and External
Debts, Journal of Asian Business and Economic Studies, 25(1): 50-66, http://dx.doi.org
/10.1108/JABES-05-2018-0009

Chelliah, R.J. and K. Shanmugam (2001), Some Aspects of Inter District Disparities in Tamil Nadu,
Working Paper No. 1, Madras School of Economics, Retrieved from www.mse.ac.in
/pub/wpshanmugam.pdf (20 December, 2023).

Chelliah, R.J. and R. Sudarshan (1999), Expenditure for Human Development and Public
Provisioning for Poverty Alleviation, In Chelliah, R.J. and Sudarshan, R. (Eds.), Income
Poverty and Beyond: Human Development in India (141-171), Social Science Press, New
Delhi.



Economic Growth and Human Development 239

Dholakia, R.H. (2003), Regional Disparity in Economic and Human Development in India,
Economic and Political Weekly, 38(39): 4166-4172, http://www jstor.org/stable/4414081

Dickey, D.A. and W.A. Fuller (1979), Distribution of the Estimators for Autoregressive Time Series
with a Unit Root, Journal of the American Statistical Association, 74(366): 427-431,
http://doi.org/10.1080/01621459.1979.10482531JSTOR22863 48

Dréze, J. and A. Sen (1995), India: Economic Development and Social Opportunity, Oxford
Clarendon Press, United Kingdom.

Durbin, J. and G. Watson (1971), Testing for Serial Correlation in Least Squares Regression,
Biometrika, 58(1): 1-19, https://doi.org/10.2307/2332391

Ghosh, M. (2006), Economic Growth and Human Development in Indian States, Economic and
Political Weekly, 41(30): 3321-3329, https://www jstor.org/stable/4418499

Global Data Lab (2020), Sub-National HDI-Area Database, Global Data Lab, https://globaldatalab.
org/shdi/

Godfrey, L.G. (1978), Testing Against General Autoregressive and Moving Average Error Models
when the Regressors Include Lagged Dependent Variables, Econometrica: Journal of the
Econometric Society, 46(6): 1293-1301, https://doi.org/0012-9682(197811)46:6%3C1293:
TAGAAM%3E2.0.CO;2-D

Gregory, A.W. and B.E. Hansen (1996), Tests for Cointegration in Models with Regime and Trend
Shifts, Oxford Bulletin of Economics and Statistics, 58(3): 555-560, https://doi.org/
10.1111/5.1468-0084.1996.mp58003008.x

Gujarati, D.N. (2004), Basic Econometrics, McGraw-Hill Education, New York.

Haldar, S.K. and G. Malik (2010), Does Human Capital Cause Economic Growth? A Case Study of
India, International Journal of Economic Sciences and Applied Research, 3(1): 7-25,
http://hdl.handle.net/10419/66597

Haq, M.U. (1995), Reflections on Human Development, Oxford University Press, New York, United
States.

Hasnul, A.G. (2015), The Effects of Government Expenditure on Economic Growth: The Case of
Malaysia, Munich Personal RePEc Archive (MPRA), Paper no. 71254, 1-16, https://mpra.ub.
uni-muenchen.de/71254/

Lucas, R. (1988), On the Mechanics of Endogenous Growth, Journal of Monetary Economics, 22(1):
3-42.

Majumder, R. (2005), Infrastructure and Regional Development: Interlinkages in India, Indian Economic
Review, 40(2): 167-184, http://www jstor.org/stable/29793842

Mishra, A K. and M. Dubey (2017), An Analytical Study of Developmental Expenditure and Human
Development in Chhattisgarh, Asian Journal of Research in Banking and Finance, 7(5): 230-
241, https://doi.org/10.5958/2249-7323.2017.00043.8

Mukherjee, S., D. Chakraborty and S. Sikdar (2014), Three Decades of Human Development across
Indian States: Inclusive Growth or Perpetual Disparity? National Institute of Public Finance
and Policy (NIPFP) Working Paper no. 139. https://www.nipfp.org.in/media/medialibrary/
2014/06/WP_2014_139.pdf

Omodero, C.O. (2019), Government General Spending and Human Development: A Case Study of
Nigeria, Academic Journal of Interdisciplinary Studies, 8(1): 51-59, http://dx.doi.org/10.2478
/ajis-2019-0005

Phillips, P.C.B. and P. Perron (1988), Testing for a Unit Root in Time Series Regression, Biometrika,
75(2):335-346, https:/doi.org/10.2307/2336182

Raj, F., S. Mukherjee, M. Mukherjee and R. Nag (2006), Contempary Development Economics from
Adam Smith to Amartya Sen, New Central Book Agency, Kolkata (India).

Ranis, G. (2004), Human Development and Economic Growth, Center Discussion Paper No. 887,
Economic Growth Center, Yale University, 1-15. http://www.econ.yale.edu/~egcenter/
research.html

Ranis, G. and F. Stewart (2002), Economic Growth and Human Development in Latin America,
CEPAL Review, 2002(78): 7-23.



240 Kirti and Devender

Ranis, G., F. Stewart and A. Ramirez (2000), Economic Growth and Human Development,
World Development, 28(2): 197-219.

Sen, A. and J. Dréze (1995), India: Economic Development and Social Opportunity, Oxford:
Clarendon Press, United Kingdom.

Srinivasan, T.N. (1994), Human Development: A New Paradigm or Reinvention of the Wheel? The
American Economic Review, 84(2): 238-243, http://www jstor.org/stable/2117836

Statistical Abstract of Haryana (Various Issues), Issued by Department of Economic and Statistical
Analysis, Haryana, https://esaharyana.gov.in/state-statistical-abstract-of-haryana/

United Nations Development Programme (2010), Human Development Report 2010: The Real
Wealth of Nations: Pathways to Human Development, https://hdr.undp.org/system/files/
documents//human-development-report-2010-complete-english.human-development-report-
2010-complete-english

---------- (2013), A New Global Partnership: Eradicate Poverty and Transform Economies through
Sustainable Development, https://sustainabledevelopment.un.org/content/documents/8932013
-05%20-%20HLP%20Report%20-%20A%20New%20Global%20Partnership.pdf

United Nations Development Programme, Human Development Report (1990), Human
Development Index, https://hdr.undp.org/content/human-development-report-1990

---------- (2019), Human Development Index, http://hdr.undp.org/en/composite/HDI

Zouhar, Y., J. Jellema, N. Lustig and M. Trabelsi (2021), Public Expenditure and Inclusive Growth-
A Survey, IMFWP/21/83 (Washington: International Monetary Fund).



Artha Vijnana
Vol. LXVII, No. 2, June 2025, pp. 241-258

Do Dalit Villages Lag Behind in Occupational
Opportunities and Social Infrastructure? An Analysis
of Census Data for Marathwada, Maharashtra

Nageshwar Bansode

This paper investigates the relationship between caste and occupational
structure, and access to infrastructure or amenities at the village level in
Marathwada region. This statistical analysis is based on the District Census
Abstract and Village Directory of the Census of India 2011, the explores the
association between the presence of SC or Dalits in population and nature of
workforce. We ranked all villages by the Dalit population in total population
and grouped in fractile from the Marathwada region (eight district) of
Maharashtra. In the last, we examine important characteristics of related to
workers occupation and social infrastructure.

This statistical analyses shows a consistent picture across all districts in
terms of the concentration of Scheduled Caste or Dalits population and
characteristics of the village workforce.. As we move to villages with a higher
proportion of SC, the share of cultivators falls sharply and that of agricultural
workers rises. Further, Dalit-majority villages are worse off than other villages
in respect of availability of school, health facilities, ration shops, ATMs, public
libraries and other types of social and economic infrastructure.

Keywords: Dalit, Village, Occupation, Amenities, Marathwada, Census of India
| Introduction

There is a growing literature on the social and economic deprivation of Dalits in
rural India in the contemporary period, and on forms of deprivation, exclusion and
discrimination of Dalits. On most socio-economic parameters, persons of the
Scheduled Castes fall behind those from other Hindu caste groups. The National
Sample Survey 2013 reported around 58 per cent of Dalit households in rural India
were landless (the corresponding proportion in Maharashtra was 51) as compared
to 44 per cent among all households (Anand 2016, Bansode 2022). There have
been studies based on village level data showing unequal access of Dalit
households to land, assets, housing and other amenities (Ramachandran and

Nageshwar Bansode, Assistant Professor, Dr. B.R. Ambedkar School of Economics University,
Bengaluru, Jnana Bharthi Main Road, Nagarbhavi Post Bengaluru 560072, Karnataka,
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Swaminathan 2012). Several studies show that that the major occupation among
Scheduled Castes in rural India has been and continues to be as agricultural
workers (Thorat 2009, Etienne 2007, Deshpande 1998 and Kumar 2012). There
have been an important set of studies coordinated by Sukhadeo Thorat on
discrimination faced by rural Dalits in access to education, school meals, ration
shops, health services, and jobs.

The approach of this paper is somewhat different in that we look at villages -
- not households or individuals--with a predominance of Dalits and ask if the
nature of amenities and occupations are distinctly different in such villages than in
villages with little or no Dalit presence. In other words, are entire villages
additionally “backward” in consideration of material and social infrastructure and
more limited in terms of occupational choice if they retain a more elevated
population share of Dalits or SC? This type of backwardness is a form of
externality in that all residents of the village are adversely affected irrespective of
individual characteristics such as level of education (Bansode and Swaminathan
2021).

For this exercise, we have chosen Marathwada, one of the most backward
regions of Maharashtra State, comprising the districts, Nanded, Latur, Jalna,
Parbhani, Osmanabad, Bid, Hingoli, and Aurangabad (Human Development
Report of Maharashtra 2012, Kumar 2019, Bansode 2015). Marathwada region
also has a notable Dalit or SC population: persons of the Dalit or Scheduled Castes
contained 16 of the shares of the population as per the Census 2011 as compared
to 12 per cent for the State. (Note that we use Dalits and Scheduled Castes
interchangeably.) The socioeconomic condition of Dalit households in the
backward region of Maharashtra has received exiguous attention, particularly in
the agrarian literature (Bokil 1996, Ramakumar 2011, and Bansode and
Swaminathan 2019). Marathwada region has a history of struggles for the right to
education, land, and livelihood, including the prominent Name Change Movement
and Gairan land struggle (Omvedt 1980, Bansode and Swaminathan 2021).

This paper argues that within this “backward region” of Marathawada,
villages with a high proportion of Dalits have a distinctive occupational structure,
and are poorly off in absolute as well as relative terms in access to basic amenities.
The paper suggests that in addition to focussing on the socio-economic status of
Scheduled Caste persons and households, we also need to study features of villages
with a substantial Scheduled Caste population and how Dalitness of a village
affects all households in terms of physical and social infrastructure, and economic
opportunities.

Using Census data, this paper explores whether there are systematic
variations in occupational structure and access to amenities in villages with
differing social composition. Are there differences across villages in respect of
occupational opportunities and amenities as the Dalitness of the population
changes? To answer this question, we create fractile groups of villages based on
the proportion of Dalits in the population and then examine selected aspects of
villages in each fractile. The statistical exercise is based on village-level data from
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the District Census Handbook 2011 for around 8000 villages in all eight districts
of Marathwada (Bansode and Swaminathan 2019).

Il Data and Methodology

This paper attempts to capture (a) the pattern of employment or occupations and
(b) the availability of basic amenities for around 8000 villages of the Marathwada
region with varying caste composition of the population. Specifically, we ask the
following questions:

1) Do the male and female work participation rates or worker population ratios
vary as the proportion of Scheduled Castes in the population rises?

2) Does the composition of the workforce change (in terms of share of
cultivators and share of agricultural labourers) as the proportion of Scheduled
Castes in the population rises?

3) Does the availability of basic amenities in respect of education, health,
sanitation, transport, communication, and banking vary as the proportion of
Scheduled Castes in the population rises?

The two major sources of data for this paper are the Primary Census abstract
and the Village Directory of the Census of India 2011. The village has been taken
as a unit of study for this analysis of data. Marathwada comprises the following
eight districts: Nanded, Latur, Jalna, Parbhani, Osmanabad, Bid, Hingoli, and
Aurangabad.

The population of each village is subdivided in to three groups: Scheduled
Castes, Scheduled Tribes and Others. For our analysis, first, in each district, all
uninhabited villages were excluded from the Census data files. Secondly, in order
to focus attention on Scheduled Castes, we have tried to exclude Scheduled Tribe-
dominated or Adivasi villages. So, villages with no Scheduled Castes but some
Scheduled Tribes have been excluded. We also excluded villages with Scheduled
Castes but where Scheduled Tribes comprised more than 50 per cent of the
population. Lastly, we divided the selected villages in to fractile groups based on
the share of Scheduled Castes in the total population.

To illustrate, as shown in Table 1, in Nanded district, there were a total of
1485 villages at the Census of 2011, of which 118 were un-inhabited villages.
There were 54 villages with no Scheduled Castes, but some Scheduled Tribes, and
there were 59 villages with Scheduled Castes but with Scheduled Tribes
comprising more than 50 per cent of the population. The final list for Nanded
district thus comprised 1372 villages (Bansode 2022).
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Table 1: Methodology of Village Selection, Nanded District of Maharashtra, 2011

Village type No. of Villages
Census villages 1603
Uninhabited villages 118
SCO0 ST>0 54
SC>0 ST>50 59
Selected villages 1372

Applying the same method, from 8529 Census villages, our analysisi is based
on 7958 villages in the eight selected districts (Table 2).

Table 2: Selected Villages of Marathwada Region by District, 2011

District Number of Villages Selected Villages
Aurangabad 1356 1238
Bid 1368 1324
Hingoli 711 592
Jalna 967 948
Latur 948 909
Nanded 1603 1372
Osmanabad 733 717
Parbhani 843 810
Marathwada 8529 7958

Il Definitions
The definitions of variables used, from the Census of India, are as follows.
Workers

The Census of India classifies the total workforce into four industrial categories,
namely, cultivator (CL), agricultural labour (AL), other workers (OW), and those
engaged in household industries (HI). Cultivators and Agricultural laboures
together constitute the agricultural workforce. In the Census of India (2011),
“agricultural labourer” is defined as one who works in another person’s land for
wages in money or in kind or for share. A “cultivator” is defined as a person
engaged in the cultivation of land owned or held from the government or held from
private persons or institutions for payment in money, kind, or share. Cultivation
includes effective supervision or direction in cultivation. Work participation rate
is defined as the ratio of total workers, both main and marginal workers, to the
total population. Literacy rate is the proportion of literates or persons who can read
or write in any language in the population above the age of seven.
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Amenities

We have used data from the Village Directory of the Census of India 2011
pertaining to educational amenities, health facilities and other amenities (including
sanitation, transport and communication and banking).

Education

In educational amenities, the Census covers all learning institutions from nursery
school to degree colleges and professional courses medical, engineering colleges
and management colleges, and disaggregates them in terms of government and
private institutions. We have selected information for pre-primary to senior
secondary schools.

Pre-primary Schools (PP): Pre-primary schools cover the following: nursery,
kinder garden, pre-basic, and play schools.

Primary Schools (P): Primary schools refer to schools from Standard I to IV.
Middle School (M): Middle schools refer to schools from Standard IV to VIL
Secondary School (S): Secondary schools refer to schools from Standard VII to X.
Senior Secondary Schools (SS): Senior Secondary schools refer to schools for
Standard XTI and XII.

Health

The Census Village Directory provides information on health amenities in terms
of number, distance or access and status (private or public). For further analysis,
we have selected Community Health Centres (CHC), Primary Health Centres or
Sub centres (PHC), Maternity and Child Welfare Centres, Tuberculosis (TB)
clinics, Veterinary hospitals, and mobile health clinics.

Other Amenities

We have analysed data on the following other amenities: access to tap water,
electricity; bank and credit facility comprising ATM, commercial bank,
cooperative bank and agricultural credit societies; communication and transport
facilities comprising post office, public bus, and private bus services; and
miscellaneous amenities comprising ration shop, mandi or regular market,
Anganwadi centre, and public library.

IV Results

For purpose of brevity, only results for Nanded district are reported in the paper.
In 2006, the Ministry of Panchayati Raj named Nanded as one of the country's 250
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most backward districts (out of a total of 640) (Bansode 2022). Where results for
other districts differ substantially from those of Nanded, they are discussed in the
text. The ratio of Scheduled Castes to total population in Nanded district was 19.5,
higher than the ratio for the Marathwada region (16). Note also that 48 per cent of
villages in Nanded district have a share of Scheduled Castes higher than the district
average.

Work Participation Rate (WPR)

The work participation rate for males and females in villages of Nanded district,
arranged in fractile groups based on share of SC population in total population is
shown in Table 3. Tabulations for other districts of Marathwada are available on
request.

Table 3: Male and Female Work Participation Rate (WPR), Villages Ranked by
Proportion of SC Population, Nanded District, Maharashtra 2011
Fractile group based on SC

to population ratio Number of villages Percentage of villages =~ Male WPR Female WPR
0-5 217 15.8 56.0 48.2
5-10 127 9.3 56.7 46.3
10-15 155 11.3 56.2 42.5
15-20 209 15.2 56.1 45.0
20-25 225 16.4 56.3 44.1
25-30 164 12.0 56.4 43.9
30-35 131 9.5 55.5 444
35-40 59 43 55.7 46.6
40-45 42 3.1 56.2 44.8
45-50 21 1.5 55.1 45.1
50+ 22 1.6 58.3 49.6
Total 1372 100.0 56.2 452

The data shows that there is not much variation in male work participation
rate across villages in Nanded district with differing proportions of Scheduled
Castes. A similar result was obtained for the other seven districts of Marathwada
region. Although we expected a rise in work participation ratio for villages with a
higher proportion of Scheduled Castes, this was not the case. However, some
variation was observed in the case of female work participation rate. In Bid and
Osmanabad districts, WPR for females was higher in villages with low SC
population than villages with higher share of SC population.



Do Dalit Villages Lag Behind 247
Cultivators

The variation in share of cultivators in total workers across villages is shown in
Table 4 and Graphs 1 and 2 for males and females respectively.

There is a very systematic pattern in the data, with the share of cultivators in
total workers declining steadily as we move from lower to higher fractile groups.
Cultivators were 52 per cent of all male rural workers in villages with less than 5
per cent of SC population and less than 30 per cent in villages with SCs
constituting over 30 per cent of the population. This difference is visually dramatic
in a box plot (Graph 1).

Table 4: Proportion of Male and Female Cultivators to Total Main Workers
(CLW), Villages Ranked by Share of SC Population Nanded, Maharashtra 2011

Fractile group based on SC to
population ratio

Number of villages Percentage of villages ~ Male CLW Female CLW

0-5 217 15.8 522 413
5-10 127 9.3 49.1 389
10-15 155 11.3 47.4 40.0
15-20 209 15.2 44.9 36.9
20-25 225 16.4 43.7 329
25-30 164 12.0 41.9 325
30-35 131 9.5 41.8 313
35-40 59 43 37.8 27.4
40-45 42 3.1 40.9 28.3
45-50 21 1.5 33.1 22.8
50+ 22 1.6 28.8 21.8
Total 1372 100.0 45.0 353

Graph 1: Boxplot of Ratio of Male Cultivators to Total Main Workers, Villages of
Nanded, Maharashtra 2011
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A similar pattern is observed for female cultivators (Graph 2). Female
cultivators comprised 41 per cent of the female main workers in villages with SC

population less than five per cent; the figure fell to 22 per cent in SC-majority
villages.

Graph 2: Boxplot of Ratio of Female Cultivators to Total Main Workers, Villages
of Nanded, Maharashtra 2011
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The patterns are similar in all the remaining seven districts of Marathwada
region.

Agricultural Labour

As expected, the share of agricultural labour to total main workers (ALW) was
lower in villages with a low proportion of SCs and higher in villages with a high
proportion of SCs. This was true for males and females (Table 5) in Nanded and
remaining seven districts.
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Table 5: Proportion of Male and Female Agricultural Labourers (ALW) in Total
Main Male Workers, Villages Ranked by Share of SC Population, Nanded,
Maharashtra 2011

e el TRemeT oAy femleALw
0-5 217 15.8 37.5 50.5
5-10 127 9.3 38.0 51.9
10-15 155 11.3 37.4 51.2
15-20 209 15.2 40.9 54.6
20-25 225 16.4 41.8 58.1
25-30 164 12.0 44.1 58.1
30-35 131 9.5 44.6 58.9
35-40 59 43 49.6 61.2
40-45 42 3.1 45.9 62.0
45-50 21 1.5 55.8 69.9
50+ 22 1.6 60.0 66.8
Total 1372 100 41.7 55.7

Graph 3: Boxplot of Ratio of Male Agricultural Labourer in Total Workers,
Villages of Nanded, Maharashtra 2011
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The data on agricultural labourers has findings of interest. First, in the
Scheduled Caste majority villages, 60 per cent of male workers and 67 per cent of
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female workers were classified as agricultural labourers. In short, agricultural
labourers comprised the majority of male and female workers in villages with a
high proportion of Scheduled Castes. Secondly, in every fractile group, the
dependence of females on agricultural labour is higher than that of males,
reflecting clearly more limited opportunities for women workers.

Graph 4: Boxplot of Ratio of Female Agricultural Labourers to Total Workers,
Villages of Nanded District, Maharashtra, 2011
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Non-Agricultural Workers

Lastly, we looked at the share of non-agricultural workers (NALW) in total
workers (that is, those engaged in household industry or as other workers) across
villages in the eight districts of Marathwada. The data for males and females is
shown in Table 6.

While there was a clear difference in terms of share of cultivators and that of
agricultural labourers across fractile groups, when added together, the share of the
agricultural workforce was not significantly different across fractile groups. To
put it another way, the share of non-agricultural workers was not only low but not
very different across villages. This reflects the overall backwardness of the district
and the predominance of agricultural activity. The results are similar for the
remaining seven districts.
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Table 6: Share of the Agricultural (AW) Non-Agricultural Workforce (NAW) in
Total Main Workers by Population Group in the Villages of Nanded, Maharashtra,
2011

e TS0 N e v waw
0-5 217 15.8 91.2 8.7

5-10 127 9.3 88.9 11.0
10-15 155 11.3 87.1 12.8
15-20 209 15.2 88.0 11.9
20-25 225 16.4 87.5 12.4
25-30 164 12.0 87.8 12.1

30-35 131 9.5 88.2 11.7
35-40 59 43 87.5 12.4
40-45 42 3.1 88.4 11.5
45-50 21 1.5 91.0 8.9

50+ 22 1.6 89.5 10.4
Total 1372 100 88.5 114

Physical and Social Infrastructure

The availability of amenities is likely to be linked to the size of the village, with
bigger villages having better infrastructure. Table 7 shows the population size of
villages in different fractile groups.

Table 7: Average Size of the Population in Villages of Nanded District Ranked by
Fractile Group of SC to Total Population in Numbers

Fractile group of population Number of villages Average size
0-5 217 846.5
05-10 127 1455.7
10-15 155 2003.0
15-20 209 2221.0
20-25 225 2071.6
25-30 164 1878.4
30-35 131 1526.7
35-40 59 1475.3
40-45 42 1240.2
45-50 21 1221.3
50+ 22 775.0

In Nanded district, the larger villages (with 2000 or more people) are those
where Scheduled Castes comprise 10 to 25 per cent of the population. As the
proportion of Dalits rises above 25 per cent, the population size falls, on average.
The smallest villages were the Dalit-majority villages. (The average population of
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villages with more than 40 per cent Dalits was 1115). Note, however, that villages
with less than five per cent of Dalits were also small villages.

The average size of villages varies in a similar way across fractile groups in
the other seven districts too. In all the districts, the villages with 40 or 50 per cent
of Dalits were the smallest though villages with less than five per cent of Dalits
were also relatively small.

We have examined availability of units per village and not normalised with
respect to population (schools per 1000 persons) as the village is a unit of residence
and we want to locate infrastructure available at close proximity.

Schools and Infrastructure

How does educational infrastructure vary across villages? Given population size,
we expect to find more infrastructure in the larger villages (with SC population
constituting 10 to 25 per cent of total population), and this is the case.
Nevertheless, what emerges is that as we move to higher grades of schooling, the
availability of government schools falls as the share of SC population rises (Table
8). The availability of schools is poor even when compared to villages of a similar
population size (that is, those with 0-5 per cent Scheduled Castes). Let us illustrate.

There was at least one middle school in villages where Dalits constituted 10
to 30 per cent of the population. In Dalit majority villages, the ratio was 0.27
implying that roughly one in four villages had a middle school. The ratio was 0.45
in the first fractile, indicating that there was one middle school for approximately
two villages. When we move to Secondary and Senior Secondary schools, there
were no such schools in villages where Dalits constituted more than 50 per cent of
the population. The ratio was small but positive for villages in the first fractile.

The results were similar for remaining districts of the region, indicating that
physical access to schooling is lower in villages with a high proportion of SCs in
the Marathwada region.

Table 8: Government Schools Per Village in Nanded District for Villages Ranked
in Fractile Group of SC to the Total Population in Per cent

School Type 0-5 05-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50+
Pre - Primary 197 247 298 316 298 284 250 251 236 219 209
Primary 120 155 172 186 1.64 1.62 134 142 131 133 1.18
Middle 045 087 1.15 121 120 1.05 086 090 071 071 0.27
Secondary 0.06 026 039 050 038 037 023 0.15 0.10 019 0.00

Senior Secondary 0.01 006 017 021 0.5 0.09 0.05 008 002 000 0.00
Number of villages 217 127 155 209 225 164 131 59 42 21 22

The availability of private schools was even lower in Dalit-majority villages
(Table 9).
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Table 9: Private Schools Per Village in Nanded District for Villages Ranked in
Fractile Group of SC to the Total Population in Per cent

School Type 0-5 05-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50+
Pre -Primary 0.00 0.00 0.00 000 0.01 000 000 000 0.00 0.00 0.00
Primary 0.01 0.04 007 008 0.12 0.03 003 000 0.02 0.00 0.00
Middle School 0.05 0.09 014 020 0.18 0.14 011 0.10 0.05 0.05 0.05
Secondary 0.01 0.02 006 012 0.09 005 005 000 0.00 0.05 0.00

Senior Secondary 0.00 0.03 005 006 0.04 004 000 000 0.00 0.05 0.00
Number of villages 217 127 155 209 225 164 131 59 42 21 22

Access to private schools in other districts of the Marathwada region was not
very different. In Bid district, for example, there was no private school at any level
in villages where Scheduled Castes comprised the majority.

Health Facilities

With the exception of PHC, all basic health amenities are absent in villages with
SC comprising more than 45 per cent of the population (Table 10). The argument
that smaller villages lack health amenities doesn’t hold as similar size villages in
the first fractile do better than villages in the last two fractiles. There was no
Community Health Centre, Maternity and Child Welfare Centre, TB Clinic or
Mobile Health Clinic in Dalit-majority villages. Even the Primary Health Centre
was only located in 5 per cent of the villages in the last two fractiles, a lower
proportion than in all the other fractile groups.

Table 10: Health Facility in Nanded District for Villages Ranked in Fractile Group
of SC to the Total Population in Per cent

Health Amenities 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50+
Community Health Centre 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Primary Health Centre 0.11 031 035 044 041 039 021 0.19 0.12 0.14 0.05
Maternity & Child Welfare Centre 0.01 0.05 0.06 0.10 0.08 0.04 0.00 0.02 0.00 0.00 0.00
TB Clinic 0.01 0.05 0.06 0.10 0.08 0.04 0.00 0.02 0.00 0.00 0.00
Veterinary Hospital 0.04 0.06 0.10 0.18 0.11 0.12 0.05 0.07 0.05 0.00 0.00
Mobile Health Clinic 0.01 0.02 0.02 003 002 0.02 0.02 0.05 0.02 0.00 0.00
Number of villages 217 127 155 209 225 164 131 59 42 21 22

The overall context is important, as health infrastructure in the entire district
is rather inadequate. There were, for example, only three Community Health
Centres in the district.
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Water and Electricity

We examined a few other amenities from the data in the Census of India Village
Directory (Table 11). Access to clean drinking water is a basic need, and we
calculated the share of villages with treated tap water in each population group.
Only 36 per cent of Dalit-majority villages (the last fractile group) had treated tap
water. This was the lowest proportion across fractile groups, and in all other
fractile groups, the corresponding proportion was 70 per cent or more (except the
first fractile group where it was 60 per cent).

Table 11: Selected Basic Amenities Per Village in Nanded District for Villages
Ranked in Fractile Group of SC to the Total Population in Numbers and Per cent
Other Amenity 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50+
Tap Water treated 130 93 123 117 178 131 101 51 32 15 8
060 073 079 0.6 079 080 077 0.86 076 0.71 036
Power supply for domesticuse 217 127 155 209 225 164 131 59 42 21 22
1.00 1.00 1.00 100 1.00 1.00 100 100 100 1.00 1.00
Number of villages 217 127 155 209 225 164 131 59 42 21 22

All villages of the district, irrespective of population composition, reported
availability of electricity. This does not, of course, tell us about the extent of use
of electric power.

Similar results were found for the seven remaining districts of the
Marathwada region.

Banking and Crediit Facilities

The Census of India provides data on the availability of amenities including
commercial banks, cooperative bank, and agricultural credit, ATM at the village
level. There was no single ATM, and branch of commercial bank, and cooperative
bank in any of the Dalit-majority villages or fractile (Table 12). The statistical
exercise shows that one of the most widespread credit institutions in the rural
Nanded district was the Agricultural Credit Society or PACS (Bansode and
Swaminathan 2021). Even PACS were present in only 8 of the 22 Dalit-majority
villages. If we consider access to any one banking facility, 36 per cent of Dalit
majority villages had such access, a proportion lower than all other fractile groups
but one.
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Table 12: Banking and Credit Facilities Per Village in Nanded District for Villages
Ranked in Fractile Group of SC to the Total Population in Numbers

Banks and Credit Societies 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50+

ATM 2 4 3 1 9 2 1 1 0 0 0
0.01 0.03 0.02 0.00 004 001 0.01 0.02 000 000 0.00

Commercial Bank 3 9 13 24 22 8 5 3 2 1 0
0.01 0.07 0.08 0.11 0.10 0.05 0.04 0.05 005 005 0.00

Cooperative Banks 5 12 29 44 40 24 10 7 3 1 0

0.02 009 019 021 018 0.15 008 0.12 007 005 0.00
Agricultural Credit Society 51 59 97 144 151 96 74 34 17 7 8
024 046 0.63 069 067 059 056 058 040 033 036

Anyone Credit Source 54 62 97 146 155 100 79 34 19 9 8
025 049 063 070 0.69 061 060 058 045 043 036
Number of villages 217 127 155 209 225 164 131 59 42 21 22

Communication and Transport

Next, we investigate access to transport and communication facilities (Table 13).
Public bus services are essential for low-income people and workers to travel
within and beyond the district. As Dalit majority villages are depended more on
the nearest villages, tehsil and district for the work, and education. There is only
82 per cent of Dalit-majority villages reported a public bus service (MSRTC), and
none had a private bus service. And, only 5 out of 22 of these villages had a post
office. Many Dalit majority villages could not receive postal code for the parcel.
Dalit majority villages are depended to nearest village to receive any formal letters
or any postal services.

Table 13: Communication and transport facility per village in Nanded district for
villages ranked in Fractile group of SC to total population in numbers
Communication 0-5 510 10-15 1520 20-25 2530 30-35 35-40 40-45 45-50 50+
Post office 57 66 105 154 139 107 41 26 10 7 5

026 052 068 074 062 065 031 044 024 033 023
Public Bus Service 166 113 142 201 213 158 122 55 35 20 18

076 089 092 096 095 096 093 093 083 095 082
Private Bus Service 1 6 12 20 24 12 8 3 0 2 0

0.0* 005 008 010 0.1 007 006 005 000 010 000
Number of villages 217 127 155 209 225 164 131 59 42 21 22
Note: * The figure is 0.005.
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Miscellaneous Infrastructure

Lastly, we explore the appearance of ration shops or Public Distribution System
(the PDS), regular mandis or local markets, Anganwadi centres and public libraries
in different villages (Table 14). Ration shops were in a large majority of villages
in all fractile groups except the last (Dalit-majority villages). However, the Dalit-
majority villages have to walk nearest village to collect the ration from the PDS
shop. Discrimination is common to Dalits in nature at the market level transactions
such as PDS, local market, and government hospitals (Thorat 2018). There was an
Anganwadi centre in every village, the one success story in terms of social
infrastructure. Given that the Dalit-majority villages are likely to have a relatively
high dependency on the PDS, this is particularly worrisome. There was no public
library in any of the Dalit majority villages nor was there a regular mandi/market.

Table 14: Miscellancous Facility Per Village in Nanded District for Villages
Ranked by in Fractile Group of SC to Total Population in Numbers

Miscellaneous 0-5 5-10 10-15 1520 20-25 25-30 30-35 35-40 40-45 45-50 50+

PDS shop 149 107 138 201 208 149 120 51 38 19 11
069 084 089 096 092 091 092 086 090 090 0.50

Regular Market 0 2 7 20 10 6 1 0 0 0 0

0.00 002 005 010 0.04 0.04 0.01 0.00 0.00 000 0.00
Anganwadi Centre 210 126 154 209 224 164 131 58 41 21 22

097 09 09 100 1.00 1.00 1.00 098 098 1.00 1.00
Public Library 8 22 53 93 81 61 26 14 3 3 0

004 017 034 044 036 037 020 024 0.07 0.14 0.00
Number of villages 217 127 155 209 225 164 131 59 42 21 22

V Conclusion

This paper anaylsed PCA and Village Directory of the Census of India for villages
in eight districts of Marathwada region. The paper grouped villages by the share
of SC in the total population and then examined occupational characteristics and
acccess to basic social and economic amenities across these villages. The data
shows a discriminatory pattern of occupation and infrastructure across all eight
districts, and we reported data from Nanded district to illustrate the findings.

The first set of findings showed that the work participation rate did not seem
to vary across villages differing in the strength of Scheduled Castes, but there
remained a clear difference in occupational structure across villages. As we move
to villages with a higher proportion of Scheduled Castes, the share of cultivators
drops and that of agricultural workers rises. The traditional association between
caste and occupation thus continues to prevail in these villages of Marathwada,
and in villages with a higher proportion of Dalits, employment opportunities were
largely as unskilled manual labour .
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Secondly, in terms of a range of basic amenities and infrastructure, including
schools, health facilities, banking, communication and transport, Dalit-majority
villages were worse off than other villages (excluding wholly Adivasi or
Scheduled Tribe villages). In a relatively backward region (Nanded district and
the region of Marathwada as a whole) with poorly developed social and economic
infrastructure, villages with a high proportion of Scheduled Castes lacked many
basic amenities. This absolute and relative lack of amenities can affect many
outcomes. When there is no secondary school within a village, for example, and
in a region of poor transport, drop-outs among young girls may be expected.

To conclude, Dalit-majority villages have a propensity to be small villages in
terms of population size. If the population size matter to form the social and
economic infrastructure, then the Dalit-majority village likely exclude and under-
served to social and economic progress. There is more matter of inability to form
policies to address the question of Dalits-majority villages. The lag behind comes
from the caste question that

Lastly, Dalit-majority villages tended to be relatively small villages in terms
of population size. Suppose the size of the population becomes a key factor in the
planning of social infrastructure. In that case, Dalit majority villages are likely to
remain under-served with respect to social and physical infrastructure amenities.
While addressing the lack of infrastructure in the district and region, priority
attention must be paid to villages with a significant proportion of Scheduled
Castes.
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Fiscal Performance and the FRBM Act: Special focus
on Assam

Banalata Saikia

Objectives: The primary objective of the study is to evaluate the fiscal efficacy
of the North Eastern states, with a particular focus on Assam, a special category
state, and to examine the effects of the FRBM Act on the state’s performance
for a time frame of 40 years, from 1980—1981 to 2019-2020. Methods: The
ordinary Least Square method has been used to examine the impact of the
FRBM Act and other fiscal indicators on fiscal deficit. Further, trend Analysis
has been employed to check the growth performance of the North Eastern states
of India. Findings: The state of Assam is performing better than the majority of
the other North Eastern states in terms of deficit indicators, while for the other
fiscal indicators, the state’s performance is not up to the mark. Further, the
trend analysis and regression analysis results demonstrate that the state of
Assam has had a beneficial and statistically significant impact of the FRBM
Act. Novelty: The present study tries to analyse the fiscal performance of the
North Eastern states with a special focus on Assam, which has not been covered
by existing literature. As the state of Assam is fiscally prudent after the FRBM
Act, this will be beneficial for the state with a goal-oriented and time-bound
framework with adequate transparency and monitoring mechanisms, may
encourage growth and prosperity.

Keywords: Chow test; Fiscal efficacy; North eastern states; Trend analysis
| Introduction

Fiscal responsibility legislation has developed into an important mechanism for
enhancing fiscal administration and guaranteeing fiscal discipline. This is
especially true in federal countries, whose subnational administrations actively
engage in fiscal indiscipline (Borkakati and Singh 2021). Due to the fact that India
is constituted in a federal system, the country's overall fiscal performance is
heavily dependent on the fiscal performance of its states. If state governments
strengthened their financial management and became more prudent, faster
economic expansion might lead to a broader economic base (Sinha and Ganguli
2019). To safeguard the economic and social environment of the nation as a whole,
it is crucial to reduce the interstate disparities that currently exist between the
states. The Planning Commission and the Finance Commission work to facilitate
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this goal by redistributing resources from the central government to indulge the
fulfillment of the several states. The fiscal system, which includes the allocation
of expenditures, management of debt, and generation of revenue, needs to be
constantly monitored to ensure fiscal discipline and ensure that the macroeconomy
is well balanced (Sarma 2018). As a result, the Government of India is
implementing into effect several fiscal reform incentive schemes, one of which is
called the Fiscal Responsibility and Budget Management Act (FRBMA),
implemented in 2003, with the intention of preserving fiscal balance across the
state.

There are twenty-nine states in total, and eleven of those states, including
Arunachal Pradesh, Assam, Himachal Pradesh, Jammu and Kashmir, Manipur,
Meghalaya, Nagaland, Sikkim, Tripura, and Uttarakhand, are considered to be in
a special category. These states were struggling with several issues, including a
lack of capital and natural resources, a lack of physical and social infrastructure,
and a low economic base. In addition, centuries of economic deprivation and
geographic isolation from India's other regions had led to a high rate of
unemployment, poverty, and economic backwardness. They were receiving grants
and loans in the proportions of 90:10, respectively, to fulfill their demands for
development, in contrast to the general category states, which were only receiving
grants and loans in the ratio of 30:70. In addition, unlike General Category States,
Special Category States do not have to adhere to any strict budget constraints. This
is because the central transfer is significantly higher, and these states also enjoy
the marked benefit of debt relief and debt swapping after the enactment of the
FRBM Act. However, after the 14™ Finance Commission recommendations and
the Planning Commission’s abolition, there is no categorization of states into
General and Special categories, and the central funding pattern is reduced and
restructured. However, these states continued to receive fewer benefits than other
states, which were continued after the 14" Finance Commission recommendations
(Bhattacharjee 2018). As a result, it is of the most crucial importance to analyze
the economic efficacy of the policies implemented by the various governments
and to do so using a standard measurement system. This would show where they
stand with respect to one another as well as the broad category of states.

Several studies have examined how the FRBM Act affects federal and state
fiscal performance. Most research is theoretical and focuses on all states or major
states of India. Singh, Prasad and Sharma (2017) remark that the FRBMA, 2003
outlines fiscal guidelines to encourage Central Government fiscal discipline and
create a stabilized budget with revenue efficiency management. By using the
Ordinary Least Squares technique from 1980-1981 to 2008-2009, Sucharita and
Sethi (2011) studied how the FRBM Act restored fiscal sustainability in India and
identified the main reasons for fiscal imbalance. The FRBM Act does not affect
the ratio of gross fiscal deficit to GDP. Nonetheless, the GDP growth rate has
negatively affected the ratio of gross fiscal deficit to GDP. Badaik (2017)
evaluated how Fiscal Responsibility Legislation (FRL) affected state budgets in
India between 2000-2001 and 2009-2010 using panel data for 28 states. Fixed-
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effect and random-effect models yield regression coefficients. FRLs improve state
performance. Singh (2015) examined the Finance Commission and Planning
Commission funding of special category states by the Central Government. Dash
(2011) evaluates Tripura's fiscal performance as a special category state from
1990-1991 to 2009-2010 after the FRBM Act was implemented. The analysis finds
that the FRBM Act has improved the state's budgetary performance. Singh and
Srinivasan (2006) examined how the intergovernmental transfer system and tax
assignment affect governance, government spending, tax structure efficacy, fiscal
well-being of various levels of government, and economic growth. Jacob and
Chakraborty (2020) evaluate Karnataka's budgetary prudence from 2011-2012 to
2017-2018. By utilising various CAG Reports, NIPFP, and CSO databases, we can
see fiscal factors like expenditures, revenue, debt management, and more. The
author found that states have cut capital expenditures, education, social welfare,
and nutrition, which hurts human growth. Chakraborty and Dash (2017) examine
the fiscal rule's implications on India's 14 most populous states' fiscal balance from
2000-2001 to 2013-2014. The fiscal standard eliminated budgetary disparities in
states, according to the research. The states also cut development spending to
satisfy the fiscal rule's deficit target. Mukherjee (2019) examines how fiscal
regulations affected the Indian state budget from 2001 to 2016. All states can
reduce revenue and fiscal deficits post-FRBM, according to fiscal variables
including income, spending, and debt.

Nonetheless, there is an urgent need for extensive research on the theoretical
concerns and policy implications of the FRBM Act on the fiscal performance of
NER states, all of which are categorised as Special Category. Several studies have
been conducted regarding the fiscal performance of state government finances, as
it pertains to the aforementioned central issue; however, the majority of these
studies have focused on general category states or a specific state, whereas there
have been relatively few studies focusing specifically on Assam as a Special
Category State in comparison to the North Eastern states. As a result, the aim of
this study is: to assess the fiscal efficiency of the state of Assam in its capacity as
a special category state; and to investigate the results of the application of the
FRBM Act for the state finance performance of Assam. The preceding situation in
India has attracted the attention of both policy officials and researchers, who are
now attempting to measure the fiscal performance across the states to learn more
about the fiscal sustainability of those states.

The subsequent section of the present paper is organized in the following
manner: The present section, namely the introduction, provides an overview of the
study's background and objectives and presents a brief review of the existing
literature. The second segment of the paper outlines the data sources and
methodology employed, whereas the third section pertains to the results and
subsequent discussion. The fourth section of the analysis pertains to the
examination of the conclusion segment.
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Il Methodology

This paper exclusively relies on secondary data obtained from official government
sources, such as the Handbook of Statistics on State Government Finances
published by the RBI and the EPW Research Foundation. The research endeavour
seeks to cover a duration of four decades, commencing from 1980-1981 and
concluding in 2019-2020. The duration of the investigation is bifurcated into two
distinct phases, namely Pre-FRBM (1980-1981 to 2004-2005) and Post-FRBM
(2005-2006 to 2019-2020).

Trend Analysis

By examining the provisions and regulations implemented by the contemporary
FRBM Act, its efficacy and suitability have been determined. To analyze the
implications of the FRBM Act on fiscal measures and the performance trends of
key fiscal indicators, such as Revenue Deficit (RD), Gross Fiscal Deficit (GFD),
Primary Deficit (PD), Revenue expenditure (RE), capital expenditure (CE),
Revenue Receipts (RR), Capital Receipts (CR), States’ Own Tax Revenue
(SOTR), States’ Own Non-Tax Revenue (SONTR), Revenue Expenditure (RE),
Capital Expenditure (CE), Internal debt (ID), Outstanding Liabilities (OLS) and
Central Grants (GRT) have been analyzed over time for all the NER states and it
also analyzed for the state Assam before and after the FRBM Act. All of the
reported indicators are expressed as a percentage of their associated Gross State
Domestic Product (GSDP).

Ordinary Least Square (OLS) Approach

Further, the study employs Ordinary Least Square (OLS) to examine the effects of
significant policy changes, such as the implementation of the FRBM Act, on the
financial state of Assam over a period of time. Before performing regression
analysis, it is essential to assess the stationarity of the data series. To achieve this,
the Phillips-Perron (PP) test, introduced by Phillips and Perron in 1988, and the
Augmented Dicky Fuller (ADF) test are commonly employed. Moreover, the
Johansen cointegration test has been employed to investigate the long-run
association among the variables.

Once the stationary characteristics of the indicators have been established, the
OLS method is used to examine the impact of the FRBM Act for equation (1).

GFDit = ao + BiGrasprit-1) T aiREjt + 02SOTRi + a3INDjic + cuDrerpmic + &t (1)
Where GFD shows the percentage share of fiscal deficit to GSDP; Grgspp stands

the GSDP growth rate; RE is the proportion of revenue expenditure to GSDP;
SOTR is states’ own tax revenue to GSDP ratio; IND is the ratio of internal debt
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to GSDP; Derpm is the dummy of the FRBM Act (here, ‘0’ stands before enactment
and ‘1’ after enactment) and ¢ is the stochastic term of the equation. The present
equation is taken for analysis, after the diagnostic tests of autocorrelation and
multicollinearity.

1l Results and Discussion
Fiscal Performance of the North East India

The economic reform process in India has not achieved regional development
equity (Ahluwalia 2002). For the period of both the pre-reform and post-reform
eras, there was a substantial disparity in performance levels among the Indian
states (Sachs, Bajpai, Ramiah, 2002). The reform process favours states that are
already well-governed. Due to multiple impediments, such as less desirable social,
economic, and political conditions, the backward states have never been capable
of taking benefit of reform opportunities. In particular, Special Category States,
which include all eight North Eastern states, were hampered in a variety of ways
due to their limited resources, lack of infrastructure, and geographical location
along international borders. Hence, their capability for revenue collection,
expenditure management, and debt sustainability is compromised (Saikia, Roy &
Shah, 2022). In the next section, trend analysis of the major fiscal indicators is
discuss with respect to deficit, revenue generation, expenditure, and debt from
1980-1981 to 2019-2020.

Trends in Major Deficit Indicators: The North Eastern States

Table 1: Fiscal Performance of the North Eastern States: Deficit Indicators

Year Variable A;:ﬁ;:;lal Assam  Manipur Meghalaya Mizoram Nagaland  Sikkim Tripura NER All States
1980 - GFD - -0.006 -0.024 -0.027 - - -- -0.038 -0.096 0.031
1981 RD -0.012 -- -0.038 -0.143 -0.103 - -- -- -0.152 -0.437
PD 0.021 - -0.013 -0.038 -0.031 - - - -0.051 -0.133
1990 - GFD 0.088 0.086 0.079 - - - 0.210 0.553 0.094 0.090
1991 RD -0.346 0.022 -0.191 -0.081 - - - 0.005 -0.591 0.027
PD 0.035 0.047 0.019 0.044 - - - 0.115 0.260 0.051
2000 - GFD 0.187 0.334 0.284 11.811 0.678 0.187 0.558 14.469 0.257 0.429
2001 RD -0.106 0.095 0.123 -0.060 6.079 0.000 -0.364 0.120 5.887 0.162
PD 0.182 0.082 0.081 0.155 8.630 0.312 -0.103 0.275 9.613 0.108
2010 - GFD 0.145 0.484 0.192 8.726 0.276 0.317 0.140 10.271 0.226 -0.010
2011 RD -1.603 -0.004 -1.146 -0.141 0.403 -0.721 -0.139 -0.452 -3.803 -0.004
PD -0.391 0.006 0.178 0.045 5.370 -0.071 0.129 -0.112 5.154 0.051
2019 - GFD 0.596 0.343 0.414 6.787 0.739 1.040 0.804 11.300 0.403 0.578
2020 RD -1.496 0.053 -0.216 0.057 -1.131 0.111 0.671 -0.256 -2.207 -0.001
PD 0.234 0.417 0.022 0.129 4.885 0.318 0.785 0.527 7.318 0.133
Note: ‘--‘indicates data unavailability.

Source: Authors’ Calculation based on State Finances : A Study of Budgets, RBI and EPWRF data series.
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The trend of the principal deficit indicators of the eight North Eastern states
is analyzed by evaluating their revenue deficit, fiscal deficit, and primary deficit
as a ratio of GSDP (7able I). The revenue deficit signifies the extent to which
present receipts are insufficient to cover current revenue expenditures when it
comes to borrowing for financing purposes. Conversely, the fiscal deficit can be
derived from the deficiency of the government’s total receipts to cover the total
expenditure. The primary deficit is obtained by subtracting the fiscal deficit,
representing the net inflow of borrowings, from the interest payments, which
represent a net outflow of borrowed funds in the form of transfer payments.

During 1980-1981, only four NER state’s data are available, and all of them
show fiscal and revenue surplus as a percentage of GSDP. In case of primary
deficit Manipur, Meghalaya, and Mizoram have primary surplus and the state of
Arunachal Pradesh has deficit. However, NER states in total show surpluses in
terms of all three deficit indicators, while all Indian states together in the year
demonstrate revenue and primary surpluses and fiscal deficit of 0.031 per cent of
GSDP. In period 1990-1991, all the NER states show fiscal deficit, so the total of
NER (0.094) and all states together (0.90) also show deficit, which is slightly more
for the NER states together. Similarly, in case of primary deficit as a percentage
of GSDP ratio also shows that the individual NER states show deficit and they
together have a higher percentage of deficit with 0.260 than the percentage amount
of all states share (0.051). The entire states of NER and the states together, which
is less than that of the all Indian states together, show fiscal deficit during 2000-
01. In case of revenue deficit, only the states of Arunachal Pradesh, Mizoram, and
Sikkim have shown revenue surplus, and all the states except for Sikkim,
demonstrate primary deficit. Besides, the total NER has high percentage of deficit
than the share that all combined states of India. Further, in the period 2010-2011,
all the NER states show fiscal deficit, despite having revenue surpluses by all the
states except for Mizoram. The surplus amount of NER together is almost four per
cent of GSDP, which is four times more than that of all Indian states share.
Furthermore, in the period 2019-2020, the states of NER show high fiscal and
primary deficit to GSDP ratio and it is highest for the state of Tripura. The
percentage share of fiscal deficit for the NER states together is 0.403, which is less
than the share of all Indian states (0.578), while for the primary deficit, it is very
high for the NER states together with almost seven times more than the share that
all states have. In the same period, the states of Arunachal Pradesh, Mizoram,
Manipur, Tripura, and all NER together have revenue surpluses. Thus, it is clear
that the NER states’ performance is quite good in terms of share of revenue deficit
to GSDP, it might be either an increase in their own capacity or the fiscal assistance
they were getting from the centre. However, the state of Assam has deficit in all
three indicators over time except for the fiscal deficit in 1980-1981 and the revenue
deficit in 2010-2011. Again in case of all Indian states, there is revenue surplus in
all the periods except 1990-1991 and 2000-2001, inspite of the implementation of
various fiscal rules through economic reforms during the period.
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Trends in Tax Revenue Indicators: the North Eastern States

The primary factor in determining a state's ability to tax is its tax revenue. It can
be calculated using the gross domestic product (GSDP), which is a proxy for a
nation's tax base. Therefore, total revenue and the capital receipt share can be
viewed as the main indications when analysing the revenue capacity of a specific
state. Other critical indicators include the own non-tax revenue and own tax
revenue to GSDP ratio. Also, for the NER states as Special Category States, central
grants play a major role, so it is considered for the analysis. From Table 2, it is
evident that all major indicators of state governments’ revenue accounts show an
increase in tax capacity for all states. The increasing share of all the revenue
indicators is more for the NER states together than the share of all states of India
together. Besides, in case of the states’ own and non-tax revenue indicators, the
share is less for the state of Manipur, but considering the revenue and capital
receipt, the state shows high revenue generation. Besides, the central grant is also
increasing for all the NER states till 2010-2011 but certainly falling during 2019-
2020. However, for all the states, the rate of states’ own tax and non-tax revenue
fluctuates across the states over time. Thus, inter-state variation has been observed
within the region in respect of various revenue-generating indicators. Also,
variation in revenue indicators has been observed in the NER states and all Indian
states together.

Table 2: Fiscal Performance of the North Eastern States: Government Revenue

Arunachal

Year  Variable Pradesh Assam Manipur Meghalaya Mizoram Nagaland Sikkim  Tripura NER  All States
1980 - RR - 0.122 0.387 0.308 - - -- 0.522 1.339 0.136
1981 CR - 0.042 0.143 0.022 - - -- 0.064 0.272 0.047
SOTR - 0.015 0.009 0.017 - - -- 0.016 0.057 0.055
SONTR - 0.062 0.106 0.075 - - -- 0.136 0.378 0.027
GRT - 0.022 0.247 0.191 - -- -- 0.319 0.779 0.022
1990 - RR 0.276 0.849 0.680 -- - -- 1.209 4.253 0.332 1.239
1991 CR 0.211 0.151 0.182 0.106 -- - -- 0.313 0.963 0.123
SOTR 0.009 0.065 0.037 0.069 - -- -- 0.063 0.244 0.152
SONTR 0.141 0.043 0.051 0.036 -- -- - 0.045 0.316 0.046
GRT 0.805 0.092 0.521 0.420 - - -- 0.720 2.557 0.063
2000 - RR 0.685 1.492 1.288 26.086 2.682 3.169 2.054 39.417 0.680 1.962
2001 CR 0.443 0.227 0.285 0.371 9.546 0.503 0.350 0.561 12.285 0.321
SOTR 0.042 0.172 0.070 0.135 0.454 0.106 0.242 0.157 1.379 0.332
SONTR 0.130 0.064 0.060 0.099 1.272 0.083 1.062 0.119 2.887 0.090
GRT 1.553 0.245 1.129 0.868 21.606 2.336 1.602 1.482 30.820 0.109
2010- RR 1.681 4.611 2.407 45.304 4.448 3.023 2.886 69.532 1.311 5.173
201 CR 30.754  16.302  19.679 7.556 29.748 10.065 4.058 7.726 39.889 5.597

SOTR 0.205 0.433 0.227 0.323 1.746 0.202 0.277 0.347 3.760 0.646
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Year  Variable A;?::::rl Assam Manipur Meghalaya Mizoram Nagaland  Sikkim Tripura NER  All States
SONTR 0.506 0.173 0.221 0.170 1.970 0.163 1.129 0.074 4.405 0.129
GRT 3.775 0.492 3.322 1.407 33.657 3.469 1.096 1.838 49.058 0.229

2019- RR 2.592 5.168 3.526 53.557 5.910 2.419 2.711 84.223 2.051 8.340

2020 CR 7.607 6.805  10.022 104.070 8.034 7.556 6.052 27.288 7.736 12.143
SOTR 0.688 0.664 0.582 0.708 4.053 0.497 0.485 0.518 8.196 0.940
SONTR 0.365 0.223 0.065 0.199 2.897 0.176 0.346 0.067 4.337 0.200
GRT 2.252 0.832 2.564 1.042 29.873 3.549 0.441 1.088 41.640 0.411

Note: ‘--‘indicates data unavailability.
Source: Authors’ Calculation based on State Finances : A Study of Budgets, RBI and EPWRF data series.

Trends in Major Expenditure Indicators: the North Eastern States

The position of the NER states' revenue and capital expenditure expressed in
proportion to GSDP is used to evaluate the trend of the main expenditure
indicators. Table 3 demonstrates that all the NER state’s share of both revenue and
capital expenditure to GSDP ratio is increasing over the period. Surprisingly, the
expenditure ratio in revenue and capital account shows that the NER states
together are very high than the share that all Indian states have together. As a
result, the central government ought to praise them on their expenditure
management while adhering to a deficit target. Besides, the state of Assam has
fewer shares of revenue and capital expenditure, than the other NER states. The
state of variation in revenue-generating indicators will lead to disparities in major
expenditure heads of the states.

Table 3: Fiscal Performance of the North Eastern States: Government Expenditure

Year Variable A;?;;:Sfl Assam Manipur Meghalaya Mizoram Nagaland Sikkim  Tripura NER All States
1980 - RE - 0.083  0.248 0.205 - -- - 0.368 0.905 0.124
1981 CE - 0.093  0.308 0.144 - -- - 0.237 0.782 0.066
1990 - RE 0.893 0.299  0.659 0.599 - - - 1.213 3.662 0.359
1991 CE 0.484 0.120 0313 0.183 - - - 0.283 1.383 0.097
2000 - RE 1.857 0.779 1.616 1.229 32.189 2.682 2.803 2.174 45329 0.841
2001 CE 0.609 0.147  0.357 0.391 8.378 0.784 0.676 0.503 11.845 0.152
2010 - RE 3.568 1.677  3.465 2.265 45.643 3.727 2.887 2434 65.667 1.307
on CE 1.746 0.219 1.732 0.429 9.934 1.236 0.526 0.703 16.527 0.317
2019 - RE 6.844 2.645 4953 3.583 52.424 6.021 3.090 3.296  82.857 2.145
2020 CE 2.358 0.670  0.881 0.525 9.626 1.015 0.575 0.394 16.045 0.540
Note: ‘--‘indicates data unavailability.

Source: Authors’ Calculation based on State Finances : A Study of Budgets, RBI and EPWRF data series.
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Trends in Debt Indicators: The North Eastern States

Table 4: Fiscal Performance of the North Eastern States: Debt Indicators

Year Variable All;;l ::;h;l Assam Manipur Meghalaya Mizoram Nagaland Sikkim Tripura NER Sgiles
1980 - OLS - 0.171 0.273 0.103 - - - 0.241  0.787 0.202
1981 IND - 0.022 0.094 0.044 - - - 0.097 0258 0.037
1990 - OLS 0.969 0.675 0.841 0.420 - - - 1.261  4.167 0.641
1991 IND 0.097 0.076 0.296 0.069 - -- - 0.334  0.873  0.096
2000 - OLS 1.510 1.242 2.671 1.579 43.308 3.030 3.130 2989 59.458 1.737
2001 IND 0.217 0.497 0.857 0.515 15.181 1.445 1425 0919 21.057 0.523
2010 - OLS 3.349 1.934 5.282 2.451 62.558 5.248 2430  3.400 86.653 2.564
2on IND 1.698 1.308 2.650 1.406 25.104 3.585 1.647  1.854 39.251 1.677
2019 - OLS 6.792 2.955 5.517 4.615 49.912 7.159 3.974 4479 85404 4.111
2020 IND 3.527 2.115 3.388 3.110 20.639 4.650 2.650  2.717 42.796 3.023
Note: ‘--‘indicates data unavailability.

Source: Authors’ Calculation based on State Finances : A Study of Budgets, RBI and EPWRF data series.

The trend of crucial debt indicators for the NER states has been assessed using
their outstanding liabilities, internal debt, and interest payments in proportion to
GSDP. Table 4 demonstrates that, in terms of debt indicators, viz., outstanding
liabilities and internal debt have increased significantly among states over time.
The ratio of internal debt and outstanding liabilities is increasing more for the state
of Mizoram. Moreover, the ratio shared by all the NER states together is more than
the ratio shared by all Indian states and it is very high during 2000-2001 to 2019-
2020. Thus, it is clear that the NER states had more debt obligations than the other
states, leading to a burden of debt in the future.

Fiscal Performance of Assam: Impact of FRBM

The state Assam is a Special Category State among the eleven states in this
category. The Special Category States were largely constrained for their
geographical, topographical, and socio-economic disadvantages. However, the
fiscal performance of these states is not up to the level of General Category States
(Saikia, Roy & Shah 2021). The Special Category States were also following the
fiscal rules, that were implemented by the centre and other states of India. During
20005-06, the state of Assam implemented the FRBM Act for better management
of state finances. In this section, an analysis of the major fiscal indicators trend has
been shown during the Pre- and Post-FRBM period. Table 5 shows that the fiscal
deficit for the state increased, while the revenue deficit turned out as surplus during
the Post-FRBM period. The primary deficit to GSDP ratio is also declining for the
state than the Pre-FRBM era. The revenue receipts, capital receipts, states’ own
tax and non-tax revenue, and central grants are also increasing for the states during
the Post-FRBM period. The increasing rate is more with respect to capital receipts,
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states” own tax revenue, and central grants. Further, the ratio of both the revenue
and capital expenditure share of GSDP increased after the implementation of the
FRBM Act. The internal debt and outstanding liabilities are also increasing, which
leads them into indebtedness. But, if the state uses the debt amount in a productive
way, that may lead them toward a growing economy.

Table 5: FRBM Act’s Impact: State Finance of Assam

Variables Pre-FRBM Post-FRBM
GFD 0.077 0.155
RD 0.017 -0.092
PD 0.015 0.010
RR 0.406 1.956
CR 0.223 10.247
SOTR 0.096 0.503
SONTR 0.047 0.192
GRT 0.152 0.587
RE 0.423 1.864
CE 0.120 0.335
OLS 0.757 2.096
IND 0.228 1.349

Source: Authors’ Calculation based on State Finances : A Study of Budgets, RBI and EPWRF data series.

In this section, the growth trend of the fiscal indicators is analyzed over time,
which will give a clear picture of the transition in the trends before and after the
implementation of the FRBM Act for the state of Assam.

Figure 1: Pre- and Post-FRBM Growth Trends of the Major Deficit Indicators
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Figure 1 shows that, till 2005-2006 (the FRBM implementation year of the
state), the trend of revenue fiscal and primary deficit to GSDP demonstrated less
fluctuation. During, 2006-2007 to 2019-2020, the fluctuation of the ratio is more,
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indicating that the FRBM Act failed to maintain the stability in deficit
management. All three indicators follow a similar pattern of fluctuation over time
but only revenue and primary account have surpluses in the years of 2008-2009
and 2015-2016. Again, in the year 2018-2019, the state had a revenue surplus, it
might be due to increasing revenue generation through SGST (State Goods and
Service Tax), for which the state gets around 50 per cent share of total revenue.

Figure 2: Pre- and Post-FRBM Growth Trends of the Major Revenue Indicators
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Figure 2 represents the trend of major revenue expenditure indicators over
time. The trend line shows that all the indicators are increasing after the FRBM
Act implementation, while the increasing rate is very high for capital receipts, due
to receiving more internal debt amount. However, for the other indicators, the
trend line follows almost similar growth over time. The state's own and non-tax
revenue trend growth is very low for the state before and after the implementation
of the FRBM Act. The capital and revenue expenditure is increasing with an
increase in revenue and capital receipts. However, the increasing rate of revenue
collection is less than the rate of revenue and capital expenditure, indicating that
the state borrows more to cover the expenditure.
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Figure 3: Pre- and Post-FRBM Growth Trends of the Major Expenditure Indicators
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Figure 3 shows a growing trend, with respect to both revenue and capital
expenditure and it is growing more over time with the variation in various deficit
indicators as shown in Figure 1. The rate of increase is more during the Post-
FRBM period. Therefore, it is clear that the state is able to utilize the revenue
towards development needs. The variation in the revenue expenditure of the state
is more than the capital expenditure after the FRBM Act implying larger extent of
expansion in the economic and social services.

Figure 4: Pre- and Post FRBM Growth Trends of the Major Debt Indicators
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Source: Authors’ Calculation based on State Finances : A Study of Budgets, RBI and EPWRF data series.

Figure 4 demonstrates that there is a growing trend of outstanding liabilities
and internal debt of the state over time. The growing rate is high for the outstanding
liabilities. During 2019-2020, both trends reached the highest rate of outstanding
liabilities (2.96) and internal debt (2.12). Thus, it is clear that both outstanding
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liabilities and internal debt are increasing after the enactment of the FRBM Act,
leading to more future indebtedness for the state.

The Response of the Fiscal Policy Function

In this section, the ordinary least squares is used to check the effect of FRBM Act
implementation and the other fiscal indicators on the ratio of fiscal deficit to
GSDP. Before choosing the ordinary least squares approach, the first step is to
look into the time-series properties and long-run correlation (cointegration) among
the variables over time.

Unit Root Test: Testing Stationarity

Before selecting the ordinary least squares method, an examination of the time-
series attributes of the various variables was performed. These variables include
the share of Fiscal deficit-GSDP, the rate of GSDP growth, FRBM dummy,
Revenue Expenditure, states’ own tax revenue, and internal debt as a proportion
of GSDP. The ADF and PP tests were utilized in this investigation. The null
hypothesis posits the presence of a unit root at the level in both cases, while the
alternative hypothesis asserts the stationarity of the data series. The results
obtained from both experiments indicate that all variables remain stable at their
respective levels, as presented in Table 6.

Table 6: Estimates of Unit Root Tests

. ADF-Test PP-Test

Variables
Level Level

GFD -4.652 *** -4.780 ***
GRaspp -4.908 *** -4.949 ***
RE -2.538 ** -2.547 **
SOTR -6.002 ** -4.975 **
IND -8.482 ** -8.527 **
Drrem -6.106 ** -6.106 **

Note: *** and ** denote one and five per cent level of significance respectively.
Source: Authors’ Calculation based on State Finances : A Study of Budgets, RBI and EPWRF data series.

Cointegration Test: Searching Long-run Co-Movement

Meanwhile, all the indicators were initiated to be I(0) in terms of both ADF and
PP tests, the next step is an attempt to test the presence of long-run steadiness
among the indicators, by using cointegration tests. In this regard, the Johansen
cointegration test has been used, where the null hypothesis posits the absence of
cointegration, while the alternative hypothesis posits the presence of cointegration
throughout the series. The results of the test statistics reveal evidence of
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cointegration, indicating a co-movement between the variables over time (Table
7).

Table 7: Estimates of Panel Cointegration Tests

Linear deterministic trend
Series: GFD Gr(}spp RE SOTR IND DFRBM

No. of CE Eigenvalue Trace Statistic Critical Value Prob.**
None* 0.790 154.872 95.753 0.000
At most 1* 0.664 95.422 69.818 0.000
At most 2* 0.420 53.879 47.856 0.012
At most 3* 0.351 33.117 29.797 0.020
At most 4* 0.268 16.642 15.494 0.033
At most 5* 0.117 4.750 3.841 0.029

Notes: Trace test indicates 6 cointegration eqn(s) at five per cent level; * denotes rejection of the hypothesis at
five per cent level.

Source: Authors’ Calculation based on State Finances : A Study of Budgets, RBI and EPWRF data series.

Table 8: Results of Ordinary Least Square
Dependent Variable GFD/GSDP

Number of Observations = 40

Regressors Coeff. Std. Error t-stat. Prob.
GRgspp -0.567 0.435 -1.301 0.201
RE/RR 0.638 0.144 4.410 *** 0.000
SOTR/GSDP -1.570 0.579 -2.712 *** 0.010
IND/GSDP 0.021 0.071 0.308 0.759
Drrem -0.214 0.070 -3.066 *** 0.004
cons -0.049 0.023 -2.123 ** 0.040
R-squared 0.694

Adjusted R-squared 0.649

S. E. of regression 0.085

Log-likelihood 44.821

F-statistic 15.438

Prob (F-statistic) 0.000

Mean dependent var 0.106

S.D. dependent var 0.144

Akaike info criterion -1.941

Jarque Berra 4.486 Prob. 0.106

Breusch Pagan Test 0.830 Prob. 0.537

Breusch-Godfrey Serial

Correlation LM Test: 1044 Prob. 0.363

Note: *** and ** indicates one and five per cent significance levels, respectively.
Source: Authors’ Calculation based on State Finances : A Study of Budgets, RBI and EPWRF data series.
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Further, the study utilized Ordinary Least Squares (OLS) to examine the
effects of significant policy changes, such as the implementation of the FRBM
Act, on the financial status of Assam over a period of time. Before analysis, the
indicators were assessed for their stationarity and cointegration properties.
According to Table 8, the OLS analysis indicates that the impact of the FRBM Act
on the percentage of fiscal deficit-GSDP is statistically significant at a one per cent
level for the state. The coefficient of the FRBM dummy variable is negative,
indicating that the implementation of the FRBM Act had a favourable impact on
the fiscal deficit of the state. The implementation of the FRBM Act has been
observed to hold considerable importance in the management of fiscal deficits.
The findings indicate that, at a significance level of one per cent, there is a positive
correlation between revenue expenditure and GSDP for the state. It also observed
that the state’s own tax revenue has a notable and adverse effect on fiscal deficit.
Specifically, a reduction of one per cent in states’ own tax revenue to GSDP results
in a corresponding increase of -1.570 per cent in the fiscal deficit.

IV Conclusion

The present study provides a comprehensive examination of the fiscal
performance of the North Eastern Region (NER) states, with a particular emphasis
on Assam, both before and following the implementation of the FRBM Act. The
findings indicate that Assam's deficit and expenditure account performance is
comparatively inferior to that of other NER states. The collective performance of
the NER states was satisfactory across various fiscal indicators, with the exception
of outstanding liabilities and internal debt. Following the implementation of the
FRBM Act, most of the states in the NER region experienced a surplus in revenue
and sustained revenue-generating activities; however, in terms of debt
sustainability and fiscal deficit, the performance was not particularly satisfactory.
The causes of the aforementioned situation may be attributed to the differential
utilisation of central resources by states, with the majority of states effectively
leveraging these resources in accordance with their capacity to achieve sustained
fiscal stability, while a few states have failed to do so and are heavily dependent
on central grants. The regression analysis reveals that the state of Assam
experiences a statistically significant negative impact of the FRBM Act, resulting
in a decrease in the ratio of fiscal deficit to GSDP, subsequent to its
implementation. The potential negative impact of the 14" Finance Commission's
recommendation to eliminate discretionary disbursements associated with Central
grants, Centrally Sponsored schemes, and Special Plan Schemes on the state's
future is a matter of concern.
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Appendix
Variable Obs. Std. Dev. Min Max
GFD 40 .106 -0.157 0.595
GSDP 40 .043 -0.050 0.156
SOTR 40 248 0.015 0.703
RE 40 963 0.083 2.645
IND 40 .648 -0.008 2.115

Drrem 40 375 0 1
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Does Intraday Bitcoin Market Anomalies Have
Geographical Nexus? Discussion and Future
Research

Anjitha Ajith and Santhosh Kumar S.

This paper provides evidence for differential behaviour of market participants
in trading differently at different intervals of the day by examining intraday
anomalies in Bitcoin. One-minute interval prices of Bitcoin from January 2021
to June 2022 were collected and used heatmaps and student's t-tests for the
analysis. Short-run intraday anomalies are found during some hours of both
Bitcoin exchanges. These anomalies have casual geographical nexus to stock
market timings of US, Canada, India, China, Saudi Arabia, and Netherlands.
As far as the authors are concerned, this study gives conclusive evidence for
short-run intraday anomalies in Bitcoin markets and its geographical nexuses.

Keywords: Intraday anomaly, Bitcoin, Cryptocurrency, Informational
inefficiency, Abnormal returns, Time-of-the-day effect

| Introduction

Cryptocurrency has become a buzzword among financial market participants
during the last decade. The expeditious growth of cryptocurrencies has captured
the attention of investors to speculators. The introduction of Bitcoin, the first
cryptocurrency, has led to the sprouting up of several other coins later which are
popularly referred to as altcoins. Presently, cryptocurrencies hold an overall
market capitalisation of more than a trillion dollars (Coinmarketcap.com 2023).
Empirical research on cryptocurrencies is on the rise marking approximately, a
twenty per cent increase in the number of publications in 2022 compared to the
previous year (based on the number of publications from Scopus). Being a 24/7
highly volatile market, studies have advanced in the area of informational
efficiency, volatility connectedness, herding behaviour of investors, safe haven
properties of cryptocurrencies, etc. (Ballis and Verousis 2022, Bouri, Gupta and
Raubaud 2019, Dumrongwong 2021, Duc Huynh, Burggraf and& Wang, 2020,
Hussain Shahzad, et. al. 2020, Kumar, et. al. 2022, Shahzad, et. al. 2019, Shahzad,
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et. al. 2021, Urquhart 2016). Whether cryptocurrencies can be considered as a
financial asset? Whether its markets are efficient? What about its price dynamics?
and so on are still long pending research questions that need conclusive evidence.

Out of all the cryptocurrencies, Bitcoin still holds the first mover advantage.
Holding a substantial part of market capitalisation, Bitcoin has attracted people to
confidently invest and trade. Abnormal gains in the Bitcoin market were found
common during its initial years (Urquhart 2016, Vidal-Tomas and Ibafiez 2018,
Aharon and Qadan 2019). Later, at least a ‘weak form of efficiency’ is
occasionally reported in the Bitcoin market (Nataraj and Chu 2017, Tiwari, et. al.
2018, Dumrongwong 2021). Contradicting to the theory of market efficiency,
price anomalies have also been analysed by Aharon and Qadan (2019), Caporale
and Plastun (2019 a,b), Ma and Tanisaki (2019), Kellner and Maltritz (2022), and
many others.

More often, their analyses were made based on the daily closing prices of
Bitcoin. These are low-frequency data which are not useful for examining intraday
dynamics. On the other hand, high-frequency data, i.e., prices recorded at every
one minute, every ten minutes and so on available for the Bitcoin market offers
scope for intraday dynamics (Vidal- Tomas 2022a). These tick-by-tick data are
highly reliable and show the absolute characteristics of the data compared to low-
frequency data. The higher the number of observations, the more accurate the
estimators and more precision can be ensured (Gencay, et. al. 2001, Mallinger-
Dogan and Szigety 2014). A study by Bariviera and Merendiz -Zola (2021), stated
that a lion’s share of research in cryptocurrency has used daily data for their
analysis. Only 12 per cent the of studies have considered intraday data like one-
minute, five-minute, ten-minute, hourly prices, etc. Therefore, simply a few
studies have explored the advantages of high-frequency data and their findings
regarding the presence or absence of intraday anomalies are not decisive (Baur, et.
al. 2019, Eross, et. al. 2019, Wang, Liu and Hsu 2020). A consistent finding is yet
to be added to the literature. In this paper, we re-examine whether intraday
anomalies are really present in the Bitcoin market and establish some nexus to the
timing of those anomalies in terms of stock market timings across the globe.

The structure of the rest of the paper is organised as follows. The second
section represents an overview of the literature related to price anomalies in the
Bitcoin market. The third section describes the sample and methodology used for
the analysis of the study. Later, section four explains the empirical analysis
followed by a discussion of the empirical results obtained. Finally, the last section
provides the concluding remarks.

Il Review of Literature

The Efficient Market Hypothesis (EMH) by Fama (1970), one of the pioneering
works in market efficiency, had been tested and retested several times by
numerous researchers in varied global contexts like stock markets (Narayan, Liu
and Westerlund, 2016, Rizvi SAR, et. al. 2014, Wang, et. al. 2010), commodity



Bitcoin Market Anomalies 277

markets (Kristoufek and Vosvrda 2014, Kumar and Pandey 2013) and currency
markets (Kang 2019, Phiri 2022). With the advent of cryptocurrencies, the
informational efficiency of cryptos was also examined using the same
methodology for market efficiency as in the case of stock, commodity and
currency markets (Ajith and Kumari 2022, Dumrongwong 2021, Tiwari, et. al
2017, Urquhart 2016). Urquhart (2016) empirically tested informational efficiency
in 2013 and confirmed inefficiency in the Bitcoin market. His works later found
weak form of efficiency during later periods (2013-2016). Later, Tiwari, et. al.
(2017), Nadarajah and Chu (2017), and Dumrongwong (2021) found that the
Bitcoin market appears to be often efficient. Noticeably, Vidal-Tomas and Ibaiiez
(2018) found no evidence for semi strong form of efficiency in the Bitcoin markets
while examining the influence of Bitcoin on external information.

Even though the EMH theory assumes the rationality of market participants,
there are numerous evidence for the irrational behaviour of market participants
(Daniel and Titman 1999, Ko and (James) Huang 2007, Lin, Tsai,& Lung. 2013,
Vasileiou 2017). Anomalies in the prices occur when market participants behave
irrationally (Khresna Brahmana, Hooy and Ahamad 2012, Brav, et. al. 2002,
Lawrence, McCabe and Prakash 2007). Calendar anomaly is one of the price
anomalies that refers to the existence of a particular pattern in the prices of
financial assets during any specific period that can be designated as ‘time-of-the-
day’, ‘day-of-the-week’, ‘month-of-the-year’ and so on. Several stock market
studies across the globe have reported these kinds of patterns existing in stock
market data which is contrary to EMH (Basher and Sadorsky 2006, Plastun, et. al.
2020, Raj and Kumari 2006).

Research addressing calendar anomalies in cryptocurrencies has risen
recently. The day of the week and volatility of Bitcoin prices were examined by
Aharon and Qadan (2019) who found that high returns and volatility exist on
Mondays. Similarly, Ma and Tanisaki (2019), observed significantly different
patterns in crypto price volatility on Mondays as well as on Thursdays. Caporale
and Plastun (2019b) identified a significant pattern in the returns of Bitcoin on
Mondays. Later, Kinateder and Papavassiliou (2021) documented that there is no
evidence of the conventional day-of-the-week patterns in Bitcoin returns during
the period 2013-2019. Again, Kaiser (2019) examined the patterns in the
cryptocurrency market and found no consistent evidence for patterns in the crypto
markets except some confirmations for the Monday effect in the Bitcoin market.
Subsequently, Dumrongwong (2021) made an analysis using the daily returns of
five major cryptocurrencies and didn't find any specific patterns in the cryptos,
except for Ethereum and Litecoin. However, Kumar (2022) found the turn-of-the-
month (TOM) effect in Bitcoin, Ethereum and Litecoin. He also added that the
returns at TOM were positive, and they are significantly higher compared to non-
TOM returns. Unlike the previous studies on calendar anomalies, he identified that
Bitcoin is more consistent with the assumptions of a weakly efficient market,
confirming the conclusion of Urquhart (2016).
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In addition, asset prices can display intraday anomalies during the trading
session, a phenomenon commonly known as intraday anomalies. Substantial
research has identified numerous instances of such anomalies. Notable intraday
anomalies discussed in previous literature include half-of-the-day effects, last-
hour and first-hour effects, as well as hour-of-the-day effects in the stock market
(Bogousslavsky 2021, Caporale, et. al. 2016). Moreover, Caporale, et. al. (2016)
reported that securities tend to experience upward movement in the first 45
minutes and the last 15 minutes of a trading day. In addition to the aforementioned
anomalies, Khademalomoom and Narayan (2019) elucidated three other time-of-
the-day effects in currency markets: the local market post-opening effect, major
market activities effect, and market overlapping effects. The local market post-
opening effect denotes the tendency for prices to depreciate during the post-
opening hours in local markets. The major market activities effect refers to
fluctuations in currency returns occurring during the opening and closing times of
global markets. Finally, an anomaly observed during overlapping trading times
between major markets is termed the overlapping times effect. This study focused
on currency markets, and the results consistently supported these findings.

The literature recently addressed the intraday anomalies in Bitcoin returns
using high-frequency data. Baur, et. al. (2019) analysed the price and volume of
Bitcoin during the period from 2011 to 2017 and found no patterns among the
different calendar effects studied by them. However, Eross, et. al. (2019) found
intraday patterns in Bitcoin volumes traded, i.e., the volume of trade shoots up
during afternoon periods of the day (UTC). Later, Wang, et. al. (2020) examined
a sample of Bitcoin prices up to 2019 and found intraday patterns in volatility and
volume of trade in Bitcoin. Followed by these studies, Bouri, ef. al. (2021) made
a study on 5-minute prices of Bitcoin and revealed an opportunity to predict
intraday returns. They had eliminated Bitcoin prices during COVID-19, to avoid
the possible effects of COVID-19. Also added that the predictability of Bitcoin is
not strong enough.

The current literature is not conclusive about the efficiency or otherwise of
the Bitcoin market. Some studies have identified anomalies and patterns in the
volume as well as in the price volatility of the Bitcoin market. However, intraday
anomalies addressed with high-frequency data like one-minute price data are rare.
Therefore, our study aims to examine whether Bitcoin markets behave irrationally
during any period in a trading day (intraday anomaly). Similarly, the study
addresses a fresh query regarding the geographical nexus of the anomaly timings
with stock market timings across the globe.

11l Materials and Methods
Data

The USD (United States Dollar) prices of Bitcoin at one-minute intervals available
with Bitcoincharts.com were used for the analysis. The crypto market being a 24-
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hour market, the data on Bitcoin prices across the exchanges from hour 00 to hour
23 are collected. The data timestamps are as per Coordinated Universal Time
(UTO).

Among five hundred-plus crypto exchanges around the world, the top two
Bitcoin exchanges based on the volume of trade (Approx. 70 per cent), viz.,
Kraken and Bitstamp, were chosen to collect price data. In light of the research by
Vidal-Tomas (2022b), highly liquid Bitcoin exchanges were selected to avoid
problems related to the adequacy of data. The previous studies on bitcoin intraday
patterns, especially the latest study by Bouri, et. al. (2021) considered data up to
2020 for detecting anomalies. Thus, we chose the sample period from January
2021 to June 2022.

The initial analysis aimed to divide the trading day into quarterly segments,
driven by previous studies in both stock and currency markets that indicated
differences in market behaviour during different hours of the day. Past research
has shown that early trading hours often experience high market volatility
(Bogousslavsky 2021, Kalev and Pham 2019, Ochiai, Takada and Nacher 2014).
Furthermore, Ohta (2006) observed that price clustering is typically pronounced
during market openings, gradually diminishes as trading progresses and exhibits a
high magnitude again at the end of the day. Consequently, it is imperative to
segment a trading day into logical subdivisions to derive meaningful findings.

For the analysis, a trading day (24 hours) is divided into four quarters of six
hours each: Quarter 1 (Q1), Quarter 2 (Q2), Quarter 3 (Q3), and Quarter 4 (Q4).
This division enables us to examine whether different quarters exhibit distinct
behaviours, as each quarter encompasses different times of the trading day. Q1
comprises the initial six hours, from hour 00 to hour 05. Q2 spans from hour 06 to
hour 11, Q3 covers hour 12 to hour 17, and Q4 encompasses the final hours, from
hour 18 to hour 23. The summary statistics of the full sample and subsamples are
shown in Table 1.

Table 1: Summary of the Data Set

Sample Period 01 January 2021 to 30 June 2022
Sample Full Sample Subsample
p (Q1 to Q4) Quarter 1 Quarter 2 Quarter 3 Quarter 4
Qb (82) (Q3) (Q4)

. Hour 00to Hour 06 to  Hour 12 to Hour 18 to
Timestamp (UTC) 24 hours Hour 05 Hour 11 Hour 17 Hour 23
No of Kraken 784496 196200 196200 196200 195896
observations Bitstamp 785160 196560 196560 195480 196560

Note(s): The table I shows the summary of the data collected from 01 January 2021 to 30 June 2022. The number
of observations in the quarters is not equal due to some of the missing observations.
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Tools for Analysis

The analysis was done using one-minute interval returns. The one-minute interval
returns of Bitcoin were calculated by,

Rt =[Pt/ (Pt-1)]-1*100 (D

Where Rt is the return calculated, Pt stands for the closing price at time t, and
P(t—1) is the closing price at time t-1.

Our study uses heatmaps to check the presence of intraday anomalies in the
returns of Bitcoin using the colour variations in the heatmaps (Baur, et. al. 2019).
Heatmaps contain different cells where each cell exhibits a corresponding numeric
value, i.e., one-minute returns of Bitcoin. Heatmaps are graphical representations
generally used to visualize the intensity of variables and anomalies in data. The
deepness of the colour indicates the extreme values (either abnormally high or
abnormally low) in the Bitcoin returns. The lighter the colour, the lesser will be
the value and vice versa. (Lane, et. al. 2020).

Referring to the studies of Kaiser (2019) and Baur, et. al. (2019), we also used
t-statistics to identify intraday patterns in Bitcoin. The t-statistics confirms the
presence or absence of anomalies in the Bitcoin returns by comparing the
hypothesized value and sample mean. The middle value of the sample is the
hypothesised value considered for testing.

IV Empirical Analysis
Descriptive Statistics
The full sample covers the 24 hours in a trading day, and subsamples are four
quarters of 6 hours each (Q1 to Q4). Table 2 and Table 3 report the descriptive

statistics of the sample from the two exchanges, Kraken and Bitstamp.

Table 2: Descriptive Statistics of the Sample from Kraken

Kraken
Sample Full Sample Subsample
Hours Q1 to Q4 Ql Q2 Q3 Q4
Mean 7.60E-06 -3.21E-04 2.14E-04 -7.81E-06 2.31E-04
Median 2.70E-06 1.94E-05 3.04E-05 4.35E-05 1.67E-05
Std. Deviation 0.1186 0.1108 0.1118 0.1324 0.1180
Variance 0.014 0.012 0.013 0.018 0.014
Skewness 0.113 0.058 -0.697 0.248 0.653
Kurtosis 140.65 159.04 394.19 55.37 43.86
Minimum -09.11 -06.64 -09.11 -03.78 -03.27
Maximum 08.07 06.67 08.07 05.21 04.93

Note(s): The table 2 presents the descriptive statistics of the sample collected from Kraken exchange from 01
January 2021 to 30 June 2022.
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Table 3: Descriptive Statistics of the Sample from Bitstamp

Bitstamp
Sample Full Sample Subsample
Hours Q1 to Q4 Ql Q2 Q3 Q4
Mean 6.01E-05 -3.40E-04 2.03E-04 -9.18E-07 2.09E-04
Median 5.80E-06 9.08E-06 7.01E-06 -1.08E-04 2.80E-06
Std. Deviation 0.1250 0.1190 0.1156 0.1390 0.1251
Variance 0.016 0.014 0.013 0.019 0.016
Skewness -0.004 0.202 0.245 0.084 -0.497
Kurtosis 54.83 81.70 30.17 40.53 67.59
Minimum -06.90 -05.11 -03.41 -03.52 -06.90
Maximum 05.00 05.00 02.81 03.64 03.25

Note(s): Table 3 presents the descriptive statistics of the sample collected from Bitstamp exchange from 01
January 2021 to 30 June 2022

The mean and median of all the quarters are negligible as it is minute-wise
returns. Therefore, the figures are represented in their standard form (exponential
form), and tables with detailed figures were attached in the appendix for further
reference (see Table Al and Table A2). Kurtosis measure reveals that the data are
leptokurtic.

Heatmap and Mean Test Results of the Full Sample

First, we plotted the log returns calculated from the full sample to heatmaps. Since
the heatmaps drawn using one-minute price data were complex to display, the
average return of 15-minutes time interval is plotted in the heatmap for managing
a decent presentation. Heatmap identifies the relational magnitude of Bitcoin
returns in terms of the colour of the heatmap, which varies from blue to ivory based
on the magnitude of returns. The deep blue colour in the heatmap indicates higher
returns and the lighter ivory colour indicates lower returns. Figures 1 and 2 show
the heatmap of Bitcoin returns from Kraken and Bitstamp. Since 15 minutes’
average returns are plotted, there are four data points in an hour. H00.00 minute in
the heatmap represents the average return of the first fifteen minutes of each
quarter. H00.15 minutes represents the average return of the next fifteen minutes
and so on.
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Figure 1: Heatmap of the Full Sample of Kraken
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Figure 2: Heatmap of the Full Sample of Bitstamp
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The heatmap of both the exchanges show similar patterns of returns
throughout the full sample period. The intensity of colours in Figure 1 and 2
reveals that the highest value was observed in Q3, whereas Q1 holds the lowest
value. There are no signs of anomalies within the quarters. The mean test
conducted (see Table 4) comparing the mean of Bitcoin returns in each quarter
with the middle value of returns in the respective quarters also confirms no
anomaly as these values are not statistically different (p value > 0.00).

Table 4: Student's t-Test Results of the Full Sample

Exchange Kraken Bitstamp

Quarters Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Mean -0.0003 0.0002 -0.0000 0.0002 -0.0003 0.0002 -0.0000  0.0003
P- value 0.167 0.378 0.933 0.351 0.248 0.384 0.348 0.656
t statistic -1.381 0.881 -0.085 0.932 -1.154 0.871 0.938 0.446

Note(s): The table 4 shows the t statistic and p-value of the student's t-test employed on the full sample taken
from Kraken and Bitstamp exchanges.

Heatmap and Mean Test Results of Subsample

We further moved to check the presence of anomaly in each quarter based on
hourly data in both the exchanges. Each quarter is consisting of six hours each and
the heatmaps are drawn hour-wise based on the average return of every two

minutes in each hour (see Figures 3 to 10).

Figure 3: Heatmap of Q1 of Kraken
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Figure 4: Heatmap of Q2 of Kraken
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Figure 6: Heatmap of Q4 of Kraken
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Figure 7: Heatmap of Q1 of Bitstamp
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Figure 8: Heatmap of Q2 of Bitstamp
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Figure 10: Heatmap of Q4 of Bitstamp
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Out of Figures 3 to 6 (Kraken Q1 to Q4) anomaly is visible in the hour 3 (see
Figure 4), hour 14 (see Figure 5), and 22 (see Figure 6). Similarly, Figures 7 to 10
(Bitstamp Q1 to Q4) show anomalies in hour 3 and hour 14. These observations
from the heatmaps are further confirmed in the mean test run on the hourly returns
(see Table 5).

Table 5: Student's t-Test Results for Q1, Q2, Q3 and Q4

Quarters  Hours Exchange P-value Mean t statistic
Ql Hour 00  Kraken 0.782 -0.0001 -0.277
Bitstamp 0.954 -0.0000 0.057
Hour 01  Kraken 0.885 0.0001 0.144
Bitstamp 0.923 0.0000 0.097
Hour 02  Kraken 0.581 -0.0003 -0.552
Bitstamp 0.818 -0.0002 -0.230
Hour 03 Kraken 0.014 ** -0.0014 -2.467
Bitstamp 0.027 ** -0.0013 -2.215
Hour 04  Kraken 0.084 * -0.0010 -1.725

Bitstamp 0.125 -0.0010 -1.532
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Quarters  Hours Exchange P-value Mean t statistic
Hour 05  Kraken 0.877 0.0000 -0.155
Bitstamp 0.953 0.0000 -0.058
Q2 Hour 6 Kraken 0.316 0.0006 1.003
Bitstamp 0.348 0.0006 0.870
Hour 7 Kraken 0.578 0.0003 0.556
Bitstamp 0.618 0.0003 0.499
Hour 8 Kraken 0.327 0.0005 0.981
Bitstamp 0.316 0.0006 1.003
Hour 9 Kraken 0.605 0.0003 0.517
Bitstamp 0.766 0.0002 0.298
Hour 10 Kraken 0.410 -0.0005 -0.824
Bitstamp 0.468 -0.0005 -0726
Hour 11 Kraken 0.237 0.0007 1.182
Bitstamp 0.209 0.0008 1.257
Q3 Hour 12 Kraken 0.940 0.0000 -0.075
Bitstamp 0.904 0.0000 -0.120
Hour 13 Kraken 0.908 0.0000 -0.116
Bitstamp 0.905 0.0000 -0.120
Hour 14  Kraken 0.050 ** 0.0015 1.963
Bitstamp 0.088 * 0.0014 1.958
Hour 15 Kraken 0.066 * -0.0014 -1.836
Bitstamp 0.389 -0.0013 -0.861
Hour 16 ~ Kraken 0.881 0.0001 0.149
Bitstamp 0.775 0.0001 0.286
Hour 17 Kraken 0.758 0.0002 0.308
Bitstamp 0.363 0.0000 0.910
Q4 Hour 18  Kraken 0.498 -0.0004 -0.678
Bitstamp 0.766 -0.0005 -0.297
Hour 19  Kraken 0.558 -0.0004 -0.585
Bitstamp 0.689 -0.0003 -0.400
Hour 20 Kraken 0.584 0.0004 0.547
Bitstamp 0.974 0.0000 -0.033
Hour 21  Kraken 0.716 0.0002 0.364
Bitstamp 0.795 0.0002 0.260
Hour22  Kraken 0.033 ** 0.0014 2.138
Bitstamp 0.257 0.0015 1.135
Hour 23 Kraken 0.960 0.0000 0.05
Bitstamp 0.835 0.0001 0.208

Note(s): The null hypothesis rejection is indicated by **at five per cent and *at 10 per cent level of significance.
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V Discussion

The study examined the intraday anomaly in Bitcoin returns using one-minute
price data collected from the Kraken and Bitstamp exchanges. The pioneering
study by Baur, et. al. (2019) that examined intraday anomalies with high-
frequency data of Bitcoin couldn't bring any conclusive finding regarding the
presence of price anomaly in the market. However, the results of our research
confirm short-run intraday anomalies in the Bitcoin market. The hourly analyses
of Bitcoin return for the sample period witnessed abnormal returns during the 3™
and 14" hour (UTC) in both exchanges. Likewise, hours 4, 15 and 22 (UTC) are
also showing anomalies in the Kraken exchange.

Following the results obtained, the study further sought the possibilities of
geographical connections to the time when anomalies were identified. Therefore,
the authors cross-checked the UTC timing of anomalies found in the study with
the stock market timings across the globe to casually link the anomalies to stock
market timings (see Table 6). Interestingly, the hours 3 and hour 14 (UTC) found
in the study that have anomalies throughout the sample period are the opening
hours of Indian stock markets and the US and Canada, respectively. Also, hour 15
corresponds to the opening hour of the Chinese Stock markets. Similarly, hour 22
represents the hour next to the closing time of stock markets in the U.S. and
Canada. Hour 3 (UTC) is equivalent to 09.00 a.m. as per Indian Standard Time
(IST). Indian stock markets, viz., the Bombay Stock Exchange (BSE) and National
Stock Exchange (NSE) commence trading at 09.00 a.m. The working hours of
these stock exchanges are from 09.15 a.m. to 03.30 p.m. (IST). The 14" hour of
UTC represents 09.00 a.m. in EST/EDT (Eastern Standard Time/ Eastern Daylight
Time), the opening time of bourses in the U.S., specifically, the New York Stock
Exchange (NYSE), NASDAQ and Toronto Stock Exchange in Canada. The hour
15 UTC represents the 9.00 a.m. in CST (Central Standard Time), i.e., the opening
hours of Chinese stock markets (Shanghai Stock Exchange and Shenzhen Stock
Exchange). Hour 22 (UTC) represents 05.00 p.m. (EST) which is the adjacent hour
to the closing time of the U.S. and Canadian markets.

This phenomenon resembles the 'major markets activities effect' as discussed
in the study conducted by Khademalomoom and Narayan (2019). The major
market activities effect pertains to the significant fluctuations observed in asset
prices during the opening and closing times of major financial markets.

This shows a prospect of having a geographical connection to these anomalies
found in the Bitcoin market. This adds a further scope for analysis in future studies
to examine whether there exists any causality between these nexuses. Therefore,
the possibility of market integration among the Bitcoin and stock markets around
the world cannot be eliminated completely.
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Table 6: Stock Market Timings and Bitcoin Market Anomaly

Presence of

Time UTC trading

Name of the exchange Rank** Continent « Trading hours anomaly at UTC
Zone hours hours

New York Stock Exchange 1 North EST® 09.30 am- 14.30-21.00 Anomaly at hour

(NYSE), United States America 04.00 pm 14

Nasdaq Stock Market, United 2

States

Toronto Stock Exchange (TSX), 5

Canada

Shanghai Stock Exchange 3 Asia CST®  09.30am-  15.30-21.00 Anomaly at hour

(SSE), China 03.00 pm 15

Shenzhen Stock Exchange 6 09.30 am-  15.30-20.57

(SZSE), China 2.57pm

National Stock Exchange, India 8 IST® 09.15am-  03.45-10.00 Anomaly at hour

Bombay Stock Exchange Ltd., 3.30 pm 3

India

Saudi Stock Exchange, Saudi 9 AST¢ 10.00 am- 14.00-19.00 Anomaly at hour

Arabia 03.00 pm 14

Euronext Amsterdam, 4 Europe CEST® 09.00 am-  07.00- 15.30 Anomaly at hour

Netherlands 05.30 pm 15

Note(s): **The ranking of exchanges was based on the market capitalisation of listed companies as of August
2022 (source: statista.com, 2022).

*Time zones followed by the stock exchanges are reported, i.e.,

Eastern Standard Time (EST), *Central Standard Time (CST), °Indian Standard Time (IST), YAtlantic Standard
Time (AST), and “Central European Summer Time (CEST).

VI Conclusion

The study examined the presence of intraday anomalies in the Bitcoin market with
high-frequency one-minute data. We found evidence of anomalies, particularly in
some of the trading hours on all days. These short-run intraday anomalies provide
opportunities for making abnormal profits for traders and investors. Similar to
stock and currency markets, short-run anomalies in the Bitcoin markets even offer
chances for arbitrage profits.

The anomaly timings identified in the study coincide with the opening times
of major stock markets globally, resembling the 'major markets activities effect'
found in previous literature on currency markets (Khademalomoom and Narayan,
2019). Further inquiries and robust methods of analysis must be employed to
affirm the causality of the geographical nexus between Bitcoin intraday anomaly
and stock market timings. New studies that include more Bitcoin exchanges may
further confirm the intraday arbitrage possibilities across Bitcoin markets.
Similarly, analysis of trade volumes in the Bitcoin markets may confirm the
influence of retail and institutional investors in the market.
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List of Abbreviations

UTC - Co-ordinated Universal Time

BTC - Bitcoin

EMH - Efficient Market Hypothesis

TOM - Turn of the Month

uUSD - United States Dollar
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Q4 - Quarter 4

NYSE - New York Stock Exchange

NASDAQ - National Association of Securities Dealers Automated Quotations

TSX - Toronto Stock Exchange

EST/EDT - Eastern Standard Time/ Eastern Daylight Time

SSE - Shanghai Stock Exchange
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IST - Indian Standard Time
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