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The shipping sector underpins global trade yet faces unprecedented disruption from geopolitical shocks and the demands of a 
rapid clean-energy transition. With well-to-wake emissions from shipping representing 2.1% of the global total and projected 
trade growth set to raise the sector’s carbon footprint, stringent decarbonization measures are accelerating.  These policies are 
expected to increase freight costs, with potential inflationary consequences.  This article investigates how international shipping 
costs influence U.K. inflation volatility using a Generalized Autoregressive Conditional Heteroscedasticity-in-Mean (GARCH-MX) 
framework incorporating sector-specific freight rate indices and key macroeconomic indicators.  We show that higher shipping 
costs are a statistically significant driver of both the level and volatility of U.K. inflation, with the strongest effects arising from 
containerized freight.  Scenario simulations, however, indicate that these inflationary effects are predominantly transitory, with 
impacts decaying over time even under high shipping cost increases. For instance, even a doubling of container freight costs 
raises U.K. inflation by approximately 0.20 percentage points above baseline over a two-year horizon, declining to 0.03 
percentage points after a decade. Our results offer evidence-based guidance for policymakers seeking to balance short-term 
inflation risks with long-run economic stability in the transition to net-zero shipping. 
 
 

Introduction 
 
The shipping sector is fundamental to the global economy, transporting 88% of world merchandise trade 
by volume in 2024 (Clarksons’ SIN, 2025).  Since 2020, a series of exogenous events, including COVID-19, 
the war in Ukraine, and the Suez Canal crisis, have significantly disrupted the shipping industry.  While 
adapting to this complex geopolitical environment, shipping must simultaneously navigate its clean-energy 
transition. 
 
Well-to-wake greenhouse gas (GHG) emissions from shipping correspond to 2.1% of the global total in 
2024 (Clarksons’ SIN, 2025).  Projected annual demand growth of 2.4% through 2029 (UNCTAD, 2024) 
indicates that, without stricter measures, the sector’s total emissions and share of global emissions are 
likely to rise (Laskar et al., 2025).  The significant technological, energy, and capital requirements for 
shipping’s net-zero transition render it a hard-to-abate industry, while other sectors that have historically 
emitted more are decarbonizing at a faster pace. 
 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=6555218
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In response, the International Maritime Organization (IMO) has been developing increasingly ambitious 
policies to accelerate the industry’s net zero transition.  The approved, but not yet formally adopted, Net-
zero Framework (NZF) includes a fuel standard and a GHG pricing mechanism.  If adopted, shipping would 
become the first industry in which emissions are priced on a global scale.  At the regional level, the EU 
Emissions Trading Scheme has covered shipping since January 2024.  In principle, decarbonization costs 
are expected to pass through to charterers via higher freight rates.  From a macroeconomic perspective, a 
natural question is whether potential increases in freight rates can affect consumer prices and inflation. 
 
Shipping is critical for the U.K. economy, with approximately 85% of its international trade by weight and 
55% by value transported by sea (Department for Transport, 2025).  It is also important for U.K. food 
security (48% of food imports) and energy supply (25% of energy imports).  The U.K. is at the forefront of 
the net-zero transition; from 2026, domestic maritime emissions will be included in the U.K. Emissions 
Trading Scheme (ETS). 
 
Whilst several studies examine the link between freight rates and the level of inflation, research on 
inflation volatility remains limited.  This gap is significant: higher inflation volatility increases economic 
uncertainty, distorts price signals, erodes purchasing power, reduces household welfare, heightens 
systemic risk, and complicates monetary policy (Kim and Lin, 2012; Fischer et al., 2025).  Figure 1 shows 
the trajectory of U.K. headline Consumer Price Index (CPI) from 2001 to 2023, which fluctuated around 2% 
for two decades before surging to a peak of 9.2% in October 2022, a spike to which shipping costs 
materially contributed. 
 
Figure 1 
U.K. Headline Consumer Price Index (Annual Rate, %), January 2001 to December 2023  
 

 
 
Source:  Office for National Statistics (2025).   
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This article summarizes the findings of our working paper, “Shipping Freight Costs and U.K. Inflation 
Dynamics” (Kyriakou et al., 2026).  Using a Generalized Autoregressive Conditional Heteroscedasticity-in-
Mean (GARCH-MX) model, we jointly capture the mean and variance dynamics of U.K. inflation whilst 
directly incorporating freight rate developments across all major shipping segments.  To our knowledge, 
this is the first study of how shipping costs affect U.K. inflation volatility. 
 

 
 
Bayes Business School Professor Ioannis Kyriakou, Ph.D., is shown here presenting this research paper at the Clean Maritime 
Assembly 2025, Liverpool, U.K. 
 
 

Data and Methodology 
 
Our analysis is based on monthly data from January 2001 to December 2023, comprising 276 observations. 
The primary dependent variable is the 12-month percentage change in U.K. Headline CPI, as reported by 
the Office for National Statistics and targeted by the Bank of England at 2.0% per annum.  The dataset 
spans six distinct macroeconomic regimes, from the Great Moderation and the Global Financial Crisis 
through the quantitative easing era, COVID-19, and the post-pandemic inflation surge, a breadth that is 
essential for robust estimation. 
 
Shipping costs are proxied by four widely adopted freight rate indices from Clarksons’ Shipping Intelligence 
Network (SIN), each capturing a distinct cargo segment that together account for over 92% of global 
seaborne trade.  The Baltic Dry Index (BDI) tracks bulk commodity shipping; the Baltic Dirty Tanker Index 
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(BDTI) captures crude oil transportation; the Baltic Clean Tanker Index (BCTI) covers refined oil products; 
and the Shanghai-Europe Containerized Freight Index (SCFI) measures the cost of shipping containerized 
goods from Shanghai to Northern Europe.  Given data availability, the SCFI series begins in December 2009, 
yielding 170 observations.  Macroeconomic control variables, comprising M3 money supply growth, 
unemployment, and monthly aggregate demand, are sourced from the Bank of England and Office for 
National Statistics (ONS) databases.  All variables are expressed as monthly log-changes and confirmed 
stationary by Augmented Dickey–Fuller and KPSS (Kwiatkowski–Phillips–Schmidt–Shin) unit root tests. 
 
The econometric framework is the GARCH-MX model.  This specification is selected because U.K. inflation 
exhibits three features that make standard linear models inadequate: time-varying volatility with 
clustering; bidirectional causality between inflation levels and uncertainty (the Friedman-Ball and 
Cukierman-Meltzer channels); and the influence of external cost drivers on uncertainty directly, not only 
on the mean.  The model comprises two equations.  The mean equation specifies inflation as a function of 
its lagged value (capturing persistence), macroeconomic controls, and the contemporaneous conditional 
variance, with the last term testing whether uncertainty raises the inflation level.  The variance equation 
is a GARCH(1,1) process augmented by a lagged shipping cost index, so that freight rate movements affect 
inflation volatility directly and the inflation level indirectly through the variance-in-mean channel.  Four 
separate models are estimated, one per freight index, to avoid multicollinearity.  Estimation uses quasi-
maximum likelihood.  Post-estimation diagnostics (ARCH, Jarque-Bera, Breusch-Pagan, and Nyblom tests) 
confirm the adequacy of all specifications. 
 
Empirical Findings 
 
Shipping costs drive U.K. inflation volatility across all sectors. Lagged shipping costs are positive and 
significant at the 1% level in the variance equation of every model specification, confirming that freight 
rate developments raise U.K. inflation uncertainty regardless of the cargo type.  The variance-in-mean 
coefficient is also significantly positive in all models, confirming that this elevated uncertainty feeds back 
into higher inflation levels.  Persistence parameters in the variance equation (the sum of ARCH and GARCH 
terms) range from 0.77 to 0.94 across models, indicating that volatility shocks dissipate only gradually.  The 
effects of a single episode of elevated inflation volatility can persist for up to 24 months. 
 
Container freight has the strongest inflationary effect.  Table 1 on the next page summarizes the pass-
through estimates. The SCFI dominates with a variance equation coefficient of 0.9082, implying that a 1% 
rise in container freight rates raises U.K. inflation volatility by 0.9082% and the inflation level by 0.085 
percentage points via the variance-in-mean spillover.  The ranking across sectors reflects the proximity of 
each cargo type to final consumption.  Containerships carry finished goods such as clothing and electronics, 
whose price increases pass through rapidly to retail shelves.  Clean oil products (BCTI) rank second, as 
refined fuels directly enter the CPI energy basket.  Dry bulk cargoes (BDI) represent a mix of intermediate 
inputs and final goods, generating an intermediate pass-through.  Crude oil tankers (BDTI) rank last 
because crude must pass through the refining process before reaching consumers. 
 
All macroeconomic controls perform as expected.  The lagged inflation coefficient is positive and significant 
across all models, confirming persistence:  past price growth feeds through to current inflation, a feature 
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that amplifies the consequences of any external cost shock.  M3 money supply growth is positive and 
significant but modest:  a 10% increase leads to only approximately 0.2% higher inflation, reflecting the 
quantitative easing era in which large monetary expansions did not generate proportionate price pressure. 
The unemployment rate and aggregate demand are both significant predictors of inflation dynamics, 
consistent with the Phillips Curve framework. 
 
Table 1 
Freight Cost Pass-Through to U.K. Inflation:  Variance Equation Coefficient Estimates and Implied Level Effects 
 

Index Sector Variance 
coefficient 

Variance-in-
mean 

Level effect (per 1% 
rise) 

Primary transmission mechanism 

SCFI Containerized 
freight 

0.9082*** 0.0941*** +0.085% Finished goods direct to retail 
prices 

BCTI Clean oil products 0.6213*** 0.0891*** +0.055% Refined fuels into CPI energy 
component 

BDI Dry bulk 0.5721*** 0.0891*** +0.051% Mixed:  iron ore, grain, coal 

BDTI Crude oil tankers 0.4528*** 0.0652** +0.030% Crude to refinery buffer:  weakest 
effect 

 
Notes:  *** and ** denote significance at the 1% and 5% levels, respectively.  Implied level effect = variance coefficient multiplied 
by the variance-in-mean coefficient. 
 
 

The COVID-19 container crisis illustrates the transmission mechanism vividly.  Figure 2 on the next page 
shows the SCFI and U.K. CPI jointly from October 2009 to December 2023.  Between August 2020 and 
January 2022, the SCFI rose from $948/TEU (twenty-foot equivalent unit) to $7,784/TEU, approximately 
6.8 times its long-run mean to that point, driven by a surge in goods demand and severe port disruptions, 
including the grounding of the Ever Given in the Suez Canal.  U.K. CPI tracked these movements with a lag 
of several months.  This lag reflects the pricing behaviour of producers and retailers, who do not 
immediately adjust prices following an increase in freight rates, especially when such increases are not yet 
large and sustained; adjustments occur when cost increases are both significant and persistent. 
 
Scenario Analysis and Policy Implications 
 
To translate the model estimates into policy-relevant projections, we conduct a Monte Carlo scenario 
analysis for five freight cost increase magnitudes: baseline (10%), moderate (25% and 50%), and high 
(100% and 200%).  For each model, 500 stochastic paths are generated, with cross-variable dependence 
imposed through the empirical correlation structure.  Predictive distributions of inflation are obtained at 
seven horizons:  3, 6, and 12 months (short term); 2 and 5 years (medium term); and 7 and 10 years (long 
term). 
 
The inflationary effects are predominantly transitory.  Across all scenarios, sectors, and horizons, shipping 
cost increases raise both the level and volatility of U.K. inflation, confirming the robustness of the 
underlying econometric relationships.  However, effects decay substantially over time. Under a 50% 
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increase in the SCFI, the rate of inflation grows by approximately 3% in the short term.  For instance, 
starting from an initial rate of inflation of 3%, this percentage increase translates to an inflation rate of 
approximately 3.09% over 3-12 months (i.e., an increase of 0.09 percentage points).  The rate of inflation 
then declines to 3.05% in the medium term (i.e., an increase of 0.05 percentage points), and to less than 
3.02% after 10 years (i.e., an increase of less than 0.02 percentage points).  For the oil tanker and dry bulk 
indices, the equivalent short-term peak is no more than an inflation rate of 3.06% (i.e., an increase of 0.06 
percentage points), returning to near baseline within five years.  Under a 100% SCFI increase, the rate of 
inflation grows by 6-7% within two years, equivalent to an inflation rate of approximately 3.20% from a 3% 
baseline (i.e., an increase of 0.20 percentage points), before declining to 3.12% after five years (i.e., an 
increase of 0.12 percentage points) and 3.03% after a decade (i.e., an increase of 0.03 percentage points).  
In no scenario does the model predict a permanent shift in U.K. inflation above the Bank of England’s 2% 
target attributable solely to the freight cost channel. 
 
Figure 2 
Shanghai-Europe Containerized Freight Index (left axis, USD/TEU) and U.K. Headline Consumer Price Index (right 
axis, %), October 2009 to December 2023  
 

 
 
Source:  Office for National Statistics (2025). 
Abbreviation:  TEU stands for twenty-foot equivalent unit. 
 
 

Volatility effects are larger but equally transitory.  Effects on inflation volatility follow similar temporal 
patterns to those observed for inflation levels, but with larger magnitudes.  A 100% increase in the SCFI 
raises inflation volatility by approximately 15% over the first two years, declining to about 5% after 10 
years.  These volatility effects, though transitory, are material for monetary policy:  through the variance-
in-mean channel, they amplify inflation persistence and can sustain above-target price growth for longer 
than direct pass-through estimates imply. 
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Four actionable policy implications follow from these results.  First, concerns that shipping decarbonization 
policies may permanently raise inflation are not supported by the evidence; short-term pressures, 
particularly in the container sector, should be anticipated but do not require a fundamental reassessment 
of the 2% inflation targeting framework.  Second, inflation volatility warrants explicit monitoring even 
when level effects are modest; the Bank of England and HM Treasury should consider incorporating freight 
rate indicators, particularly the SCFI, into Monetary Policy Committee briefing materials.  Third, sector 
heterogeneity must be reflected in policy design, as the container sector plays a disproportionate role in 
transmitting maritime cost shocks to consumers; measures to enhance container supply chain resilience 
serve as effective complementary inflation buffers.  Fourth, phased and predictable implementation limits 
peak inflationary impact; a gradual, clearly communicated ratcheting of decarbonization policy costs would 
allow supply chains, producers, and consumers more time to adapt. 
 
Conclusions 
 
This article presents the first systematic econometric assessment of how international shipping freight 
costs affect U.K. inflation volatility.  Using a GARCH-MX framework, estimated on 276 months of data from 
January 2001 to December 2023, we establish that shipping costs are a statistically significant driver of 
both U.K. inflation levels and uncertainty across all four major cargo segments.  Containerized freight 
exhibits the strongest effect (variance coefficient is 0.9082), followed by clean oil products (0.6213), dry 
bulk (0.5721), and crude oil (0.4528).  The volatility-in-mean spillover channel demonstrates that freight 
rate shocks raise not only the average inflation level but also its persistence, with effects lasting up to 24 
months after a single episode of elevated uncertainty. 
 
Monte Carlo scenario analysis calibrated to a range of shipping cost increases consistently shows that 
inflationary effects are predominantly transitory.  Even a doubling of container freight costs raises U.K. 
inflation by approximately 0.20 percentage points above baseline over a two-year horizon, declining to 
0.03 percentage points after a decade. 
 
Future research should explore three extensions.  Threshold Autoregressive (TAR) models should test 
whether sufficiently large and sustained shipping cost shocks could shift the U.K. inflation process to a 
permanently higher regime.  A cross-country panel framework would identify which economies face the 
greatest decarbonization pass-through exposure.  Finally, a structural general equilibrium extension would 
endogenize the monetary and fiscal policy responses that would accompany a major decarbonization cost 
shock in practice. 
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