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Identifying causal network problems is important for effective policy and management, and recommendations on

climate, epidemiology, and financial regulations. Identifying causality in complex systems can be difficult. Granger

causality is an approach that uses predictability as opposed to correlation to identify causation between time series

variables. Variable X is said to “Granger cause” Y if the predictability of Y declines when X is removed from the

universe of all possible causative variables. The key requirement of Granger causality is separability, namely that

information about a causative factor is independently unique to that variable and can be removed by eliminating

that variable from the model.

Granger causality  business economics  environmental sciences  neurosciences

computer science

1. Introduction

In statistics, Granger causality analyses the information flow between time series. Granger causality was proposed

and named after the developer, Clive W. J. Granger in 1969 as a linear vector autoregressive (VAR) model in

econometric time series analysis . In Granger causality, a cause shall precede its effect while the

understanding of a cause will help to increase the accuracy to predict the effect . In a Granger causality test, a

variable may be defined in two ways, namely Granger-cause and fail to Granger-cause. If a variable is identified as

a Granger-cause, the variable brings down the forecasting error in the model. On the other hand, a variable will fail

to Granger-cause other variables when its historical value cannot significantly predict the future value or when

there is no statistical significance in the lagged values of the equation . Therefore, a time series {𝑥 }  is a

Granger-cause of another time series {𝑥 } if the history of the time series 𝑥  enhances the prediction of 𝑥  over the

time of 𝑥   alone. In year 2000, Schreiber  introduced the transfer entropy measure to quantify the statistical

coherence between processes evolving over time.

With the availability of optimal estimation algorithms of VAR models, Granger causality has attracted the attention

of researchers in several prominent research areas. VAR models also do not require any assumption on the

physical mechanism for application. Moreover, permutation or bootstrapping are not needed to test the significance

in Granger causality when the sample size is large. The result of a Granger causality test shall also remain

consistent regardless of the overall signal strength . Granger causality has been widely applied in several

prominent areas. In neuroscience, Granger causality has been applied to functional magnetic resonance imaging

(FMRI) , magnetoencephalography (MEG) , and local field potentials (LFP) . Abdalbari et
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al.  used Granger causality for sleep data analysis to capture the physiological mechanisms during wakefulness

and sleep. Hartmann et al.  studied the brain–heart interaction during sleep by using Granger causality to

examine the electroencephalography (EEG) frequency bands with cortical and cardiovascular activities. Gao et al.

 improved the classification of emotional states when Granger causality was applied with the Histogram of

Oriented Gradient.

In finance, Granger causality has been used to determine the causal relationship between the financial

development and economic growth in African countries . The financial development and economic growth

relationship has also been studied in the Middle East and North Africa (MENA) region . Amano  studied the

finance–development relationship during pre-war and post-war period in the United States, United Kingdom, and

Japan. Fahimi et al.  investigated the globalization-driven energy consumption in Mexico, India, Nigeria, and

Turkey. Candelon and Tokpavi  applied Granger causality in the European stock markets for spill over analysis.

Coronado et al.  studied the cause–effect of COVID-19 news and stock market reactions in the United States

and Latin America using Granger causality based on transfer entropy. Zuhud et al.  analysed the Malaysian

stock market using Granger causality and transfer entropy. Granger causality has also been used to assess the

dependency between different sectors with past time series . Past studies have also used Granger causality to

study Twitter sentiments’ effects on stock prices . Granger causality has also been accepted in the areas of

business, management, accounting, and economics . The contribution of Granger

causality has also been noticed in computer science  and engineering .

Granger causality is applied in many areas such as business economics, environmental sciences, neurosciences,

and computer sciences. The following sections shall review the literature on the application of Granger causality.

2. Business Economics

In business economics, Granger causality has been applied to perform a causality analysis on foreign direct

investment (FDI), Islamic bank, and the capital market.

Zhang and Zhang  studied the impacts of gross domestic product, trade structure, exchange rates, and FDI

inflow on carbon emissions in China. This research found that FDI inflow positively affected the carbon emission

rate in the country. Three policy implications were made in this research. Firstly, the researchers suggested that

China should improve its high value-added low carbon-intensive areas such as the advertising, maintenance, and

finance sectors. Secondly, the stability of the Chinese Yuan exchange rate could be promoted to lower carbon

emissions as it will affect carbon demand and trigger price fluctuation. Thirdly, the government can direct FDI into

low-carbon industries or high-tech sectors.

Jebli et al.  studied the causality among renewable energy usage, number of tourists, trade openness, economic

growth, FDI, and carbon emissions in Central and South America. This research concluded that tourism, renewable

energy, and FDI reduced carbon emissions while trade and economic growth increased carbon emissions.
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Therefore, this research proposed that policies such as FDI, usage of renewable energy, and developing green

tourism could benefit the environment.

Granger causality was applied to identify the direction of causality to evaluate FDI, export, and economic growth in

South Africa . This research confirmed that FDI and exports contributed to economic growth as there were

unidirectional relationships from FDI to economic growth and FDI to exports. There was a bidirectional relationship

between economic growth and export activities. The policy implications in this research included the stimulation of

FDI with investor incentives, developing a fair macroeconomic environment, and wise application of loose

monetary policy in South Africa.

Arogundade et al.  analysed the human capital, institutional quality, FDI, and poverty in sub-Saharan Africa. This

research deduced that FDI had no direct relationship on the occurrence and level of poverty. FDI had negative

effects on the absorptive capacity of the host country. This research proposed several policies such as to invest in

human capital and perform public sector reform to reduce corruption and improve political stability.

Farooqi and O’Brien  studied the effects of Basel standards on Islamic and conventional banks in the Gulf

region. This research concluded that the proposal of a market-based measure of bank stress led the accounting-

based Tier-1 ratio and was in accordance to the Basel regulation’s Pillar 3. Therefore, the use of a measure to

signal bank stress can be used to identify oncoming challenges before they escalate.

Setyowati  investigated the factors that affected saving and financing in Islamic banks in Indonesia. This

research found that there was a long-running cointegrating relationship in saving and financing to the consumer

price index (CPI), manufacturing, interest rate, exchange rate, and Jakarta Islamic Index. Structural breaks

occurred around January 2006 to April 2007 to signal financial crisis. There were bidirectional relationships

between deposits and manufacturing, and between CPI and financing. Real activity, which was manufacturing, also

affected Islamic bank financing. The policy implications in this research were to provide incentives to encourage

real activity such as production and manufacturing to allow Islamic banks to fulfil their intermediary roles and to

implement an effective monetary policy on inflation to stabilize the market.

Samad  studied the relationship between Islamic banks’ return on depositors and conventional banks’ deposit

interest in Bahrain. This research found that there was a bidirectional relationship between Islamic banks’ returns

on depositors and conventional banks’ interest rates.

Sharif et al.  assessed the time–frequency relationship between COVID-19 pandemic, oil prices, geopolitical

risks, economic uncertainty, and the US stock market. This research noted that the pandemic had a larger impact

on the geopolitical risks and economic uncertainty compared to the US stock market. Oil was leading the US stock

market regardless of the frequency. This research suggested including a geopolitical risk index to analyse the

financial impact of the pandemic. The US government should also design and implement a coherent economic

strategy during and after the pandemic to foster market opening. Asset managers and investors should reassess

the risk management framework to deal with the pandemic risks.
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Wang et al.  studied the risk spill over effect from the US economic policy uncertainty (EPU) index, equity market

uncertainty index, and Chicago Board Options Exchange’s CBOE Volatility Index (VIX) to Bitcoin. The researchers

found negligible risk spill over effects from these indices to Bitcoin. This study is beneficial to the investors when

performing asset portfolio investment as Bitcoin diversifies extreme market shocks. This research suggested that

future studies could check if the cryptocurrency market is immune from EPU shocks.

Robiyanto et al.  measured the effectiveness of ASEAN-5 initiative from the portfolio perspective. The results

showed weak integration into the equity markets in ASEAN-5. However, the ASEAN-5 initiative had an effect on the

capital markets. This research then suggested that investors in Malaysia, Singapore, and the Philippines should

not invest excessively in Indonesia and Thailand equities when the market was unstable because Indonesia and

Thailand were the net contributors to the volatility.

Athari and Bahreini  investigated the effects of economic policy uncertainty on travel and leisure companies’

debts in western Europe. Economic policy uncertainty had adverse effects on travel and leisure companies’ debt

level. Countries with high economic policy uncertainty had lower debt ratios. The policy implications included the

monitoring of the rise of economic policy uncertainty to stabilize cash flow for expansion and investment of travel

and leisure companies, to perform portfolio diversification to reduce the adverse effects of economic policy

uncertainty, and to consider firm and country-level matrices prior to setting debt ratios.

Athari  examined the causal relationship between financial inclusion and domestic political risk on the banking

sector around the world. There were positive causal relationships from capital deregulation, credit risk inefficiency,

market power, and indices in financial inclusion, political risk, and economic risk to banking stability. This research

suggested that countries should increase their stability by raising financial inclusion to offer stable environments for

the economy and politics.

3. Environmental Sciences

In environmental sciences, Granger causality has been applied to assess ecological footprints, resource

management, renewable energy, and carbon emissions.

Zafar et al.  investigated the relationship between natural resources, human capital, and FDI on the ecological

footprint in the United States. Human capital and natural resources lowered the ecological footprint while economic

growth and FDI elevated the ecological footprint. Several policy recommendations were given in this research.

Firstly, the government should monitor and control the excessive use of natural resources by encouraging its

residents to reduce their consumption and adopt efficient products. The government should also encourage

sustainable consumption and sustainable infrastructure for FDI. The United States should also attract high-tech

FDI that does not make a large contribution to the ecological footprint. The country should also attract investments

for renewable energy sources, infrastructure, and technology to improve bio-productivity.
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Philip et al.  to study the best policies for Malaysia to achieve the 2030 climate goal to curb carbon emissions.

This research found that in the beginning of the economic growth, economic activities posed negative effects to the

environment. However, the relationship was reversed at a later stage. Hence, this research recommended the

deregulation of the renewable energy sector to include private and public players. The government can also offer

tax reductions and credits and encourage financial institutions to support the investment in renewable energy.

Xie et al.  studied the effects of mineral and forestry resource volatility on the economic performances around

the world from 1985 to 2021. This research found that mineral resources and forestry resources have a

unidirectional causality to economic performances. However, the researchers also argued that oversupply of

natural resources is detrimental to the economy of a country. Renewable energy sources should be adequate to

meet output objectives. Countries also need to practice efficient use of renewable energy resources to meet

sustainability goals.

Adebayo  investigated the environmental consequences of fossil fuels in Spain. Fossil fuels lowered the

environmental quality in the short and medium term, but renewable energy improved the quality of the

environment. FDI enhanced the environmental quality, but economic complexity had detrimental effects on the

quality of the environment. Based on outcome, the government can carry out schemes to attract FDI and

multinational players to invest in green technologies. The government can also implement and tighten the

environmental regulations for multinational companies currently operating in the country. Subsidies and tax reliefs

for clean technologies can be introduced. The government should also encourage the shift to an energy mix to

reduce reliance on fossil fuels and increase investment in renewable energy. Economic structural change can also

be accelerated to improve the knowledge intensive sectors and production input mix for efficient performances.

Huang et al.  measured the causality between economic policies and carbon dioxide emissions in the European

Union. This study aimed to find out the relationship between macroeconomic policies, national expenditure, non-

renewable energy use, renewable energy use, and carbon dioxide emissions. Monetary tools had harmful effects

on carbon emissions. The tightening of monetary policy could reduce the adverse effects of carbon emissions.

Policy assessment also had a unidirectional relationship with energy use.

Nketiah et al.  studied the impacts of tourism, renewable energy, and biocapacity in enhancing or restricting the

ecological footprints in West Africa. Human capital, natural resources, tourism, and real income had positive effects

on the ecological footprints in West Africa. There was unidirectional causality from ecological footprints to

renewable energy usage, human capital and urbanization. A bidirectional relationship was observed between

biocapacity and real income. This research suggested that countries in West Africa implement policies to deter

increasing ecological footprints per capita and reduce overexploitation of natural resources.

4. Neurosciences

Granger causality has wide application in neurosciences such as cognitive, computational, and clinical

neurosciences. Pesaran et al.  investigated large-scale brain dynamics. Granger causality was used because it
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was easy to apply to identify the direction of influence for temporal predictions in stochastic processes. Granger

causality can also differentiate between direct and indirect influences. Wang et al.  studied the interacting brain

networks when robot-assisted training and simulation were used. Granger causality was used to study the effective

connectivity of the brain networks when while performing rehabilitation training tasks with a robotic device under

various feedback conditions. Du et al.  aimed to find out whether a vibrotactile enhanced hand rehabilitation

device could enhance sensorimotor brain activities. The training task of moving a hand and vibration simulation

had strong causal influences between both sides of the cerebral hemispheres, and thus, had high training

efficiency in functional cerebral hemodynamics.

Ye et al.  investigated the neural features of internet gaming disorder. Granger causality test revealed that there

was connectivity from the right precentral gyrus to the left precentral gyrus and dorsal anterior cingulate cortex,

which affected the internet gaming disorder severity. Zhang et al.  proposed the cross-frequency Granger

causality feature extraction and fusion in both hemispheres for EEG emotion recognition. This proposed Granger

causality had higher accuracy than the same-frequency band Granger causality features. Sysoev et al.  used

Granger causality to describe the directed network activities between the somatosensory index and rostral reticular

thalamic nucleus, caudal reticular thalamic nucleus, higher order thalamic nuclei and first order ventral

posteromedial thalamic nucleus during sleep and wakefulness in rats. Ursino et al.  interpreted cortical signals

reconstructed from EEG to study brain connectivity using temporal Granger causality in individuals with autism. Fu

et al.  used neural Granger causality to examine the changes in schizophrenia’s non-linear causal couplings.

5. Computer Science

Lamsal et al.  used Granger causality to predict the COVID-19 daily cases in Australia from Twitter

conversations. This study found that latent social media variables had extra prediction capability for forecasting

models. Cai et al.  studied the causal effects of social bots on information diffusion in social networks for public

health information in China. Granger causality found that sentiments of humans and social bots were able to

predict each other. This research then suggested that emergency managers shall control the bots at the end paths

and act as opinion leaders to guide internet users’ sentiments. Tank et al.  used deep learning to propose non-

linear dynamics of Granger causality with structured multilayer perceptrons or recurrent neural networks and

sparsity inducing penalties on the weights.

Pirnay and Burnay  attempted to systemize the identification of causalities in Strategy Maps for risk

management and decision-making in Belgium. A hybrid gray theory and Granger causality model was constructed

for sensor correlation network structure mining on trains. After building the vehicle information network, the

researchers used complex network theory to mine the vehicle information network to find the causality between the

nodes. Wang et al.  detected a causal structure for cloud services using Granger causality. Their results noted

that neural Granger causality was better on linear and non-linear time series data. For greater linear time series,

linear Granger causality was more efficient. Aviles-Cruz et al.  studied single user activities on smartphones with

data obtained from accelerometer sensors. Zhang et al.  used Granger causality to identify the spatiotemporal
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causal relationship to obtain useful features for a deep learning multitask learning model for traffic speed

prediction.

Therefore, with the broad application of Granger causality and its policy implications in business, society, and

public administration, this research intends to perform a bibliometric analysis of Granger causality.
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