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1. Ordinary least squares regression results 

For the calculation of the historical coefficients, we use an ordinary least squares (OLS) regression. We utilize 

the R-package GME for it1. Most of the coefficients are significant on a 95% confidence interval. We still 

use the ones that are not significant on a 95% interval in this study as we are modeling a paradigm shift in 

international trade and, thus, a diverting future from history.  

In Table S1 we show the overview of the used coefficients. A detailed description of all of the regression 

results is enclosed after the summary table. 
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Table S1: Summary of OLS regression results  
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2. MariTEAM model 

Energy demand for shipping is based on the bottom-up MariTEAM model that combines ship technical 

information, weather hindcast data, and satellite data to calculate energy demand, fuel consumption, and 

direct ship emissions for several pollutants (CO2, CH4, N2O, NMVOC, SO2, SO4, CO, OC, EC, BC) based on 

the global fuel mix, i.e., heavy fuel oil (HFO), marine gas oil (MGO), and liquefied natural gas (LNG). For 

more details on the model formulation, see 2 

 

Ships are modeled individually based on extensive data collection and processing. Ship technical 

parameters 

are organized in a database developed on the basis of the Sea-web Ships database, from which we have 

included around 50 thousand IMO-registered vessels under operation in the year 2018. Missing ship 

parameters are filled based on a combination of regression models. The sailing routes are obtained through 

a collection of terrestrial AIS (Automated Identification System) messages, combined with data obtained 

by two satellites: NorSat-1 and NorSat-2 launched in 2017 by NSC (Norwegian Space Center) in 

cooperation with Kystverket (Norwegian Coastal Administration). In this study, ∼700 million AIS messages 

were used after cleaning the data set to remove erroneous data points. Port calls obtained from IHS Markit 

were included, with data on the date and time of arrival and departure from ports for each vessel. Energy 

is then estimated by a resistance-based approach to calculate the aerohydrodynamic forces, from which 

the instantaneous power demand can be derived, using a combination of different methods to calculate 

calm water, wave, and wind resistance. The total resistance and total propulsive efficiency of the ship are 

used to compute its brake power and energy demand.  

 

The model performs its calculation individually for each vessel operating in a given year and presents 

results in a high temporal and spatial resolution. Arrival and departure date from ports (port calls) are then 

used to distribute energy demand across origin and destination (O&Ds) country pairs that can be ultimately 

matched with the country-to-country projections in the gravity model. The second step is to aggregate 

individual ship energy demand in representative ship segments: bulk carriers, chemical tankers, container 

ships, general cargo ships, oil tankers, LNG carriers, and ro-ro ships. Then, the final energy demand is 

obtained by the sum of O&D spatial energy demand multiplied by ship segment projections.  
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3. Narratives of Shared Socioeconomic Pathways 

We utilize the Shared Socioeconomic Pathways scenario (SSP)3 framework for this study to implement a 

narrative of increasing antagonism in maritime trade. This allows the projections to vary in both geopolitical 

and socioeconomic futures and creates heterogeneity across country-level trade projections. 

For a better understanding of the underlying characteristics of an SSP3 narrative in table  S2 we show a 

comparison across SSP narratives. 

Table S2: Comparison of SSP1, SSP2, SSP3, SSP4 and SSP5 by certain categories. Adapted from (O'Neill et 

al., 2017), Elements that motivate the differentiation of behavioral parameters for maritime demand are 

highlighted in bold italics 

 

Indicator 
SSP1 SSP2 SSP3 SSP4 SSP5 

Demographics      

Population 
growth 

Low Medium High High Low 

Migration Medium Medium High High High 

Economy & 
Lifestyle 

     

GDP growth High Medium, 
uneven 

Slow Low in LICs, 
medium in 
other 
countries 

High 

Inequality Reduced Uneven, 
reduced 
moderately 

High, especially 
across countries 

High, 
especially 
within 
countries 

Strongly 
reduced 

Globalization Connected 
markets 

Semi-open 
global 
economy 

De-globalizing, 
regional 
security 

Globally 
connected 
elite 

Strong 

International 
Trade 

Moderate Moderate Strongly 
constrained 

Moderate High 

Consumption Low material 
consumption 

Material 
intensive 

Material-
intensive 
consumption 

Elites: high 
consumption 
lifestyles; 
Rest: low 
consumption, 
low mobility 

Materialism, 
Status 
consumption, 
High mobility 

Diet Low meat 
diets 

Medium meat 
consumption 

N/A N/A Meat-rich 
diets 

Technology      

Development Rapid Medium, 
uneven 

Slow Rapid in high-
tech 
economies 
and sectors; 
slow in other 

Rapid 
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Energy 
technology 
change 

Directed 
away from 
fossil fuels 
toward 
efficiency, 
renewables 

Some 
investment in 
renewables 
continued 
reliance on 
fossil fuels 

Slow tech 
change, 
directed 
toward 
domestic 
energy 
sources 

Diversified 
investments 
including 
efficiency 
and 
low-carbon 
sources 

Directed 
toward fossil 
fuels; 
alternative 
sources not 
actively 
pursued 

Environment & 
resources 

     

Fossil 
constraints 

Preferences 
shift away 
from fossil 
fuels 

No reluctance 
to use 
unconvention
al  resources 

Unconventiona
l resources 
for domestic 
supply 

Anticipation 
of 
constraints 
drives up 
prices with 
high 
volatility 

None 

Land-use Strong 
regulations 
to avoid 
environment
al trade-offs 

Medium 
regulations 
lead to slow 
decline in the 
rate of 
deforestation 

Hardly any 
regulation; 
continued 
deforestation 
due to 
competition 
over 
land and rapid 
expansion 
of agriculture 

Highly 
regulated in 
MICs, 
HICs; largely 
unmanaged 
in 
LICs leading 
to tropical 
deforestation 

Medium 
regulations 
lead to slow 
decline in 
the rate of 
deforestatio
n 

Agriculture Improvemen
ts in 
agriculture 
productivity; 
rapid 
diffusion of 
best 
practices 

Medium pace 
of tech 
change in 
agriculture 
sector; entry 
barriers to 
agriculture 
markets 
reduced 
slowly 

Low 
technology 
development, 
restricted trade 

Ag 
productivity 
high for 
large scale 
industrial 
farming, low 
for small-
scale 
farming 

Highly 
managed, 
resource-
intensive, 
rapid 
increase in 
productivity 

Policies & 
instruments 

     

International 
cooperation 

Effective Relatively 
weak 

Weak, uneven Effective for 
globally 
connected 
economy, not 
for 
vulnerable 
populations 

Effective for 
development
, limited for 
environment 

Environmental 
policy 

Improved 
management 
of local and 
global 
issues; 
tighter 
regulation of 
pollutants 

Concern for 
local 
pollutants but 
only moderate 
success in 
implementatio
n 

Low priority 
for 
environmental 
issues 

Focus on 
local 
environment 
in MICs, 
HICs; little 
attention to 
vulnerable 
areas or 
global issue 

Focus on 
local 
environment
, little 
concern with 
global 
problems 
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4. GDP and Population projections 

For the historical data on Gross Domestic Product (GDP), we utilize the existing data from the CEEPI gravity 

dataset4 which builds upon multiple data sources such as UN Comtrade, European Union, The World Bank, 

World Trade Organization, and many more. 

For the future projections of the growth of trade flows, we utilize data on Gross Domestic Product3,5 (GDP) 

and population 3,5 projections and also projections for the understanding of democracy6,7 (based on the 

rule of law index) for each of the respective countries. In figure S1 we show the GDP (Figure S1 A)), 

Population (Figure S1 B)), and GDP per capita (Figure S1 C)) to better understand the underlying dynamics. 

In this study, we aim to develop a consistent narrative of growing antagonism and thus an SSP3 narrative8 

(see table S2). Thus we only use SSP3 projections in this study. 
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Figure S1: GDP, Population, and GDP per capita for each scenario. For this study, we only used SSP3 

projections 
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5. Democracy historical and future data 

To estimate the future impacts of increasing antagonism in maritime trade, we utilize historical data on 

democracy levels in the form of a democracy index. We use the Varieties of Democracy (V-Dem) liberal 

democracy index as an underlying index to estimate the regression results shown in table S19.  

"The liberal principle of democracy emphasizes the importance of protecting individual and minority rights 

against the tyranny of the state and the tyranny of the majority. The liberal model takes a "negative" view 

of political power insofar as it judges the quality of democracy by the limits placed on government. This is 

achieved by constitutionally protected civil liberties, the strict rule of law, an independent judiciary, and 

effective checks and balances that, together, limit the exercise of executive power. To make this a measure 

of liberal democracy, the index also takes the level of electoral democracy into account." 9 The democracy 

index can be between 0 = lowest level of democracy (autocracy) to 1 = highest level of democracy 

In Figure S2 we show the historical time series of the liberal democracy index. 
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Figure S2: Historical Liberal Democracy index by V-Dem9 used to estimate historical patterns and coefficients 

for the gravity model formulation (see table S1) 
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For the future projections of democracy, we use the rule of law index as a proxy for a democracy index, as 

there are no projections of any democracy index to our knowledge. The rule of law index answers the 

questions "To what extent are laws transparently, independently, predictably, impartially, and equally 

enforced, and to what extent do the actions of government officials comply with the law?" and thus can be 

used as a proxy for the future understanding of democracy on country level. Further, the rule of laws means 

"that laws are general, possible to obey, and fairly applied" 10. However, the rule of law index projections, 

which are historically also provided by V-Dem, come from Soergel et. al6,7. The rule of law index is calculated 

via a model that incorporates the following key drivers: "(logit-transformed) the rule of law in the previous 

year, the change of (logit-transformed) the rule of law in the previous year, the GDP per capita growth in 

the previous year, the interaction between GDP per capita growth and the level of the (logit-transformed) 

the rule of law in the previous year, the share of men without primary education in the previous year, the 

gender gap in primary education in the previous year and the population growth in the previous year" 7 

The index solution space is between 0 very rule of law valuation to 1 very high rule of law valuation in the 

respective country. The underlying dynamics on a country level can be seen in figure S3. Comparing figures 

S2 and S3, one can spot a few differences when it comes to the 2020 values, yet the long-term trend is of 

importance for future projections. 
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Figure S3: The rule of law projections used as a proxy for future democracy indices.  
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6. Shipping Segments 

In this study we aggregate over 5000product codes up to 6 shipping segment. For this we  use BACI data11 to 

parse commodities in specific ship segments by value and weight. This follows the methodology and 

segment division established by Wang et. al.12. 

In Figure S4 we show what the respective shipping segments consists of relative to their 2020 monetary 

values per specific product category. 
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Figure S4: Shipping segments and their underlying product categories based on11,12 

Further, in figure S5, we show the total monetary values of the respective shipping segments in a pie 

diagram to understand the different weights per segment compared to the total trade volume in 2020. 

One can clearly identify that container trade is by far to largest in terms of monetary size compared to the 

total trade volume in 2020 in USD. 

 

Figure S5: Total bilateral maritime trade volume per ship segment relative to total trade volume. 
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