International Business Management 10 (19): 4653-4658, 2016

ISSN: 1993-5250
© Medwell Journals, 2016

Test of Causality Between Two Macro Variables:
A Case of India

Bipasha Maity
Thiagarajar School of Management, Pamban Swamy Nagar,
Thirupparakundram, 625005 Madurai, India

Abstract: There are a plenty of research attempted to capture the causal relationship between GDP and
Government Expenditures (GE). Since, the direction of causal relationship between these two macro variables

1s still inconclusive, T have taken a modest attempt to test a few hypotheses with respect to the relationship in
question through this research. 1 gathered data on GDP and GE over a period 1960-2014 and fit the Vector
Autoregressive (VAR) and Vector Error-Correction (VEC) models to data. Out of three hypotheses, one 1s
confirmed that 1s GE Granger causes GDP of India. Policy makers/managers would get insight from the findings
of this research to formulate better public policy/business strategy.
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INTRODUCTION

The ultimate goal of any government is to push
its own country toward economically sound. This
goal does not happen to be achieved automatically.
Government needs to frame and implement sound
economic policy to ensure a healthy economic growth
rates to give its population a good quality life. Only
government’s proper fiscal policy will ensure lugher and
stable economic growth rates. On the other hand,
government expenditures measure the degree of economic
development of any country.

Economic progress of a nation 1s measured through
two indices these are Government Expenditures (GE) and
GDP (Homles and Hutton, 1990; Levine and Renelt, 1992,
Ghali and Al-Shamsi, 1997, Ghali, 1999; Loizides and
Vamvoukas, 2005, Tang, 2009). Hence, anyone can
suspect that there might be a hidden relationship between
government expenditires and GDP. The relationship
between the GDP and the Government Expenditure (GE)
has been a lively controversy among the studies in the
world. Tn this context, a few strategic propositions could
be framed whether GDP drives GE, GE drives GDP and
GDP and GE are causing one another simultaneously
(Gurgul et al., 2012; Loto, 2011).

These propositions need to be tested empirically
for policy malkers/managers whose policy/strategy is
mfluenced by these two variables (Akinlo, 2013
Arghyrou, 2000; Liu and Hsu, 2008, Chimobi, 2009,
Mudaki and Masaviru, 2012, Oteng-Abayie and
Frimpong, 2009, Zamaman et af., 2012). However, this

issue has been studied extensively in past for general
purposes only without clearly defined its stakeholders. It
is to be noted that this study differs from others since T
attempt to capture the lidden relationship between
Govermnment Expenditures (GE) and GDP of India to assist
policy makers/managers to formulate a sound public
policy/business strategy.

Literature review: To get substantial insight into the
tentative propositions, I do an extensive literature survey
in the field of economics. T pooled a substantial number of
empirical works reported a causal relationship between
GDP and GE. It 15 to be noted that I gathered the most
relevant studies related to phencmenon under study
since my worlk is not a literature review. T assigned these
relevant studies nto two groups on the basis of their
findings: bidirectional causality observed studies and
unidirectional (positive or negative as the case may be)
causality observed studies. I discuss both in turn.

Bidirectional: Singh and Sahm (1984) used data on public
expenditure and national income of India to see the
direction of causality between GDP and GE. The authors
found that the GDP and GE cause one another. In another
study, Wu et al. (2010) analyzed data on government
expenditures and GDP for 182 OECD and non-OECD
countries and observed bidirectional causality between
them in both cases. Payne and Ewing (1996) reported
mixed findings using data on GDP and govemment
expenditure of a sample of 22 countries. In a recent
study, using data on GDP and government
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expenditures of Saudi Arabia, Al-Hagbani (2004) found
bidirectional causality between these two macroeconomic
variables.

In a relatively bigger study, Fasano and Wang (2001)
observed bidirectional causality between government
expenditure and GDP. In a similar vemn, Aregbeyen (2006)
also found bidirectional causality between GDP and
government expenditure using data of Nigeria over a
period 1970-2005. Anwar ef al. (1996) attempted to pursue
an ambitious research covering 88 countries data on GDP
and government expenditure over a period 1960-1992 and
found bidirectional causality between them for eight
countries. Cheng and Lai (1997) also observed that the
GDP and GE mfluence one another m a case of
South Korea. In sum, there is a substantial number of
studies reported bidirectional causality between GDP
and GE (Devlin and Hansen, 2001, Biswal et al,
1999),

Unidirectional (positive): A sizeable number of studies
reported a positive relationship between GDP and
government expenditure (Alexiou, 2007, Aschauer,
1990; Abdullah, 2000, Al-Yousif, 2000, Barro, 1990,
Kolluri et al., 2000). In a slightly different study, Wahab
(2011) examined the effect of government expenditures on
economic growth using both cross-sectional and panel
data. The author found a positive relationship between
economic growth and government expenditures. In
another research, Donald and Shuanglin studied the
differential effects of various forms of expenditures on
economic growth of 58 countries. Their results reveal that
the govermment expenditures (on education and defense)
influence economic growth positively.

Using both the cross-sectional and time series data
on GDP and GE over a period 1950-1980 of 115 countries,
the author has observed a positive influence of GE on
GDP (Ram, 1986). Cooray (2009) used data on GDP,
government expenditures and quality of govemance
of 71 countries and seen that the GE has a positive
effect on GDP. Using data on GDP and GE of US,
Liu ef al. (2008) found that the government expenditures
drive GDP 1n case of US. A similar relationship has
been reported in a study of 51 developing countries by
Alkitoby et al. (2006).

Unidirectional (negative): There are a substantial number
of studies reported that the government expenditures and
GDP are negatively related (Al-Faris, 2002; Barro, 1991;
Engen and Skinner, 1992; Folster and Henrekson, 2001,
Husnam et al., 2011, Landau, 1986). Particularly, n a

cross-sectional research, Landau (1983) found an inverse
relationship between GDP and GE using data of 96
countries. In a similar study, Devarajan et al. (1996)
observed a negative relationship between GDP and GE for
a group of developing countries. Loto (2011 ) used data on
GDP and govemment expenditure over a period 1980-2008
of Nigeria and found a negative relationship between
GDP and government expenditures as observed by
Nurudeen and Usman (2010). In a systematic study of
113 countries, Grier and Tullock (1989) found that the GDP
has a negative effect on the government expenditures.

In summary, T could say that GDP and GE are
causing one another. However, the direction and extent
of influence on each other differ by countries. Policy
makers/managers wouldn’t be so confident to use the
findings of the above studies te formulate public
policy/strategy in case of Indian scenario. They needed
solid evidence on the relationship between GDP and GE
in respect to their own country. To assist the Indian
policy makers/ managers, T think more research need to be
done on the issue in hand.

In the above backdrop, we set our research direction
concermng “how GDP affects GE and vice-versa (how GE
affects GDP)” in this research while this aspect has
received considerable attention in past, the interplay
between the two remains fuzzy. I do this research that
goes beyond just fill the gap in the literature to add
m the decision making process of policy
makers/managers directly or indirectly related to Indian

value

€COINOINIC $Cenario.
MATERIALS AND METHODS

Research design

Model and hypotheses: A simple plot indicates that both
the variables GDP and GE are evolving overtime together.
Further, T found a constant ratio between the values of
GDP and GE overtime which indicates these two are
co-integrated. These two criteria (not reported due to
space constraint) ensure (not statistically) that GDP and
GE might be co-integrated (Granger, 1986, Henssens et al.,
2003). That 1s these two show a joint dynamic behavior in
reality which can’t be seen through bare eyes. To
understand the joint dynamic behavior of a collection of
macro variables, vector autoregressive was introduced by
Sims (1980). With two variables GDP and GE and order-p
VAR of two equations:

1 P
Ve =Byt 2 By Ve +2 BrpXyy TV @
p=1 p=1
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B B
Xt = BXU + 2 Bxypyt—p + 2 Bxxpxt—p +Vtx‘
p=1 p=1

Where:

v, = GDP at period t

Vi = p period lagged GDP
X, = GE at period t

Xip = p period lagged GE

= Parameters to be estimated

((B))yﬂa Byyp: Byxp)
Buor Puys Pp)

v v = Error terms

The parameters in Eq. 1 help me to test the tentative
hypotheses as mentioned above. T represent all three

hypotheses mathematically with respect to Eq. 1:

¢+ H,;: GE Granger causes GDP of India

That is mathematically, Hy: By = Ppo = .. = P = 0
agamst H: ., = Bz = .. = B0
* H,, GDP Granger causes GE of India
That 1s mathematically, Hy: B, = Bz = ... = Py, = O against
Ha: Byxl = Byxz =... 7 BYXP#O
¢+ H,; GDP and GE of India Granger cause one another
simultaneously
That 1s mathematically, Hy: ., = Bo= ... = f,,= 0
and Py, = PByy = ... = Py, = O against Hy By =P = ... =

Byp*Oand B, = By = ... = Py, #0.

I would like to mention that only testing Granger
causality between GDP and GE is not sufficient to help
managers/policy maker to make informed decisions. They
also need to know how GDP and GE react to deviation
from the long term equilibrium. To solve this, I consider a
Vector Error-Correction (VEC) Model (Davidson and
Hendry, 1981; Davidson et al., 1978, Engle and Granger,
1987, Granger, 1986, Hendry, 1986, Hendry and Richard,
1983; Phillips, 1954; Sargan, 1964). With two variables and
p lagged length the bi-variate VEC model can be written
mathematically as:

P b4
Ay, = BYD + E Bmﬂyhp +2 BWAXFP +
p=1 p=1

)\"y (Vi — Oy — X, )+ v

P n
Ax, =B, + E BXWAyt_p +2 BXXprt_p +
p=1 p=1

Ay, —0p —ox, )+ v

Where:

Ay, = First differenced GDP at period t
Ay, = p period lagged first differenced GDP
Ax, = First differenced GE at period t

Ax, = p period lagged first differenced GE

(B))¥e By Peer = Parameters to be estimated

BXU’ Bxyp: Bxxp)

(A Ay) = Parameters to be estimated
v, v = As mentioned above
Data base: To test the hypotheses and estimate

parameters, T collect inflation adjusted year-wise data on
GDP and GE from the World Bank reports over a period
1960-2014. I prepared a data file consists of 55%2 data
points on per capita GDP and GE of India. Tt is to be noted
that T have tested source reliability of data by comparing
to that reported in Reserve Bank of India (RBT) reports.

RESULTS AND DISCUSSION

As a preliminary check, T verify that both the data
series (GDP and GE) are stationary. Tn this context, T use
an Augmented Dickey-Fuller (ADF) regression to test
whether both the series have unit root. In this case, I
included four lagged differences to eliminate serial
correlation in the error term of Dickey-Fuller regression.
Results are posted in Table 1.

Test statistic values (in Table 1) are more negative
than the critical value even at 1% level of significance.
Hence, T reject the hypothesis of presence of unit root
that is both the series are stationary. On the other hand,
to assess the optimal lag length (p in the above equation),
T use AIC and SBIC criteria. At various lag length, the
estimated values are shown in Table 2.

The values of AIC and SBIC of all 4 lags are available
for data begmning 1960, even though the fewer than 4
lags could be used for such a long period. In this case,
both the criteria support a lag of one, so that is what we
choose in this work. In a nut shell, T could fit a VAR model
of one lag to data without confusion.

Table 1: Augmented dickey-fuller test for unit root
Tnterpolated Dickey-Fuller (CV) (%6)

Variables Test statistic 1 5 10
GDP -5.211 -3.496 -2.887 -2.577
GE -4.77

Mackinnon approximate p-value for z (t) = 0.0001, CV: Critical Value

Table 2: Results of AIC and SBIC

Lag AIC SBIC
0 14.25 14.55
1 12.15 13.22
2 12.45 13.72
3 13.21 13.85
4 13.95 14.11

ATC: Akaike Tnformation Criterion; SBIC: Schwartz-Bay esian Information
Criterion
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Table 3: Validation statistics for VAR model

Table 5: Estimates of VECM

LM

Variables R* y? p-values EV 1 2 3 4
GDP 0.37 97.45 <0.01 0.87 5.6 4.7 5.9 82
GE 0.17 36.17 <(.01 0.51

Table 4: Estimates of VAR model

Variables Coefficient SE t-values p-values R? v?  p-values
GDP

GDPL1 0.35 0.09 2,77 0.005 0.37 9745 <0001
GEL1 0.23 0.09 2.40 0.016

Constant 1.60 0.25 6.40 <0.001

GE

GDPL1 0.15 0.80 0.18 0.200 0.17 36.17 <0001
GEL1 0.29 0.08 3.63 <0.001

Constant 1.22 0.37 3.29 <0.001

T run VAR regressions starting the data from1960
with one lag which is 1961. Results are the coefficients
from OLS estimation of the two regressions plus some
system and individual equations goodness-of-fit
statistics. Results are presented in Table 3 and 4. Table 3
represent validation statistics and coefficients of lagged
GDP and GE are posted in Table 4. I interpreted validation
statistics {irst and the estimates next. It is to be noted that
T present and interpret the statistically significant results
(VAR or VEC model as the case may be) only in this work.

To assess the Validity of VAR, I test for stability and
autocorrelation of the residuals. Results are shown in
Table 3. The Eigen values are less than one which
indicates the system is stable. T use a Lagrange multiplier
test for the joint null hypothesis of no autocorrelation of
the residuals of the two equations. I cammot reject the null
of no serial correlation at orders 1 through 4 at any
conventional significance level. Furthermore, T observe
moderate R? for GDP and GE which means the VAR model,
gives a good fit to the data. In a nut shell, T don’t have
sufficient evidence to contradict the validity of VAR
model.

To determine whether GDP and GE of India influence
one another, I use Granger causality tests. Test
results (in Table 4) reveal that the effect of lagged GE on
GDP is significant (the p-value is 0.016) and effect of
lagged GDP on GDP is also significant (the p<0.005). That
1s there 13 a strong evidence to confirm the hypothesis
(H,,) in this case. In other words, GE Granger causes
GDP which means lagged GE affects GDP conditional on
the effect of lagged GDP. Then it 1s confirmed that lagged
GE helps to predict GDP of India.

On the other hand, the impact of lagged GDP on GE
is insignificant at any conventional significance level.
However, the impact of lagged GE on GE is significant at
high significance level (p<0.001). This evidence 1s not
enough to reject our second hypothesis (H,,). That is
GDP does not Granger causes GE which means GDP will

Variables/

predictor Coefficient SE t-values p-values R? v?  p-values
AGDP

B 0.296 0.161 1.834 0.035 0.322 12042 <0.001
Bt 0.034 0123 2753 0.0

Byt 0.138  0.081 1.709  0.045

Ay 0.730 0420 1765 0.044

AGE

Bo 0.121  0.071 1.704  0.045 0.431 194.55 <0.001
Bt 0.041 0010 4100 =0.001

Bast 0230 0133 1720 0.043

Ay 0.900 0510 1730 0Q.042

v =GDP; x=GE

not help us to predict GE of India. Combining the
evidence related to hypotheses (H,, and H,,) I do not
able to reject the hypothesis (H, ,). This means there is no
bidirectional causality has been observed between GDP
and GE of India.

To understand ‘correction’ of previous period’s
disequilibrium that happens in current period for two
(GDP and GE) and one co-integrating
relationship, we fit our Vector Error Correction (VEC)
model to data on GDP and GE. Results are shown in
Table 5. Results consist of validation statistics and all the
coefficients in question. Significant R* suggests that the
model gives a good fit to data.

Coefficients of one period lag GDP, one period lag GE
and A (x or y as the case may be) are significant at p<0.05
or better. This sigmificant evidence suggests that the
variation in GDP/ GE is not only explained by GE/ GDP but
also by the temporal gap between GDP and GE. Then, we
could say that the temporal gap between GDP and GE is
acting as catalyst in shaping the relationship between
these two macro-economic variables. Tt means GDP and
GE do not diverse from each other by a great extent at
least i the long run. These two variables may drift apart
in the short run and if it 18 continued n the long run
underlying stochastic pattern bring GDP and GE back
together. The significant coefficient of A i1s notlung but
the magnitude of the error correction parameters which
indicates how GDP and GE react from the deviation of
long term equilibrium. Since, the magnitude of the
coefficients 0.73 and 0.90 for GDP and GE, respectively
this means that the extent of react of GE to GDP is more
prominent than that of GDP to GE m this case.

variables

Managerial/policy implications: Finding of the
econometric analysis on macro issue should generate
sufficient insight for policymakers/managers to take better
decisions. Sometimes simple analysis wouldn’t be quite
enough to capture the essence of the phenomenon under
study that is why, I use the Granger’s causality test to
assess whether GE improves the prediction accuracy in
GDP or vice-versa.
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In this context, the findings of VAR should assist
managers/economists of firms to predict GDP growth rates
more precisely which needed is invaluable in formulization
of sound business strategy to ensure sustainable growth.
These findings also help them to keep their eyes on the
movements of GDP and GE to adopt 1 the economic
condition of Tndia quickly.

On the other hand, policymakers follow
predetermined specific rules to frame policy for social
development which 1s mfluenced by the mtegration and
co-integration of the components of a system. That is
why, the findings of the system approach should assist
Indian policymakers to maintain a healthy balance
between GDP and GE formulating a solid tax policy to
ensure that GDP and GE wouldn’t be apart widely which
indeed helps them to mmimize fiscal deficit in future.

CONCLUSION

Using data on GDP and GE, 1 take a modest attempt
in this research to see whether GDP and GE are
having long-nm equilibrium relationship m a case of India.
Tuse VAR and VEC models to test “who causes who’ and
what 18 the degree of adjustment needed if GDP and GE
draft from one another, respectively. The findings of this
work support the Keynesian proposition that GE drives
GDP. What does it mean? Tt means the government
expenditure mfluence GDP substantially. I don’t find any
evidence that advocates the Wagner’s law in this work.
Overall, the findings tentatively reflect that the public
sector is still dominating Indian economy.
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