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Abstract: This paper investigated the size of Nigeria’s output connectedness
with China, India and USA, with particular focus on Nigeria’s latest democratic
era that began in 1999. The study used the normalised generalised forecast
error variance decomposition (GFEVD) of the underlying vector error
correction (VEC) model to construct the connectedness measures. The findings
reveal that India and China are the largest contributors of spillover index in the
system. Overall, the size of the connectedness index of the economies is
34.55%, which shows remarkable output spillovers among these countries. The
policy implication of these results is that Nigerian economic authorities should
closely monitor the output fluctuations around the world, especially those of
Nigeria’s top trade partners like India and China in order to mitigate adverse
output shocks.
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1 Introduction

Nigeria returned to democratic rule in 1999 after many years of military dictatorships that
began in a 1983. Following the seizure of political power by the military in 1983, Nigeria
has witnessed several military coups, which heightened uncertainty in the country (Isaac
et al., 2021). Such uncertainty may have adversely affected the country’s domestic
economic, financial and trade activities within itself and with the rest of the world
(Anthony-Orji et al., 2019; Ogbuabor et al., 2020a, 2020b; Ekeocha et al., 2021a, 2021b).
Thus, the return to democratic rule in 1999 ushered in a new era of improved external
relations and increased economic activities for the country. Interestingly, China, India
and the USA have emerged as Nigeria’s top trade partners since 1999. This study is
therefore motivated to investigate Nigeria’s output connectedness with these top trade
partners during this ongoing democratic era.

Many studies abound on the macroeconomic connectedness of economies around the
world (e.g., Kose et al., 2003; Doyle and Faust, 2005; Canova et al., 2007; Diebold and
Yilmaz, 2009, 2014, 2015b; Park and Shin, 2014; Asteriou and Moudatsou, 2015;
Greenwood-Nimmo et al., 2015; Ogbuabor et al., 2018, 2016). The growing global
interdependence or connectedness among economic entities around the world in recent
decades actually necessitated these studies so as to enable better understanding and
modelling of the dynamics of such interlinkages. In fact, the raging rise in international
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real and financial interconnectedness among economies has been majorly attributed to the
wave of globalisation, deregulation, privatisation and liberalisation sweeping across the
globe as well as the rising specialisation in production among nations caused by disparity
in technologies and endowments, and breakthrough in information and communication
technology (Backus et al., 1993; Baxter, 1995; Park and Shin, 2014). Park and Shin
(2014) also maintained that increased connectedness among countries could lead to
shared prosperity, but not without concomitant transmission of real and financial shocks
among countries. A vivid example of this is the global financial crisis (GFC) of
2007/2008.

Statistical facts reveal that the total export value flow from Nigeria to China
decreased from US$7.2 bn in 2017 to US$1.0 bn in 2018 thus China emerged as the
16th largest Nigeria export market. On a similar note, China remains Nigeria’s first
import market accounting for 19.4% (US$8.3 bn) of Nigeria’s total imports in 2018.
Similarly, India and USA are the first and second top two export destinations for Nigeria
respectively with US$7.92 bn and US$5.67 bn of Nigeria’s total export value
(International Trade Statistics, 2018). However, in 2019, India emerged as Nigeria’s 1st
largest export market and 2nd top import market just behind China. More statistical trade
facts involving Nigeria with the economies under review could be observed from
Figure 1.

Figure 1 Trade trend between Nigeria and China, India and USA (1996-2020) (see online
version for colours)
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Figure 1 shows the volume of trade activities in billions of US dollars (USD) involving
Nigeria and China, India, and the USA over time. The graph shows that between 1996
and 2012, Nigeria’s total export value to the USA is larger than that of China and India
but Nigeria’s total export to India overtook that of the USA from 2013 and has remained
top till the present day. Similarly, Nigeria’s total import from China became very
significant in 2008 and has remained larger than that of any economy. Presently, the trend
shows that Nigeria’s total import from China is rising while exports to India and USA are
falling and that of China is flat or horizontal.
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According to Ogbuabor et al. (2018), the GFC increased the output connectedness of
the Asian Pacific Economic Cooperation (APEC) economies even beyond pre-crisis
level. This simply implies that countries are pulling one another down. They further
stated that the spillover index rises gradually from short run through the long run. More
revelations from their study note that the connectedness index is larger in the long run
than in the short run. In the short run, the full and sub-sample connectedness index is
40.7%. But in the long run, the full and sub-sample estimates returned 84.7% and 82.8%
connectedness index respectively. These indices are quite huge and underscore the
connectedness co-movement among economies especially in the long run. The authors
however maintained that their findings are consistent with the empirical revelations of
Greenwood-Nimmo et al. (2015) and Doyle and Faust (2005), which suggests that
spillover transmission due to the GFC most likely, influenced the real sector
connectedness as business cycle becomes more synchronised. Ogbuabor et al. (2016) also
noted that African economies are majorly shock receivers (whether output or financial)
and quite steadily inconsequential, particularly through the long run. The authors further
suggest that the spread of real output spillover slowly and gradually rose into the long run
whereas financial shock spillover rose exponentially even in the short run. This simply
implies that African economies, including Nigeria, are overwhelmingly shock recipients
and systematically insignificant buttressing their positions as small open economies. The
study summarises that advanced economies such as the USA, China, UK, among others,
are more interwoven than African economies.

Similarly, Park and Shin (2014) maintain that small open economies are particularly
very vulnerable to shock spillovers. This they found in their study of Korean economic
integration with the global economy. Their findings suggest that the USA, China and
Association of South East Asian Nations (ASEAN) as well as world energy market exert
more influence on the economic activities of Korea. This means that the USA, China and
ASEAN region have the capacity of propagating shocks to the Korean economy. Their
recursive estimation containing over 30 rolling samples show that the advent of great
recession is associated with increase in connectedness index of the Korean economy with
the industrialised economies while its connectedness index decreased with the emerging
economies. Strikingly, Korea’s overseas trading partners explain 80% of the forecast
error variance due to the Korean economy. Our study is particularly motivated following
the works of Ogbuabor et al. (2016, 2018, 2020c) and Park and Shin (2014). We study
Nigeria and its major trade partners in order to ascertain the direction of propagation of
real output shocks as well as the degree and size of their connectedness. This is a clear
deviation from previous studies that hitherto concentrated on developed economies and
regional economic blocs.

Table 1 Contributions of China, India, and USA to Nigeria’s trade 2019 (in billion USD)

Country US4 China India
Nigeria export $2.8 $1.7 $8.3
Nigeria import $4.7 $12.1 $5.7
Trade balance -$1.9 -$10.4 $2.6
Total trade $7.5 $13.8 $14

Source: Authors’ calculation using International Trade Statistics (2020)
dataset
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Statistical evidence shown in Table 1 reveals the importance of the three countries (USA,
China and India) to Nigeria’s commodity trade activities. Table 1 is a representation of
the contributions of trade from each of the economies (USA, China, and India) to the
Nigerian trading activities in 2019. It shows that India has the highest trade contribution
to Nigeria followed by China with the USA as the least. In trade balance, Nigeria has a
deficit trade balance with all the economies except for India. Nigeria being a small open
economy will be most likely susceptible to real output variations from its major trade
partners, notably China, USA and India given these huge statistics. This therefore implies
that the high volume of trade between Nigeria and these economies could expose the
Nigerian economy to output shocks and contagion risk arising from these economies.

The structure of this paper is as follows: Section 2 captures review of literature.
Section 3 details the methodological approach. Section 4 presents the empirical results
and discussion, while Section 5 concludes the paper with some policy implications.

2 Review of literature

The theory of global business cycle aptly underpins the issues addressed in this study.
Business cycle is equally regarded as economic or trade cycle (Madhani, 2010). Business
cycle arises as a result of fluctuations in the output growth which is characterised with
boom and burst. Economic cycles are mainly influenced by a summation of a pure
random walk shock and not necessarily cycles. This theory argues that following the
increase in world trade and financial interdependence, that regional and national
businesses surge upwards creating broader business cycle. The trade linkage hypothesis
also offers some support to the issues investigated in this study. This hypothesis suggests
that when an economy is in trade with several partners, such an economy will have
different channels through which shocks and contagion originating from the partners
could be transmitted to it. This simply means that countries that trade more with each
other are more likely to experience higher business cycle correlation than countries with
less trade activity. Similarly, Kose and Yi (2001) note that greater trade connection can
influence the global business cycle and financial contagion depending on the trade
structure and nature of shocks affecting the economies. In view of this, this study is
therefore anchored on the trade linkage hypothesis.

Empirical aspects of the literature have also investigated the output connectedness
among countries (e.g., Ogbuabor et al., 2016; Greenwood-Nimmo et al., 2015; Diebold
and Yilmaz, 2014, 2015a, 2016), though most of them centred on advanced economies
and regional economic blocs. Adefabi and Rasaki (2018) examined foreign shock
influence on the growth movements in Nigeria employing structural VAR (SVAR) model
with quarterly data for the period 1990Q1-2016Q4. The variables included in the study
were foreign debt, external GDP, oil price, external input prices, external interest rate and
real interest rate volatility. The study found that global uncertainties affect Nigeria’s
growth with global interest rate, world input price volatility and foreign debt volatility
being the main contributing factors to the nation’s economic growth. This finding is
indicative in the sense that one can suspect that foreign financial and external supply
shocks play significant roles in the Nigerian economy. Ezema and Amakom (2011)
studied the sources of Nigeria’s economic spins or alterations with the application of
McCarthy et al. (1994) model. The findings show that terms of trade impulses are very
large in Nigeria resulting from fluctuations between the oil prosperity and bursts. Terms
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of trade impulses that influence the Nigerian economy include variation in imports,
economic density, export promotion and foreign debts. Ibironke (2018) examined the
channels/networks of spread of impulses using GVAR analytical framework. The results
contradicted the general belief that global volatility is sourced from only macroeconomic
indices. The results indicate that agent behaviour in terms of investment switching
between markets of high and low volatility or outright sale and reallocation of assets
cause capital outflow thus economic crisis.

Among the emerging market economies, India has emerged as a strong force to
reckon with. Hence, Ibrahim and Abdulaziz (2018) investigated the Nigeria-India trade
relations between 2000-2014 employing trade complementarity index and descriptive
statistics as analytical tools. The findings show that Nigeria’s imports from India are
more diversified. Also, there is existence of partial match between Nigeria export supply
and India import. The study also revealed that there has been steady increase in the trade
profile of the two nations during the studied timeframe. Lakdawala and Singh (2019)
explored the effect of external shocks on the Indian economy employing foreign
instrument with domestic projections and structural vector autoregression (SVAR-IV).
The result shows that external shocks expressively affect the Indian stock market,
USD/INR exchange rates and foreign exchange reserves. Also, fluctuations in the world
industrial production, oil price changes and the inconsistency of the domestic economic
policies affects India’s industrial production. These shocks put together account for
between 15% to 35% of the fluctuations in inflation, financial variables and output for up
to four-year horizon beginning with two-year horizon.

He and Chen (2014) employ frequency domain and VAR techniques with data
spanning from 1979Q1 to 2010Q4 in order to offer a possible explanation to the stability
of China’s economy. Results show that good business practices, good policy and good
luck hypotheses are the contributors to the stability of the China’s macroeconomic
conditions. Inoue et al. (2015) investigated the shock spillovers originating from the
economy of China to Asia-Pacific countries involving 33 countries from 1979Q1 to
2014Q3. The findings are consistent with the results of Cashin et al. (2017). It shows that
China’s economic downturns largely influence economic activities of commodity
exporters like Indonesia as well as countries that rely basically on exports like Japan,
Malaysia, Thailand and Singapore. The results equally indicate that adverse real activity
volatility of China affects the prices of crude oil, metal, and agricultural commodities.
This study is interesting and an eye-opener in the sense that Nigeria being a primary
commodity exporter and heavily reliant on the export of crude oil for her revenue and
imports of consumer goods from China for her domestic consumption will likely be
vulnerable whenever China sneezes or coughs.

Diebold and Yilmaz (2009) investigated how connected the world equity markets are
over the period 1992M1-2007M11. The results show differing behavioural changes for
equity returns and returns volatility spillovers. While equity returns spillovers show a
clear mild trend devoid of bursts, returns volatility spillover shocks demonstrates no
drift/trend but a clear burst/eruption. Bhattarai et al. (2020) explore the influence of US
economic/monetary policy instability and the variations in the emerging market
economies (EMEs) using VAR and Bayesian approach models with a monthly data
spanning 1990M1 through 2014M11 covering 15 EMEs. The findings on average depict
that an increase in the US interest rate leaves EMEs with a persistence rise in both short
term and long-term interest rates. Also, the volatility in the US monetary policy causes a
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spillover to the real output of emerging market economies (EMEs). Antonakakis and
Badinger (2016) explore the real activity and real activity volatility connectedness of
G-7 economies with a monthly data from 1958M2 to 2013M8. They employed a
VAR-based volatility spillover index for their analysis. Their findings show that the
linkage between real GDP and real GDP volatility are quite substantial with spread shock
rising to an exceptional level for the period of GFC. USA was pointed as the major
spreader of output growth and output growth shocks. Results of their generalised impulse
response functions (GIRF) show that output volatility shocks slow down growth while
output growth shocks slow down output volatility.

3 Methodological approach

Following the early works of Diebold and Yilmaz (2009, 2012, 2015a, 2016) and
Ogbuabor et al. (2016, 2018), this study employs the network approach of Diebold and
Yilmaz (2012) based on vector error correction (VEC) model for the analysis following
the rejection of the null hypothesis of no cointegration. The connectedness measure is
constructed based on the normalised generalised forecast error variance decomposition
(NGFEVD) of the underlying vector autoregression (VAR) proposed by Koop et al.
(1996) and Pesaran and Shin (1998). We therefore specify our unrestricted VAR(p) as:

Y=a,+) " O, +e (1)

where Y; = (Y14, Y2, ..., Yki) is a vector of K endogenous variables, a, is an N X 1 vector of
intercepts, and ®; is the parameter matrix. ¢ ~ iid (0, ) ;) is a vector of independently and
identically distributed innovations overtime, ¢t = 1, 2, ..., T is the time index, k=1, 2, ...,
K is the variable folder and ), is a positive definite covariance matrix. K-endogenous
variables include real outputs for Nigeria, China, India, and the USA, captured by the log
of their respective per capita GDPs (measured in 2010 constant US dollars) from
1999Q1-2019Q4. All the variables were first indexed to 2010 base year before subjecting
them to natural log transformation prior to estimation. The choice of GDP per capita as a
measure of real output is indeed a good measure of the economic activity of any economy
hence it remains the best measure of real output in this study. This follows economic
theory and has been widely applied. Thus, this measurement approach is, however,
abundant in the literature. For example; Kose et al. (2003), Muse and Uche (2018),
Ogbuabor et al. (2016, 2018), Ogbuabor (2019), Greenwood-Nimmo et al. (2015, 2021),
Uluceviz and Yilmaz (2021) and Obiora (2009).

Since the interest of this study is on the size of the spillover/connectedness index
among these economies, the normalised GFEVD is extracted following the estimation of
equation (1). This method is particularly preferred given its greater efficiency and
reliability over methods such as conditional correction and Cholesky factorisation
(Ogbuabor et al., 2016). The GFEVD is therefore given as:

H-1
;‘}th:O (nion Ze 1 )2
Z:[:;l (/u'a)h Zs w;uul)

o
GFEVD (Y, ¢, H) =dy(H) = 2)
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where i,j =1, 2, ..., N, Y. is the estimated covariance matrix of the innovation vector, &;
o.ii is the estimated standard deviation of the residual for i equation, w; is the
multiplicative coefficient matrix of s-lagged shock vector of the non-orthogonal infinite
moving average VAR representation and z; () is N x 1 selection vector with one as the
i () element and zero elsewhere, H = 1, 2, 3, ..., 16 designates the forecast horizons.
The outcome of this becomes K x K matrix (d;(H)) which is expressed as follows:

dy(H)=[d;(H)], i,j=1,2,34 3)

Diebold and Yilmaz (2014) note that GFEVD does not usually yield unity in d(H)
matrices, and as such interpretation is always complicated due to the rare orthogonality of
shocks (innovations) in the GFEVD environment. Thus, following Diebold and Yilmaz
(2014), we normalise matrix d;(H) as follows:

dy(H)
z; dyj (H)

where 21]; d;(H)=1 and Z; d;(H)=K by construction.

dy(H)= “)

Equation (4) shows that the total sum of GFEVD share in each row now gives 100%,
thereby restoring the percentage interpretation to the GFEVD. We use equation (5) to
construct the connectedness measures, including the own-contributions and
cross-variable contributions defined as dj(H) and dj(H), respectively such that i # j.
Own-contribution shows the generalised forecast error variance (GFEV) that country i
gives to itself, whereas cross-variable contribution shows the GFEV that country i gives
to or receives from other economies in the system. dj(H) and d;(H) represent the
principal diagonal and off-principal diagonal elements of the matrix, respectively. In line
with the objective of this paper, we therefore define our total connectedness index (c) as:

I .l o
c:ﬁzi’j:ld,-j, i#j ®)
Equation (5) could either be gotten from averaging the directional fo-others or

hers effect given as; —3 ' T, and —3 F ively, since b
from-others effect given as; sz:] joan WZ/’ZI ;7 respectively, since by

1 N
F;.

. 1 N
construction, —Z T =—
N J=1 N Jj=1

4 Empirical results and discussion
In this section we present the results of the estimation and the ensuing discussions.

4.1 Stationarity test results

Table 2 displays Elliott-Rothenberg-Stock (ERS) point-optimal as well as the extended
ADF unit root test results for the variables under investigation.
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Elliott-Rothenberg-Stock (ERS) point-optimal and the ADF breakpoint unit root tests

Table 2
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The choice of using this type of unit root test lies in its efficiency capacity particularly
with finite samples. We do know that ADF and PP are asymptotically similar, though
they vary significantly in limited samples as a result of varying ways in which they treat
serial correlation problem in the test equation. Specifically, Schwert (1989) notes that
ADF and PP exhibits great size distortions with PP having higher size distortion
consequence when a series has autoregressive moving average (ARMA) image with large
and negative moving average (MA) components. The implication of this is the over
rejection of /(1) null when it is actually true. However, Perron and Ng (1996) proposed
valuable amendments to the PP tests in order to alleviate this huge size distortion.
Similarly, equivalent complications have actually been uncovered by Caner and Kilian
(2001) in Kwiatkowski-Phillips-Schmidt-Shin (KPPS) test. Another deficiency of the
ADF and PP is that they have low predictive power against /(0) alternatives which are
very close to being I(1). That is, they lack clear distinguishing power between high
persistent stationary processes from non-stationary processes. Additionally, inclusion of
deterministic terms in the test equation declines the strength of ADF and PP unit root
tests. This implies that tests in which intercept and tend are added in the test regression is
less powerful than those in which only intercept is added in the test equation. Therefore,
recent literatures have suggested the use of Elliot et al. (1996) and Ng and Perron (2001)
proposed tests as they have been found to be most convenient and efficient with
maximum predictive power against very persistent alternatives.

Secondly, to account for a possible endogenous structural break in the economy
which could affect the series behaviour, the extended ADF test approach is adopted. This
approach equally provides a robustness check on the ERS tests. Given the foregoing as
well as the characteristics of our variables of interest, ERS and the extended ADF unit
root tests are then applied. Therefore, results from both test approaches vary reasonably.
That is, both the ERS and ADF tests show that our variables are fractionally integrated.
For instance; under ERS test, the USA and China’s real outputs are /(1) but /(0) under the
ADF test. In the same vein, India and Nigeria’s real outputs are /(0) under ERS but I(1)
under the ADF test. The differences could be as a result of the test approaches peculiar to
each test as ADF uses either innovative or additive outliers in the test equation.
Additionally, the various break dates identified by the ADF test are associated with the
country’s respective policy change as well as external or internal shocks. For instance,
the 2008Q1 break date identified for the USA could be linked to the 2007/2008 financial
shock experienced in the USA triggered by the fall of Lehman Brothers which later
spread across the globe and was termed ‘Global Financial Crisis’.

4.2 Cointegration test result

Table 3 presents the cointegration test result for the study. We can see that both the trace
and maximum eigen statistic indicate at least one equilibrium relationship. Thus, we
reject the null hypothesis of no cointegration in favour of the alternative that there is
cointegration relationship among the variables at the 5% level. This implies that there
exist a long run association among the variables under study, and as such, the underlying
model for the study is estimated as a vector error correction (VEC) model.
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Table 3 Johansen cointegration test result
No of CE(s) Trace statistic Pr\o}j;zulz?ty M;Z;ilffn PrzSthelzity
None* 58.47390 0.0037 31.07549 0.0171
1 27.39841 0.0923 13.55721 0.4024
2 13.84120 0.0874 9.871092 0.2205
3% 3.970106 0.0463 3.970106 0.0463

Note: * indicates rejection of the null hypothesis at 5% level.

Table 4 Connectedness table
Country US4 China India Nigeria From others
USA 49.45 7.09 25.79 17.67 50.55
China 1.64 64.88 27.86 5.61 35.12
India 1.16 8.19 87.95 2.70 12.05
Nigeria 8.64 15.53 16.30 59.53 40.47
To others 11.44 30.81 69.95 25.98 34.55

Table 4 shows the calculated connectedness table based on the normalised GFEVD from
the underlying VEC. The matrix elements of Table 4 are constructed following
equation (4). Items in from-others column and fo-others row are constructed as the
aggregation of spillovers for each row and column, respectively, excluding the
own-effects or principal diagonal elements. Therefore, the total connectedness index,
which tells us the total size of the output connectedness of the economies under study, is
constructed following equation (5). This index (34.55%) is housed by the cell at the
bottom right-hand corner of Table 4. This implies that the size or degree of the
connectedness among the economies is 34.55%, which is quite substantial. This result
reveals that all the economies under scrutiny are significantly interwoven, and a shock to
any of the economy could be easily transmitted to other economies in the system.
Country-by-country analysis shows that the forecast error variance share due to USA
by itself, China, India and Nigeria are 49.45%, 7.09%, 25.79%, and 17.69%, respectively.
It could also be noted that the USA contributes 1.64%, 1.16%, and 8.64% of China, India
and Nigeria forecast error variances respectively. Similarly, Nigeria received 8.64%,
15.53%, and 16.30% of the total forecast error variance from the USA, China and India,
respectively; while it accounted for 17.67%, 5.61%, and 2.70% of the total forecast error
variance due to the USA, China and India, respectively. The huge spillover index that
Nigeria gives to the USA cannot be unconnected with the huge trade volume involving
the two nations which Nigeria benefits largely from in recent time. Recall that from
Table 1, USA was an important export destination and import origin for Nigeria in 2019
(UN Comtrade, 2019). In general, the total forecast error variance (50.55%) that the USA
receives from the rest of the economies is largest when compared with any economy in
the system. Also, the aggregate forecast error variance (69.95%) that India transmits to
other economies is quite substantial and largest when compared with any economy in the
system. This however gives India more spillover transmission power than any economy
in the system. These results are however associated with the globalisation and
liberalisation policy that the economies champion especially India, China, and USA.



Estimating the size of Nigeria’s output connectedness 129

Table 5 presents the short-run and long-run dynamics of the results. We find that the
forecast error variance share due to USA by itself is 85.19% in the short run (horizon 1)
against 24.78% (horizon 16) in the long run. This however depicts how the USA has
become quite open and connected with other global economies over time, particularly
India, China, and Nigeria. That is, the forecast error variance due to USA by itself
depletes in the long run implying that other world economies have emerged to contribute
huge spillover shock to the USA economy as a result of the USA increasing
synchronisation with the rest of the world. In a similar pattern, Nigeria contributes
82.66% of the total forecast error variance due to itself in the short run (horizon 1), but
the index depletes into the long run (horizon 16) with only 27.23% of the total forecast
error variance. This equally buttresses the increasing interlinkage between Nigeria and
the rest of the world where the world economies notably India (38.37%) and China
(29.77%) took over the real output activities of the Nigerian state. In general, the
short-run total connectedness index for the economies is 22.85% whereas the index rose
significantly into the long run with 49.37% spillover index. The substantial increase in
the connectedness index in the long run depicts the extent and degree of synchronisation
among the economies understudy as a function of time.

Table 5 Time effect connectedness index
Short-run connectedness index Long-run connectedness index
Count
Y usa cav o NG " usa cun b NG FTOM
others others
USA 85.19 742 0.01 7.38 14.81 2478  9.05 50.52 15.64 75.22
CHN 588 67.53 2148 510 3247 046 5927 3527 499 40.73
IND 0.01 2329 7322 348 26.78 1.05 3.15 9125 456 8.75
NIG 7.16 6.24 393 82.66 17.34 463 29.77 3837 2723 7277

Toothers 13.05 36.96 2542 1597 22.85 6.14 4196 124.17 25.19 49.37

Note: USA — United States of America; CHN — China; IND — India; NIG — Nigeria.

To see how the economic synchronisation of the countries under investigation evolved
overtime, we sieved out the total connectedness index for each horizon beginning from
horizon 1 through 16 following equation (5). This is graphically shown in Figure 1.
Overall, we find that the economies are less interwoven in the short run but become
predominantly interconnected as we move into the long run. This finding is consistent
with the patterns obtained by Diebold and Yilmaz (2014) and Ogbuabor et al. (2016).
This implies that the connectedness index of these economies is conspicuously
substantial and majorly dependent upon time.

Finally, the study also provided for robustness check on the empirical results through
various connectedness measures. For instance; countries with negative net effects also
have a negative influence index. This can be verified from table 4 by taking the
difference between fo-others and from-others (net-effect) indexes corresponding to the
respective economies and thereafter dividing same by the sum-effect (fo-others + from
others), these yield influence index whose calculation is beyond the scope of this study.
Also, the aggregate connectedness index depicted in Figure 2 serves as an additional
robustness check as the pattern is consistent with earlier established total connectedness
patterns by Ogbuabor et al. (2018, 2016), Park and Shin (2014) and Diebold and Yilmaz
(2014).
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Figure 2 Aggregate connectedness index (see online version for colours)
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5 Conclusions and some policy recommendations

In summary, we find that the connectedness index of the economies is 34.55%, which is
very much significant. The results also show that India constitutes the largest spillover
index in the system with 69.95% of the total forecast error variance whereas the total
spillover shocks it receives from every other economy in system remain the least at
12.05%. This reveals how Indian economy has grown to become reasonably influential in
global real sector activities in recent time, especially among the emerging economies.
Also, China is the second largest spillover contributor in the system with a total spillover
index of 30.81%, followed by Nigeria with 25.98%. Surprisingly, the USA remains the
least spillover propagator in the system with a total forecast error variance of 11.44%.
This is, however, not unconnected with the depleting influence of the USA in the global
economy, particularly in the economies sampled herein. With this, one can cautiously say
that the global real output activities lie on the shoulders of emerging markets such as
India and China. Findings from the time-varying connectedness analysis show the total
connectedness index rising from the short run to the long run. The spillover index rose
significantly from 22.85% in the short run to 49.37% in the long run. This implies that
with the evolution of time, world economies will become very much interwoven. This is
due to the increased campaign for globalisation and liberalisation.

Sequel to our findings, we recommend that in as much as the economies under study
become more interwoven in recent time, particularly after the return to democratic rule in
Nigeria in 1999. Nigerian economic authorities are advised to be wary of adverse output
shocks that could originate from her trade partners, especially India, China and USA.
Nigerian economic authorities (both fiscal and monetary) should always be at alert and
vigilant with respect to the economic decisions, policies and fluctuations arising from her
trade partners, especially India and China, in order to mitigate any future adverse
economic shock. Typical strategy in this regard could be to strengthen domestic
institutions, boosting the local production by provision of incentives and granting of tax
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relief to local industries, especially start-ups, as well as creation of friendly business
atmosphere such as the provision of fiscal infrastructure and security of lives and
property capable of attracting foreign investors. However, India and China are advised to
sustain their current policy instruments and environment, especially in trade in order to
remain dominant in global trade, while the USA is advised to improve on her present
policy framework so as to reenergise and retake her position in global economic
activities.
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