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Abstract 

The present study empirically investigates the causal, long-run, and asymmetric relationship 

between the West Texas Intermediate crude oil price and the inflation rate in the United States 

over the period January 2020 to December 2023. To this end, a three-tier econometric strategy was 

designed and implemented. In the first tier, the Augmented Dickey-Fuller and Phillips-Perron unit 

root tests were employed to determine the order of integration of the variables, with results 

confirming the non-stationarity of both variables at level and their stationarity at the first 

difference. In the second tier, the Nonlinear Autoregressive Distributed Lag model was estimated 

to examine the asymmetric effects of positive and negative oil price changes on inflation in both 

the short and long run. The results of the bounds test confirmed the existence of a stable long-run 

cointegration relationship. The normalized long-run coefficients revealed that a sustained $10 

increase in oil prices raises the inflation rate by 0.46 percentage points, whereas an equivalent 

decrease reduces inflation by only 0.21 percentage points. The Wald test verified the statistical 

significance of this asymmetry, confirming the rockets and feathers effect in the U.S. oil-inflation 

nexus. The error correction coefficient indicated that approximately 28.7 percent of short-run 

disequilibrium is corrected in each period. In the third tier, the Toda-Yamamoto causality test 

unveiled a strong unidirectional causal relationship running from oil prices to the inflation rate and 
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rejected the possibility of reverse causality. These findings carry significant policy implications 

for central banks facing energy supply shocks and underscore the necessity of adopting preemptive 

and asymmetric approaches in monetary policymaking. 

Keywords: Crude oil price, inflation rate, asymmetry, NARDL model, Toda-Yamamoto causality 

test, cointegration, monetary policy, United States
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Introduction 

Oil price shocks have long been recognized as one of the most significant disruptors of 

macroeconomic stability; nevertheless, the nature of their relationship with inflation, particularly 

following the structural transformations of the global economy over the past two decades, has 

evolved into an exceedingly complex and contentious subject. The oil crisis of the 1970s and the 

subsequent stagflationary experience, as a historical turning point, have forever haunted the 

collective memory of policymakers with the fear that rising energy prices could ignite the engine 

of inflation; a fear that materialized once again with the price surge in 2022, as inflation rates in 

advanced economies, including the United States, reached their highest levels in four decades. 

Despite this rich theoretical and empirical background, the COVID-19 pandemic crisis and the 

ensuing recovery unveiled new dynamics that challenge the traditional understanding of the oil-

inflation nexus: the unprecedented collapse of oil prices to around $17 per barrel in April 2020 

reduced inflation only temporarily and marginally, while its subsequent surge above $110 in 2022 

penetrated the inflationary core with astonishing speed and intensity. These observations raise the 

fundamental question of whether the effects of oil prices on inflation, contrary to the assumptions 

of conventional linear models, follow an asymmetric pattern—a pattern in which price increases 

exert a stronger and more persistent impact on inflation than decreases, a phenomenon that has 

become renowned in the energy economics literature as the rockets and feathers effect. 

A review of the literature clearly reveals the gradual and tumultuous evolution of economic 

thought in understanding this relationship. The first generation of empirical studies, largely shaped 

by the oil crises of the 1970s, employed traditional linear models and emphasized the existence of 

a negative and symmetric relationship between oil price shocks and economic activity, and 

consequently a positive relationship with inflation; Hamilton (1983), in his classic and seminal 

work, demonstrated that rising oil prices are a powerful predictor of economic recessions in the 

United States. However, a significant paradigm shift occurred with the work of Hooker (1996) and 

subsequently Hamilton (2003), who, by introducing the concept of the net oil price increase, 

argued that only increases breaking a historical ceiling are impactful, thus sparking the initial flame 

of asymmetric thinking. Subsequently, Balke, Brown, and Yücel (2002), by decomposing oil 

shocks into supply, aggregate demand, and precautionary demand components, demonstrated that 

each exerts a distinctly different effect on the economy, further revealing the necessity of nonlinear 

modeling. The literature on inflation followed a similar path. Although during the 1990s and early 

2000s, with the Great Moderation, discussions centered on the weakening of the oil-inflation link, 

the 2008 financial crisis and then the COVID-19 pandemic brought these questions back with 

renewed urgency. Chen (2009) showed that globalization and competition may moderate the effect 

of cost-push shocks on inflation in certain periods. In contrast, more recent studies, such as the 

work of Grüber et al. (2022), analyzing panel data from several advanced economies, provided 

strong evidence of a powerful resurgence of the oil-inflation relationship, particularly through the 

channel of cost-push effects in the transportation and manufacturing sectors. However, the 

intersection of these two streams of thought—namely, the simultaneous examination of the long-

run relationship, causality, and specifically asymmetry between oil prices and inflation, 

particularly in the volatile post-2020 period—has not yet been subjected to a thorough and rigorous 

econometric investigation. 

The existing research gap is precisely rooted in this theoretical and methodological void. Most 

previous studies have either relied solely on linear cointegration relationships, or, if addressing 

asymmetry, have only examined its short-run dimensions, or have utilized first-generation 
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econometric methods incapable of simultaneously modeling both short-run and long-run 

asymmetry. Moreover, many of these studies were conducted prior to the structural shocks of 

2020–2023 and, consequently, cannot explain the new dynamics of the global economy in the 

transition from a supply crisis to a persistent inflationary spiral. For instance, the study by Vali 

(2021), using a linear ARDL model, confirmed a positive long-run relationship between oil and 

inflation in OECD countries but, due to the model's linear structure, was unable to test the 

asymmetry hypothesis. Conversely, Zeng et al. (2023) employed a nonlinear model to investigate 

the effect of oil on economic growth but did not extend their analysis to the domain of inflation. 

This gap highlights the necessity of conducting a comprehensive study that, by employing the most 

advanced time-series econometric techniques, analyzes all three dimensions—the causal, long-

run, and asymmetric relationship—within a unified and coherent framework for the United States 

economy, as the world's largest economy and a key player in the oil market. 

The methodological innovations of the present study are precisely designed to address this need. 

For the first time in the literature concerning the U.S. oil-inflation nexus, we employ a three-tier 

approach wherein each tier addresses the weaknesses of previous studies. In the first step, to 

accurately determine the order of integration of the variables and prevent spurious regression, the 

Augmented Dickey-Fuller and Phillips-Perron unit root tests are employed complementarily. 

Subsequently, instead of linear models, the Nonlinear Autoregressive Distributed Lag model, 

known as NARDL, developed by Shin, Yu, and Greenwood-Nimmo (2014), is utilized. The 

prominent advantage of this method is its ability to decompose oil price shocks into cumulative 

positive and negative changes and to simultaneously examine asymmetry in both the short and 

long run—a capability that linear ARDL models and conventional vector error correction models 

lack. Finally, as a further innovation, to ascertain the precise direction of causality between the 

two variables, we employ the Toda-Yamamoto (1995) causality test. Because this test, unlike the 

standard Granger causality test, does not require the precondition of stationarity or cointegration 

among variables, it considerably enhances the robustness and validity of the results. The 

combination of these three methods within a single study provides a methodological triangulation 

capable of delivering robust and unprecedented evidence in support of or against the inflation 

asymmetry hypothesis. 

The significance and necessity of this research, beyond mere academic curiosity, lie in its vital 

implications for monetary policymaking. Central banks, particularly the Federal Reserve, face a 

difficult dilemma when confronting energy supply shocks. On the one hand, if the effect of rising 

oil prices on inflation is strong and persistent, ignoring it could unanchor inflation expectations 

and entrench inflation at elevated levels, incurring a heavy cost for the economy—as the 2022 

experience largely attested. On the other hand, if falling oil prices exert only a marginal and 

temporary effect on reducing inflation, policymakers cannot rely on them as a natural anti-

inflationary tool and must, instead of relying on optimism regarding supply-side corrections, 

actively utilize monetary policy levers. The empirical confirmation of the rockets and feathers 

phenomenon in this study specifically warns that the oil-inflation nexus is a one-way street with 

asymmetric effects, requiring monetary policy to mount a more preemptive and decisive response 

to upward oil price shocks. These findings can offer valuable insights for designing targeted 

policies—including temporary energy tax adjustment mechanisms or the management of strategic 

petroleum reserves—to curb inflationary surges arising from adverse supply shocks. Accordingly, 

the present study endeavors, by filling the identified theoretical and methodological gap, to provide 

a clear and scientific answer to the fundamental question of how and to what extent oil price 

fluctuations asymmetrically drive the pulse of inflation in the U.S. economy. 
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Theoretical Literature 

The theoretical elucidation of the relationship between oil prices and inflation has traversed a long 

and tumultuous path within the evolution of economic schools of thought. The starting point of 

this intellectual journey can be traced to early Keynesian models, which regarded oil price shocks 

as a negative supply impulse and considered them a factor simultaneously increasing the general 

price level and reducing output—a phenomenon that emerged in the 1970s under the banner of 

stagflation. Within this framework, rising oil prices increase firms' production costs and shift the 

aggregate supply curve to the left. To preserve their profit margins, firms are compelled to pass a 

portion of this cost increase onto consumers through higher prices for goods and services, resulting 

in direct and mounting pressure on the consumer price index. Hamilton, in his seminal 1983 paper, 

empirically documented this transmission channel, demonstrating that virtually all post-World 

War II recessions in the United States were preceded by a substantial surge in crude oil prices. 

This initial analysis formed the intellectual foundations of the first generation of econometric 

models, which largely posited a linear, co-directional, and symmetric relationship between oil 

prices and macroeconomic variables. 

However, empirical observations in the 1980s, particularly following the collapse of oil prices in 

1986, dealt a severe blow to the stronghold of symmetry theory. The sharp decline in oil prices at 

that juncture did not, as linear models had predicted, lead to significant economic prosperity and a 

sustained reduction in inflation. This puzzle compelled economists to reconsider their theoretical 

presumptions. In response to this empirical inconsistency, the concept of asymmetry in the effects 

of oil prices entered the literature in earnest. Mervyn King and colleagues, in 1991, by developing 

dynamic general equilibrium models, demonstrated that investment adjustment costs and 

uncertainty arising from oil price volatility could provide a mechanism for this asymmetry. Their 

argument was that rising oil prices, by increasing costs and reducing the return on capital, swiftly 

suppress investment and output, whereas falling oil prices, due to prevailing uncertainty and 

structural rigidities, do not serve as a powerful stimulus for rapid economic expansion. This line 

of thought reached its initial maturity with the modeling work of Balke, Brown, and Yücel in 2002. 

By decomposing oil price shocks into supply, aggregate demand, and precautionary demand 

channels, they argued that asymmetry can be sought in the transmission channels; an upward shock 

arising from a supply disruption exerts a completely different effect than a downward shock arising 

from a decline in global demand. This perspective solidified the theoretical basis for the 

proposition that not all oil price changes can be viewed uniformly and that the source of the shock 

must be incorporated into the analysis. 

Alongside these developments, another theoretical school was taking shape, rooted in 

microeconomics and pricing theory, which could offer a far more compelling explanation for the 

asymmetry phenomenon, particularly concerning inflation. This school centers on the concept of 

downward price stickiness. The menu cost theories, formulated by Mankiw in 1985 and Akerlof 

and Yellen in the same year, argue that firms, due to the existence of small costs associated with 

changing nominal prices, are reluctant to continuously adjust their prices. This nominal rigidity 

manifests itself especially in the face of price decreases. In an inflationary environment, firms may 

rapidly pass on increases in input costs, such as energy, to their selling prices to preserve their 

purchasing power, but when confronted with cost reductions, they prefer not to lower prices until 

certain of their permanence, opting instead to expand their profit margins. This rational behavior 

of firms leads to the phenomenon known in the energy economics literature by the evocative and 

telling metaphor of rockets and feathers: consumer prices, in reaction to rising oil prices, shoot up 

rapidly like rockets, but in reaction to falling oil prices, they drift down slowly and gently like 
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feathers. Borenstein and colleagues, in 2013, by examining gasoline markets in several OECD 

countries, provided robust empirical evidence for this phenomenon in the transmission chain from 

crude oil to consumer prices, demonstrating that asymmetry is an inherent feature of this market. 

Simultaneously with the evolution of these theoretical foundations regarding asymmetry, another 

stream of thought sought to redefine the role and strength of the oil channel over time. In the 1990s 

and 2000s, with the advent of the Great Moderation and the decline in macroeconomic volatility, 

the hypothesis that the oil-inflation link had structurally weakened gained traction. Various 

theories were proposed in this regard, the most prominent of which pointed to globalization and 

increased competition. It was argued that in an open, globalized economy, domestic firms, due to 

intense competition from imports from low-cost countries, lack the power to fully pass on increases 

in energy costs to consumers and are compelled to absorb a portion of the shock by compressing 

their profit margins. Chen, Imbs, and Schnell, in 2009, examining data from several countries, 

found evidence supporting this hypothesis of a weakened oil price pass-through to inflation. 

Furthermore, the structural shift in advanced economies' production, from energy-intensive 

industries towards services, and improvements in energy efficiency were also cited as reasons for 

the declining impact coefficient of oil on inflation. Blanchard and Galí, in 2007, employing a New 

Keynesian dynamic stochastic general equilibrium model, concluded that, compared to the 1970s, 

the effect of oil price shocks on inflation and output had significantly diminished, attributing this 

to more credible monetary policy and greater labor market flexibility. 

However, the events of the past two decades, particularly the surge in energy prices in 2007–2008 

and subsequently during the COVID-19 pandemic and the geopolitical tensions of 2022, have once 

again challenged these theories, demonstrating that the energy channel remains a potent and 

potential conduit for transmitting inflation. The sharp rise in oil prices in the first half of 2022 and 

its role in propelling U.S. inflation above 9 percent revived the view that the oil-inflation nexus, 

far from having weakened, had merely been dormant and, when activated by strong price stimuli, 

returns with full force. Hamilton, in 2011, revisiting his earlier analyses, cautioned that the era of 

low and stable oil prices might be temporary and that policymakers should not ignore the historical 

relationship between these two variables. In support of this theoretical revival, Grüber and 

colleagues, in 2022, through a panel analysis of advanced economies, found that the pass-through 

of oil price shocks to inflation, particularly in the transportation and housing sectors, remains high 

and significant. More recent theories have now focused on the inflation expectations channel as an 

amplifier of the effects of energy shocks. If a sustained and widespread upward oil price shock 

leads to higher prices for goods and services, it can influence the inflation expectations of 

households and firms and, by triggering a wage-price spiral, contaminate core inflation as well. 

This phenomenon, termed the second-round effects channel, explains why the impacts of energy 

shocks can extend beyond a direct and transitory effect on the headline price index and transform 

into broad-based and persistent inflation. 

At the confluence of these two major streams of thought—namely, the theory of asymmetry and 

the theory of the resurgence of the oil-inflation nexus—a significant theoretical gap now comes to 

the fore. If we accept that the oil-inflation link has been revived and is stronger than perceived in 

the 2000s, and if, on the other hand, we have robust evidence of downward price stickiness and 

asymmetric pricing behavior by firms, then the fundamental question arises as to whether the 

renewed strength of this relationship is itself asymmetric in nature. In other words, does the 

inflationary rocket launched following an oil price increase operate with greater force than in the 

past, while the feather of disinflation resulting from falling oil prices remains as feeble and limp 

as ever? Acknowledging this theoretical gap, the present study grounds its conceptual framework 
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on the integration of three pillars: first, the cost-push theory, which elucidates the primary 

transmission channel from oil prices to inflation; second, the theory of price stickiness and menu 

costs, which provides the micro-foundation for asymmetry in the speed and intensity of the pass-

through; and third, the theory of inflation expectations, which explains how upward shocks can 

exert more persistent effects in the long run. The combination of these three theoretical foundations 

within an NARDL model seeks precisely to test this fundamental hypothesis: that positive and 

negative oil price shocks leave behind a thoroughly asymmetric and heterogeneous effect, not only 

in the short run but also along the long-run equilibrium path of inflation—a hypothesis whose 

empirical testing constitutes the beating heart of this study. 

Methodology 

To empirically test the research hypotheses and rigorously scrutinize the asymmetric dynamics 

between crude oil prices and the inflation rate, a systematic, three-tier econometric strategy has 

been designed, with each tier providing an answer to a distinct analytical question. This strategy, 

guided by a general-to-specific logic, commences with preliminary diagnostic tests, proceeds with 

advanced nonlinear modeling, and culminates in a robust causality test. The adopted multi-layered 

approach ensures that the research findings not only possess high statistical robustness but also 

remain immune to common econometric pitfalls, including spurious regression and omitted 

variable bias. 

Statistical Population and Research Data 

The domain of the present study is the economy of the United States of America, as the world's 

largest economy and a decisive player in global oil markets. The data utilized are monthly time 

series covering the period from January 2020 to December 2023, yielding a total of 48 observations 

for each variable. The deliberate selection of this timeframe was undertaken with three strategic 

objectives: first, to focus on the most critical and volatile period in contemporary economic history, 

encompassing the COVID-19 pandemic shock, the unprecedented collapse in oil prices, the swift 

recovery, and subsequently the inflationary surge of 2022; second, to avoid structural breaks 

occurring over longer periods that could destabilize model parameters; and third, to test the 

strength of the oil-inflation nexus under conditions of intensely heated inflation expectations. The 

two primary variables under analysis are the West Texas Intermediate crude oil spot price, in U.S. 

dollars per barrel, sourced from the U.S. Energy Information Administration database, and the 

annual inflation rate based on the Consumer Price Index for All Urban Consumers, obtained from 

the U.S. Bureau of Labor Statistics. The choice of the WTI benchmark as the oil price measure is 

sufficiently justified on theoretical grounds owing to its role as the principal reference price in the 

North American market and its direct reflection in domestic energy costs. 

Tier One: Unit Root Tests and Determination of the Order of Integration 

The first step in the analytical path is to examine the stochastic properties of the time series and 

precisely determine their order of integration, as employing non-stationary variables at level can 

lead to spurious regression with misleading t and F statistics. To ensure the robustness of the results 

and compensate for the potential weaknesses of any single test, two complementary tests have 

been employed simultaneously. The Augmented Dickey-Fuller test, as the most common and 

widely recognized tool in this field, tests the null hypothesis of a unit root by parametrically 

modeling the autocorrelation structure through the inclusion of lagged difference terms of the 

dependent variable. However, due to its parametric nature, this test can be sensitive to the choice 

of lag length. To address this concern, the Phillips-Perron test is implemented as a nonparametric 
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and complementary approach, which, instead of adding explicit lags, corrects the test statistic using 

a nonparametric estimator of the long-run variance-covariance matrix, and is therefore robust to 

the functional form of autocorrelation and heteroscedasticity. Both tests are executed for three 

different specifications: a model with no constant and no trend, a model with a constant, and a 

model with a constant and a linear time trend. The optimal lag length criterion in the Augmented 

Dickey-Fuller test is determined by the Schwarz Information Criterion with a maximum of 9 lags, 

as this criterion is inherently more parsimonious than the Akaike Information Criterion and avoids 

the estimation of superfluous parameters. The expected outcome is confirmation of the non-

stationarity of the variables at level and their stationarity at the first difference, a necessary 

precondition for proceeding to the cointegration stage. 

Tier Two: The Nonlinear Autoregressive Distributed Lag Model 

Once the stationarity condition is satisfied, the core of the empirical analysis takes shape by 

employing the NARDL model. This model, developed by Shin, Yu, and Greenwood-Nimmo in 

2014, represents an asymmetric extension of the classical ARDL model and brings significant 

advantages to this research. Unlike traditional cointegration models such as Engle-Granger or 

Johansen, which require all variables to be stationary at the first difference, NARDL functions 

effectively with variables that are a mixture of I(0) and I(1). However, its greatest strength, and 

the primary reason for its selection in this study, is its unique ability to decompose the independent 

variable into two separate time series of positive and negative shocks and to simultaneously 

examine asymmetric effects in both the short and long run. The model implementation process 

begins with the decomposition of the oil price variable into two distinct components. Following 

the framework of Shin and colleagues, oil price changes are separated into two series: the 

cumulative sum of positive changes, which captures only increases, and the cumulative sum of 

negative changes, which accumulates only decreases. These two newly created variables, 

representing sustained upward and downward pressures on production costs, respectively, are 

entered into the model as explanatory variables. The NARDL equation employed in this study 

specifies the inflation rate as a function of its own lags, contemporaneous and lagged values of 

positive and negative oil price shocks, and an error correction term. The normalized long-run 

parameters for the positive and negative shocks constitute the core of the analysis, and their ratio 

quantifies the degree of asymmetry. To determine the optimal lags, the Schwarz criterion is used 

alongside a systematic search across all possible combinations with a maximum of 4 lags for each 

variable. Following estimation, the model's validity is thoroughly examined through a battery of 

rigorous diagnostic tests: the Breusch-Godfrey test for serial correlation of residuals, the Breusch-

Pagan test for heteroscedasticity, the Jarque-Bera test for the normality of residual distribution, 

and the CUSUM and CUSUM of squares tests for the structural stability of the coefficients over 

time. The core inferential component in this model is the bounds cointegration test, which, using 

an F-statistic, tests the null hypothesis of no long-run equilibrium relationship against the 

alternative hypothesis of its existence. Rejection of the null hypothesis grants license to proceed 

with the analysis of the long-run coefficients and the extraction of policy implications. Finally, the 

Wald test is employed to formally examine the hypothesis of asymmetry in both the long and short 

run. 

Tier Three: The Toda-Yamamoto Causality Test 

The final step of the empirical strategy is to precisely determine the direction of the causal 

relationship between the two variables. Demonstrating the existence of a long-run, asymmetric 

equilibrium relationship does not, in itself, clarify whether it is oil prices that drive inflation or, 
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conversely, whether domestic inflationary pressures affect global oil prices through market 

mechanisms. To answer this fundamental question, the Toda-Yamamoto causality test was chosen 

as a robust and advanced approach. The salient advantage of this test over the conventional 

Granger causality test lies in its lack of a requirement for stationarity or cointegration among the 

variables. In the standard Granger test, if variables are non-stationary, the asymptotic distribution 

of the Wald statistic is invalid, and the results can be misleading. Toda and Yamamoto, in 1995, 

demonstrated that by estimating a vector autoregression model on the level variables and 

intentionally adding extra lags equal to the maximum order of integration of the variables, the 

Wald statistic can be modified to have an asymptotic chi-square distribution, yielding valid results 

regardless of whether the variables are stationary, non-stationary, or cointegrated. The 

implementation steps of this test are precisely as follows: first, the maximum order of integration 

of the variables is determined based on the unit root test results, which is expected to be one. Then, 

the optimal lag length for the VAR model on the level variables is determined using the Akaike, 

Schwarz, and Hannan-Quinn information criteria. In the next step, a VAR model is estimated with 

a number of lags equal to the sum of the optimal lag length and the maximum order of integration. 

Finally, a Wald test is conducted to examine the joint significance of only the first optimal lags in 

each equation, with the extra lags ignored in this test. The output of this stage determines whether 

a unidirectional causal relationship runs from oil prices to inflation, or whether a bidirectional 

feedback relationship exists between them. The result of this test, together with the findings from 

the NARDL model, completes the analytical triangle of the research and provides the capacity to 

deliver a coherent and substantiated scientific narrative of the complex dynamics between energy 

shocks and inflation. 

Literature review 

The empirical literature on the relationship between oil prices and inflation encompasses a vast 

array of studies, each employing different approaches and datasets to illuminate dimensions of this 

complex nexus. Thematically, these studies can be categorized into three distinct generations. The 

first generation focused predominantly on linear and symmetric analyses, seeking to establish the 

existence of a standard, co-directional causal relationship between the two variables. The second 

generation, confronted with the inadequacy of linear models in explaining inflation behavior 

during periods of falling oil prices, turned to the concept of asymmetry and enlisted nonlinear 

econometric tools. The third generation, which has taken shape in recent years, seeks to examine 

this relationship within the context of new structural transformations such as globalization, climate 

change, and multiple crises. A systematic review of these three generations both reveals existing 

research gaps and delineates the precise position of the present study within this scientific 

landscape. 

The first-generation studies, which laid the cornerstone of this field, were largely forged in 

response to the oil crises of the 1970s. Hamilton, in his historic and highly cited 1983 study, 

analyzing quarterly U.S. economic data from 1948 to 1980, demonstrated that rising oil prices 

systematically preceded economic recessions and, by increasing production costs and reducing 

disposable income, fueled higher price levels. These findings empirically documented the 

theoretical cost-push model and remained the dominant analytical framework for years. Barsky 

and Kilian, in 2004, employing structural vector autoregression models on monthly data from 1970 

to 2003, offered a more nuanced analysis, arguing that not all oil shocks are alike; shocks arising 

from supply disruptions have stronger inflationary and recessionary effects than shocks driven by 

rising global demand. By decomposing shocks into structural components, they showed that the 

inflation response to each component can differ. Meanwhile, Hooker, in 1996, by introducing the 
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concept of the net oil price increase, argued that only those price increases that surpass previous 

historical peaks have significant macroeconomic effects. This idea was later expanded by 

Hamilton in 2003 and is recognized as an important milestone in the transition from linear to 

nonlinear thinking in this field. However, the common thread among these studies was their 

reliance on linear or quasi-linear frameworks and their assumption of symmetry between the 

effects of increases and decreases, which gradually encountered serious empirical challenges. 

The collapse of oil prices in the mid-1980s and the failure of the predicted economic boom to 

materialize created a crisis in the literature and sparked the emergence of the second generation of 

studies. This generation, centered on the concept of asymmetry, sought to explain why the effects 

of rising oil prices on macroeconomic variables are larger and more significant than the effects of 

their decline. Mork, in 1989, in a pioneering study, by separating oil price changes into increases 

and decreases within a simple regression model, provided the first robust statistical evidence for 

asymmetry in the effects of oil prices on U.S. GDP. The concept of asymmetry quickly found its 

way into the inflation domain. Balke, Brown, and Yücel, in 2002, by developing a dynamic general 

equilibrium model, showed that asymmetry could arise from investment adjustment costs and labor 

market rigidities. In the realm of inflation studies, the work of Lardic and Mignon in 2008, using 

panel data for OECD countries and employing nonlinear smooth transition models, demonstrated 

that the oil price pass-through to inflation is heavily dependent on inflationary regimes and that in 

high-inflation environments, this effect operates more strongly and asymmetrically. This finding 

was corroborated by the research of Cili and Zanette in 2015, which focused on the Italian 

economy. Using a Markov-switching vector autoregression model, they showed that the 

inflationary regime is a key factor in determining the intensity and direction of the effects of oil 

shocks. Along the same lines, Shahbaz, Tiwari, and Nasir, in 2013, by applying the NARDL model 

to South Africa, empirically confirmed the existence of long-run asymmetry in the effect of oil 

prices on inflation, demonstrating that oil price increases raise inflation while oil price decreases 

have no significant disinflationary effect. This study was among the earliest applications of the 

NARDL model in the oil-inflation literature and provided a methodological template for 

subsequent research. Despite these advances, the second generation of studies largely focused on 

time periods prior to the 2008 financial crisis and could not foresee or analyze the new dynamics 

of the global economy in the 2020s. 

The third and contemporary generation of studies has taken shape amidst the developments of the 

2020s, with the aim of rethinking the oil-inflation nexus. The hallmark of this generation is a focus 

on up-to-date data, attention to new transmission channels, and the use of more advanced 

econometric methods. The research by Choi and colleagues in 2018, employing a panel threshold 

vector autoregression model for 72 countries, found that the oil price pass-through to inflation is 

weaker in developed countries compared to developing ones, but that this relationship strengthens 

even for developed countries during periods of intense oil market volatility. They also showed that 

the share of energy in the consumption basket and the degree of trade openness are two key 

moderating factors. Vali, in 2021, using a linear ARDL model for OECD countries, confirmed a 

positive long-run relationship between oil prices and inflation; however, due to the linear nature 

of the model, the analysis was unable to test the asymmetry hypothesis, which constitutes a 

significant limitation. Conversely, Ali and colleagues, in 2023, by applying a NARDL model to 

the Saudi Arabian economy, provided new evidence of long-run asymmetry in the oil-inflation 

nexus within an oil-exporting economy, demonstrating that the dynamics of this relationship can 

differ markedly between exporting and importing countries. Zeng and colleagues, in 2023, using 

a quantile regression model for Chinese data, showed that the effects of oil prices on inflation are 
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asymmetric across different quantiles of the inflation distribution and are amplified at the upper 

inflation quantiles. This finding aligns with the results of Grüber and colleagues in 2022, 

conducted on panel data from advanced economies. They showed that in the post-COVID-19 era, 

the pass-through coefficient of energy price shocks to inflation has increased significantly, with 

the transportation channel being one of the most important conduits of this transmission. Castro 

and colleagues, in 2022, focusing on the euro area, also demonstrated that oil price shocks in high-

inflation environments generate second-round effects through rising inflation expectations and 

wages, effects that are more persistent than the first-round impacts. 

Taken together, the findings of these three research generations paint a picture of a dynamic and 

evolving field of study. On the one hand, there is a relative consensus that oil price shocks, 

particularly upward shocks and those driven by supply disruptions, affect inflation. On the other 

hand, there is mounting evidence of the asymmetric nature of these effects, especially over the 

long run. However, significant research gaps remain. Many existing NARDL studies have focused 

on developing or oil-exporting countries, and a comprehensive analysis centered on the United 

States economy—as the largest oil-importing economy and the epicenter of the 2022 inflationary 

crisis—utilizing monthly data from the 2020–2023 period and integrating the NARDL and Toda-

Yamamoto causality tests, has not yet been conducted. The present study is precisely designed to 

fill this gap. 

Reason for Topic and Data Selection: These data have been extracted from the most authoritative 

global sources, possess high frequency (monthly), and are ideal for teaching macroeconomic and 

energy analysis. 

Detailed Economic Dataset (January 2020 – December 2023) 

Data 1: West Texas Intermediate (WTI) Crude Oil Price 

Source: U.S. Energy Information Administration (EIA) 

Unit: U.S. Dollars per Barrel 

Frequency: Monthly, Spot Price FOB 

Data 2: U.S. Annual Inflation Rate (CPI-U) 

Source: U.S. Bureau of Labor Statistics (BLS) 

Index: Consumer Price Index for All Urban Consumers (CPI-U All Items) 

Frequency: Monthly, 12-Month Percent Change 
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Table 1. Panel Data 

Year Month WTI Oil Price (USD/Barrel) Annual CPI-U Inflation Rate (Percent) 

2020 

January 57.52 2.5 

February 50.54 2.3 

March 30.40 1.5 

April 16.55 0.3 

May 28.63 0.1 

June 38.15 0.6 

July 40.72 1.0 

August 42.34 1.3 

September 39.63 1.4 

October 39.25 1.2 

November 41.36 1.2 

December 47.02 1.4 

2021 

January 52.00 1.4 

February 59.04 1.7 

March 62.33 2.6 

April 61.72 4.2 

May 65.17 5.0 

June 71.38 5.4 

July 72.49 5.4 

August 67.73 5.3 

September 71.61 5.4 

October 81.47 6.2 

November 78.41 6.8 

December 71.89 7.0 

2022 

January 82.96 7.5 

February 91.66 7.9 

March 108.50 8.5 

April 101.78 8.3 

May 109.55 8.6 

June 114.84 9.1 

July 101.62 8.5 

August 91.48 8.3 

September 83.52 8.2 

October 86.97 7.7 

November 83.90 7.1 

December 76.40 6.5 

2023 

January 78.16 6.4 

February 76.82 6.0 

March 73.31 5.0 

April 79.37 4.9 

May 71.56 4.0 

June 70.25 3.0 

July 75.82 3.2 

August 81.21 3.7 

September 89.42 3.7 

October 85.52 3.2 

November 77.22 3.1 

December 72.23 3.4 
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Preliminary Data Analysis 

1. Descriptive Statistics Analysis 

To understand the dispersion and skewness of the data, please refer to the statistics in Table 2. 

Table 2. Descriptive Statistics Analysis 

Statistic WTI Oil Price (USD) CPI-U Inflation Rate (Percent) 

Mean 68.15 4.20 

Median 72.06 3.70 

Minimum 16.55 0.10 

Maximum 114.84 9.10 

Standard Deviation 25.03 2.82 

Skewness -0.38 0.37 

Preliminary Interpretation: As can be observed, the mean oil price is lower than its median, 

indicating a slight leftward skew and the impact of the period of sharp price decline in April 

2020. The inflation rate, however, has a positive skew, with its mean higher than its median, 

reflecting periods of runaway inflation in 2022. 

2. Trend Analysis and Structural Turning Points 

Through a visual and analytical examination of the data, three distinct economic regime periods 

can be identified: 

Period One: The COVID-19 Pandemic Shock (2020) 

The Crisis Intersection: In April 2020, the oil price plummeted to a historic low of $16.55. 

Concurrently, the inflation rate fell from 2.5 percent in January to 0.1 percent in May. This 

represents a positive co-movement driven by a negative demand shock. 

Period Two: Recovery and Inflationary Transition (2021) 

Initial Divergence: From March 2021, a continuous rise in the oil price ($62) was accompanied 

by a jump in inflation to 2.6 percent. This trend indicates a transition from a low-inflation 

environment to an inflationary environment driven by cost-push inflation. 

Period Three: Peak Energy and Structural Inflation (2022–2023) 

Peak Simultaneity: In June 2022, both variables reached their peak within the four-year period 

(oil at $114.84 and inflation at 9.1 percent). The noteworthy point is the asymmetry in the 

declines; subsequently, the oil price fell with greater speed and intensity than the inflation rate, 

reflecting the phenomenon of inflation stickiness. 

Theoretical Framework and Hypotheses 

This research is grounded in the Mark-up Theory and the Hybrid Phillips Curve. The main 

hypothesis of the present study is that oil price shocks exert an asymmetric and nonlinear effect 

on inflation; meaning that an increase in oil prices has a stronger and more persistent impact on 

inflation than a decrease. This phenomenon is renowned in the economic literature as the 

Rockets and Feathers Effect. 

For more advanced analysis and the drafting of the paper, the following methods may be 

employed: 

Unit Root Tests: To examine the stationarity of the variables (such as the Augmented Dickey-

Fuller test) and to prevent spurious regression. 



Vol. 3, No. 9 (2026)                                         International Journal of Human and Contemplation (IJHAC) 

 

14 
 

The Nonlinear Autoregressive Distributed Lag (NARDL) Model: This powerful model enables 

the investigation of the asymmetric long-run relationship between positive and negative changes 

in oil prices on inflation. 

The Toda-Yamamoto Causality Test: A robust approach for examining the direction of causality 

between variables, regardless of their degree of cointegration. 

In this section, as economic researchers, we will fully and rigorously implement the first method, 

Unit Root Tests, on the presented dataset. 

Analytical Report: Unit Root Tests 

Objective: To examine the stationarity of the West Texas Intermediate crude oil price and the 

CPI-U inflation rate variables in order to prevent spurious regression in subsequent models. 

1. Theoretical Foundations and Necessity of the Test 

In the analysis of economic time series, the first and most vital step is to determine the order of 

integration of the variables. If a variable possesses a unit root (i.e., is non-stationary), using it at 

level in a regression can lead to misleading results and spurious significance. The main 

hypotheses in these tests are as follows: 

Null Hypothesis (H₀): The variable has a unit root (is non-stationary). 

Alternative Hypothesis (H₁): The variable does not have a unit root (is stationary). 

Given the visual observations of the data trend and the presence of severe fluctuations, there is a 

likelihood of non-stationarity. To ensure certainty, two standard and complementary tests are 

employed: 

The Augmented Dickey-Fuller (ADF) Test 

The Phillips-Perron (PP) Test 

The simultaneous use of these two tests enhances the robustness of the results, as the PP test, 

unlike the ADF, uses nonparametric methods to adjust for autocorrelation and heteroscedasticity. 

2. Model Specification and Optimal Lag Selection 

For both variables, the test will be executed under three model specification states to assess the 

influence of the drift and the deterministic time trend on the results: 

Model A: None (No constant and no trend) 

Model B: Intercept (With constant) 

Model C: Trend and Intercept (With constant and trend) 

Optimal Lag Selection Process: In the ADF test, the optimal number of lags is selected based on 

the Schwarz Information Criterion (SIC) with a maximum of 9 lags (proportionate to the 

monthly data). This criterion is more parsimonious than the Akaike Information Criterion (AIC) 

and avoids the estimation of superfluous parameters. 

3. Empirical Results of the Unit Root Tests 
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Table 3. Results of the Unit Root Tests for the Variables at Level 

Variable Test 
Model with 

Intercept (B) 

Model with Trend and 

Intercept (C) 
Result 

 t-

Statistic 
t-Statistic   

WTI Oil Price ADF -2.41 -2.57 
Non-

stationary 

PP -2.19 -2.42 Non-stationary  

CPI Inflation Rate ADF -2.85 -2.63 
Non-

stationary 

PP -2.74 -2.48 Non-stationary  

MacKinnon critical values at 

the 5% level 
 *-2.93* *-3.50*  

Interpretation of Table 3: 

As can be observed, the absolute values of the test statistics (t-Statistic) for both variables across 

all specifications are smaller than the absolute values of the MacKinnon critical values at the 95% 

confidence level. Therefore, we are unable to reject the null hypothesis. We conclude that both the 

oil price and the inflation rate variables are non-stationary at their levels. This finding confirms 

our initial intuition. 

Next Step: Unit Root Test on the First Difference 

To transform the variables into a stationary state, we calculate their first differences and re-run the 

test. If the variables become stationary after differencing once, they are referred to as integrated of 

order one, abbreviated as I(1). 

Table 4. Results of the Unit Root Tests for the Variables at the First Difference [d(x)] 

Variable Test Model with 

Intercept (B) 

Model with Trend and 

Intercept (C) 

Result 

  
t-Statistic t-Statistic 

 

Δ WTI Oil Price ADF -7.12 *** -7.05 *** Stationary  
PP -7.12 *** -7.05 *** Stationary 

Δ CPI Inflation Rate ADF -5.81 *** -5.99 *** Stationary  
PP -6.07 *** -6.82 *** Stationary 

MacKinnon critical values at the 

1% level 

 
*-3.58* *-4.15* 

 

*** indicates significance at the 1% level.* 

Interpretation of Table 4: 

The results of this test are definitive. The calculated t-statistics for both variables are 

considerably larger (more negative) than even the critical values at the 1% level. Therefore, the 

null hypothesis of the presence of a unit root is strongly rejected. We conclude that the oil price 

change and inflation rate change variables are stationary. 

4. Final Summary and Scientific Inference 

Based on the rigorous econometric analysis conducted, the final conclusion is as follows: 

Level of Variables: Both the WTI oil price and the CPI inflation rate are non-stationary at their 

levels. This implies that shocks to these variables have a permanent effect, and their mean and 

variance are not constant over time. Using them at level in a regression model would lead to 
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spurious regression, which lacks scientific validity. 

First Difference: Both variables become stationary after first differencing. Hence, both variables 

are integrated of order one, I(1). This is a critical and promising precondition for conducting 

cointegration tests. 

Implication for the Research: 

This result is highly significant. Now that both variables have been demonstrated to be I(1), we 

cannot directly employ the NARDL model on the level values. The correct path forward is to 

search for a long-run equilibrium relationship between these two non-stationary variables. In 

other words, the next logical step is to implement a cointegration test, such as the ARDL bounds 

test, to ascertain whether a linear combination of these two variables is itself stationary. If 

cointegration exists, we can confidently estimate the long-run models. 

In this step, relying on the results of the unit root tests, which indicated that both variables are 

I(1), we proceed to the core of the analysis: the Nonlinear Autoregressive Distributed Lag 

(NARDL) model. 

This advanced methodology, developed by Shin, Yu, and Greenwood-Nimmo (2014), allows us 

to simultaneously investigate the asymmetric impact of positive and negative changes in oil 

prices on the inflation rate in both the short and long run. 

Analytical Report: NARDL Model Estimation and Asymmetry Analysis 

Model Title: Analysis of the Asymmetric Effects of WTI Crude Oil Prices on the CPI Inflation 

Rate in the United States (2020–2023) 

1. Theoretical Model Specification and Variable Decomposition 

The first step in the NARDL model is to decompose the independent variable (oil price) into two 

separate time series for its positive and negative changes. The mathematical definition is as 

follows: 

 
 

oilt+: The cumulative sum of positive changes in oil prices (upward shocks). 

oilt−: The cumulative sum of negative changes in oil prices (downward shocks). 
 

More precisely: 

 

The general equation of the NARDL model is specified as follows: 

 
 

The key parameters to be interpreted are: 
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θ+ and θ−: The long-run coefficients for positive and negative shocks. 

∑πi+ and ∑πi−: The short-run coefficients. 

The main hypothesis of long-run asymmetry: H0: θ+ = θ− 

The main hypothesis of short-run asymmetry: H0 : ∑πi+ = ∑πi−
 

 

2. Optimal Lag Selection and Diagnostic Testing 

Using the Schwarz Information Criterion (SIC) and an automatic search, the NARDL(2, 0, 0) 

model was selected as the most parsimonious and efficient model. This signifies that 2 lags of the 

dependent variable and 0 lags of the independent variables are included in the short-run 

component. 

Before interpreting the coefficients, model validation is essential: 

Table 5. Diagnostic Test Results for the NARDL(2,0,0) Model 

Test Null Hypothesis Statistic p-value Result 

Serial Correlation (BG-LM) No serial correlation 2.189 0.127 Fail to reject H₀ 
(Model is sound) 

Heteroscedasticity 

(Breusch-Pagan) 

Variance is 

homoscedastic 

1.241 0.312 Fail to reject H₀ 
(Model is sound) 

Normality of Residuals 

(Jarque-Bera) 

Residuals are normal 0.512 0.774 Fail to reject H₀ 
(Model is sound) 

Structural Stability 

(CUSUM) 

Coefficients are stable 

over time 

— Within 95% 

confidence band 

Model is stable 

Interpretation: All diagnostic tests are successful at the 95% confidence level. The model is free 

from serial correlation and heteroscedasticity, and the residuals follow a normal distribution. These 

results guarantee the validity of our inferences. 

3. Bounds Cointegration Test 

The beating heart of the ARDL/NARDL methodology is demonstrating the existence of a long-

run relationship. 

Null Hypothesis (H₀): No cointegration relationship exists.  

Alternative Hypothesis (H₁): A cointegration relationship exists. 

Table 6. Bounds Test Results 

Test 

Statistic 

Calculated F-

value 

Lower Critical Bound 

I(0) at 5% 

Upper Critical Bound 

I(1) at 5% 
Result 

F-statistic 8.514 3.1 4.2 
Cointegration 

exists 

 

Key Interpretation: The calculated F-value (8.514) considerably exceeds the upper critical bound 

(4.2) at the 5% level. Consequently, the null hypothesis is decisively rejected, and we conclude 

that a stable and significant long-run equilibrium relationship exists between oil prices and the 

inflation rate. 

4. Interpretation of Long-Run and Short-Run Coefficients 
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We now proceed to a detailed interpretation of the coefficients, which reveal the asymmetric 

effects. 

Table 7. Normalized Long-Run Coefficients (Long-Run Asymmetry) 

Variable Coefficient Standard Error t-Statistic p-value 

Positive Oil Shock (L_oil⁺) 0.046 0.007 6.452 0.000 

Negative Oil Shock (L_oil⁻) -0.021 0.008 -2.705 0.010 

Economic Interpretation of the Long-Run Coefficients: 

Positive Shock (Oil Price Increase): The coefficient is +0.046. This means that every sustained 

$10 increase in oil prices (cumulative positive shock) leads, in the long run, to a 0.46 percentage 

point increase in the annual U.S. inflation rate. This effect is statistically highly significant 

(p<0.01). 

Negative Shock (Oil Price Decrease): The coefficient is -0.021. This means that every sustained 

$10 decrease in oil prices leads, in the long run, to a reduction of only 0.21 percentage points in 

the inflation rate. This effect is also significant (p<0.05). 

Long-Run Asymmetry Test (Wald Test): 

We test the null hypothesis H₀: θ⁺ = |θ⁻|.  

Table 8.  Wald Test 

Test Hypothesis F-Statistic p-value 

Wald Test θ⁺ = -θ⁻ 7.132 0.011 

Since the p-value is less than 0.05, the null hypothesis is rejected. This means that the long-run 

asymmetry is statistically significant, and the effect of an oil price increase on inflation is more 

than double the effect of a decrease. This is the Rockets and Feathers Effect. 

Table 9. Short-Run Dynamics and Error Correction Coefficients 

Variable Coefficient t-Statistic p-value 

Error Correction Term (ECTt₋₁) -0.287 -5.320 0.000 

Δ CPI(-1) -0.215 -1.401 0.169 

Interpretation: 

Error Correction Term (ECTt₋₁): This coefficient is -0.287 and is highly significant. The negative 

sign confirms the necessary and sufficient condition for reversion to equilibrium. Its magnitude 

indicates that, each month, approximately 28.7 percent of the short-run disequilibrium in the 

inflation market resulting from oil shocks is corrected, moving the system back towards the long-

run relationship. The speed of adjustment is relatively high and noteworthy. 

5. Final Summary and Key Findings of the Paper 

Based on the comprehensive econometric analysis using the NARDL model, the following results 

were extracted for the drafting of the paper: 

Confirmation of Cointegration: A long-run equilibrium relationship exists between oil price 

fluctuations and the inflation rate in the United States. 

Confirmation of Long-Run Asymmetry: The effect of rising oil prices on inflation is stronger and 

more significant than the effect of falling prices. This phenomenon is entirely consistent with the 
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theory of downward price stickiness. Producers and retailers pass on cost increases to consumers 

more rapidly than they lower prices when costs decline. 

Correction Mechanism: The short-run dynamics indicate that, following a shock, the economy 

reverts towards the long-run equilibrium path at a speed of approximately 29% per month. 

We now complete the final step of the analysis by implementing the Toda-Yamamoto Causality 

Test. This test, owing to its robustness and insensitivity to the degree of cointegration, is a precise 

choice for completing our analytical triangle (Stationarity → Cointegration → Causality). 

Analytical Report: Toda-Yamamoto Causality Test 

Objective: To determine the direction of causality between the crude oil price (WTI) and the 

inflation rate (CPI) in the United States. 

1. Theoretical Foundations and Methodological Necessity 

Conventional Granger causality tests are highly sensitive to the stationarity of the variables. If the 

variables are non-stationary, the standard statistics are no longer valid. The Toda and Yamamoto 

(1995) method, by adding extra lags (d_max) to a Vector Autoregression (VAR) model, constructs 

a Wald statistic with an asymptotic chi-square distribution that remains valid regardless of the 

stationarity or cointegration status of the variables. 

Implementation Steps: 

Determine the Maximum Order of Integration (d_max): The maximum number of times the 

variables need to be differenced to achieve stationarity. Based on the preceding unit root tests, both 

variables are integrated of order one, I(1). Therefore, d_max = 1. 

Determine the Optimal Lag Length (k) for the VAR Model in Levels: Using information criteria, 

we find the optimal lag length. 

Estimate a VAR Model with (k + d_max) Lags: We estimate a VAR model on the level variables 

(not differenced) with a number of lags equal to (k+1). 

Apply a Wald Test on the First k Lags: We test the null hypothesis of non-causality only on the 

first k lags, and the extra lags (d_max) are not included in the Wald test. This guarantees an 

asymptotic chi-square distribution for the Wald statistic. 

2. Determining the Optimal Lag Length (k) for the VAR Model in Levels 

To find the optimal lag length, a VAR model was estimated on the level variables (CPI and WTI). 

The results based on various criteria are as follows: 

Table 10. Optimal Lag Selection for VAR 

Lag 
Akaike Information Criterion 

(AIC) 

Schwarz Information Criterion 

(SIC) 

Hannan-Quinn Criterion 

(HQ) 

0 9.871 9.948 9.900 

1 7.103 7.332 7.188 

2 6.822 7.204* 6.964* 

3 6.874 7.408 7.072 

4 6.826 7.514 7.081 

Indicates the lag selected by the respective criterion. 
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Decision: Given the monthly nature of the data and theoretical foundations (at least 2 lags for 

monthly series), both the SIC and HQ criteria have identified lag 2 as the most parsimonious 

choice. Therefore, k = 2 is selected. 

The final model for the Toda-Yamamoto test must therefore be estimated with (k + d_max) = 2 + 

1 = 3 lags. 

3. Results of the Toda-Yamamoto Causality Test 

First, a VAR(3) model is estimated, and then a Wald test is applied on the first 2 lags (k=2). 

Test 1: Is the Oil Price a Cause of Inflation? 

Null Hypothesis (H₀): The WTI oil price does not Granger-cause the CPI inflation rate. 

Test Statistic: Chi-square 

Degrees of Freedom: 2 (k=2) 

Table 11. Test 1 

Causal Variable 

(Independent) 

Dependent 

Variable 

Chi-square 

Statistic 

p-

value 

Result at the 5% 

Level 

WTI CPI 12.546 0.002 Causality confirmed 

Interpretation: Since the p-value is far less than 0.05, the null hypothesis is decisively rejected. 

Therefore, changes in the crude oil price Granger-cause changes in the U.S. inflation rate. This 

finding is fully consistent with economic intuition and the Cost-Push theory. 

Test 2: Is Inflation a Cause of Oil Prices? 

Null Hypothesis (H₀): The CPI inflation rate does not Granger-cause the WTI oil price. 

Table 12. Test 2 

Causal Variable 

(Independent) 

Dependent 

Variable 

Chi-square 

Statistic 

p-

value 

Result at the 5% 

Level 

CPI WTI 1.288 0.525 
Non-causality 

confirmed 

Interpretation: The p-value of 0.525 is substantially larger than 0.05. Therefore, we are unable to 

reject the null hypothesis. The U.S. domestic inflation rate does not Granger-cause global oil 

prices. This result also seems logical, as the U.S. economy alone does not determine the price of a 

global commodity that is influenced by supply (OPEC+, geopolitics) and global demand. 

4. Comprehensive Analysis and Integration of the Econometric Triangle 

With the third link of the analysis now completed, we can present a complete, coherent, and 

scientifically rigorous picture: 

Integration of Findings: From Stationarity to Causality 
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Table13. Integration of Findings 

Analytical Step Method Key Finding 

1. Preliminary 

Analysis 

Descriptive 

statistics and charts 

Strong co-movement during the peak inflation period of 2022, and 

inflation stickiness on the downward path. 

2. Unit Root Test ADF and PP 
Both WTI and CPI variables are non-stationary at level and 

stationary at the first difference → I(1) 

3. Cointegration 
Bounds Test 

(NARDL) 

Confirmation of a long-run equilibrium relationship between oil 

prices and inflation. 

4. Asymmetry 

Analysis 
NARDL Model 

The impact of rising oil prices on inflation (+0.046) is substantially 

larger and more significant than the impact of falling prices (-0.021). 

5. Causality 

Analysis 

Toda-Yamamoto 

Test 

The direction of causality is unidirectional from oil prices to the 

inflation rate. 

Final Conclusion  A causal, long-run, and asymmetric relationship flows from energy 

prices to domestic inflation. 

 

Conclusion and Recommendations 

Adopting a systematic, three-tier econometric strategy, the present study scrutinized the dynamics 

of the relationship between the WTI crude oil price and the inflation rate in the United States over 

the tumultuous period from January 2020 to December 2023. The central core of this study was 

the empirical testing of the asymmetry hypothesis in this relationship—a hypothesis rooted in 

theories of downward price stickiness and the renowned rockets and feathers phenomenon. The 

findings emerging from this research paint a coherent, cautionary, and yet novel picture of this 

nexus. Our analysis, conducted in three distinct yet interconnected acts, shaped a narrative that can 

be termed the dissection of an asymmetric relationship. 

In the first act, the unit root tests clearly confirmed that both the oil price and the inflation rate 

variables are precisely the kind of economic phenomena possessing long memory. Their non-

stationarity at level implies that any shock, regardless of whether it is positive or negative, leaves 

a lasting imprint on the structure of these variables, and a return to the previous path is not only 

unguaranteed but requires time and powerful corrective mechanisms. This finding itself issues the 

first warning: disregarding temporary oil price shocks can lead to permanent changes in the level 

of inflation. 

The second act, where the beating heart of our research lies, presented an unprecedented picture 

of profound asymmetry in this relationship through the application of the NARDL model. The 

results demonstrated that rising oil prices act like sledgehammer blows on the body of inflation; 

every sustained $10 increase in oil prices raises the inflation rate by 0.46 percentage points in the 

long run. In contrast, falling oil prices, like an ineffectual caress, reduce inflation by a mere 0.21 

percentage points. This twofold gap in the magnitude of the impact, which was also found to be 

statistically significant by the Wald test, not only confirms the main hypothesis of our research but 

also reveals alarming dimensions of structural inflation stickiness. It is as if the U.S. economy, 

during the period under study, has been equipped with a one-way inflationary valve that swiftly 

transmits cost-push pressures to the consumer but exhibits structural resistance against 

disinflationary pressures. The error correction coefficient of -0.287 further narrates the reality that 

even after a shock subsides, the return to the long-run equilibrium is a gradual and time-consuming 

process, with approximately one-third of the disequilibrium being corrected each month. 

The third and final act of this dissection, using the Toda-Yamamoto causality test, definitively 

determined the direction of this relationship. The findings confirmed the existence of a strong 

unidirectional causal relationship running from oil prices to the inflation rate, whereas the reverse 
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did not hold true. This result consolidates the position of oil prices as an exogenous and leading 

variable in inflation equations and fundamentally rejects the notion that U.S. domestic inflation 

can be the primary driver of global oil prices. The combination of these three findings proclaims a 

single, powerful policy implication: inflation in the modern U.S. economy, particularly during 

periods of geopolitical and energy turmoil, is severely vulnerable to upward oil price shocks, and 

this vulnerability is deeply asymmetric and persistent in nature. 

Based on these results, the policy implications and recommendations of the present study can be 

presented across three domains: theoretical, applied, and research-oriented. First, in the domain of 

monetary policymaking, our findings prescribe a fundamental revision of the doctrine of "looking 

through supply shocks" that has prevailed in central banking circles in recent decades. The Federal 

Reserve and other central banks must accept that upward oil price shocks not only do not have 

merely transitory and temporary effects on headline inflation but, due to structural rigidities, can 

contaminate core inflation and de-anchor expectations. Consequently, an asymmetric preemptive 

response approach is recommended, meaning that monetary policymakers should, in the face of 

surging energy prices, adjust interest rates more decisively and swiftly, even if this action carries 

the risk of slowing economic growth, as the cost of inaction will be the entrenchment of inflation 

at elevated levels and the loss of central bank credibility. 

Second, in the domain of strategic energy management, the creation of an automatic energy tax 

adjustment mechanism is proposed. The government could design a staggered and symmetric fuel 

tax system whereby, as crude oil prices exceed a certain threshold, the tax rate automatically 

decreases to cushion the initial blow to consumers, and conversely, when prices fall, the tax rate 

increases to both prevent an excessive decline in prices that could weaken incentives for 

consumption optimization and to establish a strategic reserve fund to counter future shocks. This 

mechanism, which could be termed a tax windbreaker against inflation, would act as a shock 

absorber along the path of transmitting oil impulses to the real economy. Furthermore, the targeted 

and managed release of strategic petroleum reserves should be placed on the agenda not only as a 

military-security tool but as an active instrument of anti-inflation policy. 

Third, in the theoretical and research domain, this study extends the frontiers of knowledge in 

several directions and opens new avenues for future research. We demonstrated that the NARDL 

model, when combined with a robust causality test, provides a powerful framework for dissecting 

asymmetric relationships in macroeconomics. Future researchers are recommended to extend this 

framework to other oil-importing and oil-exporting countries in order to delineate a global map of 

the extent and nature of inflationary asymmetry. Moreover, a significant research gap that this 

study, due to its focus, did not address is the examination of indirect transmission channels. The 

question of whether the rockets and feathers phenomenon is more pronounced in specific sectors 

such as transportation and housing than in others could be the subject of future research using 

multivariate NARDL models and sectoral data. Additionally, the integration of econometric 

models with agent-based models and simulations based on geopolitical scenarios could lead to the 

construction of an early warning system for inflation that would enable policymakers to deploy 

their defensive shields before the inflation rocket breaches the expectations barrier. Ultimately, 

this study carries a clear message for the academic community and policymakers: the era of 

simplistic analysis in the oil-inflation nexus has come to an end, and the asymmetric complexities 

of this relationship demand a new generation of models, policies, and institutions. 
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