


Modelling causality among selected macroeconomic variables in Nigeria

[bookmark: _Hlk144165941]Abstract: 
Nigeria’s economy has suffered from decades of declining economic performance, leading to its increasing poverty rate. This is largely attributed to the poor economic outcomes resulting from ineffective policies and poor performance of macroeconomic indicators. This study examines the causal relationships among selected macroeconomic variables in Nigeria, focusing on GDP, interest rate, inflation, unemployment rate, and exchange rate. Data were obtained from the Central Bank of Nigeria (CBN) and the National Bureau of Statistics (NBS), spanning from 1980 to 2023. The study utilises the Augmented Dickey-Fuller unit root test, Johansen Cointegration analysis, and Pairwise Granger Causality/Block Exogeneity Wald Tests. The ADF test was used to check for the presence of unit roots in the time series data, which helps to determine the stationarity of the series. The results reveal that while GDP does not significantly Granger-cause other variables. However, the interest rate exhibits a causal relationship with both inflation and the exchange rate. Additionally, the exchange rate Granger causes inflation significantly, largely due to Nigeria's dependence on imports and low domestic productivity. The result of the cointegration evidence supports the existence of interdependencies among the macroeconomic variables, which is crucial for economic modelling and policy analysis. The establishment of cointegration equations indicates that these variables share a long-term equilibrium relationship, meaning they move together over time despite short-term deviation, as shown in the result. The findings highlight the critical need for policymakers to consider the interconnectedness of these variables when designing economic policies.
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1.0 [bookmark: _Hlk173429799]Introduction
The Nigerian economy, despite its vast resources and large potential market, continues to face economic challenges leading to stagnation and declining GDP output in recent decades (Jelilov, 2016). The worsening economic realities have been largely attributed to corruption, unfavourable economic policies, import dependency, declining manufacturing, mono-economic, conflict of diverse forms, and economic instability (Onyekpe, 2022; Gbolahan, 2023). Moreover, high unemployment rate, domestic capital formation, foreign direct investment, government spending on education and security are negatively affected by the growing level of insecurity and consequently retarded growth in the long and short run (Yusuf & Mohd, 2022). The reliance on oil as a primary revenue source has made the economy vulnerable to global oil price fluctuations, while endemic corruption has hindered sustainable growth and developmental efforts (Bamaiyi, 2024).
Oil price change is directly related to income. An increase in energy will increase the proportion of households’ expenditure on energy, with dire consequences for the welfare of the workers. Nigeria exports crude oil and imports refined oil because domestic refineries are unable to meet domestic consumption. Moreover, production in Nigeria depends on petroleum due to low electricity generation and supply (Akinlo, 2024; Fasanya et al., 2023). Nigeria is the largest producer of oil on the continent of Africa and also the importer of refined petroleum products due to insufficient refining capacity and internal crisis within the oil and gas industry. This has left the country susceptible to oil price shocks, impacting its revenue significantly (Ogunjobi et al, 2024). This vulnerability and other import dependencies have led to import inflation and an unfavourable balance of trade, exacerbating economic challenges. The country’s inflation surged to 34.19 % in the fourth quarter of 2024, while the exchange rate experienced fluctuation between 1500-1700/$ in the same period (NBS 2024: CBN, 2024). Moreover, the interest rate hike from 24.75 to 26.25 per cent in the fourth quarter of 2024 has posed a significant obstacle to the investment and manufacturing sectors (Jakpa et al., 2024). Causality studies emphasise the necessity of analysis of both direct and indirect effects when investigating causal relationships among macroeconomic variables, highlighting the intricate directions of variables influencing Nigeria’s economic landscape (Okyere et al, 2014; Akpan, 2024).
Another worrisome cause of macroeconomic disturbance was the removal of the fuel subsidy in mid-2023, which had worsened Nigeria’s economic challenges and widened the country’s already deteriorating standard of living of Nigerians. These economic scenarios show that the macroeconomic indicators have interconnected impacts, such that a change in one of the macroeconomic variables has a ripple and multiplier effect on the ecosystem. Macroeconomic variables are essential for the economic stability of every economy; they are volatile and respond to policy changes disproportionately (Okyere et al.,2014; Dariyem et al., 2024; Adi et al, 2022). A study by Coulibaly & Maroune (2024) highlights that GDP, inflation, and unemployment have a significant relationship with exchange rate projections to serve as effective early warning indicators of currency crisis in the emerging markets. This underscores the importance of using macroeconomic variables in managing economic crises and predictions. Therefore, policy-makers must understand the point of convergence in policy decisions to avoid undesirable effects because of changes in one variable and how it affects the economy. This study tends to look at the interdependency of macroeconomic variables on the Nigerian economy and the impact of policy changes on one variable on the other in the macroeconomic landscape. 
The study focused on five selected macroeconomic variables: GDP, interest rate, exchange rate, inflation rate, and unemployment rate. The study of these indicators underscores the need to recognise convergence points in their decision to mitigate adverse outcomes. Hence, a comprehensive analysis of these variables is essential for managing economic stability and predicting crises in Nigeria’s evolving economic landscape. 



2.0 Literature review
The literature review focuses on empirical studies that explore the interaction among macroeconomic variables and their implications for policy direction.
Okyere et al. (2014) explore the relationship between stock prices and macroeconomic indicators in Ghana using a Vector Autoregressive (VAR) model. The study highlights the complex dynamics between macroeconomic variables and economic outcomes. They discovered that macroeconomic variables such as exchange rates, money supply, and inflation have significant causal relationships among themselves, but do not Granger-cause stock prices provides an important perspective. It suggests that not all economic indicators directly influence market performance, which aligns with the complexities you might encounter in analysing causality among macroeconomic variables in your study.
Babarinde and Enoruwa (2021) explore the causality relationships between macroeconomic variables and capital market development in Nigeria using the Vector Error Correction Model (VECM) and Pairwise Granger causality tests. The findings, particularly the unidirectional causality from economic growth to capital market development and from capital market development to money supply and total savings, are highly relevant to your study. These results emphasise the importance of understanding the directional influences between variables, which is crucial for how inflation, exchange rates, and other economic factors interact with economic growth in Nigeria. The study’s approach to causality testing could inform methodology, offering a comparative framework for analysing similar relationships in your work.
Wadinga (2023) conducted a comprehensive analysis of the relationship between inflation and economic growth in Nigeria, covering the period from 1970 to 2021. The study explored the complex interplay and long-run dynamics between inflation, the official exchange rate, and manufacturing exports using descriptive statistics, correlation analysis, Error Correction Regression, and the Autoregressive Distributed Lag (ARDL) model. The findings indicate no significant long-run dynamics between these variables and economic growth in Nigeria. However, the Error Correction Regression highlights that inflation exerts a detrimental impact on short-term economic growth in the country.
Okeowo and Ozekhome (2021) provide a thorough examination of the relationship between price levels, economic growth and macroeconomic performance in Nigeria, using Granger Causality modelling and the ARDL approach on the annual data from 1981 to 2018. The findings reveal the short-run and long-run relationship between the variables studied, with a weak speed of macroeconomic adjustment, highlighting the challenges of achieving economic stability. The study’s causality results indicate that economic growth stimulates investment, while oil price shocks lead to exchange rate fluctuations. The important insight from this is the impact of economic growth and the price levels on the exchange rate compared to investment
Ekpo et al. (2023) examine the impact and causality of private investment on Nigeria’s economic performance using time series data from 1980-2018, employing multiple regression and co-integration methods.  The result from the OLS and ADRL estimates reveals that there is no causal relationship between private investment and economic growth in Nigeria. Private domestic investment (PDI) shows a positive but insignificant impact on economic performance both in the short and long run, while the unemployment rate negatively affects economic performance in the short run but is statistically significant in the long run. There is no significant long-term impact of foreign direct investment (FDI), and trade openness has a significant inverse relationship with the Misery Rate, a proxy for economic performance. The study concludes that private investment does not significantly impact economic performance, recommending more transparent, attractive, and competitive investment policies to stimulate inclusive growth.
The study by Coulibaly and Maroune (2024) investigates the relationship between the exchange rate and other macroeconomic variables, with the aim of signalling warning signs. The other economic variables include: GDP, inflation, and unemployment, and their effectiveness in predicting exchange rate crises in emerging countries. Using the system GMM method and signal approach, the study finds that GDP and inflation have significant coefficients with the exchange rate in expected directions, while unemployment shows an unexpected negative sign. It develops macroeconomic pressure indices from these variables, finding them to be effective early warning indicators of currency crises, with the production pressure index being the most accurate, followed by inflation and unemployment. These macroeconomic pressure indices outperform market pressure indices based on international reserves in predicting crises over a one-year window. The effectiveness and accuracy of these indicators vary across countries.
Badan et al. (2024) examine the U.S. Federal Reserve's zero interest rate policy from 2000 to 2020, using cointegration models to address crises like COVID-19 and oil price drops. The study investigates an inverse relationship between the zero interest rate and GDP. This suggests that the zero interest rate can effectively address economic downturns and promote growth without harmful future economic repercussions, such as excessive reliance on exchange rate reductions or foreign borrowing. This study underscores the zero-interest rate policy's role in stimulating economic activity and growth, offering insights into effective monetary policy tools. Its findings highlight how such policies can address economic downturns and support GDP growth, providing a relevant perspective for understanding the impact of macroeconomic variables on economic performance in your study.
Rafay and Rubab (2014) examine the causal links between the KSE 100 index and macroeconomic variables in Pakistan from 1992 to 2010. It finds a strong positive relationship between imports and the KSE 100 index, with interest rate and exchange rate also showing causal effects, while no significant link was found with CPI and exports. These insights are valuable for investors and policymakers.
Ogunjobi et al. (2024) examine the relationship between inflation, oil revenue, and economic growth in Nigeria from 1987 to 2022, providing valuable insights with significant implications for policy formulation. The findings demonstrate a positive impact of oil revenue on economic growth, aligning with expectations, while also revealing an adverse effect of inflation on growth using the ARDL model. The findings indicate a significant positive causality from oil revenue to economic growth, suggesting that increases in oil revenue directly stimulate economic expansion. Conversely, the study highlights a negative causal relationship between inflation and economic growth, implying that rising inflation could hinder economic progress. These causality results underscore the importance of targeted policy interventions. Effective management of oil revenue is crucial for driving economic growth, while controlling inflation is vital to prevent its detrimental effects on the economy 
The empirical literatures highlight the complex and dynamic relationship from previous studies on economic performance in Nigeria, indicating the need for a comprehensive policy framework to enhance macroeconomic stability through the study of the structure of macroeconomic variables. The study also emphasises the feedback loop between macroeconomic variables, the short- and long-term relation, strength and directional focus, and impact and reinforces the importance of considering how macroeconomic variables interact with each other over time. This approach is particularly relevant to your analysis, as it underscores the need to understand both direct and indirect relationships between variables when investigating their effects on economic performance.
3.0 Materials and Methods
Research design
The study investigates the causal relationship among Nigeria’s selected macroeconomic variables, GDP, interest rate, inflation, unemployment rate and exchange rate from 1980 to 2023, using data from the Central Bank of Nigeria and the National Bureau of Statistics. The analysis comprises three major stages: testing the stationarity using the Augmented Dickey-Fuller (ADF) test, determining the long-run relationship using the Johansen Cointegration approach, and evaluating directional causal relationships through the Pairwise Granger Causality and Block Exogeneity Wald tests within a Vector Autoregressive (VAR). The results aim to provide insights into the dynamic interactions that will shape Nigeria’s economic landscape. 
Model Specification
Augmented Dickey-Fuller (ADF) Statistics
The ADF test was used to check for the presence of unit roots in the time series data, which helps to determine the stationarity of the series (Dickey and Fuller, 1979). The ADF equation given by: 
                               	 (1)

 constant/intercept term
: First difference operator
 Time trend term

 Coefficient of the lagged differenced of the variables
 white noise error terms
Number of lagged difference terms (chosen via information criteria)
Johanson Co-integration Test
The Johanson is used to determine the co-integration among multiple time series. The model is typically represented in the form of the Vector Error Correction Model when dealing with non-stationary series that are cointegrated (Johansen, 1991)
                                                                                   	 (2)


 The long-run impact matrix, which can be decomposed into ′, where α represents the speed of adjustment to the long-run equilibrium, and contains the cointegration vectors.
 short-run dynamics coefficients coefficient

Pairwise Granger Causality Test/Block Exogeneity Wald Test 
To identify the direction of causality between the variables, the Pairwise Granger Causality test and Block Exogeneity Wald test are conducted. The Granger causality test determines whether values of one variable help predict another variable. The basic form of the Granger causality test between two variables, X and Y, is 
                                                                		  (3)


The lagged values of the independent variable and exogenous terms
Coefficients for the lags of  and ​, respectively

.

RESULT & DISCUSSION
Table 1. Summary Statistics from the Data
	
	
	
	
	
	

	
	GDP
	Inflation
	Interest rate
	Exchange rate
	Unemployment

	
	
	
	
	
	

	 Mean
	3.056512
	5.129759
	17.35721
	3.731379
	3.162884

	 Median
	3.460000
	5.614123
	16.94000
	4.775504
	3.791000

	 Maximum
	15.33000
	12.16099
	31.65000
	6.789411
	5.633000

	 Minimum
	-13.13000
	0.498918
	8.920000
	-0.494296
	0.000000

	 Std. Dev.
	5.256186
	2.656281
	4.763771
	2.048385
	1.827877

	 Skewness
	-0.846830
	0.264254
	0.340300
	-0.783252
	-0.991749

	 Kurtosis
	4.853653
	2.840759
	3.662494
	2.460712
	2.450552

	 Jarque-Bera
	11.29559
	0.545883
	1.616291
	4.917708
	7.589778

	 Probability
	0.003525
	0.761137
	0.445684
	0.085533
	0.022485



The summary statistics offer significant insights into the distribution and variability of selected macroeconomic variables, which are essential for stochastic modelling. GDP reflects notable economic fluctuations, with a mean of 3.06 and a high standard deviation, indicating substantial volatility. The exchange rate, while stable, exhibits fluctuations characteristic of dynamic money markets. Interest rates demonstrate considerable variability, reflecting the influence of shifting economic policies. Inflation, with a mean of 5.13, highlights potential risks to price stability. Unemployment rates, averaging 3.16, underscore diverse labour market conditions. These statistics point to intricate interdependencies among the variables, emphasising the necessity of considering both central tendencies and extremes in robust macroeconomic forecasting and policy analysis. 
Table 2: Augmented Dickey-Fuller unit root test result
	Variable
	ADF Test Statistics Level)
	%
	ADF Test Statistics
	I(d)

	GDP
	-10.8212
	5%, 10%
	0.0000
	I(1)

	Exchange rate
	-5.4241
	1%, 5%, 10%
	0.0003
	I(1)

	Interest rate
	-5.3714
	1%, 5%, 10%
	0.0001
	I(1)

	Inflation
	-5.9353
	1%, 5%, 10%
	0.0000
	I(1)

	Unemployment
	-6.6102
	1%, 5%, 10%
	0.0000
	I(1)



Table 2 presents the results of the Augmented Dickey-Fuller (ADF) unit root test, which assesses the stationarity of various macroeconomic variables. For GDP, the ADF test statistic is -10.8212 with a p-value of 0.0000, indicating that GDP is stationary at the first difference, I (1). Similarly, the Exchange Rate shows an ADF test statistic of -5.4241 and a p-value of 0.0003, confirming it is also stationary at I (1). The Interest Rate, with an ADF test statistic of -5.3714 and a p-value of 0.0001, follows the same pattern, becoming stationary after one differencing. Inflation and Unemployment exhibit ADF test statistics of -5.9353 and -6.6102, respectively, with p-values of 0.0000, indicating they too are stationary at the first difference, I (1). The variables are stationary at the first difference, which necessitates modelling their interrelationship as they change over time and a cointegration test. This will determine if these variables converge in the long run, aiding in economic policy and forecasting decisions
Johansen Cointegration Test
Table 3: Test Type: Trace Statistic (without linear trend and constant in cointegration)
	Hypothesised No. of Cointegrating Equations
	Test Statistic
	10% Critical Value
	5% Critical Value
	1% Critical Value

	r <= 4
	7.36
	7.52
	9.24
	12.97

	r <= 3
	17.19
	17.85
	19.96
	24.6

	r <= 2
	37.75
	32
	34.91
	41.07

	r <= 1
	59.66
	49.65
	53.12
	60.16

	r = 0
	95.93
	71.86
	76.07
	84.45



Table 4a: Cointegration Relations (Eigenvectors, Normalized to the First Column)
	
	GDP.
	Exchange rate
	Interest rate
	inflation
	Unemployment

	GDP
	1
	1
	1
	1
	1

	Exchange
	-4.84
	-0.41
	3.00
	-5.50
	2.35

	Interest rate
	-0.96
	-1.03
	-0.46
	2.55
	-0.21

	inflation.
	-0.03
	0.45
	-0.03
	-0.47
	0.00

	unemployment.
	5.22
	1.82
	0.73
	4.99
	-4.93

	Constant
	15.98
	1.31
	-26.17
	-29.75
	8.35


Table 4b. Loading Matrix (Weights W)
	
	GDP.
	Exchange rate
	Interest rate.
	Inflation
	Unemployment

	GDP
	-0.15
	-0.05
	-0.05
	-0.12
	-0.11

	Exchange rate
	0.04
	0.00
	-0.01
	0.00
	0.01

	Interest rate
	0.19
	0.00
	0.02
	-0.07
	0.11

	Inflation
	0.18
	-1.53
	0.17
	0.13
	0.18

	Unemployment
	-0.07
	-0.01
	-0.01
	0.01
	0.03



The Johanson cointegration test result indicates the presence of long-run equilibrium relationships among the variables GDP, exchange rate, interest rate, inflation, and unemployment in Nigeria. The test statistics exceed the 5% critical values for r = 0, r <= 1, and r <= 2, suggesting three cointegrating equations at the 5% significance level. This implies that while there are short-term deviations, the variables move together in the long run, maintaining a stable relationship. The eigenvalues and eigenvectors (cointegration relations) show the strength and the nature of these relationships, while the loading matrix (weights) indicates the speed at which the variables adjust to return to equilibrium after a shock. 
The result of the cointegration evidence supports the existence of interdependencies among the macroeconomic variables, which is crucial for economic modelling and policy analysis. The establishment of cointegration equations indicates that these variables share a long-term equilibrium relationship, meaning they move together over time despite short-term deviation, as shown in the result. This implies that shocks affecting one variable will be corrected through adjustment in the other variables, returning the system to equilibrium. 


Table 5: Pairwise Granger Causality/Block Exogeneity Wald Tests
	
	
	
	

	Dependent variable: GDP
	

	
	
	
	

	Excluded
	Chi-sq
	Df
	Prob.

	
	
	
	

	Inflation
	 0.021399
	2
	 0.9894

	Interest Rate
	 0.224340
	2
	 0.8939

	Exchange Rate
	 0.973018
	2
	 0.6148

	Unemployment
	 0.614111
	2
	 0.7356

	
	
	
	

	All
	 1.260172
	8
	 0.9960

	
	
	
	

	Dependent variable: Inflation

	
	
	
	

	Excluded
	Chi-sq
	Df
	Prob.

	
	
	
	

	GDP
	 1.534420
	2
	 0.4643

	Interest Rate
	 6.051717
	2
	 0.0485

	Exchange Rate
	 0.005008
	2
	 0.9975

	Unemployment
	 0.350833
	2
	 0.8391

	
	
	
	

	All
	 12.21753
	8
	 0.1418

	
	
	
	

	Dependent variable: Interest Rate

	Excluded
	Chi-sq
	Df
	Prob.

	
	
	
	

	GDP
	 5.252106
	2
	 0.0724

	Inflation
	 13.71099
	2
	 0.0011

	Exchange Rate
	 5.790892
	2
	 0.0553

	Unemployment
	 4.449341
	2
	 0.1081

	
	
	
	

	
	
	
	

	All
	 38.76283
	8
	 0.0000

	
	
	
	

	
	
	
	

	Dependent variable: Exchange Rate

	
	
	
	

	
	
	
	

	Excluded
	Chi-sq
	Df
	Prob.

	
	
	
	

	
	
	
	

	GDP
	 1.607657
	2
	 0.4476

	Inflation
	 7.460466
	2
	 0.0240

	Interest Rate
	 1.703815
	2
	 0.4266

	Unemployment
	 2.240297
	2
	 0.3262

	
	
	
	

	
	
	
	

	All
	 15.43826
	8
	 0.0512

	
	
	
	

	
	
	
	

	Dependent variable: Unemployment

	
	
	
	

	
	
	
	

	Excluded
	Chi-sq
	Df
	Prob.

	
	
	
	

	
	
	
	

	GDP
	 5.737728
	2
	 0.0568

	Inflation
	 0.169820
	2
	 0.9186

	Interest Rate
	 0.587194
	2
	 0.7456

	Exchange Rate
	 2.333118
	2
	 0.3114

	
	
	
	

	
	
	
	

	All
	 6.982730
	8
	 0.5385

	
	
	
	

	
	
	
	


The result from the VAR Granger Causality/Block Exogeneity Wald Tests, summarised in Table 5, indicates that the lag of GDP has no significant effect on the other variables (Inflation, Interest Rate, Exchange Rate, and Unemployment), as evidenced by the high p-values (all above 0.6). Specifically, the p-values for GDP's effect on Inflation (p = 0.4643), Interest Rate (p = 0.0724), Exchange Rate (p = 0.4476), and Unemployment (p = 0.0568) indicate no significant causality. In terms of inflation causality, the analysis reveals a significant effect of inflation on interest rate (p = 0.0011), and there is also a significant causal effect of inflation on exchange rate (p = 0.0240). additionally, interest rate significantly granger-causes both inflation (p = 0.0485) and GDP (p = 0.0724), suggesting a bidirectional causality between inflation and interest rate. 

Moreover, the result shows that the lag of the exchange rate has a significant effect on inflation (p = 0.0240) but not on unemployment. Conversely, unemployment does not Granger-cause GDP or any other variable, indicating limited short-term influence in the examined context. While GDP shows no significant lagged effect on other variables, inflation significantly influences both interest rate and exchange rate.  Additionally, interest rate affects both inflation and GDP, demonstrating a complex interdependency among macroeconomic variables in the Nigerian economy. 

Furthermore, the pairwise causality test indicates that there is a significant causality observed from interest rate to inflation (p = 0.0133) and from exchange rate to interest rate (p = 0.0209), suggesting that changes in interest rate predict future inflation, and changes in exchange rate predict future interest rate. Additionally, there are marginally significant relationships where inflation potentially causes interest rate (p = 0.0943) and exchange rate (p = 0.0641), and interest rate potentially causes exchange rate (p = 0.0592), indicating a complex interaction among these variables. 

4.0 Discussion of Findings
The intricate interplay among macroeconomic variables underscores the necessity for comprehensive policies to drive positive economic outcomes. The Johansen cointegration test reveals that these variables exhibit a long-term equilibrium relationship, moving together over time despite short-term fluctuations. This alignment suggests that shocks to one variable are eventually counterbalanced by adjustments in others, restoring equilibrium, as posited by Coulibaly and Maroune (2024) in their exploration of exchange rate interactions with GDP, inflation and unemployment. The Granger causality test further reveals that while GDP does not significantly influence other variables, interest rate does exhibit a causal relationship with inflation and exchange rate, strengthening the findings by Okyere et al. (2014). 
The study highlights the feedback loop between exchange rate and money supply, emphasising the importance of understanding both direct and indirect interactions for effective policy making. More so, the significant Granger causality of the exchange rate on inflation reflects Nigeria’s dependency on imports, aligning the findings by Jakpa et al. (2024) and Okwuchukwu and Onyeanu (2023). Unemployment's impact on economic growth further supports the interconnectedness of these variables. The study also provides direction on the potential of a zero-interest rate policy to stimulate economic activities and growth without adverse long-term consequences, offering valuable insights into the role of monetary policy in addressing economic downturns and fostering economic development. 
5.0 Conclusion and Recommendations
The study reveals that while GDP does not significantly influence other macroeconomic variables in the short run, there are interdependencies between inflation, interest rate and exchange rate in Nigeria. The presence of a long-term equilibrium relationship among variables underscores the importance of coordinated economic policies to ensure stability and growth. Understanding these dynamics will aid policymakers in crafting more effective strategies to manage Nigeria’s macroeconomic environment, ultimately contributing to sustainable economic growth. 
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