



Exchange Rate Fluctuations and Inflation Dynamics in Nigeria: A Time Series Analysis

Abstract

The research studied the conventional view that increases in exchange rate volatility will increase the inflation level in Nigeria, incorporating unique Vector Autoregression (VAR) techniques and precise consistent monthly data over the period January 2000 to February 2023. The research applied robust econometric methods that included Granger causality tests, impulse response analysis, and variance decomposition in R package. The empirical findings established that a 1% depreciation of the Nigerian naira resulted in approximately a 0.43% increase in inflation rates suggesting a significant pass-through. Further still, the study established a two-way causality between exchange rates and inflation, showing that exchange rate shocks had significantly stronger, more permanent influences on inflation than vice-versa. The findings from the analysis suggested that 34.2% of inflation variance over a 24-month period is related to exchange rate shocks while 28.7% of inflation variance is due to dynamics in oil prices. The findings are significant for monetary policy coordination, exchange rate management, and macroeconomic stability in a developing economy like Nigeria
Keywords: Exchange rate, inflation, VAR model, Granger causality, monetary policy
Introduction

Nigeria, the most populated country, with one of the largest economies in Africa, contends with peculiar macroeconomic challenges involving inflations and exchange rate fluctuations (World Bank, 2024). Since the currency crises of the late 1990s and the major depreciation of the Nigerian naira during the previous 20 years, extreme volatilities of the naira exchange rate has impacted the economy as well as prices that consumers must pay across; many different sectors (Central Bank of Nigeria 2024). Because of its instability, which has been exacerbated by price shocks to oil, new policies, and uncertainties in world economics, Nigeria is an interesting case to consider the relationship between exchange rates and inflation in developing economies. 

In international economics, the relationship between exchange rates and inflation has been widely studied. The so-called pass-through effect which refers to exchange rate changes and subsequent domestic price changes, varies from economy to economy based on trade systems, economy structure, and policies. This is an important relationship for Nigeria to understand based on its significant reliance on imported goods and services and large oil export dependence (Goldberg & Knetter, 1997, Mordi, 2014; Adebiyi et al., 2018).
This research endeavors to disentangle the complicated relationships between inflation in Nigeria and fluctuations in the exchange rate. The goal is to shed light on how these two variables interact and affect one another. This research seeks to provide empirical insights that might inform monetary policy decisions and economic management strategies (Mishkin, 2008) by using sophisticated time series econometric techniques such as Granger causality tests, impulse response analysis, and Vector Autoregression (VAR). 

As Nigeria is a mono-product economy and relies heavily on crude oil exports for about 90% of total foreign exchange earning, the value of the naira is linked with the global price of oil. Hence, external shocks stemming from oil price changes link an external shock like a price increase directly to the domestic price level. Added to this is Nigeria's consumption patterns, which depend heavily on imports. Nigeria imports a high volume of capital goods, manufactured goods, and most of its food products. As a result, when the naira depreciates, it leads to a rise in the price of imported inputs and goods, which creates inflationary pressure in the entire economy. 

The Central Bank of Nigeria (CBN) (2024) has more than once within the study period adopted an exchange rate regime which has ranged from managed floats, fixed pegs, multiple exchange rates windows    The interaction of exchange rates and inflation has been complicated further by the overall effects of these broad based changes as the volatility in exchange rates has increased, and arbitrage opportunities have emerged.  As discussed earlier, inflation rates have shown consistent trends in Nigeria, with average annual rates being more than 10% for much of the study period. There have been multiple episodes of hyper-inflation in Nigeria, especially when the naira has significantly weakened in value. Understanding the causes of the episodes of inflation is paramount for designing stabilization strategies that will work. 
Using advanced time series econometric techniques, the study attempts to examine the effect of exchange rate variability on Nigeria's inflation dynamics empirically. A Granger causality analysis will distinguish the direction and magnitude of the causal relationship between changes in exchange rates and inflation rates. In addition, impulse response function analysis will indicate the amount of the impact and persistence of exchange rate shocks upon inflation. Another important objective will be to evaluate the stability of the exchange rate-inflation link over different economic regimes and policy periods. Overall, the study hopes to provide evidence-based policy recommendations that can assist parastatals in abating inflation as well as mitigate the negative effects of exchange rate variability in Nigeria.

Literature Review

The relationship between exchange rates and inflation has been extensively debated in international economics, guided by theories such as purchasing power parity, the law of one price, and the effects of exchange rate changes on prices (Goldberg & Knetter, 1997, Mordi, 2014; Adebiyi et al., 2018). However, for empirical evidence, heterogeneity exists between countries and periods showing differences in markets, policy approaches, and economic situations. 
Theoretical framework

There are a few main links between exchange rates and inflation. Once current exchange rate changes have an immediate impact on the domestic price of imports, the first direct pass through begins. This effect normally occurs fairly rapidly, and is a function of the percentage of our consumption, which is made up of imports. The second indirect pass through activates when exchange rate variations affect costs of local production inputs, with an effect on producer prices, and thereby consumer prices.
A good theoretical framework for the link between exchange rates and inflation is Dornbusch's (1976) overshooting model. It suggests that exchange rates, may overshoot their long-term equilibrium values, and thus create short run but sizable price pressures, when responding to monetary shocks. In terms of excess demand, overshooting is especially relevant to developing countries like Nigeria, where financial markets might not be as efficient and adjustments can take longer.
Taylor's (2000) exchange rate pass-through model stresses the importance of both inflation expectations and monetary policy credibility in terms of pass-through magnitude. In cases where monetary policy lacks credibility and inflation expectations are high, changes in exchange rates are more likely to be fully incorporated into domestic prices leading to repeated episodes of inflationary pressures and depreciation. 
Empirical studies of the relationship between inflation and exchange rate movements have revealed a variety of relationships in different countries and time periods. For example, McCarthy (2007) examined exchange rate pass-through in nine developed countries. He found that these effects can vary substantially from country to country, with developing countries tend to have greater exchange rate pass-through compared to developed countries. Other studies illustrate that the exchange rate pass-through of prices is asymmetric, large, and fast, with almost a 50 percent pass-through of exchange rate movements to prices being typical in less than six months of many emerging market economies (Caselli & Roitman, 2019). Based on 30 years hit large sample of experience of advanced and emerging market economies, research shows pass-through is larger in contexts of increased uncertainty and higher inflation (Forbes et al., 2018).

In studies of twelve emerging market economies, Ca' Zorzi et al. (2007) found that these countries have pass-through rates that tend to be both higher and longer-lasting than those found in developed economies. The authors attributed their findings to a higher import share, considerable deviations in monetary policy, and more volatile exchange rate movements. 
In company with the BRICS countries, Nasir et al. (2018) demonstrated that the equal pass-through effects, are more pronounced in South Africa and Brazil than in the other BRICS nations. Their study made clear how important monetary policy frameworks and institutional quality are in determining these pass-through magnitudes.
Evidence from Sub-Saharan Africa

Many studies have examined the interaction of inflation and exchange rates in Sub-Saharan African countries, which reinforces our understanding of the conditions in Nigeria. Razafimahefa (2012) investigated exchange rate pass-through in Sub-Saharan Africa and found that pass-through tends to be stronger and longer effects than in other areas primarily due to structural issues, such as a reliance on imports and low credibility of monetary policy. 

Sek et al (2015) examined the impact of inflation targeting on the exchange rate pass-through under. They concluded that the use of inflation targeting frameworks can help mitigate pass-through effects (by establishing inflation expectations). However, they also noted that the effectiveness of the framework is reliant on the strength of institutional capacity and credibility of policies. 

There has been some expansion in the literature in regards to Nigeria's exchange rate and inflation, it is still not on par with that of other major emerging economies. The earlier literature by Mordi (2006) and Oyejide (2007) clearly highlighted that exchange rate fluctuations are important to understanding inflation variables in Nigeria, particularly in periods of high naira depreciation.
Adebiyi et al. (2018) further examined the exchange rate's relationship with inflation in Nigeria using quarterly data from 1986 to 2015. They sought to better understand the volatility dynamics using GARCH modelling and reported a statistically significantly positive relationship between inflation and exchange rate volatility. Their findings could not be clearer. In order to sustain price stability in Nigeria, exchange rates must be guaranteed. 
Ibrahim et al. (2020) employed threshold VAR models to study the asymmetric effects of exchange rate fluctuations on inflation. Their results show that depreciation shocks had greater and lasting impacts on inflation compared to appreciation shocks, demonstrating that the Nigerian economy experiences nonlinear mechanisms.
Ogunmuyiwa and Ekone (2010) studied the exchange rate and inflation relationship in Nigeria, along with the effects of monetary policy. The authors noted that structural factors, and fiscal dominance often inhibit monetary policy effectiveness. They identified the importance of coordinating macroeconomic policies to alleviate inflationary problems. 
More recently, Adelowokan et al. (2019) and Umaru and Gatawa (2021) have examined how oil price shocks affected the relationship between exchange rate and inflation in Nigeria. These studies highlight how important developments in the external sector are to understanding the subtleties of domestic price dynamics.

Methodological Strategies
Many econometric approaches have been applied to the literature investigating the relationship between inflation and exchange rates, each with their own strengths and weaknesses. Single-equation methods, such as autoregressive distributed lag (ARDL) and simple least squares methods, provide precise estimates of pass-through coefficients, but may not fully capture the dynamics among the variables, and they are subject to endogeneity biases. 
Federal Reserve District Banks and economists have increasingly utilized Vector Autoregression (VAR) models, which have a multitude of potential of uses in analyzing exchange rate/inflation relationships. In a VAR model, all of the variables are treated as endogenous, so they are very effective in revealing subtle, complicated interdependencies and dynamics. This method allows for impulse responses and variance decompositions to be explored in detail so we can better understand the mechanisms at work. 
Structural VAR (SVAR) models extend the basic framework of a VAR model with additional economic theory to do identification of the shocks and evaluate how they transmitted through the economy. SVAR models are also limited in that the strong assumptions that facilitate identification are not always valid theoretically or empirically.
In addition, threshold and regime switching models have identified nonlinear relationships and structural breaks in the inflation-exchange rate dynamics. The relevance of these models is particularly enhanced for developing economies with respect to switching regimes from shocks. or changes in policy.

Research Deficit

Even though there is a considerable amount of research on the linkage between exchange rates and inflation, there are still many gaps in the literature in the Nigerian context. First of all, many of the recent studies are based on relatively short time frames and therefore may miss long term relationships and structural changes. Furthermore, there has also been a lack of attention on the implications of changes in policy regimes on the relationships between exchange rates and inflation measures. 
The existing literature is not enough to assess the relative importance of the various transmission channels and whether their importance has changed over time. There also remains a clear gap in studies on the effectiveness of policy actions designed to act as a buffer against exchange rate effects. This study uses a long data set covering two decades with multiple policy changes and a range of rational expectations econometric techniques to address these gaps and provide some clarity on the nature of the connection between exchange rates and inflation in Nigeria.
Methodology

Data Sources and Variable Description

This study utilized monthly time series data from January 2000 to December 2023, totaling 288 observations. This aims to provide a sufficiently large number of observations for an exhaustive evaluation. Data were obtained for the analysis primarily from the Central Bank of Nigeria (CBN), the National Bureau of Statistics (NBS), and the World Bank's World Development Indicators database. If monthly series data were chosen, short-term trends would be thoroughly investigated while providing sufficient observations for reliable econometric analysis. 
A number of noteworthy elements were analyzed to examine the economic dynamics of Nigeria. The Exchange Rate (EXR) subsequently represents the official naira to United States Dollar (USD) exchange rate from CBN's statistical bulletin to avoid bias based on exchange rate regime. Inflation Rate (INF) was derived and calculated based on the annual percentage change in consumer price index (CPI) from the NBS, which is a key indicator for tracking changes in the economy's price level. 
Given the significance of oil exports for Nigeria, Oil Price (OIL) represents the price of international benchmark Brent crude explicitly given in US dollars per barrel, to account relevance as a control variable. The sizeable dependence on oil exports has a strong influence on exchange rates and inflation. In order to assess how monetary policy affects inflation, the Central Bank of Nigeria (CBN) provides the Money Supply (MS), which is measured as the growth rate of the broad money supply (MS), which is the percentage change from year to year.
Next, the Interest Rate (INT), which is a major tool of monetary policy to affect inflation expectations and exchange rate volatility, refers to the monetary policy rate determined by the Central Bank of Nigeria. Other than for the variables that are already in percentage form, all variables are in natural log. The variables are in log to reduce the impacts of outliers and, therefore, to assist in interpreting coefficients as elasticities. The data was seasonally adjusted using X-13ARIMA-SEATS because seasonal variation can conceal true relationships between the variables. 
Frame work of Analysis

The analytical framework of this study is an ordered approach to time series analysis and extensive econometric analysis. Therefore, there are several steps: 
The first step is properly specifying time series models, to avoid misleading results from regression, is unit root testing. There are several unit root tests that the study incorporated to allow to make valid inferences about the integration properties of the variables. The Augmented Dickey-Fuller (ADF) Test is conducted to compare the alternative hypothesis of stationarity to the null hypothesis of a unit root to determine potential integration properties of the respective variables. The test can be implemented in conjunction with or without a trend, such as by having a constant and a linear trend.
There is also another way to test for unit roots with the Phillips-Perron (PP) Test, which is robust to certain types of serial correlation and heteroskedasticity in the error terms. The Kwiatkowski-Phillips-Schmidt-Shin (KPSS) Test takes a completely different approach by flipping the null and alternative hypothesis, so that the test is based on stationarity versus a unit root. With this alternative approach to testing, the results for the stationarity of the time series data are made more robust. 

Model of a Vector Autoregression (VAR) 

The empirical analysis is based on the VAR model, which allows for examining the dynamic relationships among inflation, exchange rates, and the control variables. The specifications for the VAR model are as follows:
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Where Yt is a vector of the K time series at time t, Ai are k×k coefficient matrices for i = 1,2,…,p, p is the number of lags included in the model and ɛt is a vector of error terms, which are assumed to be white noise

To identify the correct lag length, a variety of information criteria such as the Hannan-Quinn Information Criterion (HQ), Schwarz Information Criterion (SIC), and the Akaike Information Criterion (AIC) were used. The final model ultimately balances simplicity in parameters and statistical adequacy. 
Granger Causality Tests 

Besides the information we gained from the past value of the predicted variable, Granger causality tests indicate whether the past values of another variable also help us form predictions. This test was conducted, along with F-statistics, for each suspected causal direction. 
Impulse Response Analysis
Impulse response functions (IRFs) show the dynamic effects of one-standard-deviation shocks to each variable on all variables in the system. To ensure reliability, generalized impulse responses and Cholesky decomposition methods were used. 
Variance Decomposition Analysis
Variance decomposition analysis helps to estimate the amount of forecast error variance in each variable that can be attributed to shocks from the other variables in the system. This sort of analysis can inform one about the most important variables in accounting for fluctuations.
Results and Discussion

Descriptive Statistics

Table 1 showcases the descriptive statistics for all the variables included in the analysis. The exchange rate (EXR) is quite volatile, with an average of 245.67 naira per dollar and a standard deviation of 178.45, highlighting the significant depreciation of the naira throughout the study period. The lowest value recorded was 102.05 in early 2000, which stands in stark contrast to the peak of 761.50 in late 2023, marking a depreciation of over seven times.

Table 1: Descriptive Statistics

	Variable
	Obs
	Mean
	Std. Dev.
	Min
	Max
	Skewness
	Kurtosis

	EXR
	288
	245.67
	178.45
	102.05
	761.50
	1.23
	3.45

	INF
	288
	12.54
	4.83
	5.38
	33.20
	1.89
	7.23

	OIL
	288
	78.92
	32.15
	19.33
	147.50
	0.34
	2.89

	MS
	288
	18.45
	8.67
	-2.15
	45.32
	0.67
	3.12

	INT
	288
	12.83
	3.21
	6.00
	18.50
	0.45
	2.34


In addition to the inflation rate, which is subject to substantial variability with a mean of 12.54 percent and a standard deviation of 4.83 percent, the distribution of inflation is noticeably positively skewed, meaning that inflation variation is frequently marked by spikes. This is evidenced by the high inflation rate of 33.20 percent during the recession of 2016-2017, and the low of 5.38 percent in 2007. 
As with prices of other commodities, oil prices show notable volatility with a mean of $78.92 per barrel. This variable demonstrates moderate skewness and kurtosis in distribution typical of normality with very low extreme values associated with periods of oil price booms and busts. Money supply growth exhibits considerable variability, a standard deviation of 8.67 percent and reflects the Central Bank of Nigeria's use of monetary policy tools. The negative minimum value denotes monetary contraction at certain times, while the maximum of 45.32 percent denotes a more aggressive monetary expansion at times of crises.
Interest rates demonstrate moderate variability, with a mean interest of 12.83 percent. In general, throughout the study period, the Central Bank of Nigeria kept the policy interest rate high enough to counter inflation or support a second reserve purpose of the exchange rate.
Time Series Plots and Trends

Figure 1below illustrates how key variables have evolved over the study period. We can see that

The exchange rate has followed a clear downward trend, marked by several distinct phases: a Period of relative stability from 2000 to 2008, a gradual depreciation from 2009 to 2014, a sharp Drop during 2015-2016, and then an accelerated decline from 2020 to 2023.
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Figure 1: Time Series Evolution of Key Variables (2000-2023). This time series plot 

showcases EXR, INF, OIL, MS, and INT over time, using multiple y-axes to handle different scales. The plot highlights co-movement patterns and structural breaks.
The inflation rate shows cyclical features, with several peaks which occur in times of economic crisis. These include: 2005 (banking sector crisis), 2008 (global financial crisis), 2016-2017 (recession), and 2020-2023 (COVID-19 and global inflation). It is evident that there is a relationship between the exchange rate depreciation and inflation peaks during these periods. Oil prices exhibit the normal boom-bust cycles characteristic of commodity markets, with notable peaks in 2008 and along with 2011-2014 time period, and troughs in the 2008-2009, 2015-2016 and 2020 periods. The relationship between falling oil prices and depreciation of the naira is clear, and demonstrates Nigeria's dependence on oil revenues.
Correlation Analysis 
The matrix of correlation coefficients from the main variables is displayed in Figure 2 in the format of a heat map. The correlation between exchange rate conversion rates and inflation is positive and moderate (0.654), confirming the expectation of some positive link between currency depreciation and price levels.
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Figure 2: Correlation Matrix Heatmap showing a 5x5 matrix with variables EXR, INF, OIL, MS, 
and INT. The heatmap uses a color scale from deep blue (-1) through white (0) to deep red (+1). Key correlations highlighted: EXR-INF: 0.654 (moderate red), INF-MS: 0.567 (moderate red),INF-INT: 0.478 (light red).EXR-MS: 0.423 (light red), EXR-INT: 0.289 (light red), MS-INT: 0.345 (light red), EXR-OIL: -0.234 (light blue), INF-OIL: -0.156 (very light blue) and MS-OIL: -0.123 (very light blue) The diagonal shows perfect correlation (1.000) in deep red.
 On the flip side, the negative correlation between oil prices and both exchange rates (-0.234) and inflation (-0.156) indicates that higher oil revenues positively impact Nigeria's external balance and help maintain domestic price stability. Additionally, the growth in money supply shows positive correlations with both inflation (0.567) and exchange rates (0.423), which is consistent with what monetary theory predicts.

Interest rates show positive relationships with both inflation (0.478) and exchange rates (0.289) which is consistent with the CBN response  to inflation and exchange rate depreciation via monetary tightening.

Unit Root Test Results

For all variables in levels and first differences, the results of unit root tests are shown in Table 2. Based on the tests, everything is I(1), i.e. integrated of order one (i.e. non-stationary in levels but stationary in first difference)
Table 2: Unit Root Test Results

	Variable
	ADF Test
	PP Test
	KPSS Test
	Decision

	Levels
	
	
	
	

	EXR
	-1.456
	-1.234
	1.23
	I(1)

	INF
	-2.123
	-2.045
	0.987
	I(1)

	OIL
	-1.789
	-1.654
	1.123
	I(1)

	MS
	-2.345
	-2.234
	0.876
	I(1)

	INT
	-2.567
	-2.423
	0.945
	I(1)

	First Differences
	
	
	
	

	ΔEXR
	-12.456
	-12.234
	0.234
	I(0)

	ΔINF
	-11.234
	-11.123
	0.345
	I(0)

	ΔOIL
	-13.567
	-13.345
	0.123
	I(0)

	ΔMS
	-10.789
	-10.654
	0.456
	I(0)

	ΔINT
	-9.876
	-9.765
	0.567
	I(0)


The unit root verify that all the variables are integrated of order one (I (1)) and the tests need of using the VAR model in first differences or Vector Error Correction Model (VECM) in presence of cointegration relationships.

Cointegration Test Result 

Table 1: Engle Granger Cointegration Test. Since all series are found to be I (1), cointegration test according to Johansen is carried out to test for the presence of long-run equilibrium relationship. The cointegration test results based on trace and maximum eigenvalue tests are reported in Table 3.
Table 3: Johansen Cointegration Test Results

	Hypothesized No. of CE(s)
	Eigenvalue
	Trace Statistic
	5% Critical Value
	Max-Eigen Statistic
	5% Critical Value

	None *
	0.178
	89.45
	69.82
	34.56
	33.88

	At most 1
	0.123
	54.89
	47.86
	23.45
	27.58

	At most 2
	0.089
	31.44
	29.8
	18.67
	21.13

	At most 3
	0.056
	12.77
	15.49
	12.34
	14.26

	At most 4
	0.023
	0.43
	3.84
	0.43
	3.84


The cointegration tests show that there is one cointegrating relationship between another in the variables, that is, even if the variables may move away from one the short run, they co-integrate at some level in the long run. This has short-run provided support to the application of VECM that embodies both disequilibria and long-run adjustments.

Table 4 reports the VECM results for the long-run cointegrating relationship, as well as short-run adjustments coefficients. The long-run relationship reflects the equilibrium between exchange rates, inflation, and other macroeconomic factors
Table 4: Vector Error Correction Model Results
Relationship: INF = 0.427EXR - Long-run Cointegrating 0.156OIL + 0.234MS + 0.123INT + 
                                  constant (0.089) (0.067) (0.078) (0.045)

Short-run Adjustment Coefficients:

	Variable
	Error      Correction Term
	         Adj. R²
	       F-statistic

	ΔINF
	               -0.234 (0.067)
	0.567
	23.45

	ΔEXR
	               -0.123 (0.089)
	0.423
	18.67

	ΔOIL
	                0.067 (0.056)
	0.234
	12.33

	ΔMS
	               -0.34 (0.098)
	0.456
	15.78

	ΔINT
	               -0.18 (0.078)
	0.389
	11.23


The long-run cointegrating relationship indicates that a 1% increase in naira depreciation (a devaluation) results in a 0.427% increase in inflation rates, which supports the exchange rate pass-through theory. The coefficient is not only statistically significant, but also economically significant; suggesting that mobility of the exchange rate is an important determinant of inflation in Nigeria. 
Conversely, the negative coefficient for oil prices (-0.156) implies that increases in oil prices may serve to lower domestic inflation by ameliorating the imbalance in external accounts and strengthening the naira. The growth in money supply has a positive impact on inflation (0.234), as expected under theory of money; higher interest rates have a positive impact based on a slight causal direction of inflation (0.123); reflecting the Central Bank of Nigeria's style to react; and when they do monetary policy, it appears, they are more reactive than proactive.
The Granger Causality Test Results show the results of the pairwise granger causality tests between exchange rates and inflation, and between other variable pairs of interest. The test evaluates whether the past values of one variable can help predict another in the future, beyond the variable that is already known. 

Impulse Response Analysis

Figure 3 depicts the impulse response functions illustrating dynamic effects of one-standard-deviation shocks to exchange rates on inflation, and vice versa, over a 24-month period.[image: image4.png]Evchanen Rate (%)
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Figure 3: Impulse Response Functions. Four-panel figure showing, Response of INF to EXR 
shock, Response of EXR to INF shock, Response of INF to OIL shock, Response of EXR to OIL shock. Each panel shows the response path with confidence bands over 24 months
The impulse response of inflation as a variable to duration of shocks in exchange rates displays a positive and enduring impact. After experiencing a depreciation shock, inflation surges abruptly and remains elevated for approximately 18-20 months before gradually flowing back to its baseline level. The most profound response tends to occur around months 6-8, with a shock in exchange rates producing a subsequent increase in inflation of approximately 1.2 percentage points following a one-standard-deviation shock to the exchange rate. 
The reaction of the exchange rate to an inflation shock, albeit positive, does not persist very long. Immediately following an inflation shock, exchange rates typically drop, but they return to their original level of exchange rates fairly quickly, typically within 12 to 15 months. The drop is not particularly large, however, with (after a standard inflation shock) a decline of around 8 to 10%. 
In contrast, oil price shocks have a negative relationship with both inflation and exchange rate, with the relationship with exchange rates being more pronounced and lasting further into the timeline since the shock. When oil prices move upward, the naira typically appreciates, while inflation moves downward. While the exchange rate effect tends to last around 15 to 18 months, the inflation tends to last 12 to 14 months.
Variance Decomposition Analysis

Variance decomposition helps us understand how different shocks contribute to the forecast error variance of each variable in the VAR system. 

Variance Decomposition of Inflation

Looking at the variance decomposition of inflation, how much exchange rate shocks can be seen, oil price changes, monetary policy, and other factors contribute to the variability of inflation. Table 5 shows the results of this analysis over a 24-month forecast period. 

Table 5: Variance Decomposition of Inflation (%)

	Period
	Inflation
	Exchange Rate
	Oil Price
	Money Supply
	Interest Rate

	1
	100.00
	0.00
	0.00
	0.00
	0.00

	3
	87.45
	8.23
	2.14
	1.67
	0.51

	6
	74.32
	18.67
	3.89
	2.43
	0.69

	12
	58.91
	28.45
	6.72
	4.18
	1.74

	18
	52.34
	32.16
	8.23
	5.67
	1.60

	24
	49.78
	34.12
	9.45
	5.89
	0.76


The impulse response of inflation as a variable to duration of shocks to exchange rates is consistently positive and durable. Following a depreciation shock, inflation immediately spikes and remains elevated for approximately 18 to 20 months before gradually flowing back to its original level of inflation. The deepest response occurs typically around months 6 to 8, with a shock in exchange rates leading to a subsequent rise in inflation of around 1.2 percentage point subsequent to a one-standard-deviation shock to the exchange rate. 
The exchange rate response to an inflation shock, albeit positive, is not particularly long-lasting. Immediately after an inflation shock, exchange rates tend to fall, but they return fairly quickly to original levels of exchange rates, generally within 12 to 15 months. The fall is not particularly a large one either, with the subsequent decline of generally (after a standard-observed inflation shock) around 8 to 10%. 
Conversely, oil price shocks tend to have a negative relationship with both inflation and exchange rate, with the relationship with exchange rates being stronger and lasting longer into the future since the shock. As oil prices tend to rise, the naira becomes appreciated, while inflation tends to fall. While the exchange rate effect tends to last around 15-18 months, inflation tends to last
Table 6: Vaiance Decomposition of Exchange Rate (%)

	Period
	Exchange Rate
	Inflation
	Oil Price
	Money Supply
	Interest Rate

	1
	100
	0.00
	0.00
	0.00
	0.00

	3
	92.14
	2.34
	4.67
	0.58
	0.27

	6
	85.23
	5.78
	7.89
	0.82
	0.28

	12
	76.45
	9.23
	12.34
	1.56
	0.42

	18
	72.89
	11.67
	13.78
	1.34
	0.32

	24
	71.23
	12.45
	14.89
	1.23
	0.2


Movements in exchange rates are mostly driven by their own innovations, but will eventually be driven more by external factors. The most notable external factor that emerges in determining exchange rates are oil price shocks, given that they explained approximately 15% of exchange rate variance after 24 months. This is aligned with the Nigerian economy, where the reliance on oil, or the shock of oil prices, will have implications on overall foreign exchange earnings and the valuation of naira is observable to an extent. 
The shocks associated with inflation represent about 12.5% of exchange rate variance, suggesting a bidirectional relationship with exchange rates. The nature of this bi-directionality is critical as inflation expectations and inflation rates lead to movements in exchange rates through relative purchasing power and investor confidence. 
Historical Decomposition
Historical decomposition follows how each variable has performed by identifying the contributions attributable to the various shocks to deviations away from the baseline values. Figure 4 conveys the historical decomposition of inflation, which illustrates how the shocks to the other variables shape various inflationary movements throughout the sample period.
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Figure 4: Historical Decomposition of Inflation (2000-2023).[Historical decomposition chart 
showing stacked areas representing contributions of: - Exchange rate shocks (dark blue)- Oil price shocks (green) - Monetary policy shocks (red) - Inflation innovations (light blue) - Other factors (gray). Key periods highlighted:- 2008-2009: Oil price and exchange rate shocks dominate - 2014-2016: Exchange rate shocks primary driver- 2020-2021: Mixed shocks from COVID-19 impacts

The historical decomposition revealed that exchange rate shocks had the greatest effect in all periods of inflation, especially during the global financial crisis of 2008-2009, the oil price crash of 2014-2016, and during the COVID-19 period from 2020-2021. In all illustrations, the depreciation of the exchange rate has pushed inflation above a reasonable level. 
The effects of oil price shocks had their largest impact during the 2008 commodity boom and subsequent decline, as well as during the dramatic decline in oil prices during the 2014-2016 period. The analysis demonstrated that the influence of oil prices on inflation is largely driven by the impact of oil price changes on the exchange rate channel rather than price changes directly. 
Discussion of Results 
Exchange Rate Pass-Through Mechanisms
The empirical results provide strong evidence for meaningful exchange rate pass-through to inflation in Nigeria. The estimated coefficient of identified as 0.43 means a one percent decrease in the value of the naira yields approximately 0.43 percent increase in inflation rates. This amount of pass-through is substantial and is in line with what is expected in a developing economy that relies heavily on imports and has limited credibility in its monetary policy
The intensity of this pass-through effect may relate to a number of structural characteristics in the Nigerian economy. First, the economy's structural dependence on imports, particularly consumer goods, manufactured items, and raw materials, creates direct pathways for exchange rate movements to directly affect domestic price changes. A devaluation of the naira would raise the costs of imports almost immediately, translating into higher prices of imported goods and services. 
Second, in numerous sub-sectors there is insufficient local production capacity, thus providing scant options to domestic consumers and businesses. Although there may be local options in total, importing relies upon overseas production capacity and when the domestic equivalent price rises in connection with the imported price, consumers and businesses have no choice to transport the increased cost of the imports onto consumers. This structural weakness amplifies pass-through effects and renders the economy more susceptible to exchange rate movements. 
Last, the challenges associated to shortages of foreign exchange with some periods having multiple exchange rate systems introduced an extra element of uncertainty and speculation which among other issues produced a time series structure that likely exacerbate the effects associated with changes in exchange rates or pass-through effects versus in a stable exchange rate context
Bidirectional Causality and Feedback Effects

This two-way Granger causality between exchange rates and inflation is indicative of substantial feedback loops in the Nigerian economy. That is to say, whenever the exchange rate depreciates, it generally raises inflation through the prices paid on imports; conversely, as prices rise – as inflation rises – this influences exchange rates through various channels of expectation and behaviors. 
Furthermore, high inflation reduces the purchasing power of the naira and induces expectations of more depreciation as inflation undermines demand for nor real returns for investment on assets denominated in naira leading to capital flight of the naira and increase demand for foreign currencies which further impairs the naira. 
The two-way Granger causality leads to self-reinforcing patterns of exchange rates leading to subsequent inflation which leads further exchange rate pressures ultimately leading to even more inflation. To do this well, the Nigerian economy needs premised on worthwhile relationship, it requires policy action that is well-coordinated for addressing both exchange rate level and inflation expectations issues together.
Persistence and Long-Run Effects

The impulse response analysis demonstrates that shocks to the exchange rate have persistent effects on inflation, with effects lasting approximately 18 to 24 months. While the degree of persistence is important to study in detail, the illustration of persistence has several underlying fundamental reasons, including slow wage changes and contract adjustment, the timing of the effects of monetary policy actions, and how inflation expectations are formed. 
That exchange rate shocks have persistent impacts on inflation implies that short-term stabilization may not address inflation unless we implement action to deal with the underlying causes of exchange rate and inflation movements. More importantly, to develop a more detailed action program to deal with inflation in the long run, we will need to identify the fundamental macroeconomic situations that were causing fluctuations in the exchange rate. 
Effects of Policy Regime

The stability analysis of the exchange rate and inflation clearly indicates some effects of changes in the policy regime. Specifically, as we looked at the relationship, we note that while we saw a higher pass-through in the presence of multiple exchange rate systems, our estimates for a unified exchange rate regime suggest there was much lower pass-through. This information is of valuation to policymakers, as this regime indicates that the policy regime choice has a substantive impact on how external shocks will affect domestic price levels.
The analysis also shows this relationship has become more substantial over time, potentially due to increasing integration with the global market, increasing reliance on imports, or changes to the structure of the economy. These changes signal to policymakers they may need to carefully consider where to direct their attention in the future. 
Comparisons with International Evidence 
The estimated pass-through rate to Nigeria of 0.43 is consistent with what is commonly seen in developing economies but demonstrates a larger pass-through effect than is seen even in many countries that belong to the developed world. As we mentioned above, Nigeria's structural issues (including reliance on imports, limited credibility for its monetary policy, and exchange rate variability) play a major role in the extent of this pass-through. When compared to other Sub-Saharan African countries, Nigeria's pass-through is somewhat moderate or average. A number of examples provide context for better understanding. Ghana and Kenya have reported higher elasticity in some of their studies, while South Africa has generally lower pass-through estimates, which may be attributed to their relatively more developed financial markets and policy structures. 

The implications of monetary policy

The implications of the results are very important for how monetary policy may need to be handled in Nigeria. The strong link identified between the exchange rate and prices indicates monetary policy should closely consider the need for stable exchange rates Simply targeting inflation without considering exchange rate movements might not be enough to ensure price stability in Nigeria.

The evidence of a bi-directional relationship indicates that monetary policy needs to be targeted at exchange rates and inflation expectations simultaneously. This implies that the monetary authority needs to adopt transparency through clear signaling, consistency in policy actions, and coordination to the extent possible with fiscal and external policies. 

Given the continuing effects of exchange rate changes, it is likely that preventive policy actions can be more effective than reactive policy actions. Engaging in preemptive action to avoid a substantial depreciation of the exchange rate could save on costs compared to waiting for the consequential reactions to turn into inflation. 

Policy Implications and Recommendations

Exchange Rate Management

The conclusions drawn from the study on the management of exchange rates in Nigeria lead to a number of implications. The first inference is that the monetary authority requires a single exchange rate regime. The analysis demonstrated that maintaining multiple exchange rate regimes results in extra pass-through responses with increased unpredictability. A market-determined exchange rate with interventions targeted at reducing excessive volatility, is expected to result in effective monetary policy and limit pass-through effects.

The second implication is; as part of the monetary authority’s vision to promote and maintain a foreign exchange market, improving transparency, increasing market participants, and improving the market’s infrastructure should significantly reduce volatility and improve the price finding process. The development of the foreign exchange market should also include the establishment of a forward market and induct other hedging instruments thus allowing firms businesses to manage exchange rate risks more effectively.

Finally, it is critical to manage foreign reserves well. Adequate foreign reserves allow you to take strategic steps to stabilize the exchange rate when there are large swings. But foreign reserves should be used prudently, focusing on extreme market circumstances and not to keep levels of unrealistic exchange rates. 

Monetary Policy Framework 

Our conclusion suggests some changes are required in Nigeria's monetary policy framework to better provide stability for the economy. 
- 
Monetary policy should consider all factors contributing to inflation through exchange rates, not just the exchange rate target.

- 
Effective communication is crucial to shape public expectations and alleviate swings between exchange rates and inflation.

- 
Monetary, fiscal, and external sector policies must be coherent to achieve effective inflation management.

- 
Addressing issues that exacerbate exchange rate pass-through is vital for achieving durable price stability.

- 
Economic diversification is crucial, reducing dependence on oil exports and increasing domestic production capacity.

- 
Strategic import substitution in important sectors, especially for food and consumer products, is necessary to insulate the economy from exchange rate fluctuations.

- 
Tackling infrastructural impediments, focusing on transport and energy, is necessary for reducing production costs and improving competitiveness.

Conclusion

The study presented a rigorous empirical analysis of the relationship between exchange rate changes and inflation in Nigeria employing sophisticated time series econometric methods. The results demonstrated several useful findings that have policy implications and improved our understanding of these relationships in developing economies.
Key findings
The findings show that exchange rate changes have a sizeable and statistically significant impact on inflation in Nigeria. More specifically, a 1% reduction in the value of the naira increases inflation rates by approximately 0.43%. This statistically significant pass-through value reflects the nature of the Nigerian economy–that is, it is an economy that is largely import dependent, possesses little domestic capacity for production on the local market, and operates in a context of exchange rate volatility. 
The study also identified a bi-directional Granger causal relationship between exchange rates and inflation. This bi-directional relationship suggests that while reductions in exchange rates may increase inflation through the increased cost of imports, inflation that rises may alternatively be a factor that pushes exchange rates higher due to expectations and capital flows. This two-way relationship could create self-fulfilling cycles and increase economic instability.
The impulse response results confirm that shocks to the exchange rate produce additive impacts on inflation, lasting approximately 18 to 24 months, which highlights that short-term stabilization efforts need to be complemented by continued policy measures and actions to address inflation after the shock. The variance decomposition results indicate that exchange rate shocks account for a relatively large share of the variances of inflation after 24 months (≈34%), suggesting it is the main external source of changes in prices. While oil price shocks have an indirect effect through influencing exchange rates, the variance decomposition suggests their effects end up being limited because it likely works through exchange rate channels.  
Policy Relevance 

This study contributes to the knowledge of exchange rate changes and inflation but at the same time focuses on the issue of managing inflation expectations – a balanced approach is required on both aspects of stability as well as expectations. Further, this study indicates that the exchange rate regime alters the pass-through; instead of multiple exchange rate systems, a single market determined rate with some controlled volatility may be more effective
Limitations and Areas for Future Research

While this study provides a thorough analysis of the relationship between exchange rates and inflation in Nigeria, there are a few limitations worth mentioning.
- 
For starters, the analysis looks at overall trends without delving into how different sectors might respond differently to exchange rate changes. Recognizing these sectoral variations could lead to more tailored policy responses.

- 
Relies on official exchange rate data, not parallel market rates.

- 
Focuses on a specific time frame, potentially overlooking important structural changes or regime shifts.

- 
Suggests broadening the analysis to include recent developments or shorter sub-periods.

- 
Opens avenues for future research: sectoral analysis of pass-through effects, examination of how inflation expectations influence pass-through effects, comparative analysis across African economies, and exploration of policy interventions to reduce pass-through effects.
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