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Abstract 

The recent Covid-19 pandemic has disrupted global supply chains and led to large increases in shipping costs. 

This paper first provides shipping cost mean and uncertainty measures by using the endogenous regime switching 

model with dynamic feedback and interactions developed by Chang et al. (2023). The uncertainty indicator 

measures overall risk in the shipping market and is shown to represent a useful addition to 
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1. Introduction 

In recent years, global supply chain disruptions associated with increasing and highly volatile 

shipping costs as well as supply bottlenecks have created price pressures in many economies. 

These issues have become especially relevant during the Covid-19 pandemic, which was 

characterised by particularly high volatility and abrupt changes in shipping costs. These 

developments represent a challenge for central banks, since disruptions to the shipping market 

not only affect import and producer prices, but can also get passed through to consumer price 

inflation and thus potentially have second-round 
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inflation and import price inflation. The analysis is motivated by the crucial importance for 

central banks of understanding the global drivers of inflation. 

 

The remainder of the paper is organised as follows: Section 2 briefly reviews the relevant 

literature, Section 3 outlines the empirical framework, Section 4 describes the data and 

discusses the results, and Section 5 offers some conclusions and policy recommendations.  

 

 

2. Literature Review 

The existing literature uses two main indicators of shipping costs and supply chains pressures 

respectively. The first 
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inflation in the euro area better than in the US, where demand shocks played a greater role. 

LaBelle and Santacreu (2022) measure industry exposure to supply chain disruptions in the 

form of changes in backlogs and delivery times. They report that their impact on US inflation 

is significant but heterogeneous with respect to industries and transmitted with a delay. Using 

local projections, Liu and Nguyen (2023) conclude that a positive one standard deviation shock 

in the supply chain pressures index increases import price inflation by up to 0.9 percentage 

points, inflation expectations by up to 0.1 percentage points, and producer price inflation by up 

to 10 percentage points. However, the latter is found to change as costs move along the 

production chain. Finally, Ye et al. (2023) employ a panel nonlinear autoregressive distributed 

lag model and find that global supply chain pressures affect inflation asymmetrically in 

advanced and emerging economies.  

 

Alongside the literature on supply chain pressures and their impact on inflation a new strand 

has been developing which instead focuses on shipping costs. For instance, Herriford et al. 

(2016) use a structural vector autoregressive model to analyse the pass-through of shipping 

costs to US inflation, which they find to be only moderate. Michail et al. (2022) estimate a 

vector error correction model and threshold regressions to assess the relationship between 

inflation and shipping costs for the euro area; they conclude that a shock to freight rates mostly 

affects inflation in sectors with items which have traditionally been manufactured outside the 

euro area. Isaacson and Rubinton (2023) find that, while the pass-through of shipping cost 

growth to import price inflation is generally moderate, shipping costs reached such high levels 

during the Covid-19 pandemic that they resulted in 5.87% import price inflation in the US. 

Their additional analysis suggests significant heterogeneity in the pass-through over time and 

across commodity types, but does not provide evidence on the pass-through of BDI volatility. 

Finally, Carrière-Swallow et al. (2023) examine the impact of shipping costs on different price 

indices for a panel of advanced and emerging economies. Sharp increases in the BDI are found 

to lead to large increases in import and consumer prices as well as in inflation expectations, but 

the effect is weaker in countries with an inflation targeting regime or well-anchored inflation 

expectations.  

 

Other studies instead investigate the relationship between shipping costs and other economic 

variables and find evidence that movements in the BDI reflect changes in economic activity. 

For instance, Bakshi et al. (2012) suggest that BDI growth has significant in-sample and out-

of-sample predictive power for global stock returns and industrial production growth. Also, 
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probability that any present changes in shipping costs will persist over subsequent periods, and 

thus enable market participants and policymakers to estimate more accurately overall risk in 

the shipping market. 

 

3.2 Forecasting Performance Comparisons 

The unsynchronised endogenous regime switching model is then compared to various rival 

specifications in terms of its forecasting performance. One is based on the endogenous 

switching model developed by Chang et al. (2017): 

 

𝑦𝑡 = ∑ 𝛾𝑘(

𝑝

𝑘=1

𝑦𝑡−𝑘 − 𝜇) + 𝜎(𝑠𝑡)𝑢𝑡 (3) 

 

where all elements are defined as before but now only the volatility is allowed to switch with 

respect to a single state 𝑠𝑡 and a latent factor 𝑤𝑡. 𝑤𝑡 follows a random walk according to 𝑤𝑡 =

α𝑤𝑡−1 + 𝑣𝑡 with |𝛼| < 1. The error terms are (
𝑢𝑡

𝑣𝑡
) ~𝑖. 𝑖. 𝑑. We refer to the model in (3) as the 

volatility endogenous regime switching model (VERS). Another obvious choice is a standard 

regime switching model with an exogenous Markov chain (MCRS) which can be seen as a 

baseline against which to compare endogenous regime switching models. Finally, Diebold et 

al. (1994) developed a regime switching model with time-varying transition probabilities 

(TVRS), in which the transition probabilities are logistic functions of a predetermined 

transition variable 𝑧𝑡. We consider several possible variables for  𝑧𝑡, namely (1) lagged BDI, 

(2) lagged global inflation to account for overall increases in global prices and (3) lagged global 

output gap to represent overall demand for shipping goods.1 We use 5-, 10-, and 30-year 

rolling-windows to construct the forecasts for the UERS, the VERS, the MCRS, the TVRS 

with lagged BDI (TVRS-
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inflation with a lag, but raises the policy rate contemporaneously. An exchange rate 

appreciation lowers both inflation and output with a lag, and increases the real exchange rate 

contemporaneously. The estimation is based on the Bayesian approach as in Uhlig (1994) and 

uses the algorithm by Rubio-Ramirez et al. (2010). 

 

Table 1. Sign restrictions in the VAR model 

 Supply  Demand  Oil price  Shipping 

cost  

(mean) 

Shipping cost 

uncertainty 

(volatility) 

Monetary 

policy 

Exchange 

Rate 

𝜋𝑡  + + + + + − − 

𝑔𝑡 − + − −   − 

𝜋𝑡
𝑒

   + + +   

𝛿𝑡   +     

𝑤𝑚,𝑡    +    
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exchange rates series are the are real effective exchange rates from the BIS Effective Exchange 

Rate Indices dataset. We also include world output and world inflation 
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with a period during which the BDI was relatively low. Given these findings we proceed to 

examine the transition probabilities of remaining in the low mean and high volatility regime to 

assess the likelihood of a high volatility regime prevailing.  

 

Figure 2. Extracted factors from the UERS 

Panel 
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before the Covid-19 pandemic, which is consistent with the evidence presented in Figure 2 

regarding their moving in opposite directions. Finally, the coherence graph indicates stronger 

co-movement of the two factors at lower frequencies, such as 3 and 6 months.  

 

Figure 4. Transition probabilities in the UERS 

Panel A Panel B 

  
Panel C Panel D 

  
Notes: The dashed black line represents the time-varying transition probabilities obtained from the UERS, the 

solid blue line shows the BDI price changes and the dashed red line indicates the constant transition probability 

estimated from the exogenous MCRS.  

 

 

Figure 4 displays, for selected periods, the time-varying probability of remaining in the same 

low mean and high volatility regime. Panel A concerns a period of high commodity prices in 

2005; the transition probability fluctuates slightly at first, but then declines sharply (whilst BDI 

increases). Panel B refers instead to a period characterised by hurricane disruptions in 2006; 

here the transition probability remains constant despite large BDI price changes. Panel C shows 

a high transition probability of almost 0.8 at the onset of the global financial crisis, which 

quickly declines to an average value of 0.2 and moves in the opposite direction to t

-
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high, but then declines and fluctuates, once again mirroring BDI changes (Panel D). In all cases, 

the transition probability of remaining in the low mean and high volatility regime is positive 

and larger than the near-zero constant transition probability obtained from the exogenous 

MCRS model (the dashed red line). The behaviour of the time-varying transition probabilities 

indicates that the likelihood of the high uncertainty regime persisting changes quite 

substantially across time periods, which suggests that risk in the shipping market varies and 

therefore needs to be modelled accordingly. On the whole, the evidence obtained so far 

suggests that the extracted volatility factor from the UERS is an appropriate measure of 

shipping cost uncertainty. 

 

4.3 Forecast Evaluation and Comparison to Existing Uncertainty 
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4.4 Shipping Cost Uncertainty and the Global Drivers of Inflation 

Next we assess the pass-through of shipping cost uncertainty to inflation using our measure in 

the context of a structural VAR model in the case of the US, the UK and the euro area. All 

three of these economies have experienced an increase in their intermediate imports as a share 

of total imports over time, although there has been a decline in the most recent years in the case 

of the US and of the UK (Figure 7). Since this share varies across the three economies being 

examined, so will their exposure to shipping cost uncertainty. This heterogeneity makes it 

particularly interesting to examine the pass-through of shipping cost uncertainty in this set of 

countries. 

 

Figure 7. Intermediate imports as a share of total imports 

 
Notes: Intermediate imports as a share of total imports (%). 

 

 

Figure 8 compares the responses of different measures of inflation to shipping cost mean and 

uncertainty shocks. Panel A suggests that the former have a positive impact on all inflation 

measures which tends to peak after seven months. They seem to be transmitted temporarily to 

PPI and IPI but permanently to CPI in the UK and the euro area. Panel B shows that shipping 

cost uncertainty shocks also affect inflation positively, and that the effect is approximately 

twice as large as that of a shipping cost mean shock. The effect on core CPI seems to be smaller 

than on other inflation measures but is more persistent; this reflects the basket used in this case 

which comprises less volatile components than the food and energy prices featuring in headline 

CPI. The largest response can be observed in the case of 
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Figure 8. Response of different inflation measures to shipping cost shocks 

Panel A – Response to shipping cost mean shock Panel B – Response to shipping cost uncertainty shock 

  

  

  
Notes: The solid black line represents the median response, the dark blue shaded area represents the 68% confidence 

band, while the light blue shaded areas represent the 95% confidence bands. 

 

 

The hump-shaped effects of shipping cost mean and uncertainty shocks suggests that, although 

both increase inflation, their effects are not highly persistent for most measures. It seems the 

shocks to import and producer price inflation are immediately passed on to consumer prices, 

but these revert quickly to pre-shock levels. Our findings are slightly different from previous 
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Figure 11. 
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cost mean shock, but declines quickly after an initial positive response to heightened shipping 

cost uncertainty. The effect on the policy rate is largely insignificant. 

 

Next, we consider the contribution of each different shock to changes in inflation over time, 

specifically headline (Panel A) and core consumer price inflation (Panel B). Since the former 

includes food and energy prices, which are usually highly volatile, it should be much more 

vulnerable to global shocks than the latter. Knowledge of the factors responsible for deviations 

of inflation from its mean value is crucial for central banks to assess the sources of inflationary 

pressures in the economy. Panel A suggests that shipping cost uncertainty shocks are much 

more important drivers of US headline inflation than shipping cost mean shocks. Moreover, 

the former affect inflation over the entire sample period and therefore risk in the shipping 

market seems to be a more persistent determinant of inflation deviations than other factors, as 

already found by Carrière-Swallow et al. (2023). In particular, it appears that shipping cost 

uncertainty was the main driver of inflation in the US during the global financial crisis, much 

more than domestic demand, supply and monetary policy shocks. Therefore central banks 

aiming to control inflation should pay special attention to this type of shock, and also to 

exchange rate shocks, given the evidence of a high exchange rate pass-through to consumer 

prices in the US since 2021.   

 

The results reported in Panel B indicate that shipping cost uncertainty shocks (and mean shocks 

until 2010) are relatively more important for headline CPI in the UK than in the US. In the UK, 

domestic shocks generally play a smaller role than global shocks such as oil price and supply 

chain uncertainty shocks. The evidence in Panel C suggests instead a much larger contribution 

of shipping cost mean shocks in the euro area compared to the US and UK. Surprisingly, despite 

the euro area having the highest intermediate import share of total imports and thus being 

expected to have the highest exposure to global shocks of the three economies considered, 

domestic supply and monetary shocks appear to play a greater role than the other global shocks, 

with the exchange rate pass-through being particularly low in recent years.  
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Figure 12. Historical shock decomposition of headline consumer price inflation 

Panel A – Shock decomposition for the US 

 
Panel B – Shock decomposition for the UK 

 
Panel C – Shock decomposition for the EA 

 
Notes: CPI is headline consumer price inflation expressed as deviations from the mean. 
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Figure 13 reports the corresponding results for core CIP inflation. In the case of the US (Panel 

A) shipping cost mean and uncertainty shocks contribute much more to core than to headline 

inflation changes. During the global financial crisis, and for several years afterwards, shipping 

cost uncertainty helped to reduce inflationary pressures. Monetary policy shocks are also more 

important for co
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uncertainty. A comparison with existing uncertainty measures shows that it captures risk in the 

shipping market at times when other indices such as the GSCPI do not. Third, shipping cost 

uncertainty shocks are found to play an important role in driving inflation since they exhibit a 

stronger pass-through to inflation than other global or domestic shocks, but, even in their 

presence, inflation expectations remain anchored. Finally, shipping cost mean and uncertainty 

shocks are the only global ones with a significant impact on core consumer prices in addition 

to domestic factors, especially in recent years.  

 

These results have important implications for policymakers. Central banks have largely 

overlooked shipping costs and the related uncertainty as global drivers of inflation. Our 

analysis instead provides evidence of a significant pass-through to inflation (however 

measured) of shocks to these variables. Both shipping cost mean and uncertainty are clearly 

one of the global drivers of inflation and have sizeable effects, especially in the case of core 

inflation. They should therefore be carefully considered by monetary authorities aiming for 

price stability. In addition, the calculated uncertainty measure can be useful for market 



28 
 

References 

Apergis, N. and Payne, J.E., 2013. New evidence on the information and predictive content of 

the Baltic Dry Index. International Journal of Financial Studies, 1(3), pp.62-80. 

Bakshi, G.S. Panayotov, G. and Skoulakis, G., 2012. 



29 
 

Isaacson, M. and Rubinton, H., 2023. Shipping prices and import price inflation. Federal 

Reserve Bank of St. Louis Review. 

LaBelle, J. and Santacreu, A.M., 2022. Global supply chain disruptions and inflation during 

the COVID-19 pandemic. Federal Reserve Bank of St. Louis Review. 

Liu, Z. and Nguyen, T.L., 2023. Global Supply Chain Pressures and US Inflation. FRBSF 

Economic Letter, 2023(14), pp.1-6. 

Michail, N.A., Melas, K.D. and Cleanthous, L., 2022. The relationship between shipping 

freight rates and inflation in the Euro Area. International Economics, 172, pp.40-49. 

Ravn, M.O. and Uhlig, H., 2002. On adjusting the Hodrick-Prescott filter for the frequency of 

observations. Review of Economics and Statistics, 84(2), pp.371-376. 

Ruan, Q., Wang, Y., Lu, X. and Qin, J., 2016. Cross-correlations between Baltic Dry Index and 

crude oil prices. Physica A: Statistical Mechanics and its Applications, 453, pp.278-289. 

Rubio-Ramirez, J.F., Waggoner, D.F. and Zha, T., 2010. Structural vector autoregressions: 

Theory of identification and algorithms for inference. The Review of Economic Studies, 77(2), 

pp.665-696. 

Uhlig, H., 1994. What macroeconomists should know about unit roots: a Bayesian 

perspective. Econometric Theory, 10(3-4), pp.645-671. 


