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Abstract 

This study investigates the macroeconomic effects of the global oil price shocks on the United Kingdom from 2004 to 2024 

within the framework of the New Keynesian (NK) model for small open economies. Employing reduced-form VAR and SVAR 

approaches, we analyse the dynamic responses of real GDP, inflation, the interest rate, and the real exchange rate to exogenous 

oil price movements. Beyond interpreting these effects, the study critically assesses how closely real-world outcomes align with 

NK model predictions. From VAR analysis, our findings (by interpretating impulse-response functions) largely validate the NK 

framework. For a positive oil price shock, it results in cost-push inflation by raising firms' marginal production costs. Inflation 

increases persistently in the short to medium term, while output contracts due to declining real income and tighter financial 

conditions. Monetary policy responds endogenously through interest rate hikes aimed at stabilizing inflation expectations, 

amplifying short-run output losses. The real exchange rate depreciates following adverse oil shocks, reflecting both deteriorating 

trade conditions and monetary tightening dynamics. While findings largely validate the NK model's qualitative implications, the 

study has its own diagnostic limitations such as non-normal residuals and model simplification. Overall, the study provides 

contribution to empirical evidence validating the relevance of the NK model framework, particularly for understanding oil price 

shocks to an open small economy. 
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1. Introduction and Motivation 

Oil price shocks have long been recognised as major drivers 

of macroeconomic fluctuations worldwide. For an open econ-

omy like the UK, these shocks quickly transmit through trade 

balances, inflation pressures, and financial markets, posing 

significant challenges for policymakers. While theory pro-

vides clear predictions, it remains uncertain how well these 

models capture real-world dynamics. This essay examines the 

macroeconomic effects of oil price shocks on the UK econ-

omy from 2004 to 2024, using the NK model for small open 

economies as a theoretical framework. Through a VAR-based 

framework, we analyse the dynamic responses of real GDP, 

inflation, interest, and real exchange rate to exogenous oil 

price movements. Our ultimate aim is to assess whether the 

real-world dynamics align with the predictions of the NK 

model, thereby evaluating its empirical validity. 

http://www.sciencepg.com/journal/ijeee
http://www.sciencepg.com/journal/349/archive/3491103
http://www.sciencepg.com/
https://orcid.org/0009-0009-0647-370X
http://www.sciencepg.com


International Journal of Economy, Energy and Environment http://www.sciencepg.com/journal/ijeee 

 

75 

The motivation behind this study is to critically assess the 

applicability of the NK model in capturing the real-world 

transmission of external supply shocks. While the model is 

widely used as a foundation for policy analysis, its predictive 

power, particularly under external shocks in open economies, 

remains a subject of ongoing debate. Focusing on oil shocks—

a classic and persistent external disturbance—this study pro-

vides an opportunity to examine the robustness of the frame-

work in a real-world context. Specifically, it evaluates 

whether the model’s key mechanisms, such as cost-push infla-

tion and output contraction, manifest in the UK's open econ-

omy setting during a period marked by significant global oil 

price fluctuations. 

The structure of the essay is as follows. Section 2 provides 

historical background on UK and oil prices with graphical 

analysis. Section 3 constitutes the literature review, outlining 

the NK model's theoretical foundations and empirical litera-

ture on the UK economy and oil prices. Section 4 discusses 

data and summary statistics, followed by empirical methodol-

ogy of the VAR-based framework. Section 5 presents the em-

pirical results and findings, focusing on reduced-form VAR 

and SVAR-IRFs, supported by robust discussion of the frame-

work. Section 6 discusses the findings in light to the NK 

model’s theoretical expectations. 

2. Background: Setting the Scene 

As a globally traded commodity, oil has historically played a 

central role in shaping macroeconomic performance across 

countries, including the UK. Fluctuations in oil prices influence 

critical macroeconomic variables such as GDP and inflation, 

particularly for oil-importing economies. This section provides 

historical context on the UK's oil trade position, major oil price 

shocks between 2004–2024 and provides initial insights on the 

relationship through a graphical analysis. 

2.1. The UK Economy and Its Oil Dependency 

Globally, the UK is primarily characterised as an oil con-

sumer rather than a supplier. In 2023, it consumed approxi-

mately 61.7 million tonnes of oil, accounting for 1.4% of 

global oil consumption and ranks as the 16th largest consumer 

worldwide. Historically, the UK became a net importer of 

crude oil in 2004, however due to the country’s refining ca-

pacity and offshore production1, it remained a net exporter of 

oil products. However, by 2013, rising input costs, declining 

competitiveness, and declining output eventually made the 

UK a net importer of oil products. By 2023, net oil imports 

reached 11.5 million tonnes, with oil accounting for 39% of 

total energy consumption in the UK, mostly driven by oil as 

an energy source, fuel for transportation, industrial and do-

mestic needs. [4, 36, 38] 

Given its heavy reliance, oil price fluctuations significantly 

impact the UK economy. Over the study period, we cover four 

major oil price shocks – 2008 oil spike and GFC, 2014–16 oil 

price collapse, 2020 COVID-19 crash, and 2022 energy crisis. 

Table 1 summarises these episodes, with Figure 1 illustrating 

oil price trends during these events. 

Table 1. Four Major Oil Price Shocks [9]. 

Event/Shock Time period Brief Summary 

2008 Oil Price 

Spike and GFC 
2008-09 

In mid-2008, oil prices surged to a record high of $147 per barrel due to strong global demand and 

constrained supply. However, the onset of the GFC in late 2008 led to a sharp decline, with prices 

plummeting to $40 per barrel by December. The crisis balanced demand and supply, stabilizing 

prices below $50 per barrel in mid-2009. 

2014–2016 Oil 

Price Collapse 
2014-16 

In mid-2014, oil prices fell below $50 per barrel, and after a brief recovery, dropped further to $27 

per barrel in 2016—the lowest since 2003. This decline resulted from weaker global demand, driven 

by sluggish economic growth, and increased supply from emerging producers such as Iran. 

2020 COVID-

19 Pandemic 
2020-21 

The outbreak of COVID-19 in early 2020 led to worldwide lockdowns, causing a dramatic decline in 

oil demand. In 2020, prices fell from $65 per barrel in January to $20 per barrel in April—the lowest 

since 2002. However, a rapid recovery followed, with prices reaching $75 per barrel by June 2021, 

due to supply constraints as OPEC struggled to keep pace with rebounding demand. 

2022 Energy 

Crisis 
2022 

In early 2022, Russia’s full-scale invasion of Ukraine and subsequent global sanctions on Russia—

the world’s largest oil exporter—triggered a sharp price surge. Oil prices exceeded $100 per barrel, 

peaking at $127 in March. However, by mid-2022, deteriorating global economic conditions led to a 

gradual decline, with prices ending the year at approximately $82 per barrel. 

 
1 The offshore production mentioned here refers to UK’s North Sea oil field 
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Figure 1. Oil Prices in the UK, with shocks highlighted [25]. 

2.2. Preliminary Insight: Oil Prices, GDP, and 

Inflation Trends 

Following the oil prices and key shocks, we conduct a pre-

liminary graphical analysis focusing on the relationship be-

tween oil prices and key macroeconomic variables, real GDP 

and inflation, to providing us initial insights into the influence 

of oil price fluctuations on UK’s economic performance. 

Since 2004, the UK’s real GDP has followed an upward 

trend, growing at an average annual rate of 1.26%2 and in-

creased from £499 million in 2004 to £641 million in 2024, 

primarily driven by rising consumption. Figure 2 suggests a 

weak relationship between oil prices and real GDP, suggesting 

that while oil price shocks have an impact, their overall effect 

on economic growth is limited. Meanwhile, Inflation has in-

creased at an average annual rate of 2.6%, with a sharp spike 

to nearly 8% in 2022 during the post-pandemic recovery and 

energy crisis. Figure 3 suggests a strong relationship between 

inflation and oil prices, suggesting that oil price fluctuations 

may constitute as a key driver of inflation in the UK. [16, 24] 

 
Figure 2. UK’s Real GDP, with oil prices [24, 25]. 

 
2 The average annual rate was calculated using CAGR 
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Figure 3. UK’s Inflation Rate, with oil prices [16, 25]. 

Furthermore, we conduct a scatter plot analysis to verify 

this correlation trend. Figures 4 and 5 support our initial find-

ings, as the trendline for real GDP exhibits a relatively flat 

slope, indicating weak correlation with oil prices. Meanwhile, 

the trendline for inflation demonstrates a steeper slope, rein-

forcing the strong relationship between oil prices and inflation 

in the UK. 

 
Figure 4. Scatter Plot of Real GDP and Oil prices [24, 25]. 
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Figure 5. Scatter Plot of Inflation rate and Oil prices [16, 25]. 

Summarizing, oil price fluctuations appear to have a rela-

tively modest impact on UK output, but a considerably 

stronger effect on inflation. These findings provide a prelimi-

nary view of the economic impact of oil prices in relationship 

to the UK’s economy – an oil shock significantly impacts in-

flation, while GDP remains less sensitive in the short-run. 

This relationship is further explored in detail in literature re-

view and empirical analysis in the sections that follow. 

3. Literature Review: Building the 

Foundation 

This section constitutes a literature review, providing a the-

oretical and empirical foundation for our study. It establishes 

the necessary background on the NK model and examines ex-

isting literature on the relationship between oil prices and 

UK’s economy, in need to answer our key research question: 

‘How did oil prices affect the UK economy during 2004-2024 

under New Keynesian framework?’ The section is structured 

into two parts. The first half introduces the NK model, cover-

ing its historical development, key assumptions, and core 

mechanisms, along with its limitations. This includes extend-

ing the baseline model to SOE. The second half reviews em-

pirical studies on the impact of oil prices on the UK economy, 

assessing findings from previous established research. Finally, 

 
3 Mainly focusing on and minimizing the effects of recessions 
4 Particularly, the real effects of money, while the main theory excluded monetary 

we summarize key insights, identify gaps in the literature, and 

position our study within this context to address some of these 

gaps. 

3.1. The New Keynesian Model: A Theoretical 

Perspective 

The NK model is a micro-founded DSGE framework incor-

porating nominal rigidities to explain short-run business cycle 

fluctuations. The model was developed to analyse how mone-

tary policy interacts with inflation and economic cycles, par-

ticularly, how central banks can implement optimal policies to 

stabilize economic fluctuations3. The framework, thus, serves 

as a relevant tool for policy analysis, demonstrating how in-

terest rate decisions impact asset valuation, investment deci-

sions of economic agents, and ultimately macroeconomic var-

iables like employment, GDP, and inflation. [22] 

The NK model emerged in response to limitations of RBC 

theory (by Kydland & Prescott), which emphasized technol-

ogy shocks without incorporating monetary dynamics4. Sub-

sequent classical monetary models added a monetary sector 

but assumed short-run monetary neutrality and the Friedman 

rule, contradicting the belief in the power of monetary policy 

to influence real variables such as output and unemployment 

in short run, supported by empirical research. To address these 

shortcomings, NK economists introduced nominal rigidities 

sector as whole 
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and imperfect competition into the DSGE framework, produc-

ing a more realistic depiction of short-run dynamics. Today, 

the NK model remains a cornerstone of modern macroeco-

nomic research and central bank policymaking. [22] 

The NK model builds on several RBC assumptions such as 

rational expectations, intertemporal optimization, and con-

sumption smoothing but crucially introduces monetary sectors 

and policy intervention by allowing nominal rigidities. The 

model is built on three foundational assumptions: (1) rational 

expectations and microfoundations, (2) price and wage stick-

iness, and (3) imperfect competition, thus allowing for mone-

tary policy to influence real economic activity in the short run. 

The baseline NK model includes three standard shocks: de-

mand shocks affecting households’ consumption and invest-

ment decisions (incorporated in NKIS), cost-push shocks aris-

ing from unexpected changes in firm’s production costs (in-

corporated in NKPC) and monetary shocks (reflecting unan-

ticipated policy changes). The paper formalized this model 

through three core equations: NKIS, NKPC, and monetary 

policy rule. [22] 

Further models extend the model to a SOE context, incor-

porating international trade and financial linkages while pre-

serving core nominal rigidities. Unlike the closed-economy 

version, this model relaxes the assumption of economic agents 

operating in isolation by allowing them to engage in interna-

tional trade and foreign financial market under simplifying as-

sumptions such as complete financial markets, the law of one 

price, and identical preferences, technology, and market struc-

ture across countries, thus, creating a framework where it iso-

lates the role monetary policy and exchange rate and shows 

how external shocks influence domestic inflation and output. 

This version introduces three additional shocks - exchange-

rate shocks, foreign demand shocks, and ToT shocks. The pa-

per formalized this model by deriving modified versions of 

NKIS curve and NKPC, with additional equation of real ex-

change rate, ToT. [22] 

Empirical research on the NK model has extensively tested 

its predictions regarding inflation dynamics, monetary policy 

transmission, and the effects of shocks on output and inflation. 

A major focus has been on the NKPC, which posits that infla-

tion depends on expected future inflation and the output gap. 

However, evidence suggests that a purely forward-looking 

NKPC fails to capture inflation persistence, prompting the de-

velopment of hybrid models incorporating lagged inflation. 

Studies like [23] found strong evidence for both rational ex-

pectations and backward-looking elements using US data. [15] 

also shows that price and wage stickiness are crucial for ex-

plaining monetary transmission, validating the NK model's 

core assumptions. Further, [17] highlight that expectation for-

mation is often imperfect, with firms and households relying 

on adaptive learning, implying that inflation inertia is stronger 

beyond the standard NKPC predictions. 

Regarding monetary policy, empirical studies using SVAR 

frameworks, such as [7], show that monetary tightening leads 

to a gradual decline in output and inflation in short-run, sup-

porting the NK model's monetary non-neutrality. [34] further 

found that large monetary shocks cause rapid disinflation with 

substantial output losses, underlining the powerful role of cen-

tral banks. More recent work by [35], employing Bayesian 

DSGE models suggests that although monetary shocks ex-

plain a smaller share of output fluctuations relative to demand 

or technology shocks, they remain vital for inflation stabiliza-

tion. 

In an open-economy setting, empirical evidence generally 

supports NK model’s SOE mechanisms. [33] find that exter-

nal shocks explain a substantial share of inflation volatility in 

Canada using a small open economy DSGE framework. Sim-

ilarly, [29] highlight the importance of ToT shocks in driving 

macroeconomic variability in small open economies like Aus-

tralia and New Zealand. However, studies show that exchange 

rate pass-through into domestic prices is relatively muted in 

advanced economies but stronger in emerging markets, due to 

differences in financial development and monetary policy 

credibility. [11] 

Despite these successes, the NK model faces notable criti-

cisms. One major limitation lies in its reliance on rational ex-

pectations, which assumes agents possess full information, 

while evidence suggests expectations are often formed adap-

tively. Additionally, although price and wage rigidities are 

foundational to the model, they have been challenged for its 

inability to explain endogenous price-setting behaviour, par-

ticularly in the presence of menu costs and strategic comple-

mentarity in pricing decisions. Another major limitation of the 

model is its treatment of monetary policy transmission. The 

2008 Global Financial Crisis highlighted the importance of 

credit constraints, liquidity frictions, and endogenous risk 

premia, which traditional NK model formulations failed to 

capture. Additionally, the model’s assumption of monetary 

non-neutrality in the short run has been debated, as some stud-

ies suggest that monetary policy shocks have weaker and less 

persistent effects on real economic activity than the model 

predicts. [5, 14, 17, 34] 

In an open-economy setting, the assumption of complete in-

ternational financial markets is unrealistic, given empirical ev-

idence of home bias and financial segmentation. Additionally, 

the model often underestimates real-world exchange rate vol-

atility—the so-called “exchange rate disconnect puzzle”. The 

model’s predictions for exchange rate pass-through to domes-

tic inflation are also weaker than observed in many economies, 

particularly in emerging markets with weak monetary policy 

credibility. [11, 18, 32] 

Overall, empirical findings largely support the NK frame-

work but suggest several modifications to improve its real-

world applicability. The evidence highlights the need to ac-

count for backward-looking behaviour in inflation dynamics, 

heterogeneous expectations, exchange rate pass-through dif-

ferences across economies, and financial frictions. While the 

NK model remains a cornerstone of modern macroeconomic 

analysis, ongoing research continues to refine its empirical 
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foundations to better capture observed macroeconomic fluctu-

ations. 

3.2. Empirical Evidence on Oil Prices and the 

UK Economy 

The empirical relationship between oil prices and its impact 

on an economy has attracted significant academic attention. 

Empirical studies indicate that oil price fluctuations to signif-

icantly influence inflation, monetary policy, and business cy-

cles. [12], using data of 38 countries over 30 years, found that 

oil shocks (specifically oil-demand) resulted in almost all 

countries in their sample to experience long-run inflationary 

pressure, with a mild increase in real GDP. Furthermore, the 

study also showed that oil importers face a long-lived fall in 

economic activity during oil-supply shock, while the impact 

is positive for exporting countries. The size of country is also 

a deciding factor, [8] examined oil price shocks on MENA 

countries, particularly, on countries that are too small to affect 

oil prices and found a statistically significant positive relation-

ship between oil prices and output on some of the countries. 

Furthermore, the study also found oil supply shock to be asso-

ciated with lower output growth, while the effect of oil de-

mand shock on output to be positive. Oil price fluctuations af-

fect the UK economy through several channels, including in-

flation, output, exchange rates, and financial markets. 

As the country that is both a consumer and producer of oil, 

UK exhibits asymmetric and nonlinear responses to oil shocks, 

depending on the nature (supply-driven or demand-driven) 

and direction (price increase or decrease) of the shock [1]. [31] 

found that oil supply shocks typically lead to a larger negative 

impact on output and slightly higher increases in inflation, rel-

ative to oil demand shocks which typically have a smaller but 

positive impact on UK output. In addition, the study finds em-

pirical evidence on the impact of oil shocks over time to UK 

– it finds the impact of oil supply shocks on UK’s output and 

inflation fell from mid-1980 onwards but also finds evidence 

that it has increased since mid-2000s5. 

Empirical studies using SVAR models demonstrate that oil 

supply shocks typically lead to contraction in GDP and rise in 

inflation, with delayed but significant effects, findings that are 

consistent with studies focused on the UK. [37], using SVAR 

model, found different oil price shocks impact UK’s macroe-

conomic variables differently, an adverse oil supply shock 

causes immediate fall in GDP growth, with increase in domes-

tic inflation. However, these effects tend to be reduced in the 

long run. Similarly, [2], using a time-varying VAR approach, 

found a significant positive relationship between inflation and 

brent crude privies in short-run, with overall impact dissipat-

ing over long-run. 

Overall, empirical evidence consistently shows that oil 

prices – especially those driven by global supply shocks – 

pose significant risks to the UK’s macroeconomic stability. 

 
5 The timing coincides with UK becoming a net exporter in 1980s to being a net 

importer in 2004 

Additionally, the literature highlights the critical importance 

of distinguishing between types of oil shocks and their asym-

metric effects which have important implications for eco-

nomic forecasting and policy design. Oil price shocks con-

tinue to be a major determinant of UK inflation and broader 

macroeconomic volatility, though their impact has evolved 

over time due to factors such as changing trade balances, ex-

change rate pass-through, and structural shifts in the UK econ-

omy. In our literature review, we find several studies employ 

SVAR and DSGE models to assess oil prices dynamics in 

open economies, while relatively few directly incorporate new 

Keynesian structures to model the UK’s macroeconomic re-

sponses to global oil shocks. This offers fertile ground for 

scholarly exploration, especially in validating NK model’s 

predictions under real-world supply shock scenarios. 

4. Data and Methodology: Constructing 

the Empirical Approach 

This section outlines the empirical framework used to as-

sess the macroeconomic effects of oil price shocks on the UK 

economy and test the alignment of those effects with NK 

model predictions under SOE. We first summarize the theo-

retical macroeconomic dynamics expected by NK assump-

tions under oil price disturbances, followed by describing the 

dataset and providing summary statistics of the variables. We 

then delve into methodology, presenting the framework based 

on reduced-form VAR and SVAR approaches. 

4.1. Predictive Insights from the NK Model 

Building on our literature review, the NK model offers a 

structured approach where monetary policy, inflation, and 

output respond to external shocks such as oil price fluctuations. 

In small open economies, oil prices are often treated as exog-

enous cost-push shocks affecting output and inflation. Based 

on [22]6, the model consists of three core equations: 

1) NKIS Equation in small open economy: 

𝑦𝑡 = 𝐸𝑡𝑦𝑡+1 − 
1

𝜎𝛼
 (𝑖𝑡  −  𝐸𝑡𝜋𝑡+1  −  𝑟𝑡

𝑛) + 𝜀𝑡
𝐷, 

𝑟𝑡
𝑛 =  𝜌 − 𝜎𝑎𝜏𝑎(1 − 𝜌𝑎) 𝑎𝑡 + 

𝑎Θ𝜎𝑎𝜑

𝜎𝑎+ 𝜑
 𝐸𝑡(∆𝑦𝑡+1

∗ )  

This equation describes the relationship between current 

output (𝑦𝑡) and expected future output (𝐸𝑡𝑦𝑡+1), adjusted for 

the real interest rate gap, with demand shock (𝜀𝑡
𝐷). The key 

distinction from the closed-economy NKIS equation is the in-

clusion of open-economy aspects (𝜎𝑎) in the natural rate of 

interest (𝑟𝑡
𝑛), reflecting the open aspect of the economy. 

2) NKPC Equation in small open economy: 

6 Here, we represent these equations from the ‘Canonical Representation of NK 

model in SOE’ from chapter 7 
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𝜋𝑡 =  𝛽𝐸𝑡𝜋𝑡+1 +  𝜅𝑦𝑡  +  𝜀𝑡
𝑆, 

𝜅 ≡  𝜆(𝜎𝑎  +  𝜑)  

The inflation dynamics remain structurally similar to the 

baseline model, where current inflation (𝜋𝑡) depends on ex-

pected future inflation (𝐸𝑡𝜋𝑡+1) and the output (𝑦𝑡), with sup-

ply shock (𝜀𝑡
𝑆). However, in the open-economy version, there 

is inclusion of open-economy aspects (𝜎𝑎), with exchange rate 

movements and import price fluctuations indirectly influence 

inflation through their impact on the output gap. 

With third equation being any monetary policy (interest rate) 

rule applied (i.e., Taylor’s rule). In addition, the shock is trans-

mitted through the exchange rate. Cost-push shocks, which 

arise from unexpected changes in firms’ production costs, im-

pact the Phillips curve and create short-run inflationary pres-

sures independent of demand conditions. A typical example is 

a sudden increase in oil prices, which raises firms’ marginal 

costs and forces them to adjust prices upwards. This breaks 

the divine coincidence, where stabilizing inflation no longer 

ensures output stabilization, leading to a decrease in GDP. 

This causes central banks to increase interest rates to control 

and decrease short-run inflation. With these equations, the 

model when experiencing a positive oil price shock results in 

a cost-push inflation, leading to the following effects in the 

macroeconomic variables, as shown in Table 2. 

Table 2. Effect of Oil Price Shock on Macroeconomic Variables under NK theory. 

Macroeconomic Variable Effect of Positive Oil Shock Mechanism/ Response of Variable 

Inflation ↑ Rises 
Higher inflation due to increased oil prices, putting cost-pressure on 

households and firms 

Output Gap (GDP) ↓ Falls 
It will decrease due to reduced consumption and investment from higher 

production costs 

Interest Rates ↑ Rises Policy response from central bank to control inflation 

Exchange rate Ambiguous effect 
The rate may appreciate (rate hike) or depreciate (worse ToT), however, it 

constitutes as a pass-through channel 

 

4.2. Data Overview and Summary Statistics 

4.2.1. Description of Variables 

Our analysis uses quarterly data for the period 2004:1 – 

2024:4. This frequency and time period is well-suited to cap-

ture several significant oil price shocks (as per discussed in 

background section) and provide sufficient number of obser-

vations to estimate a reliable VAR framework. The primary 

oil price series are measured using the European Brent spot 

price (USD/barrel), log-differenced to account for heteroske-

dasticity, thus, representing quarterly returns. For our analysis, 

we consider the following macroeconomic variables in Table 

3 and additionally provide a brief variable description and its 

source. 

Table 3. Description of Variables. 

Variable Name7 Form Description and Motivation Source 

Real GDP 

(lnGDP) 

Natural log (ln) 

of real GDP 

Real GDP in millions of GBP, seasonally adjusted, transformed into 

natural log to capture percentage changes. It is taken as a proxy to output 

gap, thus, an output indicator. 

UK Office for 

National Statistics; 

calculations 

Inflation rate Percentage (%) 
QoQ change in the CPIH index (2015 = 100), used as a proxy for infla-

tion in the UK. 

UK Office for Na-

tional Statistics 

Interest rate Percentage (%) 
Bank of England’s official base rate, used as a proxy for domestic mone-

tary policy stance. 
Bank of England 

Real Exchange Percentage (%) Real Effective Exchange Rate (REER), defined as the weighted average FRED 

 
7 In our following paper, we will be referring lnGDP as real GDP and lnOil as oil prices 
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Variable Name7 Form Description and Motivation Source 

rate of bilateral exchange rates adjusted for relative consumer prices. Taken 

as it measures external competitiveness and captures oil price pass-

through effects. 

Oil Price (lnOil) 
Natural log (ln) 

of oil price 

Europe Brent crude oil price (USD per barrel as proxy for oil prices, log-

differenced to reduce heteroskedasticity. 

Bloomberg; calcula-

tions 

4.2.2. Summary Statistics and Preliminary Relationship 

We now provide summary statistics to offer us a preliminary view of the data’s distribution and dynamics, subsequently, 

correlation matrix to further provide initial insights into the relationship among the variables used in our analysis. 

Table 4. Summary Statistics8. 

Variable Observation Mean St. deviation Min Max 

Real GDP (lnGDP) 84 
563789.2 

(13.23905) 

46846.35 

(.0826927) 

481769 

(.0826927) 

642287 

(13.37279) 

Inflation rate 84 2.785714 2.183406 0 10.7 

Interest rate 84 1.986667 2.091057 .1 5.75 

Real Exchange rate 84 108.5056 10.08428 95.99 129.64 

Oil prices (lnOil) 84 
74.56884 

(4.257163) 

24.1944 

(.3384203) 

31.73372 

(3.45738) 

122.2186 

(4.805811) 

Table 5. Summarized Results of ADF Test. 

Variable name Test Statistic Test Statistic (First Difference) Order of Integration 

lnGDP -2.990 -8.369*** I(1) 

Inflation rate -4.323*** - I(0) 

Interest rate -1.355 -4.715*** I(1) 

Real Exchange rate -1.830 -5.660*** I(1) 

lnOil -2.868 -7.168*** I(1) 

 

From Table 4, we identify notable observations. Real GDP 

averaged £563.8 billion with standard deviation of £46.8 bil-

lion, reflecting steady growth and low volatility. Inflation av-

eraged 2.8%, with spikes around major crises, particularly the 

2022 energy crisis (peak 10.7%). Interest rates remained low 

(average ~2%), but displayed volatility, ranging from 0.1% to 

5.75%. The REER suggests stable competitiveness, while oil 

prices showed considerable variation, reflecting global supply 

and demand shocks. 

Additionally, to ensure the validity of the SVAR model, it 

is essential for all variables to be stationary. ADF tests9 were 

conduction for each variable and subsequently non-stationary 

variables were appropriately transformed (first-differenced) 

with their order of integration was noted. The test statistics 

and results are subsequently provided in Table 5. 

 

 
8 Variable in brackets have their statistics in brackets 
9 Tests were conducted with optimal lags taken based on information criteria (AIC, SBIC) 
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Table 6. Pairwise Correlation Matrix. 

Variables lnGDP Inflation rate Interest rate Real Exchange rate lnOil 

lnGDP 1 

    

Inflation rate 0.3335*** 1 

   

Interest rate -0.0991 0.214* 1 

  

Real Exchange rate -0.4062*** -0.2192** 0.7274*** 1 

 

lnOil 0.1509 0.4912*** -0.0277 -0.2394** 1 

*** p<1%, ** p<5%, * p<10% 

 

Additionally, Table 6 provides further notable observations. 

Real GDP shows statistically significant positive correlation 

with inflation (0.334***) and real exchange rate (-0.4062***), 

suggesting a moderate procyclical relationship between output 

and price levels for former and indicating an inverse relation-

ship between output and external competitiveness for latter. 

Inflation exhibits a strong positive correlation with oil prices 

(0.491***), consistent with cost-push effects, additionally, it 

shows a moderate negative relationship with real exchange 

rate (-0.2192**), though expected. The inflation rate is also 

moderately correlated with interest rates (0.214*), reflecting 

typical central bank response dynamics. 

There also seems to be a positive significant relationship 

between the real exchange rate and interest rate, indicating 

BoE’s influence on the floating exchange rate. Finally, oil 

prices show no significant correlation with GDP or inflation, 

except for a significant negative relationship with real ex-

change rate (-0.2394**) reinforcing the pass-through effects 

of oil. These relationships support the empirical strategy based 

on VAR/SVAR modelling (that we will be discussing in the 

following) to capture the structural dynamics among these 

variables. 

4.3. Econometric Strategy: From VAR to SVAR 

To assess the predictive capacity of NK model in capturing 

the UK’s macroeconomic response to oil price shocks, we 

complement theoretical predictions with empirical analysis 

using real-world data. In this study, we employ a two-stage 

VAR-based approach: first estimating reduced-form VAR to 

capture dynamic relationships among macroeconomic varia-

bles, then SVAR to identify the impact of exogenous oil price 

shock on this relationship. VAR frameworks are well-suited 

for capturing dynamic, time-dependent relationships between 

macroeconomic variables, in our case, with an exogenous 

shock. 

We first estimate reduced form-VAR to examine the joint 

evolution of key macroeconomic variables — such as oil 

prices, real GDP, and inflation — by treating each variable as 

potentially endogenous and subsequently creating a founda-

tion for SVAR analysis. It is essential when analysing feed-

back loops and delayed effects often present in responses to 

oil price shocks. However, while reduced-form VARs are ef-

fective for describing statistical correlations and forecasting, 

they do not allow for causal interpretation of shocks. To ad-

dress this, we impose theoretical restrictions informed by the 

NK framework via a SVAR, enabling identification of struc-

tural oil shocks and tracing their effects through IRFs. This 

empirical approach allows us to test NK model predictions 

against UK data over 2004–2024. 

4.3.1. Estimating the Reduced Form-VAR 

We first estimate a reduced-form VAR to capture the joint 

evolution of five key variables: log-differenced real GDP 

(∆𝑙𝑛𝐺𝐷𝑃𝑡), inflation rate (𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒𝑡), first-differenced 

interest rate (∆𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡), first-differenced real exchange 

rate (∆𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡), and log-differenced oil prices 

(∆𝑙𝑛𝑂𝑖𝑙𝑡). Following the methodological approach of [28], we 

construct a multivariate time series model of the variables us-

ing quarterly data from 2004:1-2024:4. We represent our re-

duced form-VAR model as: 

𝑦𝑡 = 𝑐 + ∑𝑖=1
2 Φ𝑖𝑦𝑡−𝑖  +  𝜀𝑡  

Where 𝑦𝑡  is the vector of endogenous variables, Φ𝑖 is the 

matrix of lagged coefficients, c is a constant vector and 𝜀𝑡 is 

the vector of reduced-from residuals. In our case, endogenous 

vector (𝑦𝑡) is defined as: 

𝑦𝑡 = 

[
 
 
 
 

∆ 𝑙𝑛𝐺𝐷𝑃𝑡

𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒𝑡

∆ 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡

∆ 𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡

∆ 𝑙𝑛𝑂𝑖𝑙𝑡 ]
 
 
 
 

  

We can further expand the system to show the set of five 

equations individually, as below: 

1) ∆𝑙𝑛𝐺𝐷𝑃𝑡 = 𝛼𝑡 + ∑ 𝛽1𝑖  ∆𝑙𝑛𝐺𝐷𝑃𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽2𝑖  𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽3𝑖  ∆𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

http://www.sciencepg.com/journal/ijeee


International Journal of Economy, Energy and Environment http://www.sciencepg.com/journal/ijeee 

 

84 

 ∑ 𝛽4𝑖  ∆𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽5𝑖  ∆𝑙𝑛𝑂𝑖𝑙𝑡−𝑖
2
𝑖=1 + 𝜀𝑡

𝑙𝑛𝐺𝐷𝑃 

2) 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑟𝑎𝑡𝑒𝑡 = 𝛼𝑡 + ∑ 𝛽1𝑖  ∆𝑙𝑛𝐺𝐷𝑃𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽2𝑖  𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽3𝑖  ∆𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽4𝑖  ∆𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽5𝑖  ∆𝑙𝑛𝑂𝑖𝑙𝑡−𝑖
2
𝑖=1 + 𝜀𝑡

𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛
 

3) ∆𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡  =  𝛼𝑡 + ∑ 𝛽1𝑖  ∆𝑙𝑛𝐺𝐷𝑃𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽2𝑖  𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽3𝑖  ∆𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽4𝑖  ∆𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽5𝑖  ∆𝑙𝑛𝑂𝑖𝑙𝑡−𝑖
2
𝑖=1 + 𝜀𝑡

𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒  

4) ∆𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡 = 𝛼𝑡 + ∑ 𝛽1𝑖  ∆𝑙𝑛𝐺𝐷𝑃𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽2𝑖  𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽3𝑖  ∆𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽4𝑖  ∆𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽5𝑖  ∆𝑙𝑛𝑂𝑖𝑙𝑡−𝑖
2
𝑖=1 + 𝜀𝑡

𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒
 

5) ∆𝑙𝑛𝑂𝑖𝑙𝑡 = 𝛼𝑡 + ∑ 𝛽1𝑖  ∆𝑙𝑛𝐺𝐷𝑃𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽2𝑖  𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽3𝑖  ∆𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽4𝑖  ∆𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡−𝑖
2
𝑖=1 +

 ∑ 𝛽5𝑖  ∆𝑙𝑛𝑂𝑖𝑙𝑡−𝑖
2
𝑖=1 + 𝜀𝑡

𝑙𝑛𝑂𝑖𝑙  

Two lags are selected based on AIC and SBIC criteria to 

capture short- to medium-term dynamics while ensuring re-

sidual independence. We then estimate the reduced-form 

VAR equation using the least squares. The reduced-form esti-

mation provides the basis for structural identification. 

4.3.2. Structuring and Identifying the SVAR Model 

Building on the reduced-form VAR, we estimate a SVAR 

model with short-run restrictions to identify and isolate the ef-

fects of global oil price shocks on the UK’s macroeconomic 

variables. Our identification strategy draws on the approach 

of [28], who similarly analyse oil supply and demand shocks 

in the UK. Following the paper, we assume that the UK be-

haves as a price-taker in global oil markets, rendering oil 

prices exogenous to domestic macroeconomic conditions. 

To impose structural identification, we adopt a recursive 

(Cholesky-type) short-run restriction scheme. This method, 

referred to as Cholesky decomposition, assumes a lower-tri-

angular structure on the contemporaneous relationships be-

tween variables, is grounded in empirical macroeconomics lit-

erature and enables isolation of the pure oil price shock with-

out contamination from endogenous feedback loops within the 

model [30]. Accordingly, we assume the reduced form resid-

uals (𝜀𝑡
𝑖) from the previous VAR are linear combinations of 

orthogonal structural shocks (𝑢𝑡 ), thus, present a structural 

model10 of the form: 

 
10 Check Appendix 1 for the derivation of SVAR model from reduced form-VAR 

𝐴𝑦𝑡 = 𝑐̃ + ∑Λ𝑖𝑦𝑡−𝑖  +  𝐵𝑢𝑡, 

Λ𝑖 = 𝐴Φ𝑖  

where Λ𝑖  represents the matrix of structural lagged coeffi-

cients and 𝑢𝑡  represents the vector of structural shocks 

(‘structural innovations’). The matrices A and B are 5x5 re-

strictive matrices where the former specifies contemporane-

ous relationship between variables while the latter maps struc-

tural shocks into observable variables, as shown below: 

𝐴 =  

[
 
 
 
 
1 0 0 0 0
. 1 0 0 0
. . 1 0 0
. . . 1 0
. . . . 1]

 
 
 
 

 𝐵 =  

[
 
 
 
 
. 0 0 0 0
0 . 0 0 0
0 0 . 0 0
0 0 0 . 0
0 0 0 0 . ]

 
 
 
 

  

Reflecting NK model in SOE, we construct the following 

variable ordering in our SVAR: 

∆𝑙𝑛𝑂𝑖𝑙𝑡  →  ∆𝑅𝑒𝑎𝑙𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑟𝑎𝑡𝑒𝑡  →  ∆𝑙𝑛𝐺𝐷𝑃𝑡  →

 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒𝑡  → ∆𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡𝑟𝑎𝑡𝑒𝑡  

This ordering implies that oil prices are not contemporane-

ously affected by any other variable in the system, essentially ex-

ogenous. The real exchange rate is allowed to react contempora-

neously to oil shocks but is predetermined with respect to domes-

tic variables. Real GDP growth responds to oil and exchange rate 

shocks within the same quarter but not to inflation or interest rate 

shocks. Inflation, in turn, reacts to all real-side shocks but not to 

monetary policy shocks. Finally, the interest rate, representing 

monetary policy, is allowed to respond within the quarter to all 

variables, consistent with a forward-looking central bank reacting 

to inflation and output conditions. This identification scheme 

aligns with the NK theoretical view of cost-push shocks and for-

ward-looking monetary policy behaviour. 

By treating oil shocks as exogenous, we respect the small open 

economy assumption fundamental to the model's structure. The 

SVAR is estimated using quarterly data from 2004:1-2024:4, 

matching the sample used in the reduced-form VAR. The estima-

tion allows us to extract oil-specific structural innovations and 

trace their dynamic effects through the macroeconomic system 

using IRFs plotted over a 15-quarter horizon. These IRFs enable 

us to directly observe how the UK economy responds to an ex-

ogenous oil price shock and to evaluate whether these responses 

are consistent with the NK model’s theoretical predictions for real 

GDP, inflation, real exchange and interest rate. 

5. Results and Findings: Unveiling the 

Economic Dynamics of Oil 

This section presents the empirical results of our VAR-

based analysis of the macroeconomic effects of oil price 

[19] 
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shocks on UK’s economy over the period 2004–2024. In par-

ticular, we examine the responses of key macroeconomic var-

iables to fluctuations in oil prices, with our primary objective 

being to evaluate whether these empirical patterns align with 

the theoretical predictions of NK model in small open econ-

omy. This section begins by presenting the results from the 

reduced-form VAR, offering preliminary insights into the dy-

namic interactions between variables. We then analyse IRFs 

derived from the SVAR model to trace the full dynamic ef-

fects of oil price shocks over time. This is followed by provid-

ing robustness checks and diagnostic tests to validate the 

model’s validity and its limitations. Finally, we compare the 

empirical results with the theoretical expectations of the NK 

model and conclude with a summary of key findings. 

5.1. Insights from Reduced Form-VAR 

We estimate the initial statistical relationships among the 

macroeconomic variables in our system of set equations, par-

ticularly in between oil prices and UK’s macroeconomic var-

iables, through reduced form-VAR model. The objective of 

this analysis is to provide initial insights into both contempo-

raneous and lagged dynamics among the variables and to build 

a foundation for the SVAR analysis. 

The overall fit of our VAR model is satisfactory, with log-

likelihood being -4.19 and FPE stands at 2.99e-06. Among the 

individual equations, Inflation and interest rate equations ex-

hibit strong explanatory power (R2 = 0.93 and 0.57, respec-

tively). Real GDP and real exchange rate show moderate fit 

(R2 = 0.26 and 0.23), whereas oil prices have the lowest ex-

planatory power (R2 = 0.2) – though unsurprising given the 

exogenous nature of global oil prices. Tables 7 and 8 gives a 

summary of the results of the model, where the former gives 

the summary of each regression equation, and the latter gives 

the estimated coefficients of the model. 

Table 7. Equation-by-Equation Summary of Regressions. 

Variable RMSE R2 chi2 (Wald test) P-value 

D_lnGDP 0.0299 0.2626 28.84 0.0013 

Inflationrate 0.6082 0.9335 1136.33 0.00 

D_Interestrate 0.2932 0.5669 106.04 0.00 

D_RealExchangeRate 2.512 0.2273 23.83 0.0081 

D_lnOil 0.1538 0.1989 20.11 0.0282 

Table 8. Reduced form-VAR Estimated Coefficients. 

Dependent Variable D_lnGDP Inflationrate D_Interestrate D_RealExchangerate D_lnOil Constant 

D_lnGDP 
-0.353*** -0.007 0.042*** -0.002 0.015 

0.012** 
-0.159 0.004 -0.015 -0.001 -0.007 

Inflationrate 
-1.092 1.40*** 0.428 -0.050 0.830 

0.277** 
1.982 -0.506*** -0.389 0.010 0.458 

D_Interestrate 
0.655 0.094** 0.777*** -0.019 0.363 

-0.095* 
1.902* -0.061 -0.285** 0.034** -0.776*** 

D_RealExchangerate 
14.158 -0.360 1.012 0.226* -0.611 

-0.826* 
15.599 0.593 -1.829* 0.040 -3.520* 

D_lnOil 
-0.036 -0.047** 0.100 -0.017** 0.297** 

0.011 
1.074* 0.043* -0.082 -0.002 -0.180 

*** p<1%, ** p<5%, * p<10% 

 

From Table 8, several important patterns emerge from the reduced-form VAR results. Real GDP growth is significantly 
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influenced by its own lag, with the first lag coefficient being 

negative (–0.353), indicative of mean-reverting dynamics 

commonly observed in macroeconomic models. Additionally, 

the first lag of interest rates exhibits a positive and significant 

effect on GDP growth (0.042), suggesting a procyclical stance 

in monetary policy where higher rates accompany periods of 

economic expansion. Oil prices, however, do not exhibit any 

direct statistically significant effect on real GDP, aligning 

with previous empirical findings, which highlight muted 

short-run effects of supply-driven oil shocks on output in ad-

vanced economies. [6, 7, 26] 

Turning to the inflation equation, strong autoregressive be-

haviour is observed. Inflation exhibits a highly significant and 

positive first lag (1.4), paired with a significantly negative sec-

ond lag (–0.506), reflecting a combination of inflation persis-

tence and mean-reversion tendencies, consistent with theories 

of inflation dynamics. Oil prices show a marginally significant 

first-lag effect (0.830 at 11% significance), suggesting a de-

layed pass-through of oil price increases into consumer prices, 

in line with empirical findings. [3, 13, 21] 

The interest rate equation reveals considerable persistence 

as well, with a significant positive first lag (0.777) and a mean-

reverting second lag (–0.285). Notably, interest rates respond 

significantly to lagged inflation (0.094) and real exchange rate 

movements (0.034), confirming an active inflation-targeting 

stance consistent with the monetary policy objectives of the 

Bank of England [10]. Importantly, the second lag of oil prices 

is found to have a statistically significant negative effect (–

0.776) on interest rates, suggesting that monetary policy tends 

to react with a delay to oil-driven inflationary pressures. 

Analysis of the real exchange rate equation shows relatively 

weaker overall significance, although the variable is signifi-

cantly influenced by its own first lag (0.226) and the second 

lag of interest rates (–1.829). A significant negative effect of 

the second lag of oil prices (–3.520) on the exchange rate is 

observed, implying that oil price shocks tend to contribute to 

currency depreciation, consistent with the mechanism out-

lined by [20]. 

Lastly, oil prices themselves exhibit strong autoregressive 

behaviour, with the first lag significantly predicting current 

movements (–0.297). Some feedback from domestic macroe-

conomic variables such as GDP growth and inflation is ob-

served, though consistent with expectations for oil being 

largely an exogenous factor in a small open economy like the 

UK. [27] 

5.2. Structural Interpretation Through SVAR 

and IRFs 

Now we present the results of the estimated SVAR model 

to identify the macroeconomic impact of structural shocks – 

specifically oil price disturbances – on UK’s economy. Build-

ing upon the reduced form-VAR, this model allows for the 

isolation and interpretation of the causal and dynamic effects 

of these shocks across the macroeconomic variables. Our 

analysis first describes the estimated SVAR model, then we 

analyse IRFs to trace the impact and effect of structural shocks 

over time. 

As outlined in the methodology, the SVAR specification is 

grounded in the short-run restrictions framework based on 

Cholesky decomposition, following the NK model structure 

for small open economies. To reiterate, the identification strat-

egy is as follows – oil prices are treated as contemporaneously 

exogenous, reflecting their determination in global markets, 

followed sequentially by the real exchange rate, real GDP, in-

flation, and finally the interest rate as the most endogenous 

variable. 

5.2.1. Description of SVAR Model 

The estimated SVAR model is exactly identified, with the 

number of imposed short-run restrictions equalling the num-

ber of parameters to be estimated. Thus, the overidentification 

test11 is satisfied, indicating that the short-run restrictions are 

empirically consistent with the data. Estimation achieved con-

verged after 12 iterations, with final log-likelihood of –4.19. 

The estimated structural coefficients, which capture the con-

temporaneous relationships among the variables, are reported 

in Appendix 2. 

5.2.2. Dynamic Responses: IRF Analysis 

Building on the contemporaneous relationships identified 

through the SVAR model, we now examine the dynamic be-

haviour of macroeconomic variables following a structural oil 

price shock depicted through IRFs. The IRFs plot the re-

sponses of variables to a one-standard-deviation structural oil 

price shock over a 15-quarter horizon12, allowing us to assess 

both the short- and medium-term macroeconomic adjustments. 

Figure 6 presents the IRFs of each macroeconomic variable 

(in blue line) to a structural shock – an increase in global oil 

prices, with 95% CI (Shaded region). 

 

 
11 The test references here refer to LR test, its will be discussed again in the fol-

lowing 

12 IRFs’ horizon was manually selected to capture the full short- to medium-term 

impact of the shock 
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Figure 6. IRFs of Each Variable’s Structural Shocks13. 

Real GDP growth exhibits a modest but statistically signif-

icant decline in response to an oil price shock. This negative 

effect is most pronounced within the first four quarters follow-

ing the shock, with GDP gradually recovering toward baseline 

by around the 10th quarter. This finding reflects a short-run 

contractionary impact of oil price shocks on output, a result 

consistent with previous studies, which emphasize the muted 

but negative output effects of oil price shocks in advanced 

economies, especially when supported by stabilizing fiscal 

and monetary policies. [6, 26] 

Inflation displays a delayed yet persistent positive response, 

peaking around the third quarter post-shock. Although the 

confidence intervals widen over time, the response remains 

persistently above zero across several quarters, indicating a 

moderate but persistent inflationary effect. This result sup-

ports existing empirical literature that identifies lagged cost-

push effects of oil prices on inflation such as Chen, 2009 and 

Alvarez et al., 2011 that document lagged inflationary re-

sponses to oil shocks in their results, under conditions of in-

complete price adjustment and external cost transmission. 

The real exchange rate reacts immediately and significantly, 

 
13 These graphs were generated through STATA 

depreciating in the first two quarters after the shock. This re-

flects a terms-of-trade deterioration commonly experienced 

by oil-importing economies following price shocks. The ex-

change rate begins to stabilize after this point, with partial re-

covery seen by the 8th quarter. Similar trends are observed in 

studies which link oil shocks to currency depreciation and ex-

ternal imbalances. [20] 

The interest rate, representing monetary policy, rises 

sharply in the immediate aftermath of the oil shock, peaking 

within two quarters. This suggests that the Bank of England 

responds actively to contain the inflationary pressures gener-

ated by the external oil shock. Over time, it gradually returns 

toward its baseline level, consistent with an inflation-targeting 

central bank adjusting monetary policy as inflationary pres-

sures subside. [10] 

Overall, the IRFs highlight a coherent and empirically con-

sistent set of macroeconomic adjustments following an oil 

price shock. Output and competitiveness (via the exchange 

rate) respond immediately and negatively, while inflation and 

monetary policy exhibit slightly delayed but persistent re-

sponses. 
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5.3. Testing Robustness and Model Validity 

To ensure the validity and robustness of the estimated SVAR 

model, several diagnostic tests were conducted, including 

checks for model stability, autocorrelation, and error normality. 

Table 9 summarizes the outcomes of these tests, while detailed 

outputs are provided in Appendix 3. 

Table 9. Diagnostic Tests and Results. 

Diagnostic Test Purpose Statistic / Output Result 

Parameter Stability Eigenvalue Test Ensure model is dynamically stable All eigenvalues < 1 Pass 

Autocorrelation 
Lagrange-Multi-

plier test 

Check for serial correlation in residu-

als 

Lag 1: p = 0.051 
Pass 

Lag 2: p = 0.080 

Normality 

Jarque–Bera Test 
Assess whether residuals are normally 

distributed 
χ2 (10) = 4586.09, p = 0.000 Fail 

Skewness Test Check for asymmetry in residuals 
Significant skewness in most 

equations 
Fail 

Kurtosis Test Check for fat tails (leptokurtosis) High kurtosis, e.g., GDP = 37.80 Fail 

Overidentification 
Likelihood-Ratio 

Test 

Validate restrictions imposed in 

SVAR 

Exactly identified (Just-identified 

model) 

Not applicable 

(auto-pass) 

 

The model satisfies the eigenvalue stability condition, with 

all roots lying inside the unit circle, confirming dynamic sta-

bility and validating the use of the VAR framework. The La-

grange-Multiplier test shows no significant autocorrelation, 

with p-values at lag 1 (0.051) and lag 2 (0.080), indicating that 

the chosen lag length of two is appropriate. Furthermore, as 

discussed earlier, the exact identification of the SVAR sup-

ports the identification strategy based on short-run restrictions. 

However, the model fails the normality tests. The Jarque-Bera 

test rejects the null hypothesis of normally distributed residu-

als at conventional significance levels (χ2 = 4586.09, p < 0.01), 

supported by skewness and kurtosis tests. This is a known lim-

itation, as non-normal residuals can undermine the reliability 

of CIs and hypothesis testing within the SVAR framework. 

Nonetheless, given the relatively large sample size (84 obser-

vations), the CLT provides robustness to asymptotic normal-

ity, allowing the estimators and IRFs to be interpreted with 

reasonable confidence. 

Overall, the SVAR model demonstrates several strengths 

that support its use in analysing the macroeconomic impact of 

oil price shocks on UK’s economy. The model’s stability and 

lack of autocorrelation among the residuals reflects its well-

specified temporal structure, ensuring that estimated re-

sponses to shocks are statistically sound over time. Addition-

ally, the model’s exactly identifiable nature via Cholesky de-

composition, grounded in NK theory, supports its interpreta-

bility of its estimates such as coefficients and IRFs. Further-

more, the model’s response function produced theoretically 

consistent and empirically backed results, capturing both im-

mediate and lagged effects of structural shocks across key 

macroeconomic variables. These attributes make the model a 

credible tool for understanding the short-run impacts of oil 

prices on UK’s economy. 

Nonetheless, some limitations remain. Most notably, it’s 

severed limitation of error non-normality, which may reduce 

the precision of standard inference—especially C.I.s derived 

under normality assumptions. While partially offset by CLT, 

this still introduces uncertainty in interpreting statistical sig-

nificance. Additionally, the recursive identification strategy 

assumes a strict contemporaneous structure, which may not 

fully reflect real-world macroeconomic relationships. Lastly, 

the SVAR framework itself abstracts from underlying micro-

economic foundations and assumes linear relationships, limit-

ing its ability to capture non-linear or asymmetric effects of 

oil shocks, as noted in [1]. Despite these caveats, the model 

remains a useful and theoretically consistent framework for 

empirical analysis within the scope and level of this study. 

6. Comparing Empirical Results to New 

Keynesian Predictions 

We now compare the empirical results from the VAR-based 

analysis with the theoretical predictions derived from the NK 

model under the SOE framework. This comparison allows us 

to assess the consistency between observed and theoretical ex-

pectations, and to evaluate the explanatory power of the NK 

framework in the context of the UK economy. 

To reiterate, the reduced form-VAR and IRF results reveal 

key macroeconomic patterns following a positive oil price 

shock. Real GDP contracts modestly but significantly in the 

short term. Inflation responds with a lag but shows a persistent 
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increase. Meanwhile, interest rates tighten sharply in the short 

run before gradually stabilizing. The real exchange rate expe-

riences an immediate and significant depreciation. Comparing 

to Table 2, these empirical findings align closely with the NK 

model's theoretical predictions, as summarized below: 

1) Inflation: The empirical result of a lagged but sustained 

rise inflation aligns with NK expectations of cost-push 

inflation under nominal rigidities. Although the response 

is delayed, the direction and persistence are consistent 

with theoretical predictions and past empirical literature. 

[3, 13] 

2) Output (Real GDP): The observed short-run decline in 

output supports the NK view that oil shocks reduce ag-

gregate demand through higher production costs and re-

duced real income, particularly in economies reliant on 

oil imports. This contraction is modest but statistically 

significant in the short run. [26, 6] 

3) Interest Rate: The sharp initial increase in the interest 

rate reflects a tightening monetary response to inflation-

ary pressures, as anticipated under BoE’s inflation-tar-

geting frameworks [10]. The gradual fall thereafter indi-

cates that policymakers may weigh output stability 

alongside price stability, a trade-off in line with NK 

models with Taylor-type rules. 

4) Exchange Rate: The immediate and significant depreci-

ation of the exchange rate suggests that the terms-of-

trade channel dominates, which is in line with the NK 

model's ambiguous prediction. For the UK—a net oil im-

porter—the depreciation is expected and mirrors the ex-

ternal imbalances and inflation pass-through identified 

in open economy models. [20] 

Overall, the empirical results corroborate the main theoret-

ical channels emphasized by the NK model. The direction and 

timing of the macroeconomic responses demonstrate the NK 

model’s continued relevance for analysing external price 

shocks in small open economies. While some deviations ex-

ist—such as the delayed inflation response—likely reflect 

structural features of the UK economy, global disinflationary 

trends, or post-crisis policy shifts. Thus, the evidence affirms 

the NK framework as a robust and relevant tool for analysing 

the short-run macroeconomic effects of external oil shocks on 

the UK economy. 

7. Conclusion 

This study set out to investigate the macroeconomic effects 

of oil price shocks on the UK economy during 2004–2024 

within the theoretical framework of the NK model for SOE. 

Using a reduced form-VAR and SVAR methodology, we an-

alysed the dynamic responses of real GDP, inflation, the inter-

est rate, and the real exchange rate to exogenous oil price dis-

turbances. Our findings broadly support the predictions of the 

NK model: oil shocks tend to generate short-run inflationary 

pressures, depress output, trigger monetary tightening, and 

cause real exchange rate depreciation, broadly consistent with 

standard theoretical expectations. Specifically, the empirical 

analysis revealed that oil price shocks exert a statistically sig-

nificant contractionary effect on real GDP, a delayed but per-

sistent upward effect on inflation, sharp monetary tightening 

and an immediate and significant depreciation of real ex-

change rate. Overall, these findings confirm the central role of 

oil price dynamics in influencing the short-run macroeco-

nomic trajectory of the UK economy, validating key mecha-

nisms of the NK model. 

Despite the strengths of the analysis, the study has notable 

limitations. While the SVAR model satisfies stability and au-

tocorrelation diagnostics, it fails to meet the normality as-

sumption, introducing some uncertainty around standard in-

ference. Moreover, the recursive identification strategy as-

sumes strict contemporaneous causality, which may oversim-

plify real-world interactions. Additionally, the SVAR frame-

work abstracts from non-linearities, financial frictions, and 

heterogeneous agent behaviour, all of which could influence 

the transmission of oil shocks but are not captured here. 

From a policy perspective, the findings suggest that oil 

price shocks remain a significant source of macroeconomic 

volatility in the UK. Policymakers should remain vigilant in 

responding to oil-driven inflation pressures, particularly 

through adaptive monetary policy strategies that balance price 

stability with output stabilization. Moreover, given the sensi-

tivity of the real exchange rate, maintaining external compet-

itiveness through flexible exchange rate regimes and proactive 

fiscal measures becomes even more critical during periods of 

oil price volatility. 

Finally, while this study offers valuable empirical evidence, 

it remains a bachelor-level academic work. Certain empirical 

limitations — including data restrictions, model simplifica-

tions, and methodological trade-offs — inevitably constrain 

the depth and generalizability of the findings. Future research 

could extend this work by incorporating non-linear models, 

financial sector frictions, or alternative identification schemes. 

Nevertheless, within its intended scope, this study provides a 

meaningful contribution to understanding the transmission of 

oil price shocks in the UK economy under a New Keynesian 

framework. 
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Appendix 

Appendix I: From Reduced Form-VAR Model to SVAR Model 

In this appendix, we depict how we transformed or transition from reduced form-VAR to SVAR model. First, we take the 

reduced form-VAR equation, as below: 

y_t=c+ ∑Φ_i y_(t-i) + ε_t 

And assume, in accordance with enders (2004) {specifically chapter 5, subsection 10}, the following 

ε_t= A^(-1) Bu_t 

Or equivalently,  

〖Aε〗_t= Bu_t 

Where u_t represents the vector of structural shocks (calculated within SVAR), and ε_t are the reduced-form residuals obtained 

from the VAR. The matrices A and B are square matrices encoding the contemporaneous relationships among variables and the 

structure of the shocks, as discussed before. [19] 

We then multiply both sides of the reduced form-VAR equation with ‘A’, leading to the following: 

Ay_t=Ac+ ∑〖AΦ〗_i y_(t-i) + 〖Aε〗_t 

Substituting 〖Aε〗_t for Bu_t and simplifying the model, we get the resulting equation, as below: 

Ay_t= c ̃+ ∑Λ_i y_(t-i) + Bu_t 

Where Λ_i=AΦ_i, representing the matrix of structural lagged coefficients and c ̃=Ac, representing transformed constant in 

SVAR. 

Appendix II: Estimated Structural Coefficients by SVAR 

Table 10. Table of SVAR Estimated Coefficients. 

Shock Source Response Variable Coefficient Standard Error p-value 95% Conf. Interval Significance 

Oil Price Real Exchange Rate -3.7161 1.7668 0.035 [-7.179, -0.253] ** 

Oil Price GDP -0.0783 0.0201 0.000 [-0.118, -0.039] *** 

Oil Price Inflation -1.2273 0.4532 0.007 [-2.115, -0.339] *** 
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Shock Source Response Variable Coefficient Standard Error p-value 95% Conf. Interval Significance 

Oil Price Interest Rate -0.7924 0.1864 0.000 [-1.158, -0.427] *** 

Exchange Rate GDP -0.0008 0.0012 0.492 [-0.0033, 0.0016]  

Exchange Rate Inflation 0.0107 0.0255 0.675 [-0.0393, 0.0607]  

Exchange Rate Interest Rate -0.0536 0.0101 0.000 [-0.0733, -0.0339] *** 

GDP Inflation -3.0309 2.3031 0.188 [-7.545, 1.483]  

GDP Interest Rate 2.8994 0.9166 0.002 [1.103, 4.696] *** 

Inflation Interest Rate -0.0407 0.0438 0.352 [-0.127, 0.045]  

*** 1%, ** 5%, * 10%, signifying p-value 

Appendix III: Detailed Test Results 

1) Parameter Stability (Eigenvalue test) 

Table 11. Parameter Stability Results (Eigenvalue test). 

Eigenvalue Modulus 

.7328765 +.1986767i 0.759329 

.7328765 -.1986767i 0.759329 

.5765869 +.2825686i 0.642104 

.5765869 -.2825686i 0.642104 

.2283412 +.5033808i 0.552749 

.2283412 -.5033808i 0.552749 

-.1807176 +.4717287i 0.50516 

-.1807176 -.4717287i 0.50516 

-.181604 +.06031088i 0.191357 

-.181604 -.06031088i 0.191357 

2) Autocorrelation (Lagrange-Multiplier test) 

Table 12. Autocorrelation Results (Lagrange-Multiplier test). 

Lag chi2 Degrees of freedom Prob > chi2 

1 37.5221 25 0.05147 

2 35.4554 25 0.08028 

H0: No autocorrelation in lag order 

3) Error Normality (Jarque-Bera test, skewness test and kurtosis test) 

JB test – 
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Table 13. Jarque-Bera Test Results. 

Equation chi2 Degrees of freedom Prob > chi2 

D_lnOil 92.897 2 0.000 

D_RealExchangerate 7.679 2 0.022 

D_lnGDP 4400.068 2 0.000 

Inflationrate 37.511 2 0.000 

D_Interestrate 47.933 2 0.000 

ALL 4586.088 10 0.000 

Skewness test – 

Table 14. Skewness Test Results. 

Equation Skewness chi2 Degrees of freedom Prob > chi2 

D_lnOil -1.466 29.029 1 0.000 

D_RealExchangerate -0.717 6.941 1 0.008 

D_lnGDP -4.808 312.113 1 0.000 

Inflationrate 1.025 14.171 1 0.000 

D_Interestrate -0.724 7.076 1 0.008 

ALL  369.331 5 0.000 

Kurtosis test – 

Table 15. Kurtosis Test Results 

Equation Kurtosis chi2 Degrees of freedom Prob > chi2 

D_lnOil 7.350 63.868 1 0.000 

D_RealExchangerate 3.468 0.738 1 0.390 

D_lnGDP 37.803 4087.955 1 0.000 

Inflationrate 5.630 23.340 1 0.000 

D_Interestrate 6.479 40.857 1 0.000 

ALL  4216.757 5 0.000 

Appendix IV: STATA Commands 

//Importing and preparing the DATA -------------- 

import excel "C:\Users\Unchi\OneDrive - University of Birmingham\Year 3\EEE\New EEE\DATA & STATA\DA-

TASET\STATA data.xlsx", sheet("STATA Data") firstrow 

gen tq = quarterly(Quarter, "YQ") 

format tq%tq 

tsset tq 
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//Testing the variables for stationary ---------- 

dfuller RealGDP 

dfuller Inflationrate 

dfuller Interestrate 

dfuller RealExchangerate 

dfuller OilPrice 

//everything failed, not the appropriate test 

//For test with lags 

//Multiple varsoc for robustness in finding optimal lag 

varsoc RealGDP 

varsoc Inflationrate 

varsoc Interestrate 

varsoc RealExchangerate 

varsoc OilPrice 

varsoc RealGDP, maxlag(6) 

varsoc Inflationrate, maxlag(6) 

varsoc Interestrate, maxlag(6) 

varsoc RealExchangerate, maxlag(6) 

varsoc OilPrice, maxlag(6) 

varsoc RealGDP, maxlag(8) 

varsoc Inflationrate, maxlag(8) 

varsoc Interestrate, maxlag(8) 

varsoc RealExchangerate, maxlag(8) 

varsoc OilPrice, maxlag(8) 

dfuller RealGDP, lag(2) 

dfuller Inflationrate, lag(2) 

dfuller Interestrate, lag(2) 

dfuller RealExchangerate, lag(2) 

dfuller OilPrice, lag(2) 

//Only Inflation rate (at 1%) and oil prices (at 10%) passed, however not the best appropriate test 

//test with trends 

dfuller RealGDP, trend 

dfuller Inflationrate, trend 

dfuller Interestrate, trend 

dfuller RealExchangerate, trend 

dfuller OilPrice, trend 

//Only Real GDP passed, not the appropriate test 

dfuller RealGDP, lag(2) trend 

dfuller Inflationrate, lag(2) trend 

dfuller Interestrate, lag(2) trend 

dfuller RealExchangerate, lag(2) trend 

dfuller OilPrice, lag(2) trend 

//Only inlation rate passsed, near appropriate test 

//transforming variables into rates and redoing the tests 

gen lnGDP = ln(RealGDP) 

gen lnOil = ln(OilPrice) 

varsoc lnGDP, maxlag(6) 

varsoc lnOil, maxlag(6) 

varsoc lnGDP, maxlag(8) 

varsoc lnOil, maxlag(8) 

dfuller lnGDP, lag(2) trend 

dfuller Inflationrate, lag(2) trend 

dfuller Interestrate, lag(2) trend 

dfuller RealExchangerate, lag(2) trend 

dfuller lnOil, lag(2) trend 
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//Only inflation rate passed, near appropriate test 

//Above test command is the most appropriate, with all variables in rates 

gen D_lnGDP = D.lnGDP 

gen D_Interestrate = D.Interestrate 

gen D_RealExchangerate = D.RealExchangerate 

gen D_lnOil = D.lnOil 

//Doing the test on the diff. variables 

varsoc D_lnGDP 

varsoc D_Interestrate 

varsoc D_RealExchangerate 

varsoc D_lnOil 

dfuller D_lnGDP, lag(1) trend 

dfuller D_Interestrate, lag(1) trend 

dfuller D_RealExchangerate, lag(1) trend 

dfuller D_lnOil, trend 

//All passed 

//Summarizing the data -------------------------- 

asdoc sum lnGDP Inflationrate Interestrate RealExchangerate lnOil 

//With every variable at I(1) except inflation rate (at I(0)) 

asdoc pwcorr lnGDP Inflationrate Interestrate RealExchangerate lnOil, sig 

//Reduced form-VAR analysis --------------------- 

varsoc D_lnGDP Inflationrate D_Interestrate D_RealExchangerate D_lnOil 

varsoc D_lnGDP Inflationrate D_Interestrate D_RealExchangerate D_lnOil, maxlag(6) 

varsoc D_lnGDP Inflationrate D_Interestrate D_RealExchangerate D_lnOil, maxlag(8) 

asdoc var D_lnGDP Inflationrate D_Interestrate D_RealExchangerate D_lnOil 

//Optimal lag is 1, already included in the command 

//SVAR analysis with IRF ------------------------ 

//For already exsisting irf file -> erase [filename].irf 

irf set newfile 

//In case of already existing IRF file on system -> irf set SVARresult, replace 

//Extreme case -> erase SVARresult.irf 

//Making the restriction matrix, + cholesky recursive order. 

matrix A = (1, 0, 0, 0, 0 \., 1, 0, 0, 0 \.,., 1, 0, 0 \.,.,., 1, 0 \.,.,.,., 1) 

matrix B = (., 0, 0, 0, 0 \ 0,., 0, 0, 0 \ 0, 0,., 0, 0 \ 0, 0, 0,., 0 \ 0, 0, 0, 0,.) 

asdoc svar D_lnOil D_RealExchangerate D_lnGDP Inflationrate D_Interestrate, aeq(A) beq(B) 

//Model is exactly identifiable - All good!! 

//Graphing IRF 

irf create hehelol 

irf describe 

irf graph oirf, impulse(D_lnOil) response(D_RealExchangerate) 

irf graph oirf, impulse(D_lnOil) response(D_lnGDP) 

irf graph oirf, impulse(D_lnOil) response(Inflationrate) 

irf graph oirf, impulse(D_lnOil) response(D_Interestrate) 

//FECD to see the decomposition of the shock 

irf graph fevd 

//For detailed - > irf table fevd 

//Stability 

asdoc varstable 

//All good!! 

//Error non-normality 

asdoc varnorm 

//Heavy error non-normality - Not good... 

//Autocorrelation 

asdoc varlmar 

//Close call on lag 1 - All good!! 
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