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Introduction

Arctic ice caps have been melting as a result of global warming (Kay et al., 2011; Day
et al., 2012; Barnhart et al., 2016). The steady reduction of the Arctic sea ice has also
been well documented (Rodrigues, 2008; Kinnard et al., 2011; Comiso, 2012), and there is
broad agreement on continued ice reductions through this century (Wang and Overland,
2009, 2012; Vavrus et al., 2012).1 Recent satellite observations, furthermore, suggest that
climate model simulations may be underestimating the melting rate (Kattsov et al., 2010;
Rampal et al., 2011). This implies that in the near future the extent of the Arctic ice
caps will be greatly reduced and even completely ice-free during the summer. Besides the
environmental effects, another consequence of this climatic phenomenon is the possibility
of opening up the Northern Sea Route (NSR) for high volume commercial traffic. This
shipping route will connect East Asia (Japan, South Korea, Taiwan and China) with
Northwestern Europe through the Arctic Ocean (see Figure 1). In practical terms, this
represents a reduction in the average shipping distances and days of transportation by
around one third with respect to the currently used Southern Sea Route (SSR). These
reductions translate not only into fuel savings and overall transport costs, but also to
significant transport time savings that may effectively force supply chains in industries
between East Asia and Europe to change. They also imply high shipping volumes
through the Arctic, likely adding to underlying shocks to the ecosystem.

The NSR is already open during summer and a number of ships have already used the
route.2 Until 2011, there was still controversy about the feasibility of the commercial use
of the NSR. However, the ever-quicker melting pace found in several studies (Shepherd
et al., 2012; Kerr, 2012; Stroeve et al., 2012; Steig et al., 2013) has broadened the
consensus in favour of its likely commercial use in the near future. A growing number
of papers find that this shipping route could be fully operational for several months or
all-year round at different points in the future (cf. Verny and Grigentin, 2009; Liu and
Kronbak, 2010; Khon et al., 2010; Stephenson et al., 2013; Rogers et al., 2015).3 As
a consequence, there has been increased economic interest in the NSR: Asia’s largest
exporters –Japan, South Korea and China– are already investing in ice-capable vessels,

1The ice caps in Greenland and Antarctica have also been melting at an ever-quicker pace since 1992
(Shepherd et al., 2012; Kerr, 2012).

2These include recent shipping milestones: the first supertanker to use the NSR (Barents Observer,
2011a) and the fastest crossing (Barents Observer, 2011b).

3The differences on the approximate year and the yearly extent for which the NSR will be fully
operational varies much between papers, depending on different assumptions and estimates regarding
the pace of the ice caps melting and developments in the shipping industry with respect to the new
route.
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Figure 1: The NSR and SSR shipping routes

while Russia has plans to further develop this shipping lane (Astill, 2012). Accordingly,
the NSR will also have concrete geopolitical implications, with an expected decline in the
shipping transit through the Indian Ocean and the Suez Canal as well as an increased
political interest in the Arctic. China in particular has already shown political interest
in the Arctic by signing a free trade agreement (FTA) with Iceland in April 2013 and
most recently –together with Japan and South Korea– it gained observer status on the
Arctic Council.

The main contribution of this paper is to analyse and estimate the economic impact
of the opening of the NSR.4 Given the current uncertainties regarding the relationship
between the ice cap melting-pace and the transport logistic barriers associated with the
NSR, it is hard to predict the exact year when the NSR will become fully operational.
Throughout the paper we use a what-if approach where we assume that by the year

4It is important to note that the melting of the Arctic ice caps will be a global climate phenomenon
with widespread ecological and economic impacts. In this paper we focus solely on the economic impact
of the NSR.
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2030 the ice caps have melted far enough and logistics issues related to navigating the
Arctic have been resolved, so the NSR is fully operational all year round.5 In practical
terms, this also implies that we use an "upper bound" scenario that assumes that the
NSR becomes a perfect substitute for the SSR, and as such, all commercial shipping
between East Asia and Northern Europe will use the shorter and cheaper NSR instead
of the SSR. Furthermore, since the opening of the NSR will be a gradual process that
will take a number of years, the economic adjustment pattern we describe in our analysis
will also be gradual.

Our economic analysis follows a three-step process. In the first step we re-calculate
physical distances between countries to account for water-transportation shipping routes.
In the second step we map out a multi-sector general equilibrium model with intermediate
linkages and trade modelled as in Eaton and Kortum (2002) and derive a gravity equation
to structurally estimate the trade elasticities and to map the new distance calculations
–for both the SSR and the NSR– into estimates of the bilateral trade cost reductions
between trading partners at the industry level. In the third step we simulate the effect
of the commercial opening of the NSR on bilateral trade flows, macroeconomic outcomes
and changes in CO2 emissions employing our theoretical model.

With our model set-up and calibration we are between the older computable general
equilibrium (CGE) models (cf. Dixon and Jorgenson, 2013), and the recent quantitative
trade models (see Costinot and Rodríguez-Clare, 2013, for an overview). The interaction
of both analytical frameworks generates important synergies. Following the new quan-
titative trade models we improve the CGE estimates in two fundamental ways. First,
we model trade linkages with the improved micro-founded Eaton and Kortum (2002)
structure. Second, we structurally estimate the trade parameters employing a gravity
model derived from the theoretical model using the same trade data that are used in the
numerical simulations. But we also retain important elements of CGE modelling, which
are not present in the new quantitative trade models. Comparing our model with the
model employed by Caliendo and Parro (2015), currently the most extensive quantitative
study of changes in trade policy based on the Eaton-Kortum model, we include three
additional features.6 First, we explicitly model a transport services sector as part of the
trade costs between countries. This feature is important for our study of the economic

5The use of 2030 as our benchmark year is mainly for illustration purposes and the use of another
year does not affect our main economic results. For instance, we ran simulations using 2020 and 2040 as
our benchmark year, and our main results remain robust to these changes.

6Other papers employing a multi-sector Eaton-Kortum model to study a range of questions are Chor
(2010), Costinot et al. (2012), Dekle et al. (2008), Shikher (2012) and Levchenko and Zhang (2016). The
work by Caliendo and Parro (2015) seems the closest to our framework in calibrating to real-world data
and including trade policy details and therefore we compare our work to theirs.
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impact of the NSR, since the reductions in trade costs as a result of the NSR operate
partially through reduced costs of transport services. Second, we match the model more
closely with the data in trade statistics and national accounts. In particular we account
for different aggregate import shares across different agents (private consumption, gov-
ernment consumption, and the purchase of intermediate inputs), which has not been
done thus far in the quantitative trade literature based on Eaton-Kortum. Third, we
use a more extensive general equilibrium framework that serves to bring the model closer
to a realistic description of the world economy. In particular, we include non-homothetic
preferences for private consumption, we model savings and investment, we work with
multiple factors of production with varying degrees of mobility and we include linkages
to CO2 emission data.7

The NSR reduces shipping distances and time between Northwestern Europe and
East Asia by about one third. These overall trade cost reductions can further be sepa-
rated into actual shipping cost reductions (i.e. fuel savings and other transport costs)
and distance-related iceberg trade costs (e.g. transport time savings that can effectively
create new supply chains in certain industries). We find transport cost reductions in
the range of 20% to 30% between both regions using the NSR intensively, while iceberg
trade cost reductions are estimated to be around 3% of the value of goods sold.

Using our model, we find that the direct consequence of opening-up the NSR is
that international shipping volumes (defined as total tonne-kilometres of shipping) fall
by 0.2%, whereas global trade values increase by 0.3%. Although global trade value
changes are not very high, they are completely concentrated in trade between East Asia
and Northwestern Europe, which increases by around 6%. We estimate that the share of
World trade that is re-routed through the NSR will be about 4.7%. For instance, 13.4%
of Chinese trade will use the NSR in the future. The projected shift of trade to the
Arctic route implies substantial pressure on an already threatened ecosystem. Roughly
8% of world trade is currently transported through the Suez Canal, and we estimate that
this share would drop by around two-thirds with a re-routing of trade over the shorter
Arctic route. Since on average around 15,000 commercial ships crossed the Suez Canal
yearly between 2008 and 2012, the re-routing of ships through the NSR will represent

7Caliendo and Parro (2015) employ a quantitative Eaton-Kortum trade model to evaluate the effect of
NAFTA. Additionally, they argue against the use of CGE-models claiming that they are black boxes. By
explicitly mapping out our entire model, including a description of all endogenous variables, parameters
and equilibrium equations, we provide a clear overview of the modelling mechanisms, which are indeed
complex but do not constitute a black box. Moreover, the additional realistic features of the model
enrich the information set and the interpretation of the results in the counterfactual analysis, which
are still driven by the basic trade mechanism in Eaton and Kortum (2002). Furthermore, the detailed
break-down of trade costs is essential for our analysis of the NSR.
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about 10,000 ships crossing the Arctic yearly.8 This implies incentives for large-scale
construction of physical infrastructure in sensitive Arctic ecosystems, heightened eco-
nomic security interests linked to Arctic trade and tremendous pressure on the facilities
and economies servicing the older SSR (including Egypt and Singapore).

This huge increase in bilateral trade between these two relatively large economic
zones also results in a significant diversion of trade. The bilateral trade flows between
East Asia and Northwestern Europe significantly increase at the expense of less trade
with other regions. In particular, there is a sizeable reduction in intra-European trade,
with less trade between Northwestern Europe and South and Eastern Europe. Bilateral
exports from Northwestern Europe (Germany, France, The Netherlands and the UK)
to and from East Asia (China, Japan and South Korea) increase significantly, while
Southern European exports remain unchanged. The Eastern countries of the European
Union (EU) experience a combination of dramatic increases in exports to Asia in some
countries, such as Poland and the Czech Republic, but no significant changes in exports
of other countries, such as Hungary and Romania.

The changing opportunities for trade translate into macroeconomic impacts as well:
real incomes and GDP are estimated to increase modestly in the countries that benefit
directly from the NSR. East Asia and Northwestern Europe experience the biggest gains.
On the other hand, most Southern and Eastern European countries experience real
income declines. Hence, the disruption in intra-EU trade and regional production value
chains caused by the opening of the NSR will negatively affect the Southern and Eastern
EU member states. For the affected countries, these impacts –in the range of less than
half a percentage point of GDP– are comparable to estimated effects from an EU-US
FTA, or the Doha and Uruguay Rounds of multilateral trade negotiations.9

Finally, we also estimate the impact of the NSR on changes in CO2 emissions. We find
that although the much shorter shipping distances will reduce the emissions associated
with water transport of a given quantity of goods, these gains are all but offset by a
combination of higher quantities traded between East Asia and Northwestern Europe,
and the shift towards emission-intensive production in East Asia.

The paper is organised as follows. In Section 1 we analyse the logistic issues and
projections for commercially using the NSR in the future. We then explain how we
estimate the new water-transportation distances in Section 2. In the next section we map
out the theoretical structure to evaluate the impact of the NSR. In section 4 we discuss
calibration of the model, derive a gravity equation and estimate the gravity equation to

8Transit data are available from the Suez Canal Authority (http://www.suezcanal.gov.eg).
9See for example, Francois (2000), Francois et al. (2005), Egger et al. (2015).
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calculate the effect of the new distance measures on trade costs. The simulations and
macroeconomic results are presented in Section 5. Section 6 concludes by summarising
our main results.

1 Commercial feasibility of the Northern Sea Route

There are two elements that limit the NSR becoming a fully viable commercial substitute
of the SSR. The first is the ice levels in the Arctic, which is the main barrier to the
commercial use of the NSR. As mentioned before, there is ample scientific evidence of
the melting of the Arctic ice cap (Rodrigues, 2008; Kinnard et al., 2011; Comiso, 2012)
and that it will continue melting in the future (Wang and Overland, 2009, 2012; Vavrus
et al., 2012); other studies even suggest that the melting process may accelerate in the
future as well (Kattsov et al., 2010; Rampal et al., 2011). Stammerjohn et al. (2012) note
that some Arctic regions are already more ice free now than predicted by climate models
for 2030, while in a meta-analysis of model results Rogers et al. (2015) identify a median
prediction of 2034 for an ice free Arctic in September. These elements will make the
commercial use of the NSR more likely in the near future. Figure 2 further illustrates the
current degree of ice cap melting (until 2007) and the forecasts produced by the National
Oceanic and Atmospheric Administration (NOAA). From this figure one can see that by
2030 the ice cap will have melted enough to make the NSR ice-free, although it is not
clear if this will be the prevalent condition year-round by then. These predictions have
been also supported by more recent research (Wang and Overland, 2012).

The second barrier to the NSR are the transport logistic issues associated with the
opening of a new commercial shipping route in a region with extreme weather con-
ditions. Even though a number of ships have already used the NSR during summer
months, significant logistical obstacles remain. These include slower speeds, Russian
fees and customs clearance, limited commercial weather forecasts, patchy search and
rescue capabilities, scarcity of relief ports along the route and the need to use icebreak-
ers and/or ice-capable vessels (Liu and Kronbak, 2010; Schøyen and Bråthen, 2011).
These conditions not only affect the insurance premia currently charged to use the NSR,
but they also limit the commercial viability of shipping operations, which are dependent
on predictability, punctuality and economies of scale (Humpert and Raspotnik, 2012).
However, with the number of ships using the NSR increasing every year and the polit-
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Figure 2: Arctic Sea Ice Extent observations (1970 to 2007) and forecast (2030 to 2100)
Source: NOAA GFDL model reproduced in Humpert and Raspotnik (2012) by The Arctic Institute.

ical and economic interest of Russia and other stakeholders to develop the NSR, it is
expected that these logistic limitations will be gradually overcome in the near future.10

The uncertainties surrounding both the pace and extent of ice cap melting and the
logistical conditions associated with full commercial use of the NSR are translated into a
wide range of estimates regarding the precise date when the NSR will be fully operational.
The uncertainties regarding both elements, are also directly related and reinforce each
other. In particular, a quicker pace of melting will also make it easier to overcome

10For instance, Russia created a Federal State Institution in March 2013 to administer the NSR: The
Northern Sea Route Administration (www.nsra.ru), which provides logistical assistance throughout the
route. In addition, Russia has also already started setting up 10 relief ports along the route.
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the logistical obstacles. Therefore, the assessments of the feasibility of the NSR range
from studies that see limited use of the NSR for many years to come (cf. Lasserre and
Pelletier, 2011, and papers referred therein) and more optimistic papers that foresee the
commercial use of the NSR within 10 years (Verny and Grigentin, 2009).

In our study, we take a middle-point approach and use 2030 as our benchmark year,
for which we assume that the NSR will be fully operational all-year round. However, our
economic estimates are not dependent on this occurring precisely in 2030. We needed
to choose a benchmark year for reporting, since we expect to have quantitatively similar
results if we used another benchmark year, either an earlier one (2020) or later one
(2040).11

The main fact needed for our estimates to be relevant, however, is that the NSR
must become (at some point in time) fully commercially viable during the whole year,
so it is in practical terms, a fully viable (and perfect) substitute to the SSR. This implies
that we use an "upper bound" scenario that will estimate the largest expected trade and
economic impact from the NSR.12

2 Estimating shipping distance reductions using the North-
ern Sea Route

As the first step of our analysis, we estimate the precise distance reductions for bilateral
trade flows associated with the NSR. To do so we first need to include shipping routes in
the estimation of the distance between two trading partners. Currently, the econometric
literature on the gravity model of bilateral trade relies on measures of physical distances
between national capitals as a measure of distance, known as the CEPII database (Mayer

11As a robustness analysis, we use these two different years as our benchmarks: 2020 and 2040. Our
results show that the use of different benchmark years affects the size of some of the results, but the
main qualitative results and patterns described for 2030 remain robust to the use of different years. The
results for 2020 and 2040 are available upon request.

12For instance, if the NSR is not operational during winter and/or other logistic issues related to the
extreme weather of the Arctic are not fully resolved, then it can be expected that shipping companies
pursue a diversification strategy, using both routes conditional on which offers the lowest costs in particu-
lar seasons. Another potential limitation of the NSR fully substituting the SSR is the increased pressure
on current transportation infrastructure. In particular, current hubs –i.e. the Port of Rotterdam– may
need to expand. However, since the opening of the NSR will be a gradual process, we expect that any
additional infrastructure needs can be developed while the NSR becomes fully operational. Besides the
opening of the NSR, additional economic impacts may include the possibility to exploit natural resources
in the Arctic Ocean and the Arctic region (i.e. Siberia and Northern Scandinavia), and the potential
opening of the North Western Route connecting East Asia with the East Coast of Canada and the United
States.
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and Zignago, 2011).13 However, these measures use the shortest physical distance and
thus, are not appropriate for the present exercise. Shipping routes are usually longer
than the shortest physical distance, and melting sea ice will not change the physical
distance between Tokyo and London, for example.

2.1 Current shipping distances

Rather we need a more precise measure of actual shipping distances. To this end, we
first build a new measure of distance between trading countries. Given the importance
of ocean transport for global trade in goods we take water distances between trading
partners into account. Globally, 90% of world trade in goods by volume and 80% by
value –and the overwhelming majority of trade between non-neighbouring countries– is
carried by ship (OECD, 2011, 2013).14 For the country pairs and trade flows we focus
on here, water transportation, or multi-modal transport (water and land) accounts for
a majority of trade.

Therefore, to obtain more accurate measures of trade distance, we work with shipping
industry data on the physical distance of shipping routes between ports in combination
with land-transport distances. We continue to use CEPII’s bilateral distances to repre-
sent land routes (and so the land component of combined land-water routes), while the
water routes were provided by the commercial company AtoBviaC. In Appendix A.1 we
explain in detail how the shipping distances are calculated.

2.2 New shipping distances using the NSR

For the new distances related to the opening up of the NSR, we use the estimates by Liu
and Kronbak (2010).15 In Table 1 we show the great-circle formula distances, current
shipping distances (using the SSR), the new NSR distances and the percentage reductions
between East Asia’s biggest exporters (China, Japan, South Korea and Taiwan) and
the four Northern European countries with the busiest container ports: Netherlands
(Rotterdam), Belgium (Antwerpen), Germany (Hamburg and Bremerhaven) and Great

13In particular, CEPII’s GeoDist database (www.cepii.fr) estimates geodesic distances, which are cal-
culated using the geographic coordinates of the capital cities. A simple measure is the distance between
countries’ capitals on the surface of a sphere (i.e. the great-circle formula). A more recent and sophis-
ticated approach is to measure distance between two countries using the population weighted average
index created by (Head and Mayer, 2010; de Sousa et al., 2012). This last measure also incorporates the
internal distances of a country.

14The rest moves primarily by land. Few exceptions use air transportation, which mainly applies for
high-value commodities that need to reach the final destination in a short time (e.g. fish and flowers).

15In Appendix A.2 we explain how the new NSR distances are calculated.
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Britain (Felixstowe). The commercial use of the NSR implies a significant shipping
distance reduction. For instance, the effective distance is reduced by around 37% from
Japan to Northern European countries, while the same figure is around 31% for South
Korea, 23% for China and 17% for Taiwan.

Table 1: Different distance values for selected countries

From: To: Great-circle
formula (km)

SSR (km) NSR (km) NSR against
SSR % change

China Netherlands 7,831 19,942 15,436 -23%
China Belgium 7,971 19,914 15,477 -22%
China Germany 7,363 20,478 15,942 -22%
China United Kingdom 8,151 19,799 14,898 -25%

Japan Netherlands 9,303 20,996 13,172 -37%
Japan Belgium 9,464 20,976 13,345 -36%
Japan Germany 8,928 21,536 13,083 -39%
Japan United Kingdom 9,574 20,779 13,182 -37%

South Korea Netherlands 8,573 20,479 14,200 -31%
South Korea Belgium 8,722 20,458 14,373 -30%
South Korea Germany 8,140 21,019 14,110 -33%
South Korea United Kingdom 8,875 20,262 14,210 -30%

Taiwan Netherlands 9,457 18,822 15,601 -17%
Taiwan Belgium 9,587 18,801 15,774 -16%
Taiwan Germany 8,959 19,362 15,511 -20%
Taiwan United Kingdom 9,790 18,605 15,611 -16%

Sources: Great-circle distances taken from the GeoDist database from CEPII. SSR and NSR distances
are own estimations based on data from AtoBviaC, BLM Shipping, and Liu and Kronbak (2010).

It is important to note that the NSR only makes the shipping distance shorter for
countries in East Asia, but not for countries closer or below the equator in Asia. For
instance, the shipping distances from the Philippines and Papua New Guinea to Northern
Europe are slightly shorter using the NSR (by around 1500km), but countries that are
located South and East from these countries have shorter shipping distances using the
SSR (e.g. Vietnam, Thailand, Singapore, Indonesia, Malaysia and India).

3 Model

Since the opening of the NSR is a global phenomenon that affects several countries
at once, it will create inter-related shocks between different trading economies. Trade
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facilitation through the NSR will not only affect bilateral trade, but also sectoral pro-
duction and consumption patterns, relative domestic and international prices and the
way production factors are used in different countries. Therefore, we employ a general
equilibrium model with multiple countries, multiple sectors, intermediate linkages and
multiple factors of production. Trade is modelled as in Eaton and Kortum (2002) with
the remaining structure of the model largely following the GTAP model (Hertel, 2013).
Below we provide a detailed description of the model with many of the formal details
presented in Appendix B.16

3.1 Demand

We work with 𝐽 = 100 countries. In each country (𝑗) a representative agent has a Cobb-
Douglas utility function over three aggregate goods, private goods (𝑞𝑝𝑟

𝑗 ), government
goods (𝑞𝑔𝑜

𝑗 ), and savings (𝑞𝑠𝑎
𝑗 ):

𝑢𝑗 =
(︁
𝑞𝑝𝑟

𝑗

)︁𝜅𝑝𝑟
𝑗
(︁
𝑞𝑔𝑜

𝑗

)︁𝜅𝑔𝑜
𝑗
(︁
𝑞𝑠𝑎

𝑗

)︁𝜅𝑠𝑎
𝑗

. (1)

Savings are included in the static utility function to prevent that a shift away from
savings –and thus implicitly from future consumption– towards current consumption
has large welfare effects. The formal underpinning comes from Hanoch (1975) who
showed that the expressions for consumption in an inter-temporal setting can also be
derived from a static utility maximisation problem with savings in the utility function.
Since preferences for private goods are non-homothetic it is not possible to define a
price for private goods. Therefore, we cannot maximise utility in equation (1) subject
to a conventional budget constraint. Instead we maximise utility in equation (1) subject
to the following implicit budget constraint, where we write expenditures on category 𝑐

goods (𝑒𝑐
𝑗) as a function of the quantity of private consumption (𝑞𝑐

𝑗):

∑︁
𝑐

𝑒𝑐
𝑗

(︁
𝑞𝑐

𝑗

)︁
= 𝑥𝑗 . (2)

This leads to the following expression for spending (𝑥𝑐
𝑗) on the three categories of goods,

𝑐 ∈ {𝑝𝑟, 𝑔𝑜, 𝑠𝑎}, as a function of total expenditure (𝑥𝑗):

𝑥𝑐
𝑗 = 𝜅𝑐

(︃
Ψ𝑐

𝑗

Ψ𝑗

)︃
𝑥𝑗 ; 𝑐 = 𝑝𝑟, 𝑔𝑜, 𝑠𝑎 (3)

16The standard GTAP model is also described in Hertel (2013) and Rutherford and Paltsev (2000).
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where Ψ𝑐
𝑗 is the elasticity of quantity (𝑞𝑐

𝑗) with respect to expenditure (𝑥𝑐
𝑗) and Ψ𝑗 is the

elasticity of utility (𝑢𝑗) with respect to total expenditure (𝑥𝑗). For goods with homothetic
preferences –savings (𝑠𝑎) and public goods (𝑔𝑜)– this elasticity is 1 (Ψ𝑔𝑜

𝑗 = Ψ𝑠𝑎
𝑗 = 1). So

with homothetic preferences, equation (3) would generate the standard expression for
Cobb-Douglas expenditure shares. With non-homothetic preferences for private goods
the share of spending on private goods is larger than the Cobb-Douglas parameter 𝜅𝑝𝑟 if
the elasticity of private quantity (𝑞𝑝𝑟

𝑗 ) with respect to private expenditure (𝑥𝑝𝑟
𝑗 ) is larger

than 1. This gives the consumer an incentive to spend a more than proportional amount
on private goods.

Ψ𝑝𝑟
𝑗 follows from log differentiating the indirect utility function for private goods

defined below in equation (6) with respect to quantity (𝑞𝑝𝑟
𝑗 ) and expenditure (𝑥𝑝𝑟

𝑗 ). This
gives the following expression:

Ψ𝑝𝑟
𝑗 = 1

𝑆∑︀
𝑠=1

𝑠𝑝𝑟
𝑗𝑠𝜂𝑗𝑠

(4)

where 𝑠𝑝𝑟
𝑗𝑠 is the share of private expenditure spent on good 𝑠. Ψ𝑗 follows from maximi-

sation of utility in equation (1):17

Ψ𝑗 =
∑︁

𝑐

Ψ𝑐𝜅𝑐 = Ψ𝑝𝑟𝜅𝑝𝑟 + 𝜅𝑔𝑜 + 𝜅𝑠𝑎. (5)

Preferences for private goods across the different sectors are described by the non-
homothetic Constant Distance Elasticity (CDE) implicit expenditure function:

𝑆∑︁
𝑠=1

𝛼𝑗𝑠

(︁
𝑞𝑝𝑟

𝑗

)︁𝛾𝑗𝑠𝜂𝑗𝑠

(︃
𝑝𝑝𝑟

𝑗𝑠

𝑥𝑝𝑟
𝑗

)︃𝛾𝑗𝑠

= 1 (6)

where 𝑞𝑝𝑟
𝑗𝑠 and 𝑝𝑝𝑟

𝑗𝑠 are respectively the quantity and price of private goods in coun-
try 𝑗 and sector 𝑠, 𝑥𝑝𝑟

𝑗 is private expenditure in country 𝑗, while 𝛼𝑗𝑠, 𝛾𝑗𝑠 and 𝜂𝑗𝑠 are
respectively the distribution, substitution and expansion parameters. Private demand
(𝑞𝑝𝑟

𝑗𝑠 ) as a function of private expenditure (𝑥𝑝𝑟
𝑗 ) and prices (𝑝𝑝𝑟

𝑗𝑠), can be derived by log-
differentiating equation (6) with respect to 𝑝𝑝𝑟

𝑗𝑠 and 𝑥𝑝𝑟
𝑗 and applying Shepherd’s lemma:

𝑞𝑝𝑟
𝑗𝑠 =

𝛼𝑗𝑠

(︁
𝑞𝑝𝑟

𝑗

)︁𝛾𝑗𝑠𝜂𝑗𝑠
(︂

𝑝𝑝𝑟
𝑗𝑠

𝑥𝑝𝑟
𝑗

)︂𝛾𝑗𝑠−1
𝛾𝑗𝑠

𝑆∑︀
𝑢=1

𝛼𝑗𝑢

(︁
𝑞𝑝𝑟

𝑗

)︁𝛾𝑗𝑢𝜂𝑗𝑢
(︂

𝑝𝑝𝑟
𝑗𝑢

𝑥𝑝𝑟
𝑗

)︂𝛾𝑗𝑢

𝛾𝑗𝑢

. (7)

17See McDougall (2000) for further discussion and Appendix B.1 for a formal derivation.
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With CDE preferences the model allows for shifting average and marginal budget
shares as a country grows. At the same time the model stays tractable in a setting with
a large number of countries and sectors, since a limited number of parameters can be
calibrated from income and own-price elasticities of demand.

Preferences for spending by the public sector across the different sectors are Cobb-
Douglas, implying the following demand function for government goods in sector 𝑠 (𝑞𝑔𝑜

𝑗𝑠 )
as a function of government sector prices (𝑝𝑔𝑜

𝑗𝑠) and and aggregate prices (𝑝𝑔𝑜
𝑗 ):

𝑞𝑔𝑜
𝑗𝑠 = 𝛽𝑗𝑠

𝑝𝑔𝑜
𝑗 𝑞𝑔𝑜

𝑗

𝑝𝑔𝑜
𝑗𝑠

. (8)

For public goods and savings, quantity and expenditure are simply related by the fol-
lowing expression, 𝑞𝑐

𝑗 = 𝑥𝑐
𝑗

𝑝𝑐
𝑗
; 𝑐 = 𝑔𝑜, 𝑠𝑎. For private goods we cannot define a price index.

Quantity (𝑞𝑝𝑟
𝑗 ) and expenditure (𝑥𝑝𝑟

𝑗 ) are implicitly related through the indirect expendi-
ture function in (6). The price of government goods is given by a standard Cobb-Douglas
price index expression. The price of savings is a weighted average of the price of invest-
ment goods in the different countries. Savings are used to finance investment. Savings
in all countries are collected by a "global bank" channelling the savings to investment in
different countries until the rate of return on investment is equalised. Net investment
beyond depreciation will expand the amount of capital available in production. A formal
description of saving and investment is provided in Appendix B.3.

3.2 International trade

Within each of our 𝑠 = {1, .., 17} sectors international trade is modelled as in Eaton
and Kortum (2002). So there is a continuum of varieties, 𝑞𝑗𝑠 (𝜔𝑠), each country can
produce under perfect competition. There are four groups of agents (𝑎𝑔) demanding
goods: private households (𝑝𝑟), the government (𝑔𝑜), firms (𝑓𝑖) and investors (𝑖𝑛).
They have an identical constant elasticity of substitution (CES) utility function across
the continuum:

𝑞𝑎𝑔
𝑗𝑠 =

⎛⎝ ∞∫︁
0

𝑞𝑗𝑠 (𝜔𝑠)
𝜎𝑠−1

𝜎𝑠 𝑑𝜔𝑠

⎞⎠
𝜎𝑠

𝜎𝑠−1

. (9)

The cost, insurance and freight (cif) price of delivering variety 𝜔𝑠 from source 𝑖 to
destination 𝑗 in sector 𝑠 is given by:

𝑝𝑐𝑖𝑓
𝑖𝑗𝑠 (𝜔𝑠) =

𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 + 𝛾𝑖𝑗𝑠𝑝𝑡𝑠
𝑖𝑗𝑠

𝑧𝑖𝑠 (𝜔𝑠) (10)
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where 𝑐𝑖𝑠 is the price of input bundles and 𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 is the tax on input bundles in country

𝑖 and sector 𝑠. 𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 is the destination specific export tax. 𝑝𝑡𝑠

𝑖𝑗𝑠 is the price of transport
services and 𝛾𝑖𝑗𝑠 is a shifter determining the share of cif-value spent on transport services.
All taxes are expressed in power terms, i.e. as one plus the ad-valorem tax rate. We
assume that the cif-quantity is a Leontief aggregate of the fob-quantity and the quantity
of transport services, reflecting the lack of substitution possibilities away from transport
services when they get more expensive. Firms can choose between different modes of
transport (𝑚), in particular between surface transport (𝑠𝑢𝑟) and air transport (𝑎𝑖𝑟),
according to a Cobb-Douglas function. This distinction is important in modelling the
impact of the NSR. Adding up the demand for transport services between all regions
generates the global demand for transport services. Global transport services generate,
in turn, demand for transport services from the different supplying countries of transport
services according to a Cobb-Douglas function.18

The productivity 𝑧𝑖𝑠 (𝜔𝑠) is drawn from a Frechet distribution with technology pa-
rameter 𝜆𝑖𝑠 and dispersion parameter 𝜃𝑠, as:

𝐹𝑖𝑠 (𝑧) = exp
(︃

−
(︂

𝑧

𝜆𝑖𝑠

)︂−𝜃𝑠
)︃

. (11)

Multiplying the cif-price by one plus the import tariff (𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 ), general iceberg trade costs

(𝜏𝑖𝑗𝑠), group-specific iceberg trade costs (𝜏 𝑠𝑜,𝑎𝑔
𝑗𝑠 ) and group-specific and source-specific

taxes (𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠 ) with domestic and imported sources (𝑠𝑜 = 𝑑𝑜𝑚, 𝑖𝑚𝑝), and different agents

(𝑎𝑔 = 𝑔𝑜, 𝑝𝑟, 𝑓𝑖, 𝑖𝑛) results in an expression for the landed price 𝑝𝑎𝑔
𝑖𝑗𝑠:

𝑝𝑎𝑔
𝑖𝑗𝑠 (𝜔𝑠) =

(︁
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 + 𝛾𝑖𝑗𝑠𝑝𝑡𝑠
𝑖𝑗𝑠

)︁
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝜏𝑖𝑗𝑠𝜏 𝑠𝑜,𝑎𝑔

𝑗𝑠 𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠

𝑧𝑖𝑠 (𝜔𝑠) . (12)

Domestic iceberg trade costs and domestic group-specific trade costs are normalised at
1. Because of the detailed GTAP-data we can also include export taxes and interna-
tional transport margins as components of trade costs. This extension in comparison
to previous Eaton-Kortum multi-sector applications is important for our purposes as it
allows us to explicitly model international transport services and study the effect of the
NSR on transport services.

18Due to a lack of data there is no direct link between the supplying country and the demanding
countries of these international transport services. The demand and supply of transport services are first
aggregated up into global transport services. The formal details of the transport sector component of
the model are provided in Appendix B.5.
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𝑐𝑖𝑠 is the price of input bundles used for production in country 𝑖 and sector 𝑠, deter-
mined by the price of intermediates used from all sectors and the price of factor input
bundles. The choice between intermediates and factor inputs, and between intermediates
from different sectors, is Leontief. There are six factor inputs: land, low-skilled, medium-
skilled and high-skilled labour, capital and natural resources. The choice between factor
input bundles is CES. Land and natural resources are not perfectly mobile between
sectors, as modelled with an elasticity of transformation function. Labour supply is
endogenous, based on a labour-leisure trade-off, and formally described in Appendix
B.2.

Continuing our description of international trade in the model, we observe that the
distribution of import prices is also Frechet, since the price (𝑝𝑖𝑗𝑠) is a function of pro-
ductivity (𝑧):

𝐺𝑎𝑔
𝑖𝑗𝑠 (𝑝) = 1 − exp

⎡⎢⎣−

⎛⎝
(︁
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 + 𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠

)︁
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝜏𝑖𝑗𝑠𝜏 𝑠𝑜,𝑎𝑔

𝑗𝑠 𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠

𝜆𝑖𝑠

⎞⎠−𝜃𝑠

𝑝𝜃𝑠

⎤⎥⎦ . (13)

The probability that a price in importer 𝑗 is lower than 𝑝 is equal to one minus the
probability that none of the exporters (𝑖) delivers a price lower than 𝑝. Therefore, the
price distribution in country 𝑗 is given by:

𝐺𝑎𝑔
𝑗𝑠 (𝑝) = 1 −

𝐽∏︀
𝑖=1

(︁
1 − 𝐺𝑎𝑔

𝑖𝑗𝑠 (𝑝)
)︁

. (14)

Substituting equation (13) into equation (14) gives the following price distribution:

𝐺𝑎𝑔
𝑗𝑠 (𝑝) = 1 − 𝑒−Φ𝑎𝑔

𝑗𝑠 𝑝𝜃𝑠 (15)

with

Φ𝑎𝑔
𝑗𝑠 =

𝐽∑︁
𝑖

⎡⎣
(︁
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 + 𝛾𝑖𝑗𝑠𝑝𝑡𝑠
𝑖𝑗𝑠

)︁
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝜏𝑖𝑗𝑠𝜏 𝑠𝑜,𝑎𝑔

𝑗𝑠 𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠

𝜆𝑖𝑠

⎤⎦−𝜃𝑠

. (16)

Φ𝑎𝑔
𝑖𝑠 is a measure for technology in country 𝑗 in sector 𝑠, reflecting productivity (𝜆𝑖𝑠) and

unit costs (𝑐𝑖𝑠) in 𝑗’s trading partners and the various trade costs vis-a-vis its trading
partners.
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As a next step we can determine the probability (𝜋𝑎𝑔
𝑖𝑗𝑠) that goods in country 𝑗 in

sector 𝑠 and by group 𝑎𝑔 are imported from trading partner 𝑖:

𝜋𝑎𝑔
𝑖𝑗𝑠 =

[︂(︀
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 +𝛾𝑖𝑗𝑠𝑝𝑡𝑠
𝑖𝑗𝑠

)︀
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝜏𝑖𝑗𝑠𝜏𝑠𝑜,𝑎𝑔

𝑗𝑠 𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠

𝜆𝑖𝑠

]︂−𝜃𝑠

Φ𝑎𝑔
𝑗𝑠

. (17)

To determine the quantity sold from country 𝑖 to 𝑗 in sector 𝑠, we use Property
b on page 1748 of Eaton and Kortum (2002) that the distribution of prices of goods
actually sourced from country 𝑖 in country 𝑗 is given by the same distribution as the
general distribution of prices in country 𝑗, 𝐺𝑖𝑠 (𝑝).19 The implication is that the average
quantity purchased is the same for each source country 𝑖.20 As a result the share of
goods imported from country 𝑖 in quantities is thus equal to the probability that goods
are sourced from country 𝑖 in equation (17):21

𝑞𝑎𝑔
𝑖𝑗𝑠 =

[︂(︀
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 +𝛾𝑖𝑗𝑠𝑝𝑡𝑠
𝑖𝑗𝑠

)︀
𝑡𝑎𝑖𝑗𝑠𝜏𝑖𝑗𝑠𝜏𝑠𝑜,𝑎𝑔

𝑗𝑠 𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠

𝜆𝑖𝑠

]︂−𝜃𝑠

Φ𝑎𝑔
𝑗𝑠

𝑞𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗 (18)

where 𝑞𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗 is the total demand for goods in sector 𝑠 in country 𝑗 by group 𝑎𝑔 and

𝑞𝑎𝑔
𝑖𝑗𝑠 is the quantity imported by group 𝑎𝑔 with population size 𝑝𝑜𝑝𝑗 .22 We can aggregate

over the four groups of agents to generate an expression for total imports from country
𝑖, 𝑞𝑖𝑗𝑠:

𝑞𝑖𝑗𝑠 =

[︂(︀
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 +𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠

)︀
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

]︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

𝑞𝑖𝑚𝑝
𝑗𝑠 (19)

19As Eaton and Kortum (2002) point out this follows from calculating the distribution of prices of
goods sourced from 𝑖 in country 𝑗 given that goods are actually sourced from country 𝑖. A formal
derivation is in Appendix B.4

20Eaton and Kortum (2002) use this property to argue that average expenditure does not vary by
source. The reasoning is identical for average quantity and average expenditure. Both are determined
by prices. With a price distribution not varying by source average quantity and average expenditure do
not vary by source. Formal derivations are in Appendix B.4

21Eaton and Kortum (2002) solve their model in terms of expenditures. Because of the presence of a
transport sector we also need the quantity traded. An implication of the identical price distribution by
source is that the quantity share is identical to the expenditure share in the Eaton and Kortum setup.

22Hence, quantities and values introduced in the previous section (𝑞𝑗 , 𝑥𝑗 , 𝑞𝑐
𝑗 , 𝑥𝑐

𝑗 , 𝑞𝑐
𝑗𝑠) are all per capita,

whereas quantities and values introduced in this section (𝑞𝑎𝑔
𝑖𝑗𝑠, 𝑞𝑖𝑚𝑝

𝑗𝑠 , 𝑞𝑑𝑜𝑚
𝑗𝑠 , 𝑥𝑖𝑗𝑠, 𝑥𝑖𝑚𝑝

𝑗𝑠 ) are aggregate.
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where 𝑞𝑖𝑚𝑝
𝑗𝑠 is total import demand by all four groups of agents:

𝑞𝑖𝑚𝑝
𝑗𝑠 =

∑︁
𝑎𝑔∈{𝑝𝑟,𝑔𝑜,𝑓𝑖}

(︁
𝜏 𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠(︁

𝜏 𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠 +

(︂
𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠 𝑐𝑗𝑠

𝜆𝑗𝑠

)︂−𝜃𝑠
𝑞𝑎𝑔

𝑗𝑠 𝑝𝑜𝑝𝑗 (20)

and Φ𝑖𝑚𝑝
𝑗𝑠 is an average of import prices:

Φ𝑖𝑚𝑝
𝑗𝑠 =

∑︁
𝑖̸=𝑗

⎡⎣
(︁
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 + 𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠

)︁
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

⎤⎦−𝜃𝑠

. (21)

Equation (19) shows that a reduction in trade costs –for example, as a result of the
opening of the NSR– generates both more trade along the intensive and the extensive
margin in the model. With lower trade costs there are more sales of each variety within
a sector and more varieties are sold.

3.3 Equilibrium

To close the model we impose goods market equilibrium and derive the expression for
expenditure of the representative household as a function of income. Since sectoral prices
do not vary for an importer by source country in the Eaton and Kortum model, they
do vary for an exporter for each destination country. As a result, sectoral quantities are
not homogeneous for countries of destination and so we cannot express goods market
equilibrium in terms of quantities as often done in Armington type models. Instead we
express goods market equilibrium in terms of values equalising the value of gross output
with the value of import demand from the different trading partners.

Expenditure of the representative household is determined by household income and
the fixed budget deficit, where household income is equal to gross factor income plus
revenues from the different types of indirect taxes. CO2 emissions are proportional to
import and domestic demand of the four groups of agents. Changes in CO2 emissions
can be calculated residually based on the change in these demands. Formal details are
respectively in Appendix B.6 and B.8.
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4 Calibration of the model

In this section we map out three components of the model calibration: first the baseline
data, second the estimation of the trade parameters and third the expected trade cost
reductions as a result of the NSR.

4.1 Baseline data

Since we examine the effects of opening the NSR in 2030 we need baseline data for this
year. Therefore, we combine the detailed trade, production and consumption data from
GTAP9 with base year 2011 (Aguiar et al., 2016) with short-run projections by the IMF
on changes in the trade balance and GDP growth up to 2015, long run projections for
GDP growth from the OECD and growth in population and labour supply from the UN
(Chateau et al., 2012). To convert the 2011 values into 2015 values we endogenise total
factor productivity and the trade balance, such that GDP growth and changes in the
trade balance are as in the IMF data. We do this to eliminate the possible influence
of the Great Recession on our results. Then we convert the data from 2015 to 2030 by
endogenising productivity and solving for this variable imposing that GDP, population
and labour supply are equal to their 2030 values predicted by the OECD and the UN.
Further details on obtaining the baseline in 2030 and the employed projections are in
Appendix C.1.

The factor of proportionality between CO2 emissions and demand by the different
groups of agents of sector 𝑠 goods (𝜍𝑎𝑔,𝑠𝑜

𝑖𝑠,𝑐𝑜2) is based on the supplementary emissions data
from the GTAP database. These values are based on a mapping of CO2 emissions by
energy sector into the amount of energy involved in the production in different sectors
(see Appendix C.2).

4.2 Gravity estimation of trade parameters

To calibrate the model we need values for the trade parameters, the preference parame-
ters related to the CDE utility function and factor supply elasticities. Since the last two
sets of parameters are based on estimates in the literature, they are further discussed in
Appendix C.2. The trade parameters required to implement the model numerically are
the dispersion parameters (𝜃𝑠), the technology parameters (𝜆𝑖𝑠) and the iceberg trade
costs (𝜏𝑖𝑗𝑠). To obtain the dispersion parameters we estimate a gravity equation following
from the theoretical structure with Eaton and Kortum production. As discussed above
the expression for the value of trade (𝑥𝑖𝑗𝑠) is identical to the expression for the quantity
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of trade in equation (19), except for the fact that the import quantity demanded (𝑞𝑖𝑚𝑝
𝑗𝑠 )

is replaced by the import value demanded (𝑥𝑖𝑚𝑝
𝑗𝑠 ):

𝑥𝑖𝑗𝑠 =

(︂
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 𝑖𝑡𝑚𝑖𝑗𝑠𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝜏 𝑖𝑗𝑠̃︀𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

)︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

𝑥𝑖𝑚𝑝
𝑗𝑠 . (22)

In equation (22) we have split up iceberg trade costs (𝜏𝑖𝑗𝑠) into an observable component
(𝜏 𝑖𝑗𝑠) driven by gravity type variables and an unobservable component (̃︀𝜏𝑖𝑗𝑠). Also, we
have defined the empirically observable international transport margin (𝑖𝑡𝑚𝑖𝑗𝑠), defined
in power terms, as one plus the value of transport services divided by the fob value of
trade:23

𝑖𝑡𝑚𝑖𝑗𝑠 = 1 +
𝑝𝑡𝑠

𝑖𝑗𝑠𝑡𝑠𝑖𝑗𝑠

𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 𝑞𝑖𝑗𝑠

= 1 +
𝛾𝑖𝑗𝑠𝑝𝑡𝑠

𝑖𝑗𝑠𝑞𝑖𝑗𝑠

𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 𝑞𝑖𝑗𝑠

. (23)

Equation (22) contains an exporter specific component
(︂

𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠

𝜆𝑖𝑠

)︂−𝜃𝑠

, an importer spe-

cific component
(︂

𝑥𝑖𝑚𝑝
𝑗𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

)︂
and a bilateral component

(︁
𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 𝑖𝑡𝑚𝑖𝑗𝑠𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 𝜏 𝑖𝑗𝑠̃︀𝜏𝑖𝑗𝑠

)︁−𝜃𝑠

. To turn

equation (22) into an estimating equation, we capture the exporter specific component
by an exporter fixed effect (𝑑𝑖𝑠), the importer specific component by an importer-fixed
effect (𝑑𝑗𝑠), and we write 𝜏 𝑖𝑗𝑠 as a function of a vector of observable gravity regressors
(gr𝑖𝑗𝑠) and capture unobservable trade costs (̃︀𝜏𝑖𝑗𝑠) by the error term (𝜀𝑖𝑗𝑠). This gives
the following gravity equation for the total value of trade (𝑥𝑖𝑗𝑠):

𝑥𝑖𝑗𝑠 = exp
(︁
𝑑𝑖𝑠 + 𝑑𝑗𝑠 − 𝜃𝑠 ln 𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 𝑖𝑡𝑚𝑖𝑗𝑠𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 + 𝜉𝑠 ln gr𝑖𝑗𝑠

)︁
𝜀𝑖𝑗𝑠. (24)

Following the theoretical gravity equation, import tariffs, the international transport
margin and export taxes have the same coefficient and are thus included as one combined
variable, ln 𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 𝑖𝑡𝑚𝑖𝑗𝑠𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 , which we call "trade costs" in Table 2. As tariff variable

(ln 𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 ) we employ the log difference between the most favoured nation (MFN) tariff

rate and the preferential tariff rate (based on FTAs), with the MFN rate also captured
by the importer fixed effect.

Data on the international transport margin are taken from the GTAP database.
We cannot use transport margins directly for two reasons. First, transport margins
are calculated as international transport services divided by fob-trade flows and thus
suffer from an endogeneity problem. Second, data on transport margins are themselves

23We have used 𝑡𝑠𝑖𝑗𝑠 = 𝛾𝑖𝑗𝑠𝑞𝑖𝑗𝑠 following from the Leontief specification of transport services.
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limited to a subset of countries. To address these issues we employ an instrumental
variables approach by using fitted values of a pooled regression of transport margins.
As explanatory variables we use the same set of explanatory variables as those used in
the gravity equation (excluding tariffs) and an index of the restrictiveness of trade in
services from the World Bank STRI database (Borchert et al. (2014)), calculated as the
multiplication of the ad valorem equivalent of the index for the exporting country and
the importing country from Jafari and Tarr (2015). The latter variable thus serves as
our instrument. The regression results of the first stage (see Table C5 in Appendix C)
show that this instrument is highly significant in the first stage.

gr𝑖𝑗𝑠 is a vector consisting of observable gravity variables explaining iceberg trade
costs (𝜏𝑖𝑗𝑠). As observable variables we include the standard gravity variables: distance,
common colony, common ethnic language, common border (contiguous), former colony,
dummies for shallow, medium and deep FTAs and a dummy for trade between EU-
members. FTAs are preferential trade agreements and customs unions that have been
agreed at least four years previously (Dür et al., 2014). To control for endogeneity
of the formation of FTAs we follow the approach in Egger et al. (2015).24 Since we
do not have data on trade by mode of transport we cannot estimate separate gravity
equations. Instead we include as distance variable the weighted average of shipping
distance (𝑑𝑖𝑠𝑡𝑠𝑢𝑟

𝑖𝑗 ) and air distance (𝑑𝑖𝑠𝑡𝑎𝑖𝑟
𝑖𝑗 ). As weights we use the shares of trade by

surface and air calculated from the Eurostat dataset on trade by mode-shares. Including
both distance measures separately is not feasible because of multicollinearity problems.
In Appendix C.3 we provide a formal underpinning for the use of the mode-weighted
average distance.

Besides these traditional gravity regressors, we include two political economy vari-
ables, PE index 1 and PE index 2, measuring the pairwise similarity of the two trading
partners. These variables reflect evidence that homophily is important in explaining di-
rect economic and political linkages (De Benedictis and Tajoli, 2011). The two political
economy variables are calculated as the two first principal components of the follow-

24Based on Terza (1998) and Egger and Larch (2011) a control function is included in the gravity
regression to account for the endogeneity of FTA-formation. The trade outcome and FTA-formation are
assumed to be jointly normally distributed. By including a control function the potential endogeneity
bias in the FTA-variable is eliminated. To generate the control function, first stage probit regressions are
estimated explaining a certain level of depth (shallow, medium, and deep) of the FTA. As explanatory
variables only variables exogenous with respect to the trade and FTA-outcome are included, i.e. the
variables also present in the gravity equation except for the endogenous variable "trade costs" and the
dummy for EU membership, and also including a variable for the lagged trade network embeddedness
(Easley and Kleinberg, 2010; De Benedictis and Tajoli, 2011; Zhou, 2011) and a variable for the joint
economic mass of the two trading partners, measured as GDP of the source country times GDP of the
destination country.
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ing four variables: the difference in polity, the functioning of governance difference, the
corruption score difference and the difference in civil society scores.

We estimate equation (24) for the 11 non-services sectors using a sample of 100 coun-
tries in 2011. Trade data are taken from the GTAP database to create consistency be-
tween the estimates and the simulations. Using COMTRADE data gives almost exactly
the same coefficient estimates. Data for tariffs come from the World Bank/UNCTAD
WITS database. Distance data, as discussed above, are based on our own data of the
length of shipping routes for surface distance and the CEPII measure for air distance
(Mayer and Zignago, 2011). Other socio-economic data are from Dür et al. (2014), the
CEPII database and the Quality of Governance (QoG) expert survey dataset (Teorell
et al., 2011).

Following Santos Silva and Tenreyro (2006, 2011), we estimate equation (24) with
Poisson pseudo-maximum likelihood (PPML) for trade for each manufacturing sector
in the computational model. The elasticities on the variable trade costs give us the
dispersion parameters (𝜃𝑠).25 The distance elasticities will be used to calculate the total
trade cost reductions as a result of the reduction in shipping distances.26

As shown by Fally (2015) the combined use of PPML and fixed effects together with
a balanced dataset implies that the importer and exporter fixed effects have a structural
interpretation and can be used to solve for the multilateral resistance terms. However,
since our numerical model is written in relative changes, we do not need to know the
precise values of trade costs (𝜏𝑖𝑗𝑠), technology (𝜆𝑖𝑠) and inward multilateral resistance
(Φ𝑖𝑚𝑝

𝑖𝑠 ) to calibrate the model. With the model in relative changes we only need initial
market shares (taken from the data) and the relative change of the variables changing
in the counterfactual analysis (trade costs as discussed in the next subsection). As such
our approach is similar to studies like Caliendo and Parro (2015) who use the exact hat-
algebra methodology proposed in Dekle et al. (2008). Also in these studies the initial
levels of iceberg trade costs and technology are not needed to perform a counterfactual
analysis.

4.3 Trade cost reductions

The reduction in distance as a result of the NSR has an impact on two types of trade
costs: international transport services and iceberg trade costs. The percentage reduction

25Since we cannot estimate tariff elasticities for the services sector, we use the trade elasticities em-
ployed in the GTAP model corresponding with a value of 2.8 for the dispersion parameters.

26The importance of changes in shipping distances is analysed in Appendix C.5.
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Table 2: PPML gravity estimates for manufacturing sectors

variables / sectors: P_C B_T CRP ELE MTL MVH OGD OMC PRA PRE PRF

Trade costs -8.298 -1.352 -7.971 -16.052 -11.764 -3.412 -6.545 -17.373 -2.401 -5.252 -5.759
(4.18)*** (2.39)** (6.75)*** (4.40)*** (7.27)*** (2.74)*** (5.64)*** (7.22)*** (2.36)** (3.38)*** (8.39)***

ln(distance) -0.655 -0.658 -0.400 -0.404 -0.464 -0.456 -0.559 -0.342 -0.721 -0.558 -0.598
(16.15)*** (29.90)*** (20.09)*** (16.71)*** (24.12)*** (18.57)*** (22.34)*** (17.30)*** (32.79)*** (17.39)*** (31.31)***

PE index 1 -0.015 -0.216 0.017 0.247 0.052 -0.025 0.174 0.116 0.134 0.144 0.015
(0.46) (4.81)*** (0.58) (6.26)*** (2.25)** (0.51) (5.66)*** (3.47)*** (3.87)*** (4.95)*** (0.51)

PE index 2 0.141 0.079 -0.217 -0.127 0.056 -0.080 -0.045 -0.170 0.037 -0.081 -0.055
(2.08)** (1.31) (6.60)*** (2.57)** (0.93) (1.64)* (1.23) (4.81)*** (0.63) (1.11) (1.47)

common colony 0.485 0.394 0.093 0.806 0.052 -0.230 -0.243 0.157 -0.232 -0.023 -0.278
(1.70)* (1.82)* (0.51) (2.36)** (0.24) (0.53) (0.82) (0.74) (1.17) (0.06) (0.84)

language 0.315 0.425 0.302 0.546 0.331 0.214 0.375 0.366 0.546 0.425 0.366
(1.98)** (3.62)*** (2.63)*** (3.85)*** (3.10)*** (1.58) (3.51)*** (3.63)*** (4.93)*** (1.96)** (4.52)***

contiguous 0.695 0.214 0.584 0.406 0.878 0.551 0.941 0.590 0.626 0.950 0.741
(3.11)*** (1.83)* (7.28)*** (3.39)*** (11.42)*** (4.47)*** (10.21)*** (6.56)*** (4.48)*** (4.21)*** (9.83)***

former colony 0.056 0.723 0.284 0.154 0.435 -0.398 0.221 0.335 0.061 0.243 0.093
(0.31) (4.48)*** (1.87)* (0.92) (2.98)*** (1.98)** (1.85)* (2.69)*** (0.48) (1.04) (0.95)

shallow FTA 1.567 -1.173 0.711 0.463 0.547 -0.252 0.413 1.150 -0.456 0.078 0.973
(3.56)*** (3.82)*** (4.51)*** (1.98)** (4.09)*** (0.67) (1.76)* (6.26)*** (1.91)* (0.20) (3.58)***

medium FTA 1.214 -0.269 0.032 -0.197 -0.216 0.475 -0.490 -0.374 0.110 1.185 -0.218
(3.68)*** (1.30) (0.19) (0.65) (1.11) (1.96)** (3.32)*** (2.40)** (0.63) (3.46)*** (2.01)**

deep FTA 4.147 1.467 1.182 1.528 0.881 2.124 1.053 1.710 2.378 1.432 1.235
(8.85)*** (3.82)*** (5.89)*** (5.20)*** (4.11)*** (8.31)*** (3.55)*** (5.83)*** (8.30)*** (3.47)*** (7.22)***

EU -5.471 -0.994 -0.627 -0.638 -0.748 -1.146 -0.742 -1.727 -1.356 -0.957 -0.860
(6.87)*** (3.08)*** (3.04)*** (2.14)** (3.63)*** (4.51)*** (2.44)** (5.86)*** (4.49)*** (1.93)* (5.67)***

𝑁 7,406 9,011 9,011 9,011 9,011 9,011 9,011 9,011 9,011 8,916 9,011
pseudo R2
DistVar 0.0344 0.1101 0.0215 0.0174 0.0254 0.0335 0.0463 0.0123 0.0955 0.0494 0.0693

Notes: PPML estimates, all including source and destination fixed effects (not shown). PE index 1 and
PE index 2 are composite variables of similarity in political economy indicators as discussed in the text.
"Language" is the common ethnic language variable. The variables shallow FTA (DESTA=1,2), medium
FTA (DESTA=3,4,5) and deep FTA (DESTA=6,7) have been instrumented for. Standard errors in
parenthesis. Significance levels: *** 𝑝 < 0.01, ** 𝑝 < 0.05, * 𝑝 < 0.1. Sector codes: P_C petrochemicals,
B_T beverages & tobacco; CRP chemicals, rubber, plastics; ELE electrical machinery; MTL metals;
MVH motor vehicles; OGD other goods; OMC other machinery; PRA primary agriculture; PRE primary
energy; PRF processed foods; TOT all manufacturing sectors. "Dist Var" is the statistic V for distance
share of variance for predicted log-linear trade values, defined as: 𝑏2

2𝑉 𝐴𝑅(𝑙𝑛(𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒))/𝑉 𝐴𝑅(𝑙𝑛(𝑡𝑟𝑎𝑑𝑒)).
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in the surface international transport margin, 𝑖𝑡𝑚𝑠𝑢𝑟
𝑖𝑗𝑠 = 𝑝𝑠𝑢𝑟𝜁𝑠𝑢𝑟

𝑖𝑗𝑠 𝛾𝑖𝑗𝑠

𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠

,27 is calculated from
the reduction in distance and the elasticity of the surface international transport margin
with respect to distance, 𝜖𝑖𝑡𝑚,𝑑𝑖𝑠𝑡:

Δ𝑖𝑡𝑚𝑠𝑢𝑟
𝑖𝑗𝑠

𝑖𝑡𝑚𝑠𝑢𝑟
𝑖𝑗𝑠

=

⎛⎝𝑑𝑖𝑠𝑡𝑠𝑢𝑟,𝑁𝑆𝑅
𝑖𝑗

𝑑𝑖𝑠𝑡𝑠𝑢𝑟
𝑖𝑗

⎞⎠−𝜖𝑖𝑡𝑚,𝑑𝑖𝑠𝑡

− 1. (25)

To calculate 𝜖𝑖𝑡𝑚,𝑑𝑖𝑠𝑡, the international transport margin (𝑖𝑡𝑚𝑠𝑢𝑟
𝑖𝑗𝑠 ) is regressed on distance,

while controlling for port infrastructure in the importer country and including industry
fixed effects.28 This equation is estimated restricting the sample to European and East
Asian countries for three reasons. First, the quality of the transport service data is
poor for many other countries –in particular the African countries. Second, the NSR
is about a reduction in shipping distances between Europe and East Asia. And third,
the empirical literature on the determinants of shipping costs shows that the effect is
non-linear, presents large variations between goods and is asymmetric in costs between
the same routes (OECD, 2008). Table 3 shows that the estimated elasticity, 𝜖𝑖𝑡𝑚,𝑑𝑖𝑠𝑡,
equals 0.789.29

Table 3: Regression of the international transport margin for Europe-Asia trade

Ports -0.088
(8.54)***

𝑙n(distance) 0.895
(5.81)***

𝑅2 0.82
𝑁 2,448

Notes: PPML estimates of the international transport margin on ports and distance, including
industry and source country dummies. Ports is a WEF/World Bank index of port quality in the

importer country.

In Table 4 we present a summary of the transport cost reductions based on equation
(25). These vary by country pairs and are asymmetric, since our distance data are
asymmetric.

27𝑖𝑡𝑚𝑖𝑗𝑠 without tilde is the transport margin in power terms.
28A derivation of the equation estimating the parameter 𝜖𝑖𝑡𝑚,𝑑𝑖𝑠𝑡 from the theoretical model is provided

in Appendix C.4.
29A series of papers find that the elasticity of shipping costs to distance is around 0.2 (Radelet and

Sachs, 1998; Fink et al., 2000; Limão and Venables, 2001; Micco and Pérez, 2002; Clark et al., 2004).
However, the OECD (2008) study uses the most comprehensive shipping costs dataset, and therefore our
relatively high elasticity can be reconciled with the existing literature, because distance seems to matter
more for shipping costs between East Asia and Europe.
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A fall in distance as a result of the NSR not only affects international transport
service costs but also other barriers to bilateral trade such as information costs, business
networks, cultural barriers, time, coordination and other non-shipping service costs (cf.
Hummels and Schaur, 2013).

Table 4: International transport cost reductions for selected countries

From: to: % reduction From: to: % reduction

DEU CHN 18.9 CHN DEU 20.1
DEU JPN 30.7 CHN FRA 5.8
DEU KOR 23.5 CHN GBR 20.7

CHN NLD 20.5
FRA CHN 4.3
FRA JPN 19.4 JPN DEU 30.8
FRA KOR 10.2 JPN FRA 19.4

JPN GBR 31.8
GBR CHN 19.6 JPN NLD 31.4
GBR JPN 31.7
GBR KOR 24.3 KOR DEU 24.7

KOR FRA 11.7
NLD CHN 19.4 KOR GBR 25.5
NLD JPN 31.3 KOR NLD 25.2
NLD KOR 24.1

Country codes: DEU (Germany), FRA (France), GBR (United Kingdom), NLD (Netherlands), CHN
(China), JPN (Japan) and KOR (South Korea). Source: Own estimations.

In our framework, these additional trade barriers are captured by the iceberg trade
costs (𝜏𝑖𝑗𝑠). The percentage reduction in these costs (from 𝜏𝑖𝑗𝑠 to 𝜏𝑁𝑆𝑅

𝑖𝑗𝑠 ) is calculated
based on the elasticity of iceberg trade costs with respect to distance and the reduction
in surface distance as a result of the NSR, taking into account that only a share, 𝑠𝑠𝑢𝑟

𝑖𝑗𝑠 ,
of trade takes place by surface:30

𝜏𝑁𝑆𝑅
𝑖𝑗𝑠

𝜏𝑖𝑗𝑠
− 1 =

𝑠𝑠𝑢𝑟
𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑠𝑢𝑟,𝑁𝑆𝑅

𝑖𝑗

)︁ 𝜉𝑑𝑖𝑠𝑡
𝑠
𝜃𝑠 + 𝑠𝑎𝑖𝑟

𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑎𝑖𝑟

𝑖𝑗

)︁ 𝜉𝑑𝑖𝑠𝑡
𝑠
𝜃𝑠

𝑠𝑠𝑢𝑟
𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑠𝑢𝑟

𝑖𝑗

)︁ 𝜉𝑑𝑖𝑠𝑡
𝑠
𝜃𝑠 + 𝑠𝑎𝑖𝑟

𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑎𝑖𝑟

𝑖𝑗

)︁ 𝜉𝑑𝑖𝑠𝑡
𝑠
𝜃𝑠

− 1 (26)

where 𝜉𝑑𝑖𝑠𝑡
𝑠
𝜃𝑠

is the elasticity of iceberg trade costs with respect to distance calculated
as the elasticity of trade flows with respect to distance (𝜉𝑑𝑖𝑠𝑡

𝑠 ) divided by the trade
elasticity (𝜃𝑠). Since international transport services are also included as a regressor
in the gravity equation, the effect of distance on trade costs and thus on trade flows
through international transport services is accounted for separately. Therefore, we can

30The percentage change in 𝜏𝑖𝑗𝑠 corresponds with 𝑎𝑚𝑠 in the GEMPACK code.
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attribute the entire effect of distance from the gravity equation to a reduction in iceberg
trade costs. Our estimates of 𝜏𝑁𝑆𝑅

𝑖𝑗𝑠

𝜏𝑖𝑗𝑠
− 1 are summarised in Table 5.31

Table 5: Iceberg trade cost reductions for non-services sectors for selected countries

iceberg cost reductions iceberg cost reductions
From: To: average max min From: To: average max min

DEU CHN 2.89 11.76 0.29 CHN DEU 3.09 12.51 0.31
DEU JPN 4.92 19.60 0.50 CHN FRA 0.85 3.52 0.08
DEU KOR 3.67 14.78 0.37 CHN GBR 3.19 12.92 0.32

CHN NLD 3.15 12.77 0.31
FRA CHN 0.62 2.58 0.06
FRA JPN 2.96 12.00 0.29 JPN DEU 4.95 19.68 0.50
FRA KOR 1.51 6.21 0.15 JPN FRA 2.96 12.03 0.29

JPN GBR 5.13 20.36 0.52
GBR CHN 3.00 12.18 0.30 JPN NLD 5.07 20.13 0.52
GBR JPN 5.11 20.28 0.52
GBR KOR 3.80 15.31 0.38 KOR DEU 3.86 15.54 0.39

KOR FRA 1.74 7.16 0.17
NLD CHN 2.97 12.04 0.30 KOR GBR 4.00 16.07 0.40
NLD JPN 5.05 20.06 0.51 KOR NLD 3.95 15.89 0.40
NLD KOR 3.76 15.14 0.38

Notes: Average is the mean iceberg cost reductions between all 11 manufacturing sectors, while max
and min are the maximum and minimum cost reductions, respectively. Codes: DEU (Germany), FRA
(France), GBR (United Kingdom), NLD (Netherlands), CHN (China), JPN (Japan) and KOR (South

Korea). Source: Own estimations.

In defining the above shocks to transport and iceberg trade costs we have assumed
that the share of trade by surface (as opposed to air) stays constant. To justify this
assumption we examined the development of the share of trade by mode of transport in
Eurostat data over the last 15 years. Figures C1-C2 in Appendix C display the share of
total trade by surface between the EU and the world and between the EU and East Asia.
The figures show that the shares are fairly constant and are actually increasing slightly.
In light of this time-series evidence, we can conservatively assume that the shares stay
constant.32

31Note that these iceberg trade costs are country-pair-sector-specific and asymmetric, because the
gravity equation is estimated for each sector separately and because the distance data are asymmetric.

32Feyrer (2009) uses a rising share of trade by air over time and a declining shipping distance elasticity
to construct a time-varying distance-instrument for trade. Our results are not at odds with the findings
in Feyrer (2009). First, Feyrer (2009) cites work by Hummels (2007) on the development in the US share
of air transport since 1960. Although this work shows an increasing trend since the 1960s, this trend has
stopped and been reversed since the beginning of 2000 (Figure 1 in Feyrer (2009)). The data we present
on transport mode shares in the last 15 years are in line with these findings. Second, Feyrer’s results that
the elasticity of trade flows with respect to shipping distance are falling and with respect to air distance
are rising over time is not necessarily driven by changes in mode shares. Shipping distance elasticities
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5 Counterfactual analysis of reductions in trade costs through
the NSR

In this section we examine the effect of opening the NSR. In our counterfactual analysis
we compare the trade and macroeconomic outcomes in 2030 assuming that the NSR is
fully operational with a baseline scenario where the NSR cannot be used and instead
the SSR is used. In the counterfactual scenario, we include both the transport cost and
iceberg trade cost reductions as a result of the NSR as described in Subsection 4.3. In
this section we discuss in turn the trade, macroeconomic, labour market and CO2 effects
and conclude with a robustness analysis.

5.1 Trade effects

The counterfactual simulation generates our predicted changes in global and bilateral
trade. First, we find that using the NSR will reduce international shipping volumes
(defined as total tonne-kilometres) by 0.2%.33 The opening of the NSR increases global
trade values by 0.3%. Although these global trade changes are not very high, they are
completely concentrated in trade changes between East Asia (i.e. China, Japan and
South Korea) and Northern Europe. For instance, we predict that the share of World
trade that is re-routed through the NSR will be 4.7%. Of the total Chinese trade in
2030, we project that 13.4% will use the NSR.

Table 6 shows the change in bilateral trade values for goods and services for three
East Asian exporters. We observe significant changes in export and import values of the
three main Asian countries that benefit from the NSR: China, Japan and South Korea.

On the one hand, we observe how Northern and Central European countries signif-
icantly increase their trade with China, Japan and South Korea. On the other hand,
Southeastern and Mediterranean European countries (with the exception of France) ex-
perience a slight reduction in their bilateral trade with East Asia.34 As a bloc, the
European Union increases its trade with China, Japan and South Korea by around 7%.

This remarkable increase in bilateral trade between two relatively large economic
zones is translated into a significant diversion of trade –i.e. the bilateral trade flows
between East Asia and Northwestern Europe significantly increase at the expense of less

could have fallen for other reasons, for example strong growth in Asia leading to strong increases in
shipping trade between Asia and Europe and North America.

33Also air transportation volumes fall by 0.2%, as there is a substitution effect towards the cheaper
transport mode shipping.

34In Table D3 in Appendix D.2 we show the corresponding data for merchandise trade in quantities,
which display a similar pattern as described above.
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Table 6: East Asia, changes in total trade values for selected countries, percentage
changes

China Japan South Korea
exports imports exports imports exports imports

Austria 12.48 6.68 14.12 17.90 9.86 9.51
Belgium 11.70 10.50 13.88 14.33 12.73 7.49
Bulgaria -1.44 0.63 -0.65 0.46 -0.82 0.41
Croatia -1.17 0.63 -1.03 -0.34 -0.72 0.24
Czech Republic 7.69 14.90 16.23 13.02 13.36 16.12
Denmark 9.52 5.50 3.89 10.72 7.31 7.16
Estonia 8.46 9.06 11.96 14.79 12.13 9.06
Finland 9.47 6.06 11.30 15.76 9.27 7.23
France 1.10 2.94 7.60 9.60 3.82 4.71
Germany 10.34 9.45 11.42 14.33 7.31 10.69
Greece -0.98 0.46 -0.51 0.21 -0.82 0.16
Hungary -1.62 0.43 -1.21 0.57 -1.00 0.45
Ireland 7.03 1.78 2.25 8.55 23.22 3.01
Italy -1.26 0.90 -0.90 0.25 -0.84 0.34
Latvia 10.70 10.67 4.11 7.37 9.78 14.50
Lithuania 11.98 9.12 13.45 12.97 16.52 10.38
Netherlands 10.19 4.29 7.23 15.71 16.05 7.42
Poland 11.45 13.51 14.48 18.83 10.02 9.42
Portugal -0.48 0.92 3.86 3.27 3.32 1.25
Romania -1.44 0.89 -1.13 0.28 -1.12 0.20
Slovakia 8.29 8.76 13.89 11.95 11.29 11.63
Slovenia -1.46 1.18 -1.08 0.49 -0.95 0.80
Spain -0.51 0.75 6.26 6.54 2.51 1.36
Sweden 13.72 6.12 11.01 15.77 10.95 8.09
United Kingdom 11.65 6.04 10.74 10.54 8.36 5.45
EU28 6.73 5.92 8.79 10.03 6.84 6.36

Norway 11.07 6.26 10.93 11.98 3.95 6.07
Turkey -1.13 0.54 -0.88 0.16 -0.71 0.27
United States -0.66 0.43 -0.49 0.05 -0.31 0.13

Source: Own estimations using the GTAP database.

trade with other regions. The main diversion effect is that there is a sizeable reduction in
intra-European trade, with less trade between Northwestern Europe and Southern and
Eastern Europe. Figure 3 shows these trade diversion patterns by displaying the changes
in exports of selected countries to all trading partners, East Asia and the EU28. 35 For
instance, German trade increases by around 10% to East Asia, while trade with other
European countries slightly decreases (by around a half percentage point). This pattern
of changes in German exports is also replicated by the other Northwestern European

35The precise figures for the countries in Figure 3 and additional countries are presented in Table D4
in Appendix D.2.
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countries (e.g. France, United Kingdom, Ireland, Scandinavian and Baltic countries,
Belgium and the Netherlands). This is also the case for some Central and Eastern
European countries that are closer to the North Sea (i.e. Austria, the Czech Republic
and Slovakia). On the other hand, most Mediterranean countries and Southeastern
European countries (Hungary, Romania and Bulgaria) experience a decrease in trade
with both East Asia and the rest of Europe that is reflected in an overall reduction of
trade. Finally, for the East Asian countries exports increase significantly to Northwestern
Europe while declining slightly to third countries.
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Source: Own estimations using the GTAP database.

Figure 3: Trade flows after opening the NSR: percentage changes in exports by selected
countries

This pattern of trade diversion can also be observed with exports at the sectoral
level. For instance, Tables D5 and D6 in Appendix D.2 show the sectoral changes in
exports to China and Germany. Changes in sectoral exports are evenly spread among
all manufacturing sectors with few exceptions (mainly the services sectors). Looking at
the trade flows to Europe, in Table D6 in Appendix D.2 we show the percentage changes
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in export sales to Germany –which have a very similar pattern as exports to other
Northwestern European countries. Here we find that China, Japan and South Korea
significantly increase their exports to Germany in all manufacturing sectors, while all
other European countries decrease their exports to Germany.

Despite the sizeable trade diversion, aggregate exports do not change significantly.
In Figure 4 we show the changes in aggregate export values by country. We observe that
Northern European countries increase their export values, since the increase of exports to
Asia compensates for less intra-European trade. However, Southern European countries
display a decrease in exports due to the reduction of exports to other Europe countries,
which is not fully compensated by exports to third regions.
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Figure 4: Changes in export values for selected countries, percentage changes

5.2 Macroeconomic effects

The changes in trade flows are translated into macroeconomic impacts as well. First,
GDP and welfare (measured by household utility 𝑢𝑗) increase modestly in the countries
that benefit directly from the NSR (see Figure 5).36 East Asia, Northwestern Europe
(and also Poland and the Czech Republic) experience the biggest gains. On the contrary,

36See also Table D7 in Appendix D.2 for the GDP and real income changes for a broader selection
of countries. In this table we also present the changes in two welfare measures: per capita utility and
equivalent variation in US$ million. Both measures of welfare experience changes that follow roughly
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most Southern European countries experience GDP decreases. This last effect is caused
by the disruption in intra-EU trade and regional production value chains caused by the
opening of the NSR. The associated trade diversion pattern therefore negatively affects
the Southern EU Member States.
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Figure 5: GDP and welfare changes associated with the opening of the NSR for selected
countries, percentage changes

We can observe from Figure 6 that there is a direct relationship between these real
income changes and the country-specific changes in exports values. In general, countries
that increase their exports are those that also benefit from the opening of the NSR. The
linkage between trade and welfare gains, therefore, is provided by the use (or not) of the
new trade possibilities associated with the NSR. In particular, the positive welfare and
GDP effects are driven by the reduction in the transportation and trade costs associated
with the commercial use of the NSR. The countries that benefit from these trade cost
reductions are those that will use the NSR intensively, and by extension, are the same
countries that will also increase their trade quantities. On the other hand, countries
that do not use the NSR will not benefit from the trade costs reductions and will,
in addition, experience trade diversion (increased competition from other countries),

the same pattern as GDP and real income changes, while the last welfare measure shows changes in US$
that are directly related to country size.
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which is associated with lower trade, but also with lower welfare and GDP. However,
given the relatively small aggregate trade changes, sectoral output follows a similar
pattern. We find that much of the sectoral output in most EU countries does not change
significantly.37
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Figure 6: Total export values and real income, percentage changes

5.3 Labour market effects

The changes in wages and employment are closely linked to changes in GDP, which in
turn are related to the possibility of benefiting from the use of the NSR as explained
above. From Table D1 in Appendix D.1 we observe, however, that real wage and ag-
gregate employment changes by country are relatively small. Wages for all three skill
types (low, medium and high) change by less than 0.5% and aggregate employment by
less than 0.1%. Sectoral labour displacement is more significant (see Table D2), but we
find that on average around 0.5% or less of the total labour force is displaced to another
sector. Therefore, we do not expect any large scale labour adjustment shocks, since the
changes in sectoral output and employment will be very modest and will occur gradually
according to the speed at which the NSR substitutes for the SSR.38

37The specific sectoral results are available upon request.
38A more extensive description of labour market effects is in Appendix D.1.
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5.4 Effects on CO2 emissions

At first it is expected that the shorter shipping distances associated with the NSR will
reduce fuel costs and emissions from the water transport sector. However, the increase
in trade quantities also means that when the shipping distance is reduced, the shipping
services are increased due to the rise in trade quantities between Northern Europe and
East Asia. We find that the two effects almost offset each other, predicting nonetheless
that there is a slight increase in global emissions of 0.07% - or around 18.7million tonnes
of CO2 (see Table D8 in the Appendix D.2). This increase is comparable to the annual
emissions for small countries (e.g. Latvia or Lithuania).39

In our simulations we assume that the implicit emission levels by sector and country
remain constant. This means that changes in emission levels are not counteracted by
policy efforts (i.e. carbon taxes, emission permits) nor by technological changes, which
could affect the effective emission levels by country and sector.

5.5 Robustness analysis

We have conducted five sets of robustness tests. First, we checked whether changing the
baseline period has an impact on the results. Choosing a different baseline year changes
the shares of different countries in global GDP, which can also affect the impact of the
opening of the NSR. As alternative to our 2030 base-year, we also ran simulations using
2020 and 2040 as the baseline period.40 We find that changing the baseline period has
only very small effects on the results with slightly larger effects in 2020 and slightly
smaller effects in 2040 on the trade values displayed in Figure 4. For example, we
predict that in 2020, 2030 and 2040 Germany’s total trade by value increases by 0.86%,
0.84% and 0.76%, respectively. The reason for the declining effect over time is that most
emerging countries with above average growth will not use the NSR.

Second, we have examined the impact of higher shipping costs on the NSR. In par-
ticular, we explored the impact of 20% higher transport costs on the NSR, because the
types of ships needed on the route are more expensive due to the harsher navigation
conditions. A consequence of these higher trade costs is that for some country pairs the
NSR is not used anymore, whereas for some other country pairs the transport costs are
higher than by using the SSR with trade still shifting to the NSR, as the rise in transport

39It is important to note that these particular CO2 results are relative to the baseline scenario we
chose, but different baselines would yield the same qualitative result as long as relative emission patterns
are similar.

40Summary tables for all sensitivity analysis are presented in Appendix D.3. The set of tables with
all the results for each sensitivity analysis are available upon request.
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costs is dominated by the reduction in iceberg trade costs. As expected, the overall trade
and macroeconomic effects of the NSR are reduced significantly, by around one-third of
our previous estimations, while the trade and macroeconomic patterns (distribution of
effects) remain unchanged. Thus with higher NSR transport costs the impact of the
NSR is scaled down, as the NSR will be used on less routes and be more expensive on
the routes still predicted to be used.

Third, we explored what happens if the NSR can only be used six months a year.
To assess this scenario we assume that firms use the cheapest way to transport goods
whenever it is available and thus will in fact use the NSR for six months. This implies
that the trade cost reductions as a result of the NSR will fall by half. The results in
Appendix D.3 show again that the sizes of the effects are scaled down, now by around
one half in comparison to when the route is open all year, whereas the trade patterns
remain the same.

Fourth, we evaluated the impact of changes in projected growth for China –a key
potential user of the NSR–, and for India and Africa. Here we assume that annual Chi-
nese growth is respectively lower (4%) and higher (8%) than the baseline 6.5% projected
by the OECD. Then we explored the impact of stronger catch-up growth in some of the
major emerging economies: Africa and India, respectively. In particular we evaluate the
impact of 8% annual growth in Africa and India instead of 5.5% and 6%, respectively,
as in the baseline using OECD projections. For all these four sets of simulations, we
find that the changes in our results are very minor. The reason is that the size of the
shocks remains the same and that changes in the growth projections of one country
or one continent do not change much relative to the baseline on which the shocks are
operating.41

Finally, to address concerns that some of the parameters of the model are not struc-
turally estimated we turn to a model where we only use the estimated trade elasticities
and set the other CES nests back to Cobb-Douglas, following an approach in the recent
quantitative trade literature aiming at a parsimonious calibration. In particular we as-
sume that private consumption demand across sectors is Cobb-Douglas, as well as the
choice between intermediates and value added, and the choice between production fac-
tors. Furthermore, we eliminate the labour supply parameters by making labour supply
exogenous. As a result the only parameters left are the trade elasticities that are esti-

41The effect on welfare in China for example is 0.01% larger in the low growth scenario than the 0.13%
increase in the baseline, while 0.02% smaller for the high growth scenario, which is a small effect. For
the other scenarios the differences are even smaller.
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mated structurally.42 We find that our main results are robust to changes in these model
parameter values. The changes in the trade effects are negligible, whereas the welfare
effects for the countries affected are up to one-fourth smaller. For example for Germany
the increase in welfare drops from 0.24% to 0.18%. The main reason is that substitu-
tion elasticities between private goods are larger in the baseline model, generating larger
overall welfare gains from lower prices as a result of the NSR.

Our main results, therefore, are only quantitatively changed when we increase the
trade costs associated with the NSR by 20%, when we assume that the route is only
opened half the year or when we set all parameters back to Cobb-Douglas. In the three
cases, the qualitative results remain unchanged but the economic impact of the NSR is
scaled down.43

6 Summary

The commercial use of the NSR –if ultimately made possible by further melting of
the Arctic ice cap– will represent a major development for the international shipping
industry. The NSR represents a reduction of about one third of the average shipping
distance and days of transportation with respect to the currently used SSR. Roughly 8%
of World trade is transported through the Suez Canal and we estimate that two-thirds
of this tonnage will be re-routed over the shorter Arctic route.

These shorter shipping distances are associated with substantial reductions in the
transportation and trade costs between two major economic regions: East Asia and
Northwestern Europe. We estimate that these overall trade cost reductions will increase
the trade flows between both regions on average by around 10%, depending on the specific
countries involved. This will transform the NSR into one of the busiest global trading
routes, which in turn implies heightened economic and geopolitical interests linked to the
Arctic and tremendous economic pressure on the countries currently servicing the older
SSR (e.g. Egypt and Singapore). In addition, the NSR will also imply a large amount
of trade diversion, which will have a negative economic impact on Southern Europe.

Finally, we estimate that the NSR will slightly increase CO2 emissions. Although
the much shorter shipping distances will reduce the emissions associated with water
transportation, these gains are offset by the increasing trade quantities as a result of the
NSR.

42We also retain the parameters imposing that land and natural resources are partially immobile across
sectors, as it would be very unrealistic to drop this assumption.

43See Figures D1 and D2 in Appendix D.3.
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Technical Annex

A Shipping distance calculations

A.1 Current shipping distance calculations

We obtain the port-to-port water distances from AtoBviaC. This is a commercial com-
pany that offers sea distances to the maritime industry. As water routes we define the
shortest water distances between two major ports. For each country we choose one major
port. As a country’s major port we define the largest and/or most significant port in
terms of tons of cargo per year from ocean-going ships –except for Australia, Canada,
Spain, France, Great Britain, India, Russia, United States, and South Africa, where due
to the large size of these countries and their multiple accesses to water we picked two or,
in the case of the US, three major ports. In the case of two trading partners with access
to water, distance is calculated as the shortest land and water distance between these
countries’ major ports. For example we estimate the trade distance between China and
The Netherlands as the shipping distance from Shanghai to Rotterdam using either the
SSR or the NSR.

Landlocked countries –i.e. countries that do not have direct access to an ocean or
an ocean-accessible water way– must rely upon neighbouring countries for access to
seaports. Landlocked countries in our dataset are Afghanistan, Andorra, Armenia, Aus-
tria, Azerbaijan, Belarus, Bhutan, Bolivia, Botswana, Burkina Faso, Burundi, Central
African Republic, Chad, Czech Republic, Ethiopia, Hungary, Kazakhstan, Kyrgyzstan,
Kosovo, Laos, Lesotho, Liechtenstein, Luxembourg, Republic of Macedonia, Malawi,
Mali, Moldova, Mongolia, Nepal, Niger, Paraguay, Rwanda, San Marino, Serbia, Slo-
vakia, Swaziland, Switzerland, Tajikistan, Turkmenistan, Uganda, Uzbekistan, Vatican
City, Zambia, Zimbabwe. For these countries we assume that a port in a neighbouring
country is used, so distance between a landlocked country and a trading partner with
access to water is obtained by combining the landlocked country’s land distance (from
CEPII) to a neighbouring country with a major port and water distances from that port
to different trading partners (from AtoBviaC). For example distance between Austria
and Nepal (both landlocked) is obtained as a combination of land distance from Austria
to Germany, water distance from Germany to India, and land distance from India to
Nepal.

Finally, we also take into account shipping distance asymmetries. Due to sea currents,
commercial shipping lanes, anti-piracy routes and country specific seafaring regulations,
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shipping distances from country A to country B are not the same as the distance from
B to A. Hence there are asymmetries in shipping distances, which can represent up to
two percentage-points differences in the distance reductions using the SSR.

A.2 New NSR shipping distance calculations

Liu and Kronbak (2010) estimate that the distance reduction between Yokohama and
Rotterdam using the NSR will be of 8075km. We then adjust for the distance Yokohama-
Nagoya (251km) to get the Nagoya-Rotterdam reduction (7824km), which is comparable
to the AtoBviaC SSR distance Nagoya-Rotterdam. For European countries south of
Rotterdam we use the AtoBviaC distances between those ports to Rotterdam and then
the Rotterdam-Nagoya NSR distance and then the distance from Nagoya to other Asian
countries. For European countries north of Rotterdam we use the BLM Shipping 2.0
software to obtain the distance from Tromso (Norway) to Rotterdam, and then estimate
the distance Tromso-Nagoya using the NSR. Then we use shipping distances from North
European ports to Tromso countries. Since only some countries will experiment shorter
shipping distances with the opening of the NSR, we estimate the new shorter distances
to Europe for a selected number of Asian and Oceanian countries: Japan, North and
South Korea, China, Hong Kong, Taiwan, Singapore, Vietnam, Cambodia, Philippines,
Indonesia, Malaysia, Thailand, Papua New Guinea, Australia and New Zealand. Thus,
we estimated the new distances between all European countries and the selected countries
above.

B Model

B.1 Demand

Log differentiating equation (6) with respect to utility 𝑞𝑝𝑟
𝑗 , prices 𝑝𝑝𝑟

𝑗𝑠 , and expenditure
𝑥𝑝𝑟

𝑗 and solving for ̂︂𝑥𝑝𝑟
𝑗 leads to:

̂︂𝑥𝑝𝑟
𝑗 =

𝑆∑︁
𝑠=1

𝛼𝑠

(︁
𝑞𝑝𝑟

𝑗

)︁𝛾𝑠𝜂𝑠
(︂

𝑝𝑝𝑟
𝑗𝑠

𝑥𝑝𝑟
𝑗

)︂𝛾𝑠

𝛾𝑠

𝑆∑︀
𝑢=1

𝛼𝑢

(︁
𝑞𝑝𝑟

𝑗

)︁𝛾𝑢𝜂𝑢
(︂

𝑝𝑝𝑟
𝑗𝑢

𝑥𝑝𝑟
𝑗

)︂𝛾𝑢

𝛾𝑢

(︁̂︁𝑝𝑝𝑟
𝑗𝑠 + 𝜂𝑠

̂︁𝑞𝑝𝑟
𝑗

)︁
=

𝑆∑︁
𝑠=1

𝑠𝑝𝑟
𝑗𝑠
̂︁𝑝𝑝𝑟
𝑗𝑠 +

𝑆∑︁
𝑠=1

𝑠𝑝𝑟
𝑗𝑠𝜂𝑠

̂︁𝑞𝑝𝑟
𝑗 (B.1)

Variables with a hat indicate relative changes, i.e. ̂︀𝑥 = 𝑑𝑥
𝑥 . 𝑠𝑝𝑟

𝑗𝑠 , the coefficient on ̂︁𝑝𝑝𝑟
𝑗𝑠 , is

the expenditure share on good 𝑠 by Shepherd’s lemma, i.e. 𝑠𝑝𝑟
𝑗𝑠 = 𝑑𝑥𝑝𝑟

𝑗

𝑑𝑝𝑝𝑟
𝑗𝑠

𝑝𝑝𝑟
𝑗𝑠

𝑥𝑝𝑟
𝑗

= 𝑞𝑝𝑟
𝑗𝑠 𝑝𝑝𝑟

𝑗𝑠

𝑥𝑝𝑟
𝑗

. From
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equation (B.1) we can thus find the expression for demand 𝑞𝑝𝑟
𝑗𝑠 in equation (7) using the

expression for 𝑠𝑝𝑟
𝑗𝑠 and the fact that 𝑞𝑝𝑟

𝑗𝑠 = 𝑠𝑝𝑟
𝑗𝑠

𝑥𝑝𝑟
𝑗𝑠

𝑝𝑝𝑟
𝑗𝑠

. The coefficient on ̂︁𝑞𝑝𝑟
𝑗 ,

𝑆∑︀
𝑠=1

𝑠𝑝𝑟
𝑗𝑠𝜂𝑠, is the

inverse of the elasticity of utility with respect to expenditure, Ψ𝑝𝑟
𝑗 in equation (4).

To derive equations (3) and (5) we maximise utility in equation (1) subject to the
implicit budget constraint in equation (2). The first order conditions (FOCs) are given
by:

𝜅𝑐
𝑗

𝑢𝑗

𝑞𝑐
𝑗

= 𝜆
𝜕𝑒𝑐

𝑗

𝜕𝑞𝑐
𝑗

(B.2)

𝜆 is the Lagrange multiplier of the maximisation problem. Combining the FOCs, defining
Ψ𝑐

𝑗 as the elasticity of quantity with respect to expenditure, Ψ𝑐
𝑗 = 𝜕𝑞𝑐

𝑗

𝜕𝑒𝑐
𝑗

𝑥𝑐
𝑗

𝑞𝑐
𝑗
, and substituting

the result into the budget constraint leads to the following expression for 𝑥𝑐
𝑗 :

𝑥𝑐
𝑗 =

𝜅𝑐
𝑗Ψ𝑐

𝑗∑︀
𝑑∈{𝑝𝑟,𝑔𝑜,𝑠𝑎}

𝜅𝑑
𝑗 Ψ𝑑

𝑗

𝑥𝑗 (B.3)

We get then to equation (3) using the expression for Ψ𝑗 in equation (5). To derive
equation (5) we log differentiate the utility function in (1). Applying the definition of
Ψ𝑐

𝑗 gives: ̂︁𝑢𝑗 =
∑︁

𝑐∈{𝑝,𝑔,𝑠}
𝜅𝑐

𝑗
̂︀𝑞𝑐
𝑗 =

∑︁
𝜅𝑐

𝑗Ψ𝑐
𝑗
̂︁𝑥𝑐

𝑗 (B.4)

Log differentiating the budget constraint and substituting equation (3) generates:

∑︁
𝑐∈{𝑝,𝑔,𝑠}

𝜅𝑐
Ψ𝑐

𝑗∑︀
𝑑∈{𝑝,𝑔,𝑠}

𝜅𝑑
𝑗 Ψ𝑑

𝑗

̂︁𝑥𝑐
𝑗 = ̂︁𝑥𝑗 (B.5)

Substituting equation (B.4) into equation (B.5) we get:

1∑︀
𝑑∈{𝑝,𝑔,𝑠}

𝜅𝑑
𝑗 Ψ𝑑

𝑗

̂︁𝑢𝑗 = ̂︁𝑥𝑗 (B.6)

Hence, equation (B.6) shows that the elasticity of utility 𝑢𝑗 with respect to expenditure
𝑥𝑗 is given by the expression in equation (5).

B.2 Production

Perfectly competitive firms produce input bundles 𝑞𝑝𝑟𝑜𝑑
𝑖𝑠 with a Leontief production func-

tion over value added (factor input) bundles 𝑞𝑣𝑎
𝑖𝑠 and intermediate input bundles sourced
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from the different sectors 𝑢, 𝑞𝑖𝑛𝑡
𝑖𝑢𝑠:44

𝑞𝑝𝑟𝑜𝑑
𝑖𝑠 = 𝜙𝑖𝑠 min

{︁
𝜛𝑣𝑎

𝑖𝑠 𝑞𝑣𝑎
𝑖𝑠 , 𝜛𝑖𝑛𝑡

𝑖1𝑠𝑞𝑖𝑛𝑡
𝑖1𝑠 , .., 𝜛𝑖𝑛𝑡

𝑖𝑆𝑠𝑞𝑖𝑛𝑡
𝑖𝑆𝑠

}︁
(B.7)

𝜙𝑖𝑠 is the total factor productivity of gross output. The demand for value added and
intermediates is thus defined as:

𝑞𝑣𝑎
𝑖𝑠 = 𝜛𝑣𝑎

𝑖𝑠 𝑞𝑝𝑟𝑜𝑑
𝑖𝑠

𝜙𝑖𝑠
(B.8)

𝑞𝑖𝑛𝑡
𝑖𝑢𝑠 = 𝜛𝑖𝑛𝑡

𝑖𝑢𝑠𝑞𝑝𝑟𝑜𝑑
𝑖𝑠

𝜙𝑖𝑠
(B.9)

The total number of intermediate inputs bought by firms from sector 𝑢, 𝑞𝑓
𝑖𝑢, is given by:

𝑞𝑓
𝑖𝑢 =

𝑆∑︁
𝑠=1

𝑞𝑖𝑛𝑡
𝑖𝑢𝑠 (B.10)

The price of input bundles 𝑐𝑖𝑠 is a function of the price of intermediates bought by firms
from the different sectors 𝑢, 𝑝𝑓

𝑖𝑢, and the price of value added 𝑐𝑣𝑎
𝑖𝑠 :

𝑐𝑖𝑠 =
𝜛𝑣𝑎

𝑖𝑠 𝑐𝑣𝑎
𝑖𝑠 +

𝑆∑︀
𝑢=1

𝜛𝑖𝑛𝑡
𝑖𝑢𝑠𝑝𝑓

𝑖𝑢

𝜙𝑖𝑠
(B.11)

The choice between the 𝐸 = 6 factor input bundles 𝑚 is CES, corresponding with
the following price of value added 𝑐𝑣𝑎

𝑖𝑠 and demand for endowments 𝑒, 𝑞𝑒𝑛𝑑
𝑖𝑠𝑒 :

𝑐𝑣𝑎
𝑖𝑠 =

[︃
𝐸∑︁

𝑒=1
(𝜄𝑖𝑠𝑒)𝜌𝑠

(︁
𝑡𝑒𝑛𝑑
𝑖𝑠𝑒 𝜔𝑖𝑠𝑒

)︁1−𝜌𝑠

]︃ 1
1−𝜌𝑠

(B.12)

𝑞𝑒𝑛𝑑
𝑖𝑠𝑒 =

(︃
𝜄𝑖𝑠𝑒

𝑐𝑣𝑎
𝑖𝑠

𝑡𝑒𝑛𝑑
𝑖𝑠𝑒 𝜔𝑖𝑠𝑒

)︃𝜌𝑠

𝑞𝑣𝑎
𝑖𝑠 (B.13)

𝜔𝑖𝑠𝑒 is the price of and 𝑡𝑒𝑛𝑑
𝑖𝑠𝑒 the tax on production factor 𝑒 employed in sector 𝑠. 𝜌𝑠 is the

substitution elasticity between factors of production in sector 𝑠. Capital 𝑐𝑎, low-skilled,
medium-skilled and high-skilled labour (𝑙𝑠, 𝑚𝑠, ℎ𝑠) are perfectly mobile across sectors.
This implies that the factor price 𝑤𝑖𝑑 is identical across sectors and that factor market

44Firms producing the continuum of varieties within each sector use the homogeneous good 𝑞𝑝𝑟𝑜𝑑
𝑖𝑠 with

price 𝑐𝑖𝑠 as input bundle. So the productivity 𝑧𝑖𝑠 enters the model in the choice between goods from
different countries as described in the main text.
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equilibrium requires that the sum of factor demands is equal to factor supply:

𝜔𝑖𝑠𝑒 = 𝑤𝑖𝑒; 𝑒 = 𝑐𝑎, 𝑙𝑠, 𝑚𝑠, ℎ𝑠 (B.14)

𝑞𝑒𝑛𝑑
𝑖𝑒 =

𝑆∑︁
𝑠=1

𝑞𝑒𝑛𝑑
𝑖𝑠𝑒 ; 𝑒 = 𝑐𝑎, 𝑙𝑠, 𝑚𝑠, ℎ𝑠 (B.15)

Land 𝑙𝑑 and natural resources 𝑛𝑟 are not perfectly mobile between sectors. The distri-
bution of the immobile factors land and natural resources across sectors is modelled by
an elasticity of transformation function with 𝑞𝑒𝑛𝑑

𝑖𝑑 the total quantity of immobile factor
𝑑 and 𝑞𝑒𝑛𝑑

𝑖𝑠𝑑 the quantity used in sector 𝑠:

𝑞𝑒𝑛𝑑
𝑖𝑑 =

[︃
𝑆∑︁

𝑠=1
𝜗𝑖𝑠𝑑

(︁
𝑞𝑒𝑛𝑑

𝑖𝑠𝑑

)︁𝜇𝑑+1
𝜇𝑑

]︃ 𝜇𝑑
𝜇𝑑+1

; 𝑑 = 𝑙𝑑, 𝑛𝑟 (B.16)

The supply of the immobile production factors to the different sectors, 𝑞𝑒𝑛𝑑
𝑖𝑠𝑑 , is thus given

by the following expression with corresponding price index of the immobile factor 𝑤𝑖𝑑:

𝑞𝑒𝑛𝑑
𝑖𝑠𝑑 =

(︂
𝜔𝑖𝑠𝑑

𝜗𝑖𝑠𝑑𝑤𝑖𝑑

)︂𝜇𝑑

𝑞𝑒𝑛𝑑
𝑖𝑑 ; 𝑑 = 𝑙𝑑, 𝑛𝑟 (B.17)

𝑤𝑖𝑑 =
(︃

𝑁∑︁
𝑖=1

(𝜗𝑖𝑠𝑑)−𝜇𝑑 𝜔𝑖𝑠𝑑
𝜇𝑑+1

)︃ 1
𝜇𝑑+1

; 𝑑 = 𝑙𝑑, 𝑛𝑟 (B.18)

The total supply of land and natural resources is exogenous. The supply of capital
is described in the next subsection. The supply of low-skilled, medium-skilled and high-
skilled labour 𝑒 = 𝑙𝑠, 𝑚𝑠, ℎ𝑠 is endogenous. 45 To derive labour supply, we extend
the utility function with a dis-utility from working. Since the representative household
supplies low-skilled, medium-skilled and high-skilled labour, we add the dis-utilities of
the three types of labour supply:

𝑢𝑙𝑎𝑏
𝑗 = 1

1 − 𝜚𝑗
(𝑢𝑗)1−𝜚𝑗 −

∑︁
𝑠𝑘∈{𝑙𝑠,𝑚𝑠,ℎ𝑠}

𝜒𝑗𝑠𝑘𝜀𝑗

𝜀𝑗 + 1
(︁̃︂𝑞𝑒𝑛𝑑

𝑗𝑠𝑘

)︁ 𝜀𝑗 +1
𝜀𝑗 ; 𝜚𝑗 ̸= 1 (B.19)

𝑢𝑙𝑎𝑏
𝑗 is the new utility with the additional negative terms in labour supply and 𝑢𝑗 is

the utility from consumption of private and government goods and savings as defined in
equation (1). ̃︂𝑞𝑒𝑛𝑑

𝑗𝑠𝑘 is per capita labour supply of skill type 𝑠𝑘. 𝜀𝑗 is the Frisch labour
supply elasticity and 𝜚𝑗 is a parameter determining the income elasticity of labour supply.

45Simulation results with exogenous labour supply are available upon request.
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With this utility function we allow for a non-zero income elasticity of labour supply in
case 𝜚𝑗 ̸= 0. Further discussion in the context of trade is provided in Arkolakis and
Esposito (2014) . Substituting the expression for expenditure 𝑥𝑗 and income 𝑦𝑗 in
equations (B.60)-(B.62), the budget constraint can be written as follows:

∑︁
𝑐∈{𝑝,𝑔,𝑠}

𝑒𝑐
𝑗

(︁
𝑞𝑐

𝑗

)︁
=
(︃

𝐸∑︁
𝑒=1

𝑡𝑖𝑛𝑐
𝑗𝑒 𝑤𝑗𝑒𝑝𝑜𝑝𝑗

̃︂𝑞𝑒𝑛𝑑
𝑗𝑒 − 𝛿𝑗𝑤𝑒𝑛𝑑

𝑗𝑐𝑎 𝑞𝑒𝑛𝑑
𝑗𝑐𝑎 + 𝑡𝑟𝑖𝑛𝑑

𝑗

)︃
1 + 𝑏𝑑𝑟𝑗

𝑝𝑜𝑝𝑗
(B.20)

The FOCs with respect to 𝑞𝑐
𝑗 and ̃︂𝑞𝑒𝑛𝑑

𝑗𝑠𝑘 are now given by:

𝜅𝑐
𝑗 (𝑢𝑗)1−𝜚𝑗

𝑞𝑐
𝑗

− 𝜆𝑗

𝜕𝑒𝑐
𝑗

𝑞𝑐
𝑗

= 0 (B.21)

−𝜒𝑗𝑠𝑘

(︁̃︂𝑞𝑒𝑛𝑑
𝑗𝑠𝑘

)︁ 1
𝜀𝑗 + 𝜆𝑗𝑡𝑖𝑛𝑐

𝑗𝑠𝑘𝑤𝑗𝑠𝑘 (1 + 𝑏𝑑𝑟𝑗) = 0 (B.22)

Combining the two FOCs and rearranging gives the following expression:

𝜒𝑗𝑠𝑘

(︁̃︂𝑞𝑒𝑛𝑑
𝑗𝑠𝑘

)︁ 1
𝜀𝑗

𝑢
−𝜚𝑗

𝑗

=
𝑡𝑖𝑛𝑐
𝑗𝑠𝑘𝑤𝑗𝑠𝑘 (1 + 𝑏𝑑𝑟𝑗)

1
Ψ𝑗

𝑥𝑗

𝑢𝑗

(B.23)

Equation (B.23) is the condition that the ratio of marginal utilities of leisure and con-
sumption should be equal to the price ratio (cf. equation (5) in Keane (2011). Since
preferences for private goods are non-homothetic we do not have a conventional price
index of utility as in Keane (2011), but use 𝑥𝑗

𝑢𝑗

1
Ψ𝑗

. Rearranging and multiplying by

population leads to the following expression for labour supply of skill type ̃︂𝑞𝑒𝑛𝑑
𝑗𝑒 :

𝑞𝑒𝑛𝑑
𝑗𝑠𝑘 = 𝑝𝑜𝑝𝑗

̃︂𝑞𝑒𝑛𝑑
𝑗𝑠𝑘 = 𝑝𝑜𝑝𝑗

⎛⎝(𝑢𝑗)−𝜚𝑗
𝑡𝑖𝑛𝑐
𝑗𝑠𝑘𝑤𝑗𝑠𝑘 (1 + 𝑏𝑑𝑟𝑗)

1
Ψ𝑗

𝑥𝑗

𝑢𝑗
𝜒𝑗𝑠𝑘

⎞⎠𝜀𝑗

(B.24)

Labour supply is a function of the real wage, 𝑡𝑖𝑛𝑐
𝑗𝑠𝑘𝑤𝑗𝑠𝑘(1+𝑏𝑑𝑟𝑗)

1
Ψ𝑗

𝑥𝑗
𝑢𝑗

. If preferences would be

homothetic and there would thus be a price of utility from consumption 𝑢𝑗 , we would
be able to eliminate 𝑢𝑗 and 𝑥𝑗 from the expression for 𝑞𝑒𝑛𝑑

𝑗𝑠𝑘 . In additional derivations we
show that this would lead to the same coefficient on the real wage as in Arkolakis and
Esposito (2014). Since 𝑥𝑗 is a function of 𝑞𝑒𝑛𝑑

𝑗𝑠𝑘 in our numerical model through equations
(B.60) and (B.62), the mechanisms in our model are identical. In additional derivations
we also show that the expressions for 𝑥𝑐

𝑗 and Ψ𝑗 stay as in the main text.
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B.3 Savings and investment

Savings are collected by a global bank, which allocates the savings to investments in
different regions until the rate of return on capital is equalised across regions. In partic-
ular, regional households buy a global saving good from the global bank with the price
of savings a weighted average of the price of investment goods acquired by the global
bank.

The rate of return on capital 𝑟 is equal to the rental rate on capital 𝑤𝑖𝑐𝑎 divided by
the price of capital 𝑝𝑣

𝑖 minus the rate of depreciation, 𝛿𝑖:

𝑟 = 𝑤𝑖𝑐𝑎

𝑝𝑣
𝑖

− 𝛿𝑖 (B.25)

𝑟 is the globally equalised rate of return. In steady state investment 𝑞𝑖𝑛
𝑖 is related to the

quantity of capital 𝑞𝑒𝑛𝑑
𝑖𝑐𝑎 by the following expression:46

𝑞𝑖𝑛
𝑖 = 𝛿𝑖𝑞

𝑒𝑛𝑑
𝑖𝑐𝑎 (B.26)

Investment goods are treated like intermediates and are a Leontief composite of goods
used for investment from different industries, 𝑞𝑖𝑛

𝑖𝑠 :

𝑞𝑖𝑛
𝑖 = min

{︁
𝜛𝑖𝑛

𝑖1𝑠𝑞𝑖𝑛
𝑖1 , .., 𝜛𝑖𝑛

𝑖𝑆𝑞𝑖𝑛
𝑖𝑆

}︁
(B.27)

The demand for investment goods from different sectors 𝑞𝑖𝑛
𝑖𝑠 and the price of investment

goods 𝑝𝑖𝑛
𝑖 is thus given by:

𝑞𝑖𝑛
𝑖𝑠 = 𝜛𝑖𝑛

𝑖𝑠 𝑞𝑖𝑛
𝑖 (B.28)

𝑝𝑖𝑛
𝑖 =

𝑆∑︁
𝑠=1

𝜛𝑖𝑛
𝑖𝑠 𝑝𝑖𝑛

𝑖𝑠 (B.29)

46The standard GTAP model assumes that the amount of factor input capital is fixed. In other words,
additional capital as a result of investment cannot be used. Investment generates a difference between
the fixed beginning of period capital-stock and end of period capital-stock. This difference between
beginning of period- and end of period-capital then also generates capital adjustment costs, preventing
rates of return from equalising across different countries. Since we assume that the end-of-period capital
stock is used in production there is only one capital stock and we thus do not have capital adjustment
costs. The way the standard GTAP model treats the allocation of investment is further discussed in an
the technical annex.
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To complete the description of savings and investment, we now define the price of savings
as a weighted average of the price of investment goods:

𝑝𝑠𝑎 =
𝐽∑︁

𝑘=1

(︁
𝑝𝑖𝑛

𝑘

)︁𝜒𝑘 (B.30)

𝜒𝑘 is the share of net investment in country 𝑘:

𝜒𝑘 =
𝑝𝑖𝑛

𝑘

(︁
𝑞𝑖𝑛

𝑘 − 𝛿𝑘𝑞𝑒𝑛𝑑
𝑘𝑐𝑎

)︁
𝑝𝑖𝑛

𝐾∑︀
𝑗=1

(︁
𝑞𝑖𝑛

𝑗 − 𝛿𝑗𝑞𝑒𝑛𝑑
𝑗𝑐𝑎

)︁ (B.31)

In equilibrium the total amount of savings then has to be equal to the total quantity of
net investments:47

𝐽∑︁
𝑖=1

𝑝𝑜𝑝𝑖𝑞
𝑠𝑎
𝑖 =

𝐽∑︁
𝑖=1

(︁
𝑞𝑖𝑛

𝑖 − 𝛿𝑖𝑞
𝑒𝑛𝑑
𝑖𝑐𝑎

)︁
(B.32)

In the code equation (B.32) is treated as the omitted equation.

B.4 International trade

We start this subsection by showing formally that the quantity share bought from source
𝑖 is equal to the probability that goods are sourced from country 𝑖. The quantity share
bought from country 𝑖 in 𝑗 is given by the probability that goods are bought from country
𝑖, 𝜋𝑎𝑔

𝑖𝑗𝑠, times the average quantity bought from 𝑖, 𝑞𝑖𝑗𝑠 divided by the quantity bought
from all other trading partners:

𝑞𝑎𝑔
𝑖𝑗𝑠

𝑞𝑎𝑔
𝑗𝑠

=
𝜋𝑎𝑔

𝑖𝑗𝑠𝑞𝑎𝑔
𝑖𝑗𝑠

𝐽∑︀
𝑘=1

𝜋𝑎𝑔
𝑘𝑗𝑠𝑞𝑎𝑔

𝑘𝑗𝑠

(B.33)

47In the simulations we use a version of the model where the price of savings is region-specific with

extra weight put on domestic savings, i.e. 𝑝𝑠𝑎
𝑖 = 𝑝𝑖𝑛

𝑖

𝐽∑︁
𝑘=1

(︀
𝑝𝑖𝑛

𝑘

)︀𝜁𝑘 with 𝜁𝑘 = 𝑝𝑖𝑛
𝑘 (𝑞𝑖𝑛

𝑘
−𝛿𝑘𝑞𝑒𝑛𝑑

𝑘𝑐𝑎 )−𝑝𝑠𝑎
𝑘

𝑝𝑜𝑝𝑘𝑞𝑠𝑎
𝑘

𝑝𝑖𝑛

𝐾∑︁
𝑗=1

(︀
𝑞𝑖𝑛

𝑗 − 𝛿𝑗𝑞𝑒𝑛𝑑
𝑗𝑐𝑎

)︀ .

As a result an increase in the price of local investment goods will generate a stronger drop in demand
for savings in comparison to the model described in the text. Corresponding with this change we
have that the price of savings and the price of global investments are not identical anymore and the

equation for equality of global savings and investment is formulated in value terms,
𝐽∑︁

𝑖=1

𝑝𝑠𝑎
𝑖 𝑝𝑜𝑝𝑖𝑞

𝑠𝑎
𝑖 =

𝑝𝑣

𝐽∑︁
𝑖=1

(︀
𝑞𝑣

𝑖 − 𝛿𝑞𝑒𝑛𝑑
𝑖𝑐𝑎

)︀
with 𝑝𝑣 =

𝐽∑︁
𝑘=1

(𝑝𝑣
𝑘)𝜒𝑘 .
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The average quantity bought from source 𝑖 is identical for all sources 𝑖, since the price
distribution of goods actually imported from 𝑖, so conditional upon importing from
country 𝑖, is not a function of the source 𝑖 (as formally derived at the end of this
subsection):

𝑞𝑎𝑔
𝑖𝑗𝑠 =

∞∫︁
0

𝑝−𝜎𝑠

(︁
𝑝𝑎𝑔

𝑗𝑠

)︁𝜎𝑠

𝑞𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗𝑑𝐺𝑖𝑠 (𝑝) = 𝑞𝑎𝑔

𝑗𝑠 𝑝𝑜𝑝𝑗 (B.34)

Substituting equation (B.34) into equation (B.33) and using the fact that the sourcing
probabilities add up to 1 gives us the result that the quantity share sourced from country
𝑖 is equal to the probability goods are sourced from country 𝑖, 𝜋𝑎𝑔

𝑖𝑗𝑠.

𝑞𝑎𝑔
𝑖𝑗𝑠 = 𝜋𝑎𝑔

𝑖𝑗𝑠𝑞𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗 (B.35)

Dekle et al. (2008) follow the same steps to derive that the value share of goods bought
from source 𝑖 is equal to the probability that goods are sourced from country 𝑖. The
value share is given by:

𝑥𝑎𝑔
𝑖𝑗𝑠

𝑥𝑎𝑔
𝑗𝑠

=
𝜋𝑎𝑔

𝑖𝑗𝑠𝑥𝑎𝑔
𝑖𝑗𝑠

𝐽∑︀
𝑘=1

𝜋𝑎𝑔
𝑘𝑗𝑠𝑥𝑎𝑔

𝑘𝑗𝑠

(B.36)

The average value bought from 𝑖 is defined as:

𝑥𝑎𝑔
𝑖𝑗𝑠 =

∞∫︁
0

𝑝1−𝜎𝑠

(︁
𝑝𝑎𝑔

𝑗𝑠

)︁𝜎𝑠−1
𝑝𝑎𝑔

𝑗𝑠 𝑞𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗𝑑𝐺𝑖𝑠 (𝑝) = 𝑥𝑎𝑔

𝑗𝑠 𝑝𝑜𝑝𝑗

(︁
𝑝𝑎𝑔

𝑗𝑠

)︁𝜎𝑠−1
∞∫︁

0

𝑝1−𝜎𝑠𝑑𝐺𝑖𝑠 (𝑝) = 𝑥𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗

(B.37)
Substituting equation (B.37) into (B.36) gives us the result:

𝑥𝑎𝑔
𝑖𝑗𝑠 = 𝜋𝑎𝑔

𝑖𝑗𝑠𝑥𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗 (B.38)

Next we derive the expression for total imports. Summing over the imports of the
four groups of agents gives us total imports 𝑞𝑖𝑗𝑠:

𝑞𝑖𝑗𝑠 =
∑︁

𝑎𝑔∈{𝑝𝑟,𝑔𝑜,𝑓𝑖,𝑖𝑛}
𝑞𝑎𝑔

𝑖𝑗𝑠 =
∑︁

𝑎𝑔∈{𝑝𝑟,𝑔𝑜,𝑓𝑖,𝑖𝑛}
𝜋𝑎𝑔

𝑖𝑗𝑠𝑞𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗 (B.39)

The probability of importing in country 𝑗 from country 𝑖, 𝜋𝑎𝑔
𝑖𝑗𝑠 can be written as the

probability of importing in country 𝑗, 𝜋𝑎𝑔,𝑖𝑚𝑝
𝑗𝑠 times the probability of importing from
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source 𝑖 conditional upon importing, ̃︀𝜋𝑖𝑗𝑠:

𝜋𝑎𝑔
𝑖𝑗𝑠 = 𝜋𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠 ̃︀𝜋𝑖𝑗𝑠 (B.40)

Substituting (B.40) into (B.39) leads to:

𝑞𝑖𝑗𝑠 = ̃︀𝜋𝑖𝑗𝑠𝑞𝑖𝑚𝑝
𝑗𝑠 (B.41)

The probability of importing from source 𝑖 conditional upon importing, ̃︀𝜋𝑖𝑗𝑠, can be
calculated as follows:

̃︀𝜋𝑖𝑗𝑠 =
𝜋𝑎𝑔

𝑖𝑗𝑠

𝜋𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠

=
𝜋𝑎𝑔

𝑖𝑗𝑠∑︀
𝑘 ̸=𝑗

𝜋𝑎𝑔
𝑘𝑗𝑠

=

(︂
(𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 +𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠)𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

)︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

(B.42)

Hence in the expression for the conditional probability in equation (B.42) the group
index 𝑎𝑔 does not play a role. 𝑞𝑖𝑚𝑝

𝑗𝑠 can be written as the sum of import demands by the
four groups of agents:

𝑞𝑖𝑚𝑝
𝑗𝑠 =

∑︁
𝑎𝑔∈{𝑝,𝑔,𝑓}

𝜋𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠 𝑞𝑎𝑔

𝑗𝑠 𝑝𝑜𝑝𝑗

=
∑︁

𝑎𝑔∈{𝑝,𝑔,𝑓}

(︁
𝜏 𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠(︁

𝜏 𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠 +

(︂
𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠 𝑐𝑗𝑠

𝜆𝑗𝑠

)︂−𝜃𝑠
𝑞𝑎𝑔

𝑗𝑠 𝑝𝑜𝑝𝑗 (B.43)

Substituting equations (B.42)-(B.43) into equation (B.41) and normalising domestic ice-
berg trade costs 𝜏𝑑𝑜𝑚,𝑎𝑔

𝑗𝑠 at 1 leads to equation (19) in the main text.
Similarly to import demand we can define demand for domestic goods as follows:

𝑞𝑑𝑜𝑚
𝑗𝑠 =

∑︁
𝑎𝑔∈{𝑝,𝑔,𝑓}

(︂
𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠 𝑐𝑗𝑠

𝜆𝑗𝑠

)︂−𝜃𝑠

(︁
𝜏 𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠 +

(︂
𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠 𝑐𝑗𝑠

𝜆𝑗𝑠

)︂−𝜃𝑠
𝑞𝑎𝑔

𝑗𝑠 𝑝𝑜𝑝𝑗 (B.44)

Finally, we can derive the price index of import demand for each of the four groups
of agents, 𝑎𝑔 = 𝑝𝑟, 𝑔𝑜, 𝑓𝑖, 𝑖𝑛, by integrating over the price distribution. This leads to the
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following expression:

𝑝𝑎𝑔
𝑗𝑠 = 𝐴𝑠

⎡⎢⎣(︁𝑡𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠 𝜏 𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠 +

⎛⎝ 𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠 𝑐𝑗𝑠

𝜆𝑗𝑠

⎞⎠−𝜃𝑠
⎤⎥⎦

− 1
𝜃𝑠

(B.45)

With 𝐴𝑠 =
(︁
Γ
(︁

𝜃𝑠−𝜎+1
𝜃𝑠

)︁)︁ 1
1−𝜎𝑠 . The fact that preferences are homothetic (within sectors

across varieties) and the expression for 𝑝𝑎𝑔
𝑗𝑠 in equation (B.45) is a proper price index

implies that we can write expenditure 𝑥𝑎𝑔
𝑗𝑠 as price times quantity, which will prove useful

below:
𝑥𝑎𝑔

𝑗𝑠 = 𝑝𝑎𝑔
𝑗𝑠 𝑞𝑎𝑔

𝑗𝑠 (B.46)

Identical price distribution across sources
Finally we show that the price distribution is not a function of the source 𝑖. The

price distribution for goods sourced from country 𝑖 in country 𝑗 is found by integrating
the probability that goods are actually sourced from country 𝑖 over the price distribution
of goods sourced from country 𝑖 up to price 𝑝, conditional on the probability that goods
are actually sourced from country 𝑖, 𝜋𝑖𝑗𝑠:

𝐺𝑖𝑗𝑠 (𝑝) = 1
𝜋𝑖𝑗𝑠

𝑝∫︀
0

∏︀
𝑘 ̸=𝑖

(1 − 𝐺𝑘𝑗𝑠 (𝑞)) 𝑑𝐺𝑖𝑗𝑠 (𝑞) 𝑑𝑞

= 1
𝑇𝑖(𝑑𝑖𝑛𝑐𝑖)−𝜃

Φ𝑛

𝑝∫︀
0

∏︀
𝑠̸=𝑖

(︁
𝑒−𝑇𝑠(𝑑𝑠𝑛𝑐𝑠)−𝜃𝑞𝜃

)︁
𝑑𝑒−𝑇𝑖(𝑑𝑖𝑛𝑐𝑖)−𝜃𝑞𝜃

𝑡=𝑞𝜃

= 1
𝑇𝑖(𝑑𝑖𝑛𝑐𝑖)−𝜃

Φ𝑛

𝑝𝜃∫︀
0

∏︀
𝑠̸=𝑖

(︁
𝑒−𝑇𝑠(𝑑𝑠𝑛𝑐𝑠)−𝜃𝑡

)︁
𝑑𝑒−𝑇𝑖(𝑑𝑖𝑛𝑐𝑖)−𝜃𝑡

= 1
𝑇𝑖(𝑑𝑖𝑛𝑐𝑖)−𝜃

Φ𝑛

𝑝𝜃∫︀
0

∏︀
𝑠̸=𝑖

(︁
𝑒−𝑇𝑠(𝑑𝑠𝑛𝑐𝑠)−𝜃𝑡

)︁
𝑇𝑖 (𝑑𝑖𝑛𝑐𝑖)−𝜃 𝑒−𝑇𝑖(𝑑𝑖𝑛𝑐𝑖)−𝜃𝑡𝑑𝑡

= Φ𝑛

𝑝𝜃∫︀
0

𝑁∏︀
𝑠=1

𝑒−𝑇𝑠(𝑑𝑠𝑛𝑐𝑠)−𝜃𝑡𝑑𝑡

= Φ𝑛

Φ𝑛
𝑒−Φ𝑛𝑡

⃒⃒⃒
𝑝𝜃

0

= 1 − 𝑒−Φ𝑛𝑝𝜃
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B.5 Transport services

The cif-quantity 𝑞𝑖𝑗𝑠 is a Leontief aggregate of the fob-quantity 𝑞𝑓𝑜𝑏
𝑖𝑗𝑠 and the quantity of

transport services 𝑡𝑠𝑖𝑗𝑠:

𝑞𝑖𝑗𝑠 = min
{︃

𝑞𝑓𝑜𝑏
𝑖𝑗𝑠 ,

𝑡𝑠𝑖𝑗𝑠

𝛾𝑖𝑗𝑠

}︃
(B.47)

Equation (B.47) reflects the lack of substitution possibilities away from transport services
when they get more expensive and implies the cif-price in equation (10) and the following
demand equation:48

𝑡𝑠𝑖𝑗𝑠 = 𝛾𝑖𝑗𝑠𝑞𝑖𝑗𝑠 (B.48)

Firms can choose between different modes of transport 𝑚, in particular between
surface transport 𝑠𝑢𝑟 and air transport 𝑎𝑖𝑟, according to a Cobb-Douglas function:

𝑡𝑠𝑖𝑗𝑠 =
(︃

𝑡𝑠𝑠𝑢𝑟
𝑖𝑗𝑠

𝑎𝑠𝑢𝑟
𝑖𝑗𝑠

)︃𝜁𝑠𝑢𝑟
𝑖𝑗𝑠
(︃

𝑡𝑠𝑎𝑖𝑟
𝑖𝑗𝑠

𝑎𝑎𝑖𝑟
𝑖𝑗𝑠

)︃𝜁𝑎𝑖𝑟
𝑖𝑗𝑠

(B.49)

𝜉𝑚
𝑖𝑗𝑠 determines the shares of the different modes of transport and 𝑎𝑚

𝑖𝑗𝑠 can be interpreted
as a route-specific and mode-specific technology shifter. This shifter will change with
the opening of the NSR. A Cobb-Douglas specification reflects that there is scope for
substitution between different modes of transport. Equation (B.49) implies the following
demand for transport services:

𝑡𝑠𝑚
𝑖𝑗𝑠 =

𝑎𝑠𝑢𝑟
𝑖𝑗𝑠 𝜁𝑚

𝑖𝑗𝑠𝑡𝑠𝑖𝑗𝑠

𝑝𝑚
; 𝑚 = 𝑠𝑢𝑟, 𝑎𝑖𝑟 (B.50)

The price of transport services 𝑝𝑡𝑠
𝑖𝑗𝑠 is defined as:

𝑝𝑡𝑠
𝑖𝑗𝑠 =

∑︁
𝑚∈{𝑠𝑢𝑟,𝑎𝑖𝑟}

𝜁𝑚
𝑖𝑗𝑠𝑝𝑚 (B.51)

We have used that the price of mode-specific transport services 𝑝𝑚 is equal for all routes,
reflecting that transport services are a homogeneous global good.

48Since the demand for transport services is Leontief and thus linear in the quantity traded, we first
add up the amount imported by the four groups of agents and base total demand for transport services
on total import demand by all four groups of agents, 𝑞𝑖𝑗𝑠. Formulating the model with separate transport
service demands by each of the four groups of agents, 𝑡𝑠𝑎𝑔

𝑖𝑗𝑠, based on separate import quantities, 𝑞𝑎𝑔
𝑖𝑗𝑠,

would lead to the same equilibrium. We stick to the current formulation as it makes coding of the model
easier.
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Transport services between all countries are provided by global transport services
𝑡𝑠𝑚:

𝑆∑︁
𝑠=1

𝐽∑︁
𝑖=1

∑︁
𝑗 ̸=𝑖

𝑡𝑠𝑚
𝑖𝑗𝑠 = 𝑡𝑠𝑚; 𝑚 = 𝑠, 𝑙, 𝑎 (B.52)

Global transport services are in turn supplied by the transport sectors 𝑖 = 𝑠𝑢𝑟, 𝑎𝑖𝑟 in
the different countries with the choice between transport services from different sources,
𝑡𝑠𝑚

𝑖 , being Cobb-Douglas:49

𝑝𝑚 =
𝐽∏︁

𝑖=1
(𝑝𝑚

𝑖 )𝜈𝑚
𝑖 ; 𝑚 = 𝑠, 𝑙, 𝑎 (B.53)

Equation (B.53) corresponds with the following expression for 𝑡𝑠𝑚
𝑖 with 𝑝𝑚

𝑖 the price of
transport services supplied by country 𝑖:

𝑡𝑠𝑚
𝑖 = κ𝑚

𝑖

𝑝𝑚𝑡𝑟𝑚

𝑝𝑚
𝑖

(B.54)

The price of transport services of mode 𝑚 supplied by country 𝑖 is equal to the price of
gross output in the relevant transport sector 𝑚, 𝑐𝑖𝑚:

𝑝𝑚
𝑖 = 𝑐𝑖𝑚 (B.55)

B.6 Goods market equilibrium and income

To complete our characterisation of the equilibrium we still need expressions for goods
market equilibrium and household expenditure. To express goods market equilibrium
we equalise the value of gross output 𝑥𝑝𝑟𝑜𝑑

𝑖𝑠 with the value of import demand from the
different trading partners. Since we need the value of import demand net of export
and import taxes and payments to the transport sector, we divide the import value
by the power of the different taxes and subtract payments to the transport sector. The
import value for the different groups of agents 𝑎𝑔 is equal to the total value of demand in
destination country 𝑗, 𝑥𝑎𝑔

𝑗𝑠 , times the probability that goods are imported from country 𝑖,
𝜋𝑎𝑔

𝑖𝑗𝑠. In sectors producing goods used for global transport services, we also add the value
of transport services exported, 𝑐𝑖𝑚𝑡𝑠𝑚

𝑖 . Therefore, we have the following equilibrium
49Due to a lack of data there is no link between the supplying country and the demanding countries

of these services.
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condition:

𝑥𝑝𝑟𝑜𝑑
𝑖𝑠 =

∑︁
𝑎𝑔∈{𝑝𝑟,𝑔𝑜,𝑓𝑖,𝑖𝑛}

𝜋𝑑𝑜𝑚,𝑎𝑔
𝑖𝑠 𝑥𝑎𝑔

𝑖𝑠 𝑝𝑜𝑝𝑖

𝑡𝑎𝑔,𝑑𝑜𝑚
𝑗𝑠

+
∑︁
𝑗 ̸=𝑖

⎛⎝ 𝜋𝑎𝑔
𝑖𝑗𝑠𝑥𝑎𝑔

𝑗𝑠 𝑝𝑜𝑝𝑗

𝑡𝑎𝑔,𝑖𝑚𝑝
𝑗𝑠 𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 𝑡𝑒𝑥𝑝
𝑖𝑗𝑠

−
𝑝𝑡𝑟

𝑖𝑗𝑠

𝑡𝑒𝑥𝑝
𝑖𝑗𝑠

𝑡𝑠𝑖𝑗𝑠

⎞⎠+𝑐𝑖𝑠𝑡𝑠𝑠
𝑖 (B.56)

To rewrite equation (B.56) we substitute equations (B.40), (B.42) and (B.46) and the
fact that 𝑥𝑝𝑟𝑜𝑑

𝑖𝑠 = 𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑞𝑝𝑟𝑜𝑑

𝑖𝑠 and 𝑞𝑠𝑜,𝑎𝑔
𝑗𝑠 = 𝜋𝑠𝑜,𝑎𝑔

𝑗𝑠 𝑞𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗 . The first equation expresses

that the value of gross output is equal to the price of gross output 𝑐𝑖𝑠 times the quantity
of gross output 𝑞𝑝𝑟𝑜𝑑

𝑖𝑠 , taking into account the production tax 𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 . The second equation

follows from equation (20). After some steps we get the following equilibrium condition:

𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑞𝑝𝑟𝑜𝑑

𝑖𝑠 =
∑︁

𝑎𝑔∈{𝑝𝑟,𝑔𝑜,𝑓𝑖,𝑖𝑛}

𝑝𝑎𝑔
𝑖𝑠 𝑞𝑑𝑜𝑚,𝑎𝑔

𝑖𝑠

𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠

+ 𝑐𝑖𝑠𝑡𝑠𝑠
𝑖

+
∑︁
𝑗 ̸=𝑖

⎡⎢⎢⎢⎣
(︂

(𝑐𝑖𝑠𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 +𝛾𝑖𝑗𝑠𝑝𝑡𝑟

𝑖𝑗𝑠)𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

)︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

∑︁
𝑎𝑔∈{𝑝𝑟,𝑔𝑜,𝑓𝑖,𝑖𝑛}

𝑝𝑎𝑔
𝑗𝑠 𝑞𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠

−
𝑝𝑡𝑟

𝑖𝑗𝑠

𝑡𝑒𝑥𝑝
𝑖𝑗𝑠

𝑡𝑠𝑖𝑗𝑠

⎤⎥⎥⎥⎦
(B.57)

To derive the expression for per capita household expenditure 𝑥𝑖, we start from the
accounting identity that gross factor income 𝑦𝑖 (income before taxes are paid) is equal
to aggregate expenditures on savings 𝑝𝑜𝑝𝑖𝑥

𝑠
𝑖 plus expenditures on consumption goods

𝑝𝑜𝑝𝑖𝑥
𝑐
𝑖 and payments of direct income taxes 𝑡𝑟𝑖𝑛𝑐

𝑖 :50

𝑦𝑖 = 𝑝𝑜𝑝𝑖 (𝑥𝑠
𝑖 + 𝑥𝑐

𝑖 ) + 𝑡𝑟𝑖𝑛𝑐
𝑖 (B.58)

Adding spending on government goods on both sides and defining the budget deficit as
𝑏𝑑𝑖 = 𝑝𝑜𝑝𝑖𝑥

𝑔
𝑖 −

(︁
𝑡𝑟𝑖𝑛𝑑

𝑖 + 𝑡𝑟𝑖𝑛𝑐
𝑖

)︁
with 𝑡𝑟𝑖𝑛𝑑

𝑖 the indirect tax revenues gives:

𝑦𝑖 + 𝑡𝑟𝑖𝑛𝑑
𝑖 + 𝑏𝑑𝑖 = 𝑝𝑜𝑝𝑖 (𝑥𝑠

𝑖 + 𝑥𝑐
𝑖 + 𝑥𝑔

𝑖 ) (B.59)

We thus get the following expression for aggregate household expenditure 𝑝𝑜𝑝𝑖𝑥𝑖 on
savings, consumption goods and government goods as a function of income, indirect tax

50Payments of indirect taxes are part of the spending on consumption goods, implying that equation
(B.58) corresponds with the macro-identity 𝑌 = 𝐶 + 𝑆 + 𝑇 .
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Table B1: Overview taxes in the model

Tax rate Tax revenue Description
𝑡𝑒𝑛𝑑
𝑖𝑠𝑒 𝑡𝑟𝑒𝑛𝑑

𝑖𝑠𝑒 Tax on use of endowment 𝑒 in sector 𝑠
𝑡𝑖𝑛𝑐
𝑖𝑒 𝑡𝑟𝑖𝑛𝑐

𝑖𝑒 Direct income tax on endowment 𝑒

𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑡𝑟𝑝𝑟𝑜𝑑

𝑖𝑠 Tax on production in sector 𝑠
𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠 𝑡𝑟𝑠𝑜,𝑎𝑔

𝑗𝑠 Tax on purchases by group 𝑎𝑔 = 𝑝, 𝑔, 𝑓 in sector 𝑠

in sector 𝑠 from source 𝑠𝑜 = 𝑖𝑚𝑝, 𝑑𝑜𝑚

𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝑡𝑟𝑖𝑚𝑝

𝑖𝑗𝑠 Tax on imports (tariff) from 𝑖 to 𝑗 in sector 𝑠

𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 𝑡𝑟𝑒𝑥𝑝

𝑖𝑗𝑠 Tax on exports from 𝑖 to 𝑗 in sector 𝑠

revenues and the budget deficit ratio:

𝑝𝑜𝑝𝑖𝑥𝑖 = 𝑝𝑜𝑝𝑖 (𝑥𝑠
𝑖 + 𝑥𝑐

𝑖 + 𝑥𝑔
𝑖 ) =

(︁
𝑦𝑖 + 𝑡𝑟𝑖𝑛𝑑

𝑖

)︁
(1 + 𝑏𝑑𝑟𝑖) (B.60)

𝑏𝑑𝑟𝑖 is the budget deficit divided by gross factor income plus indirect tax revenues.

𝑏𝑑𝑟𝑖 = 𝑏𝑑𝑖

𝑦𝑖 + 𝑡𝑟𝑖𝑛𝑑
𝑖

(B.61)

We assume that 𝑏𝑑𝑟𝑖 is exogenous and does not change. Income 𝑦𝑖 is equal to the sum
of gross factor incomes minus the value of depreciation of capital:

𝑦𝑖 =
𝐸∑︁

𝑒=1
𝑡𝑖𝑛𝑐
𝑖𝑒 𝑤𝑖𝑒𝑞𝑒𝑛𝑑

𝑖𝑒 − 𝛿𝑖𝑤
𝑒𝑛𝑑
𝑖𝑐𝑎 𝑞𝑒𝑛𝑑

𝑖𝑐𝑎 (B.62)

𝑡𝑖𝑛𝑐
𝑖𝑒 is the power of the income tax on factor 𝑒.

B.7 Tax revenues

Tax revenues are collected from different sources. Table B1 lists the six type of taxes in
the model. All taxes are expressed in power terms, i.e. as one plus the ad valorem tax
rate.

Revenues from the first three taxes are easy to calculate since the base value is
unambiguously defined:

𝑡𝑟𝑒𝑛𝑑
𝑖𝑠𝑒 =

(︁
𝑡𝑒𝑛𝑑
𝑖𝑠𝑒 − 1

)︁
𝜔𝑖𝑠𝑒𝑞𝑒𝑛𝑑

𝑖𝑠𝑒 (B.63)

𝑡𝑟𝑖𝑛𝑐
𝑖𝑒 =

(︁
𝑡𝑖𝑛𝑐
𝑖𝑒 − 1

)︁
𝑤𝑖𝑒𝑞𝑒𝑛𝑑

𝑖𝑒 (B.64)

𝑡𝑟𝑝𝑟𝑜𝑑
𝑖𝑠 =

(︁
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 − 1

)︁
𝑐𝑖𝑠𝑞𝑝𝑟𝑜𝑑

𝑖𝑠 (B.65)
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To calculate import and export tax revenues we have to take into account that the
distribution of prices is independent of the country of origin. This implies that the
sectoral landed price for agent group 𝑎𝑔 is independent of the country of origin. In other
words, the expression for 𝑝𝑎𝑔

𝑗𝑠 in (B.45) gives the landed price at the sectoral level for goods
from any origin country. This implies that we start from the value of trade and prices
inclusive of all taxes and divide by the various taxes to get to the appropriate base value
on which the tax is applied. We start with revenues from the group 𝑎𝑔 = 𝑝𝑟, 𝑔𝑜, 𝑓𝑖, 𝑖𝑛

and source 𝑠𝑜 = 𝑑𝑜𝑚, 𝑖𝑚𝑝 specific import tariffs, 𝑡𝑟𝑠𝑜,𝑎𝑔
𝑗𝑠 :

𝑡𝑟𝑠𝑜,𝑎𝑔
𝑗𝑠 =

(︁
𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠 − 1

)︁
𝜋𝑠𝑜,𝑎𝑔

𝑗𝑠 𝑥𝑎𝑔
𝑗𝑠 𝑝𝑜𝑝𝑗

𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠

=

(︁
𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠 − 1

)︁
𝑝𝑎𝑔

𝑗𝑠 𝑞𝑠𝑜,𝑎𝑔
𝑗𝑠

𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠

(B.66)

Tariff revenues on purchases by group 𝑎𝑔 on goods sourced from origin 𝑠𝑜 are equal to
the tariff rate (𝑡𝑠𝑜,𝑎𝑔

𝑗𝑠 − 1) times total expenditures by group 𝑎𝑔 times the probability
that goods are bought from source 𝑠𝑜, and divided by the power tariff rate 𝑡𝑠𝑜,𝑎𝑔

𝑗𝑠 to
get the value traded net of tariffs. In the second equality we use equation (B.46) and
𝑞𝑠𝑜,𝑎𝑔

𝑗𝑠 = 𝜋𝑠𝑜,𝑎𝑔
𝑗𝑠 𝑞𝑎𝑔

𝑗𝑠 𝑝𝑜𝑝𝑗 .
To calculate tariff revenues 𝑡𝑟𝑖𝑚𝑝

𝑖𝑗𝑠 on imports from country 𝑖, we multiply the tariff
rate

(︁
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 − 1

)︁
by the value of trade in cif-terms and sum over the three groups of

agents:

𝑡𝑟𝑖𝑚𝑝
𝑖𝑗𝑠 =

∑︁
𝑎𝑔

(︁
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 − 1

)︁
𝜋𝑎𝑔

𝑖𝑗𝑠𝑥𝑠𝑜,𝑎𝑔
𝑗𝑠

𝑡𝑎𝑔,𝑖𝑚𝑝
𝑗𝑠 𝑡𝑖𝑚𝑝

𝑖𝑗𝑠

(B.67)

Applying equations (B.40), (B.42) and (B.46) leads to the following expression for
import tariff revenues:

𝑡𝑟𝑖𝑚𝑝
𝑖𝑗𝑠 =

(︁
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 − 1

)︁
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠

(︂
(𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 +𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠)𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

)︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

∑︁
𝑎𝑔

𝑝𝑎𝑔
𝑗𝑠 𝑞𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

𝑡𝑎𝑔,𝑖𝑚𝑝
𝑗𝑠

(B.68)

It is not possible to further elaborate equation (B.68) into an expression based on 𝑞𝑖𝑚𝑝
𝑖𝑗𝑠 .

The reason is that we cannot split up the terms 𝑝𝑎𝑔
𝑗𝑠 𝑞𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠 in the summation. This
impossibility also implies that we cannot derive a price index corresponding to 𝑞𝑖𝑚𝑝

𝑗𝑠 .
Finally, we discuss calculation of export tax revenues 𝑡𝑟𝑒𝑥𝑝

𝑖𝑗𝑠 . To get the base value
for the export tax we need the fob-value of trade which follows from subtracting the
transport value from the cif-value as defined in equation (B.68). Multiplying by the
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export tax rate divided by the power of the export tax, we get for 𝑡𝑟𝑒𝑥𝑝
𝑖𝑗𝑠 :

𝑡𝑟𝑒𝑥𝑝
𝑖𝑗𝑠 =

𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 − 1
𝑡𝑒𝑥𝑝
𝑖𝑗𝑠

⎡⎢⎢⎢⎣ 1
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠

(︂
(𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 +𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠)𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

)︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

∑︁
𝑎𝑔

𝑝𝑎𝑔
𝑗𝑠 𝑞𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

𝑡𝑎𝑔,𝑖𝑚𝑝
𝑗𝑠

− 𝑝𝑡𝑠
𝑖𝑗𝑠𝑡𝑠𝑖𝑗𝑠

⎤⎥⎥⎥⎦ (B.69)

Adding up the different types of indirect tax revenues gives the following expression
for indirect tax revenues:

𝑡𝑟𝑖𝑛𝑑
𝑖 =

𝐸∑︁
𝑒=1

𝑆∑︁
𝑠=1

𝑡𝑟𝑒𝑛𝑑
𝑖𝑠𝑒

+
𝑆∑︁

𝑠=1

⎡⎣𝑡𝑟𝑝𝑟𝑜𝑑
𝑖𝑠 +

∑︁
𝑎𝑔

∑︁
𝑠𝑜∈{𝑑𝑜𝑚,𝑖𝑚𝑝}

𝑡𝑟𝑠𝑜,𝑎𝑔
𝑖𝑠 +

𝐽∑︁
𝑗=1

(︁
𝑡𝑟𝑖𝑚𝑝

𝑗𝑖𝑠 + 𝑡𝑟𝑒𝑥𝑝
𝑖𝑗𝑠

)︁⎤⎦ (B.70)

B.8 CO2 Emissions

CO2 emissions are assumed to move proportionally with demand by the different groups
of agents 𝑎𝑔 for goods from sector 𝑠 from source 𝑠𝑜. In particular the emission of CO2
of agent 𝑎𝑔 demanding goods from sector 𝑠, 𝑞𝑎𝑔,𝑠𝑜

𝑖𝑠,𝑐𝑜2, 𝑠𝑜 = 𝑑𝑜𝑚, 𝑖𝑚𝑝, is equal to:

𝑞𝑎𝑔,𝑠𝑜
𝑖𝑠,𝑐𝑜2 = 𝜍𝑎𝑔,𝑠𝑜

𝑖𝑠,𝑐𝑜2𝑞𝑎𝑔,𝑠𝑜
𝑖𝑠 (B.71)

Hence, there are different emission levels by sector and increasing (decreasing) the pro-
duction/consumption of a particular good will increase (decrease) the emissions from
that sector. Total emissions are equal to the sum of emissions by the different groups
of agents. So, if more polluting sectors increase production relative to less polluting
sectors, then emissions will decrease. This approach assumes that the overall technolog-
ical links between production, consumption and emissions remain constant, as well as
the sector-specific links. Projecting future paths of emission technological changes by
country and sector pairs is beyond the scope of this paper.

B.9 Overview equilibrium equations

This section gives an overview of all equilibrium equations and endogenous variables. To
summarise, there are 𝐽 countries indicated by the subscripts 𝑖, 𝑗, 𝑘; 𝑆 sectors indicated by
the subscripts 𝑢, 𝑠; three categories of goods (private goods, government goods and sav-
ings) consumed by the representative agent indicated by the superscripts 𝑐 = 𝑝𝑟, 𝑔𝑜, 𝑠𝑎;
four groups of agents buying goods (private consumers, government, firms, investors)
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indicated by the superscripts 𝑎𝑔 = 𝑝𝑟, 𝑔𝑜, 𝑓𝑖, 𝑖𝑛; 𝐸 factors of production (with ̃︀𝐸 mobile
factors) indicated by the subscripts 𝑒 = 𝑙𝑑, 𝑙𝑠, 𝑚𝑠, ℎ𝑠, 𝑐𝑎, 𝑛𝑟; and 𝑀 modes of transport
indicated by the superscripts 𝑚 = 𝑠𝑢𝑟, 𝑎𝑖𝑟.

To provide an overview of all equilibrium equations we need to take into account some
equations that were described or defined in the text, but not as a separate equation. In
particular, we have to take the following demand-side equations into account:

Ψ𝑐
𝑗 = 1; 𝑐 = 𝑔𝑜, 𝑠𝑎 (B.72)

(The elasticity of quantity with respect to expenditure for savings and spending on
government goods)

𝑞𝑐
𝑗 =

𝑥𝑐
𝑗

𝑝𝑐
𝑗

; 𝑐 = 𝑔𝑜, 𝑠𝑎 (B.73)

(Quantity as a function of expenditure and price for savings and spending on government
goods)

𝑠𝑝𝑟
𝑖𝑠 =

𝑝𝑝𝑟
𝑗𝑠𝑞𝑝𝑟

𝑗𝑠

𝑆∑︀
𝑢=1

𝑝𝑝𝑟
𝑗𝑢𝑞𝑝𝑟

𝑗𝑢

(B.74)

(The share of private spending on sector 𝑠 goods)

𝑝𝑔
𝑗 =

𝑆∏︁
𝑠=1

(︁
𝑝𝑔

𝑗𝑠

)︁𝛽𝑗𝑠 (B.75)

(The price index of government goods)
We can now define equilibrium as a solution of the set of equations in Table B3 for the

endogenous variables listed in Table B2. The number of endogenous variables is equal to
the number of equations: 21𝐽+23𝐽𝑆+𝐽𝑆2+3𝐽𝑆𝐸+𝐽𝐸+2+5𝐽2𝑆+𝐽2𝑆𝑀 +2𝑀 +2𝐽𝑀 .
To provide an overview of all equations, we have substituted all the equations from the
text in Tables B4-B6.
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Table B2: Overview endogenous variables

Description variables Variable Dimension
Demand
Expenditure on category 𝑐 goods in 𝑗 𝑥𝑐

𝑗 ; 𝑐 = 𝑝, 𝑔, 𝑠 3𝐽

Quantity of category 𝑐 goods in 𝑗 𝑞𝑐
𝑗 ; 𝑐 = 𝑝, 𝑔, 𝑠 3𝐽

Quantity bought by the group of agents 𝑎𝑔 in sector 𝑠 in 𝑗 𝑞𝑎𝑔
𝑗𝑠 ; 𝑎𝑔 = 𝑝𝑟, 𝑔𝑜, 𝑓𝑖, 𝑖𝑛 4𝐽𝑆

Elasticity of utility wrt expenditure Ψ𝑗 𝐽
Elasticity of quantity wrt expenditure for category 𝑐 Ψ𝑐

𝑗 ; 𝑐 = 𝑝𝑟, 𝑔𝑜, 𝑠𝑎 3𝐽

Share of private expenditure on good 𝑠 in 𝑗 𝑠𝑝𝑟
𝑗𝑠 𝐽𝑆

Price of public (government) goods in 𝑗 𝑝𝑔𝑜
𝑗 𝐽

Production
Quantity of value added in sector 𝑠 in 𝑖 𝑞𝑣𝑎

𝑖𝑠 𝐽𝑆
Quantity of intermediates sold from sector 𝑢 to 𝑠 in 𝑖 𝑞𝑖𝑛𝑡

𝑖𝑢𝑠 𝐽𝑆2

Quantity of endowment 𝑒 in sector 𝑠 in 𝑖 𝑞𝑒𝑛𝑑
𝑖𝑠𝑒 𝐽𝑆𝐸

Labor supply in country 𝑖 𝑞𝑒𝑛𝑑
𝑖𝑒 ; 𝑒 = 𝑙𝑠, 𝑚𝑠, ℎ𝑠 3𝐽

Price of gross output in sector 𝑠 in 𝑖 𝑐𝑖𝑠 𝐽𝑆
Price of value added in sector 𝑠 in 𝑖 𝑐𝑣𝑎

𝑖𝑠 𝐽𝑆
Price of endowment 𝑒 in 𝑖 𝑤𝑖𝑒 𝐽𝐸
Price of endowment 𝑒 in sector 𝑠 in 𝑖 𝜔𝑖𝑠𝑒 𝐽𝑆𝐸
Savings and investment
Quantity of capital in 𝑖 𝑞𝑒𝑛𝑑

𝑖𝑐𝑎 𝐽
Quantity of investment in 𝑖 𝑞𝑖𝑛

𝑖 𝐽
Price of savings 𝑝𝑠𝑎 1
Rate of return on investment 𝑟 1
Price of investment in 𝑖 𝑝𝑖𝑛

𝑖 𝐽
Share of investment in country 𝑖 in global investment 𝜒𝑖 𝐽
International trade
Quantity of domestic goods in sector 𝑠 in 𝑗 𝑞𝑑𝑜𝑚

𝑗𝑠 𝐽𝑆

Quantity of imports in sector 𝑠 in 𝑗 𝑞𝑖𝑚𝑝
𝑗𝑠 𝐽𝑆

Quantity of goods traded in sector 𝑠 from 𝑖 to 𝑗 𝑞𝑖𝑗𝑠 𝐽2𝑆
Price of goods bought by group of agent 𝑎𝑔 𝑝𝑎𝑔

𝑗𝑠 ; 𝑎𝑔 = 𝑝𝑟, 𝑔𝑜, 𝑓𝑖, 𝑖𝑛 4𝐽𝑆

Average price level of imports in sector 𝑠 in 𝑗 Φ𝑖𝑚𝑝
𝑗𝑠 𝐽𝑆

Transport services
Quantity of transport services demanded on the route
from 𝑖 to 𝑗 in sector 𝑠 𝑡𝑠𝑖𝑗𝑠 𝐽2𝑆
Quantity of transport services of mode 𝑚
demanded on the route from 𝑖 to 𝑗 in sector 𝑠 𝑡𝑠𝑚

𝑖𝑗𝑠 𝐽2𝑆𝑀

Quantity of transport services of mode 𝑚 demanded 𝑡𝑠𝑚 𝑀
Quantity of transport services supplied of mode 𝑚 by 𝑖 𝑡𝑠𝑚

𝑖 𝐽𝑀
Price of transport services demanded on
the route from 𝑖 to 𝑗 in sector 𝑠 𝑝𝑡𝑠

𝑖𝑗𝑠 𝐽2𝑆

Price of transport services of mode 𝑚 demanded 𝑝𝑚 𝑀
Price of transport services of mode 𝑚 supplied by 𝑖 𝑝𝑚

𝑖 𝐽𝑀
Goods market equilibrium and income
Quantity of gross output in sector 𝑠 in 𝑖 𝑞𝑝𝑟𝑜𝑑

𝑖𝑠 𝐽𝑆
Sum of indirect tax revenues 𝑡𝑟𝑖𝑛𝑑

𝑖 𝐽
Expenditure in 𝑗 𝑥𝑗 𝐽
Gross factor income 𝑦𝑖 𝐽
Tax revenues
Tax on use of endowment 𝑒 in sector 𝑠 𝑡𝑟𝑒𝑛𝑑

𝑖𝑠𝑒 𝐽𝑆𝐸
Income tax revenues on endowment 𝑒 𝑡𝑟𝑖𝑛𝑐

𝑖𝑒 𝐽𝐸

Tax revenues on gross output in sector 𝑠 𝑡𝑟𝑝𝑟𝑜𝑑
𝑖𝑠 𝐽𝑆

Tax revenues on purchases by group 𝑎𝑔 from source 𝑠𝑜 𝑡𝑟𝑠𝑜,𝑎𝑔
𝑗𝑠 6𝐽𝑆

Tariff revenues on imports from 𝑖 to 𝑗 in sector 𝑠 𝑡𝑟𝑖𝑚𝑝
𝑖𝑗𝑠 𝐽2𝑆

Tax revenues on exports from 𝑖 to 𝑗 in sector 𝑠 𝑡𝑟𝑒𝑥𝑝
𝑖𝑗𝑠 𝐽2𝑆
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Table B3: Overview equilibrium equations

Equations Equation nr. Dimension
Demand
Quantity-expenditure relation for private goods in 𝑗 (6) 𝐽
Quantity of category 𝑐 = 𝑔, 𝑠 goods in 𝑗 (B.73) 2𝐽
Demand for sector 𝑠 private goods in 𝑗 (7) 𝐽𝑆
Demand for sector 𝑠 government goods in 𝑗 (8) 𝐽𝑆
Expenditure on category 𝑐 goods in 𝑗 (3) 3𝐽
Elasticity of quantity wrt expenditure for private goods (4) 𝐽
Share of private expenditure on good 𝑠 in 𝑗 (B.74) 𝐽𝑆
Elasticity of quantity wrt expenditure for category 𝑐 = 𝑔𝑜, 𝑠𝑎 (B.72) 2𝐽
Elasticity of utility wrt expenditure (5) 𝐽
Price of public (government) goods in 𝑗 (B.75) 𝐽
Production
Demand for value added in sector 𝑠 in 𝑖 (B.8) 𝐽𝑆
Demand for sector 𝑢 intermediates from sector 𝑠 in 𝑖 (B.9) 𝐽𝑆2

Total demand for sector 𝑠 intermediate goods in 𝑖 (B.10) 𝐽𝑆
Price of gross output in sector 𝑠 in 𝑖 (B.11) 𝐽𝑆
Price of value added in sector 𝑠 in 𝑖 (B.12) 𝐽𝑆
Demand for production factor 𝑒 in sector 𝑠 in 𝑖 (B.13) 𝐽𝑆𝐸

Price of mobile production factor 𝑒 in sector 𝑠 in 𝑒 (B.14) 𝐽𝑆 ̃︀𝐸
Mobile factor market equilibrium for factor 𝑒 in 𝑖 (B.15) 𝐽 ̃︀𝐸
Supply of immobile production factor 𝑒 to sector 𝑠 in 𝑒 (B.17) 𝐽𝑆

(︁
𝐸 − ̃︀𝐸)︁

Price of immobile production factor 𝑒 in sector 𝑠 in 𝑒 (B.18) 𝐽
(︁
𝐸 − ̃︀𝐸)︁

Labor supply of factor 𝑒 (B.24) 3𝐽
Savings and investment
Rate of return on investment in 𝑖 (B.25) 𝐽
Demand for investment in 𝑖 (B.26) 𝐽
Demand for investment goods in sector 𝑠 in 𝑖 (B.28) 𝐽𝑆
Price of investment in 𝑖 (B.29) 𝐽
Price of savings (B.30) 1
Share of investment in country 𝑖 in global investment (B.31) 𝐽
Savings equal to investment (B.32) 1
International trade
Demand for sector 𝑠 goods from 𝑖 in 𝑗 (19) 𝐽2𝑆
Demand for sector 𝑠 domestic goods in 𝑗 (B.44) 𝐽𝑆
Demand for sector 𝑠 imported goods in 𝑗 (20) 𝐽𝑆
Average price level of imports in sector 𝑠 in 𝑗 (21) 𝐽𝑆
Price of goods bought by group of agent 𝑎𝑔 in sector 𝑠 (B.45) 4𝐽𝑆
Transport services
Demand for transport services from 𝑖 to 𝑗 in sector 𝑠 (B.48) 𝐽2𝑆
Demand for mode 𝑚 transport services from 𝑖 to 𝑗 in sector 𝑠 (B.50) 𝐽2𝑆𝑀
Price of transport services from 𝑖 to 𝑗 in sector 𝑠 (B.51) 𝐽2𝑆
Global demand for mode 𝑚 transport services (B.52) 𝑀
Price of mode 𝑚 transport services (B.53) 𝑀
Supply of mode 𝑚 transport services from 𝑖 (B.54) 𝐽𝑀
Price of mode 𝑚 transport services in 𝑗 (B.55) 𝐽𝑀
Goods market equilibrium and income
Goods market equilibrium in sector 𝑠 in 𝑖 (B.57) 𝐽𝑆
Total expenditure (B.60) 𝐽
Gross income equation (B.62) 𝐽
Sum of indirect tax revenues (B.70) 𝐽
Tax revenues
Tax revenues on use of endowment 𝑒 in sector 𝑠 (B.63) 𝐽𝑆𝐸
Income tax revenues on endowment 𝑒 (B.64) 𝐽𝐸
Tax revenues on gross output in sector 𝑠 (B.65) 𝐽𝑆
Tax revenues on purchases by group 𝑎𝑔 from source 𝑠𝑜 (B.66) 6𝐽𝑆
Tariff revenues on imports from 𝑖 to 𝑗 in sector 𝑠 (B.68) 𝐽2𝑆
Tax revenues on exports from 𝑖 to 𝑗 in sector 𝑠 (B.69) 𝐽2𝑆
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Table B4: Overview equilibrium equations: part 1

Equations Equation nr. Dimension
Demand

𝑆∑︀
𝑠=1

𝛼𝑗𝑠

(︁
𝑞𝑝𝑟

𝑗

)︁𝛾𝑗𝑠𝜂𝑗𝑠
(︂

𝑝𝑝𝑟
𝑗𝑠

𝑥𝑝𝑟
𝑗

)︂𝛾𝑗𝑠

= 1 (6) 𝐽

𝑞𝑐
𝑗 = 𝑥𝑐

𝑗

𝑝𝑐
𝑗
; 𝑐 = 𝑔, 𝑠 (B.73) 2𝐽

𝑞𝑝𝑟
𝑗𝑠 =

𝛼𝑗𝑠(𝑞𝑝𝑟
𝑗 )𝛾𝑗𝑠𝜂𝑗𝑠

(︂
𝑝

𝑝𝑟
𝑗𝑠

𝑦
𝑝𝑟
𝑗

)︂𝛾𝑗𝑠−1

𝛾𝑗𝑠

𝑆∑︀
𝑢=1

𝛼𝑗𝑢(𝑞𝑝𝑟
𝑗 )𝛾𝑗𝑢𝜂𝑗𝑢

(︂
𝑝

𝑝𝑟
𝑗𝑢

𝑦
𝑝𝑟
𝑗

)︂𝛾𝑗𝑢

𝛾𝑗𝑢

(7) 𝐽𝑆

𝑞𝑔𝑜
𝑗𝑠 = 𝛽𝑗𝑠

𝑦𝑔𝑜
𝑗

𝑝𝑔𝑜
𝑗𝑠

(8) 𝐽𝑆

𝑥𝑐
𝑗 = 𝜅𝑐

(︂
Ψ𝑐

𝑗

Ψ𝑗

)︂
𝑥𝑗 ; 𝑐 = 𝑝, 𝑔, 𝑠 (3) 3𝐽

Ψ𝑝𝑟
𝑗 =

𝑆∑︁
𝑠=1

𝑠𝑝𝑟
𝑗𝑠𝜂𝑗𝑠 (4) 𝐽

𝑠𝑝𝑟
𝑖𝑠 = 𝑝𝑝𝑟

𝑗𝑠 𝑞𝑝𝑟
𝑗𝑠

𝑆∑︁
𝑢=1

𝑝𝑝𝑟
𝑗𝑢𝑞𝑝𝑟

𝑗𝑢

(B.74) 𝐽𝑆

Ψ𝑐
𝑗 = 1; 𝑐 = 𝑝, 𝑠 (B.72) 2𝐽

Ψ𝑗 =
∑︁

𝑐∈{𝑝,𝑔,𝑠}
Ψ𝑐𝜅𝑐 = 𝜅𝑐

Ψ𝑐
+ 𝜅𝑔 + 𝜅𝑠 (5) 𝐽

𝑝𝑔𝑜
𝑗 =

𝑆∏︁
𝑠=1

(︁
𝑝𝑔𝑜

𝑗𝑠

)︁𝛽𝑖𝑠 (B.75) 𝐽

Production
𝑞𝑣𝑎

𝑖𝑠 = 𝜛𝑣𝑎
𝑖𝑠 𝑞𝑝𝑟𝑜𝑑

𝑖𝑠
𝜙𝑖𝑠

(B.8) 𝐽𝑆

𝑞𝑖𝑛𝑡
𝑖𝑢𝑠 = 𝜛𝑖𝑛𝑡

𝑖𝑢𝑠𝑞𝑝𝑟𝑜𝑑
𝑖𝑠

𝜙𝑖𝑠
(B.9) 𝐽𝑆2

𝑞𝑓𝑖
𝑖𝑢 =

𝑆∑︁
𝑠=1

𝑞𝑖𝑛𝑡
𝑖𝑢𝑠 (B.10) 𝐽𝑆

𝑐𝑖𝑠 =
𝜛𝑣𝑎

𝑖𝑠 𝑐𝑣𝑎
𝑖𝑠 +

𝑆∑︁
𝑢=1

𝜛𝑖𝑛𝑡
𝑖𝑢𝑠𝑝𝑓𝑖

𝑖𝑢

𝜙𝑖𝑠
(B.11) 𝐽𝑆

𝑐𝑣𝑎
𝑖𝑠 =

[︃
𝐸∑︁

𝑒=1
(𝜄𝑖𝑠𝑒)𝜌𝑠

(︁
𝑡𝑒𝑛𝑑
𝑖𝑠𝑒 𝜔𝑖𝑠𝑒

)︁1−𝜌𝑠

]︃ 1
1−𝜌𝑠

(B.12) 𝐽𝑆

𝑞𝑒𝑛𝑑
𝑖𝑠𝑒 =

(︂
𝜄𝑖𝑠𝑒

𝑐𝑣𝑎
𝑖𝑠

𝑡𝑒𝑛𝑑
𝑖𝑠𝑒 𝜔𝑖𝑠𝑒

)︂𝜌𝑠

𝑞𝑣𝑎
𝑖𝑠 (B.13) 𝐽𝑆𝐸

𝜔𝑖𝑠𝑒 = 𝑤𝑖𝑒; 𝑒 = 𝑙𝑠, 𝑚𝑠, ℎ𝑠, 𝑐𝑎 (B.14) 𝐽𝑆 ̃︀𝐸
𝑞𝑒𝑛𝑑

𝑖𝑒 =
𝑆∑︁

𝑠=1
𝑞𝑒𝑛𝑑

𝑖𝑠𝑒 ; 𝑒 = 𝑙𝑠, 𝑚𝑠, ℎ𝑠, 𝑐𝑎 (B.15) 𝐽 ̃︀𝐸
𝑞𝑒𝑛𝑑

𝑖𝑠𝑒 =
(︁

𝜔𝑖𝑠𝑒
𝜗𝑖𝑠𝑒𝑤𝑖𝑒

)︁𝜇𝑒

𝑞𝑒𝑛𝑑
𝑖𝑑 ; 𝑒 = 𝑙𝑎, 𝑛𝑟 (B.17) 𝐽𝑆

(︁
𝐸 − ̃︀𝐸)︁

𝑤𝑖𝑒 =
(︃

𝑁∑︁
𝑖=1

(𝜗𝑖𝑠𝑒)−𝜇𝑒 𝜔𝜇𝑒+1
𝑖𝑠𝑒

)︃ 1
𝜇𝑒+1

; 𝑒 = 𝑙𝑎, 𝑛𝑟 (B.18) 𝐽
(︁
𝐸 − ̃︀𝐸)︁

𝑞𝑒𝑛𝑑
𝑗𝑒 = 𝑝𝑜𝑝𝑗

̃︂𝑞𝑒𝑛𝑑
𝑗𝑒 = 𝑝𝑜𝑝𝑗

(︃
(𝑢𝑗)−𝜚𝑗

𝑡𝑖𝑛𝑐
𝑗𝑒 𝑤𝑗𝑒(1+𝑏𝑑𝑟𝑗)

1
Ψ𝑗

𝑥𝑗
𝑢𝑗

𝜒𝑗𝑒

)︃𝜀𝑗

; 𝑒 = 𝑙𝑠, 𝑚𝑠, ℎ𝑠 (B.24) 3𝐽
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Table B5: Overview equilibrium equations: part 2

Equations Equation nr. Dimension
Savings and investment
𝑟 = 𝑤𝑖𝑐𝑎

𝑝𝑣
𝑖

− 𝛿𝑖 (B.25) 𝐽

𝑞𝑖𝑛
𝑖 = 𝛿𝑖𝑞

𝑒𝑛𝑑
𝑖𝑐𝑎 (B.26) 𝐽

𝑞𝑖𝑛
𝑖𝑠 = 𝜛𝑖𝑛

𝑖𝑠 𝑞𝑖𝑛
𝑖 (B.28) 𝐽𝑆

𝑝𝑖𝑛
𝑖 =

𝑆∑︁
𝑠=1

𝜛𝑖𝑛
𝑖𝑠 𝑝𝑖𝑛

𝑖𝑠 (B.29) 𝐽

𝑝𝑠𝑎 =
𝐽∑︁

𝑘=1

(︁
𝑝𝑖𝑛

𝑘

)︁𝜒𝑘 (B.30) 1

𝜒𝑘 = 𝑝𝑖𝑛
𝑘 (𝑞𝑖𝑛

𝑘 −𝛿𝑘𝑞𝑒𝑛𝑑
𝑘𝑐𝑎 )

𝑝𝑖𝑛

𝐾∑︁
𝑗=1

(︁
𝑞𝑖𝑛

𝑗 − 𝛿𝑗𝑞𝑒𝑛𝑑
𝑗𝑐𝑎

)︁ (B.31) 𝐽

𝐽∑︁
𝑖=1

𝑞𝑠𝑎
𝑖 =

𝐽∑︁
𝑖=1

(︁
𝑞𝑖𝑛

𝑖 − 𝛿𝑖𝑞
𝑒𝑛𝑑
𝑖𝑐𝑎

)︁
(B.32) 1

International trade

𝑞𝑖𝑗𝑠 =

[︂(︀
𝑐𝑖𝑠𝑡

𝑒𝑥𝑝
𝑖𝑗𝑠

+𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠

)︀
𝑡
𝑖𝑚𝑝
𝑖𝑗𝑠

𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

]︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

𝑞𝑖𝑚𝑝
𝑗𝑠 (19) 𝐽2𝑆

𝑞𝑑𝑜𝑚
𝑗𝑠 =

∑︁
𝑎𝑔∈{𝑝,𝑔,𝑓}

(︂
𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠 𝑐𝑗𝑠

𝜆𝑗𝑠

)︂−𝜃𝑠

(︁
𝜏𝑎𝑔

𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠 +

(︂
𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠 𝑐𝑗𝑠

𝜆𝑗𝑠

)︂−𝜃𝑠
𝑞𝑎𝑔

𝑗𝑠 (B.44) 𝐽𝑆

𝑞𝑖𝑚𝑝
𝑗𝑠 =

∑︁
𝑎𝑔∈{𝑝,𝑔,𝑓}

(︁
𝜏𝑎𝑔

𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠(︁

𝜏𝑎𝑔
𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠 +

(︂
𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠 𝑐𝑗𝑠

𝜆𝑗𝑠

)︂−𝜃𝑠
𝑞𝑎𝑔

𝑗𝑠 (20) 𝐽𝑆

Φ𝑖𝑚𝑝
𝑗𝑠 =

∑︁
𝑖̸=𝑗

⎡⎣
(︁
𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 + 𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠

)︁
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

⎤⎦−𝜃𝑠

(21) 𝐽𝑆

𝑝𝑎𝑔
𝑗𝑠 =

[︃(︁
𝜏𝑎𝑔

𝑗𝑠 𝑡𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠

)︁−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠 +

(︂
𝑡𝑑𝑜𝑚,𝑎𝑔
𝑗𝑠 𝑐𝑗𝑠

𝜆𝑗𝑠

)︂−𝜃𝑠
]︃− 1

𝜃𝑠

(B.45) 4𝐽𝑆
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Table B6: Overview equilibrium equations: part 3

Equations Equation nr. Dimension
Transport services
𝑡𝑠𝑖𝑗𝑠 = 𝛾𝑖𝑗𝑠𝑞𝑖𝑗𝑠 (B.48) 𝐽2𝑆
𝑡𝑠𝑚

𝑖𝑗𝑠 = 𝜁𝑚
𝑖𝑗𝑠𝑡𝑟𝑖𝑗𝑠 (B.50) 𝐽2𝑆𝑀

𝑝𝑡𝑠
𝑖𝑗𝑠 =

∑︁
𝑚∈{𝑠𝑢𝑟,𝑎𝑖𝑟}

𝜁𝑚
𝑖𝑗𝑠𝑝𝑚 (B.51) 𝐽2𝑆

𝑆∑︁
𝑠=1

𝐽∑︁
𝑖=1

∑︁
𝑗 ̸=𝑖

𝑡𝑠𝑚
𝑖𝑗𝑠 = 𝑡𝑟𝑚 (B.52) 𝑀

𝑝𝑚 =
𝐽∏︁

𝑖=1
(𝑝𝑚

𝑖 )𝜈𝑚
𝑖 (B.53) 𝑀

𝑡𝑠𝑚
𝑖 = 𝜈𝑚

𝑖
𝑝𝑚𝑡𝑠𝑚

𝑝𝑚
𝑖

(B.54) 𝐽𝑀

𝑝𝑚
𝑖 = 𝑐𝑖𝑚 (B.55) 𝐽𝑀

Goods market equilibrium and income

𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑞𝑝𝑟𝑜𝑑

𝑖𝑠 =
∑︁
𝑎𝑔

𝑝𝑎𝑔
𝑖𝑠 𝑞𝑑𝑜𝑚,𝑎𝑔

𝑖𝑠

𝑡𝑑𝑜𝑚,𝑎𝑔
𝑖𝑠

+ 𝑐𝑖𝑠𝑡𝑟𝑠𝑠
𝑖

+
∑︁
𝑗 ̸=𝑖

⎛⎝̃︂𝑝𝑖𝑗𝑠𝜏𝑖𝑗𝑠̃︂
𝑝𝑖𝑚𝑝

𝑗𝑠

⎞⎠−𝜃𝑠

1
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠

∑︁
𝑎𝑔

𝑝𝑎𝑔
𝑗𝑠 𝑞𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

𝑡𝑖𝑚𝑝,𝑎𝑔
𝑗𝑠

−
𝑝𝑡𝑟

𝑖𝑗𝑠

𝑡𝑒𝑥𝑝
𝑖𝑗𝑠

𝑡𝑠𝑖𝑗𝑠 (B.57) 𝐽𝑆

𝑥𝑖 =
(︁
𝑦𝑖 + 𝑡𝑟𝑖𝑛𝑑

𝑖

)︁
(1 + 𝑏𝑑𝑟𝑖) (B.60) 𝐽

𝑦𝑖 =
𝐸∑︁

𝑒=1
𝑡𝑖𝑛𝑐
𝑖𝑒 𝑤𝑖𝑒𝑞𝑒𝑛𝑑

𝑖𝑒 − 𝛿𝑖𝑤
𝑒𝑛𝑑
𝑖𝑐𝑎 𝑞𝑒𝑛𝑑

𝑖𝑐𝑎 (B.62) 𝐽

𝑡𝑟𝑖𝑛𝑑
𝑖 =

𝐸∑︁
𝑒=1

𝑆∑︁
𝑠=1

𝑡𝑟𝑒𝑛𝑑
𝑖𝑠𝑒

+
𝑆∑︁

𝑠=1

⎡⎣𝑡𝑟𝑝𝑟𝑜𝑑
𝑖𝑠 +

∑︁
𝑎𝑔∈{𝑝𝑟,𝑔𝑜,𝑓𝑖,𝑖𝑛}

∑︁
𝑠𝑜∈{𝑑𝑜𝑚,𝑖𝑚𝑝}

𝑡𝑟𝑠𝑜,𝑎𝑔
𝑖𝑠 +

𝐽∑︁
𝑗=1

(︁
𝑡𝑟𝑖𝑚𝑝

𝑗𝑖𝑠 + 𝑡𝑟𝑒𝑥𝑝
𝑖𝑗𝑠

)︁⎤⎦ (B.70) 𝐽

Tax revenues
𝑡𝑟𝑒𝑛𝑑

𝑖𝑠𝑒 =
(︁
𝑡𝑒𝑛𝑑
𝑖𝑠𝑒 − 1

)︁
𝜔𝑖𝑠𝑒𝑞𝑒𝑛𝑑

𝑖𝑠𝑒 (B.63) 𝐽𝑆𝐸

𝑡𝑟𝑖𝑛𝑐
𝑖𝑒 =

(︀
𝑡𝑖𝑛𝑐
𝑖𝑒 − 1

)︀
𝑤𝑖𝑒𝑞𝑒𝑛𝑑

𝑖𝑒 (B.64) 𝐽𝐸

𝑡𝑟𝑝𝑟𝑜𝑑
𝑖𝑠 =

(︁
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 − 1

)︁
𝑐𝑖𝑠𝑞𝑝𝑟𝑜𝑑

𝑖𝑠 (B.65) 𝐽𝑆

𝑡𝑟𝑠𝑜,𝑎𝑔
𝑗𝑠 = (𝑡𝑠𝑜,𝑎𝑔

𝑗𝑠 −1)𝜋𝑠𝑜,𝑎𝑔
𝑗𝑠 𝑥𝑎𝑔

𝑗𝑠

𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠

= (𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠 −1)𝑝𝑎𝑔

𝑗𝑠 𝑞𝑠𝑜,𝑎𝑔
𝑗𝑠

𝑡𝑠𝑜,𝑎𝑔
𝑗𝑠

(B.66) 6𝐽𝑆

𝑡𝑟𝑖𝑚𝑝
𝑖𝑗𝑠 = (𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 −1)
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠

[︂(︀
𝑐𝑖𝑠𝑡

𝑒𝑥𝑝
𝑖𝑗𝑠

+𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠

)︀
𝑡
𝑖𝑚𝑝
𝑖𝑗𝑠

𝜏𝑖𝑗𝑠̃︀𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

]︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

∑︁
𝑎𝑔∈{𝑝𝑟,𝑔𝑜,𝑓𝑖,𝑖𝑛}

𝑝𝑎𝑔
𝑗𝑠 𝑞𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

𝑡𝑎𝑔,𝑖𝑚𝑝
𝑗𝑠

(B.68) 𝐽2𝑆

𝑡𝑟𝑒𝑥𝑝
𝑖𝑗𝑠 = 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 −1
𝑡𝑒𝑥𝑝
𝑖𝑗𝑠

⎡⎢⎢⎢⎣ 1
𝑡𝑖𝑚𝑝
𝑖𝑗𝑠

(︂(︀
𝑐𝑖𝑠𝑡

𝑒𝑥𝑝
𝑖𝑗𝑠

+𝛾𝑖𝑗𝑠𝑝𝑡𝑟
𝑖𝑗𝑠

)︀
𝑡
𝑖𝑚𝑝
𝑖𝑗𝑠

𝜏𝑖𝑗𝑠̃︀𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

)︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

∑︁
𝑎𝑔∈{𝑝𝑟,𝑔𝑜,𝑓𝑖,𝑖𝑛}

𝑝𝑎𝑔
𝑗𝑠 𝑞𝑖𝑚𝑝,𝑎𝑔

𝑗𝑠

𝑡𝑎𝑔,𝑖𝑚𝑝
𝑗𝑠

− 𝑝𝑡𝑠
𝑖𝑗𝑠𝑡𝑠𝑖𝑗𝑠

⎤⎥⎥⎥⎦ (B.69) 𝐽2𝑆
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C Calibration

C.1 Baseline data

To arrive at baseline data for 2030 we combine the GTAP9 data for 2011 with short run
projections by the IMF and long run projections by the OECD on growth in GDP per
capita and by the UN on growth in population and the labour force. GTAP is a global
multi-regional input-output (GMRIO) database that has extensive and comprehensive
economic data for 144 countries/regions and 57 production sectors. It contains all vari-
ables required for our analysis of the impact of the NSR in terms of number countries,
sectors, and factors of production. The GTAP database provides disaggregated data
for sectoral production, consumption, taxes and subsidies, trade, government finances,
labour variables for five different skill levels, and data on other production factors. We
aggregate the 57 GTAP sectors into 16 sectors as in Table C1, and the 144 regions into
100 countries as displayed in Table C2.51

Since macroeconomic variables have been heavily affected by the 2008 financial crisis
we first use short run projections of the IMF to convert 2011 values into 2015 values.
In this way we are able to largely eliminate business cycle effects. For the growth in
population and the labour force we use the Medium Variant of projections by the UN. UN
(2015) develops growth rates in population by age and sex based on a generalisation of
the standard-cohort-component method. In this approach sizes of cohorts are predicted
based on projections for fertility, mortality, and migration, which are in turn based on
detailed projections based on Bayesian methods generating a median prediction. Total
population projections are then combined with expected long-term participation rates
and unemployment levels to arrive at the total labour force supply for each country.

The OECD has developed together with IIASA and PIK five scenarios or Shared
Socio-Economic Pathways (SSPs) for growth in GDP, which are used by the climate
change research community to facilitate the integrated analysis of future climate im-
pacts.52 We use SSP2, the Middle of the road scenario, which is characterised by
medium income growth, slow convergence in GDP per capita between developing and
industrialised countries, and insufficient growth in educational attainment to slow down
population growth rapidly, in particular in low-income countries. We use the projections
developed by the OECD (Chateau et al. (2012)). This approach starts with a produc-
tion function with GDP being a function of total factor productivity, capital, labour

51See Narayanan et al. (2012) for documentation on the GTAP database, and Hertel (2013) on the
full database project.

52See (IIASA, 2012; O’Neill et al., 2015) for a detailed description of the scenarios.
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and natural resources. Total factor productivity growth is determined by catch-up to
the country-specific technology frontier with countries farther from the frontier catching
up faster and catch-up also affected by trade openness and the regulatory environment.
Labour input growth is determined by population growth and adjusted for changes in
participation rates and quality (human capital). Capital is a function of investment rates
slowly converging to the balanced growth path and natural resources affect GDP based
on country-specific resource depletion modules. The projections replicate short-run pro-
jections by the World Bank, OECD and IMF with gradual convergence to a Solow-model
balanced growth path for later periods. In Table C3 we display the annualised growth
rates in GDP-per-capita, population and the labour force. We see that the population
force and in particular the labour force are predicted to shrink for a large group of
countries because of the low fertility rate and the related ageing of the population. On
average GDP per capita growth is larger in the emerging and developing countries than
in the developed countries.

We first combine the GTAP9 baseline data for 2011 with the IMF-projections such
that GDP and the trade balance in 2015 are in line with the IMF- projections. In
particular, we endogenise the growth in exogenous total factor productivity 𝜙𝑖𝑠 and
investment 𝑞𝑖𝑛

𝑖 , imposing that the changes in GDP and the trade balance are equal to
the changes projected by the IMF. Then we use the UN and OECD growth-projections
such that GDP, population and the labour force in the final baseline data for 2030 are
in line with the projections. To do so we endogenise the change in the exogenous total
factor productivity 𝜙𝑖𝑠 in our model and solve for this variable imposing that the change
in GDP, population and labour supply are equal to the changes predicted by the UN and
OECD from 2015 to 2030. So we assume that the growth in these variables from 2015 to
2030 is the result of technology growth, and labour and capital growth, as capital is also
endogenous in our model. Natural resources and land are fixed. We take the new, 2030,
level of technology, capital and labour supply then as baseline. All the other variables
required for our quantitative analysis and not present in SSR2 like sectoral trade flows
and production are adjusted accordingly using the solution of the model with the new
levels of technology and labour supply.53

53Calculation of baseline values for 2030 as well as the counterfactual analyses with the model are
implemented in GEMPACK under OSX. The model code is available online, as well as an executable
version of the model.
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Table C1: Sectoral description and aggregation

Sector Code Sector description Aggregated GTAP sectors

1 PRA Primary agriculture PDR (paddy rice), WHT (wheat), GRO (cereal grains nec),
V_F (vegetables & fruits), OSD (oil seeds), C_B (sugar
cane), PFB (plant-based fibers), OCR (crops nec), CTL
(cattle), OAP (animal prods nec), WOL (wool), FSH (fish-
ing), FRS (forestry)

2 PRE Primary energy COA (coal), OIL (oil), GAS (gas), OMN (Minerals nec)
3 PRF Processed foods RMK (raw milk), CMT (bovine meat prods), OMT (Meat

prods nec), VOL (vegetable oils), MIL (diary prod), PCR
(processed rice), SGR (sugar), OFD (food products nec)

4 B_T Beverages and tobacco B_T (beverages & tobacco products)
5 P_C Petrochemicals P_C (Petroleum and coal products)
6 CRP Chemicals, rubber, plastics CRP (Chemical, rubber and plastic products)
7 MTL Metals I_S (ferrous metals), NFM (metals nec), FMP (metal prod-

ucts)
8 MVH Motor vehicles MVH (motor vehicles and parts)
9 ELE Electrical machinery ELE (electronic equipment)
10 OMC Other machinery OTN (transport equipment nec), OME (machinery and

equipment nec)
11 OGD Other goods TEX (textiles), WAP (wearing apparel), LEA (leather prod-

ucts), LUM (wood products), PPP (paper products and
publishing), NMM (mineral products nec), OMF (manufac-
tures nec)

12 ATP Air transport ATP (air transport)
13 STP Surface transport OTP (transport nec), WTP (water transport)
14 CNS Construction CNS (construction)
15 BUS Producer services TRD (trade), CMN (communication), OFI (financial ser-

vices nec), ISR (insurance), OBS (Business services nec)
16 ROS Consumer services ROS (recreational and other services)
17 OSV Public services ELY (electricity), GDT (gas manufacture and distribution),

WTR (water), OSG (Public Administration, Defense, Edu-
cation, Health), DWE (dwellings)
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Table C2: Country sample

Code Country Code Country Code Country

1 aus Australia 34 nic Nicaragua 67 hrv Croatia
2 nzl New Zealand 35 pan Panama 68 rou Romania
3 chn China 36 slv El Salvador 69 rus Russian Federation
4 jpn Japan 37 aut Austria 70 ukr Ukraine
5 kor South Korea 38 bel Belgium 71 arm Armenia
6 mng Mongolia 39 cyp Cyprus 72 aze Azerbaijan
7 twn Taiwan 40 cze Czech Republic 73 geo Georgia
8 idn Indonesia 41 dnk Denmark 74 irn Iran
9 mys Malaysia 42 est Estonia 75 isr Israel
10 phl Philippines 43 fin Finland 76 sau Saudi Arabia
11 sgp Singapore 44 fra France 77 tur Turkey
12 tha Thailand 45 deu Germany 78 egy Egypt
13 vnm Viet Nam 46 grc Greece 79 mar Morocco
14 bgd Bangladesh 47 hun Hungary 80 tun Tunisia
15 ind India 48 irl Ireland 81 bfa Burkina Faso
16 pak Pakistan 49 ita Italy 82 cmr Cameroon
17 lka Sri Lanka 50 lva Latvia 83 civ Cote d’Ivoire
18 can Canada 51 ltu Lithuania 84 gha Ghana
19 usa United States 52 lux Luxembourg 85 nga Nigeria
20 mex Mexico 53 mlt Malta 86 sen Senegal
21 arg Argentina 54 nld Netherlands 87 tgo Togo
22 bol Bolivia 55 pol Poland 88 eth Ethiopia
23 bra Brazil 56 prt Portugal 89 ken Kenya
24 chl Chile 57 svk Slovakia 90 mdg Madagascar
25 col Colombia 58 svn Slovenia 91 mwi Malawi
26 ecu Ecuador 59 esp Spain 92 mus Mauritius
27 pry Paraguay 60 swe Sweden 93 moz Mozambique
28 per Peru 61 gbr United Kingdom 94 rwa Rwanda
29 ury Uruguay 62 che Switzerland 95 tza Tanzania
30 ven Venezuela 63 nor Norway 96 uga Uganda
31 cri Costa Rica 64 alb Albania 97 zmb Zambia
32 gtm Guatemala 65 bgr Bulgaria 98 zwe Zimbabwe
33 hnd Honduras 66 blr Belarus 99 zaf South Africa

100 row Rest of the World
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Table C3: Annual growth rates in population, labour force and GDP per capita

Country Population Labour force GDP PC Country Population Labour force GDP PC
Albania 0.148 0.270 2.200 Malawi 2.867 3.398 3.481
Argentina 0.666 0.915 3.003 Malaysia 1.353 1.626 3.094
Armenia -0.282 -0.0140 3.586 Malta 0.324 -0.742 1.989
Australia 1.426 0.720 1.544 Mauritius 0.467 0.111 3.408
Austria 0.319 -0.125 1.411 Mexico 0.939 1.422 2.280
Azerbaijan 0.730 0.737 1.519 Mongolia 1.071 1.152 7.594
Bangladesh 0.991 1.993 5.253 Morocco 0.649 1.113 4.496
Belarus -0.366 -1.011 3.844 Mozambique 1.857 2.835 5.152
Belgium 0.474 -0.210 1.238 Netherlands 0.369 -0.499 1.196
Bolivia 1.199 2.094 3.728 New Zealand 0.952 0.517 1.210
Brazil 0.670 0.842 2.625 Nicaragua 0.774 1.898 3.666
Bulgaria -0.518 -1.073 3.807 Nigeria 2.362 2.896 4.046
Burkina Faso 2.557 3.351 3.871 Norway 1.038 -0.131 0.933
Cameroon 1.673 3.067 3.680 Pakistan 1.626 2.303 2.612
Canada 0.985 0.189 1.214 Panama 1.213 1.666 4.373
Chile 0.702 0.582 3.272 Paraguay 1.342 1.952 3.440
China 0.144 0.0320 6.568 Peru 0.641 1.523 4.278
Colombia 1.074 1.208 2.709 Philippines 1.489 2.048 3.081
Costa Rica 1.196 0.974 2.788 Poland -0.0500 -0.712 2.769
Cote d’Ivoire 1.422 2.531 5.823 Portugal 0.187 -0.361 1.156
Croatia -0.166 -0.783 1.655 Rest of the World 1.671 2.145 2.886
Cyprus 1.114 0.0710 0.331 Romania -0.379 -0.571 3.011
Czech Republic 0.367 -0.785 2.660 Russian Federation -0.117 -1.045 3.592
Denmark 0.462 0.0380 1.039 Rwanda 2.325 3.260 4.549
Ecuador 1.091 1.688 2.574 Saudi Arabia 2.132 1.735 2.172
Egypt 1.379 1.682 3.655 Senegal 2.086 3.150 3.130
El Salvador 0.161 1.249 2.164 Singapore 0.902 0.772 2.126
Estonia -0.167 -0.709 3.458 Slovakia 0.185 -0.510 2.698
Ethiopia 2.029 3.248 4.442 Slovenia 0.252 -0.573 1.609
Finland 0.429 -0.439 1.371 South Africa 0.782 0.635 3.113
France 0.571 -0.0360 1.077 South Korea 0.151 -0.208 3.172
Georgia -0.621 -0.968 5.057 Spain 0.430 -0.248 0.744
Germany -0.0570 -0.992 1.295 Sri Lanka 0.583 0.368 5.210
Ghana 1.955 2.526 5.192 Sweden 0.793 0.250 1.566
Greece 0.00800 -0.467 1.229 Switzerland 0.530 0.556 1.250
Guatemala 1.761 3.118 2.219 Taiwan 0.0760 0.0760 1.887
Honduras 1.412 2.561 2.640 Tanzania 2.468 3.258 4.327
Hungary -0.254 -0.728 1.949 Thailand 0.410 -0.202 4.153
India 1.114 1.371 5.047 Togo 1.715 2.741 3.663
Indonesia 0.728 1.429 5.342 Tunisia 0.764 0.839 3.829
Iran 0.869 1.044 1.694 Turkey 0.942 1.114 2.970
Ireland 1.054 0.529 1.153 Uganda 2.965 3.851 3.923
Israel 2.012 1.194 1.907 Ukraine -0.502 -1.081 4.109
Italy 0.114 -0.433 0.940 United Kingdom 0.608 -0.299 1.377
Japan -0.247 -0.834 1.257 United States 0.758 0.288 1.613
Kenya 2.033 2.994 3.542 Uruguay 0.118 0.412 3.248
Latvia -0.542 -0.978 3.571 Venezuela 1.210 1.486 2.079
Lithuania -0.427 -0.771 3.048 Viet Nam 0.747 0.873 5.118
Luxembourg 1.443 0.809 0.776 Zambia 2.480 3.614 4.390
Madagascar 2.397 3.131 2.685 Zimbabwe 0.292 3.330 3.948
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C.2 Overview of parameters in the model

Table C4 contains a list of all parameters employed in the model together with a de-
scription of the source. Since the model is solved in relative changes we do not need the
various shifter parameters. Information on shares is sufficient, which are based on the
2030 baseline data discussed in the previous subsection. Three sets of parameters are
employed in the model. First, the dispersion parameters for the productivity distribution
𝜃𝑠 are based on the trade cost elasticities estimated structurally from a gravity equa-
tion as described in the main text. Second, we need to obtain value for the preference
parameters related to the CDE utility function. The substitution parameters 𝛾𝑗𝑠 are
calculated from the own-price elasticities of substitution. The expansion parameters 𝜂𝑗𝑠

can then be calculated from income elasticities and the 𝛾𝑗𝑠. The own-price elasticities
are based on spending shares and income elasticities with the income elasticities vary-
ing by region and estimated based on consumer expenditures from the GTAP-database.
Hertel et al. (2015) provide further discussion of the sources of the income elasticities
and the calibration procedure. Third, factor supply elasticities have to be obtained,
consisting of the elasticities of substitution between factor inputs, 𝜌𝑠, the elasticities of
transformation between immobile factors, 𝜇𝑑, and the labour supply parameters 𝜀𝑗 and
𝜚𝑗 .54 The substitution elasticities between factor inputs in each of the sectors are based
on a review of the empirical literature in the SALTER project (Zeitsch et al., 1991).
The values range between 0.25 for agricultural goods and 1.68 for the transport sector.
The elasticities of transformation for land and natural resources are set at respectively
-1 and -0.001. This means that there is limited scope for moving land across sectors and
that natural resources are almost fully immobile.

54The second and third sets of parameters are taken from external sources and not estimated based on
the same data as the data used for the counterfactual simulations and in that sense thus not structurally
estimated. This approach cannot be considered as invalid in comparison with recent studies in the trade
literature with for example a Cobb-Douglas specification for value added as a function of production
factors. Although these studies do structurally estimate all other parameters, they do for example not
estimate the substitution elasticity between production factors, since it is implicitly assumed that this
elasticity is equal to 1.
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Table C4: Overview of parameters in the model

Description parameters Parameters Source
Demand
Cobb-Douglas spending shares on private goods, 𝜅𝑐

𝑗 ; 𝑐 = 𝑝𝑟, 𝑔𝑜, 𝑠𝑎 -
government goods and savings
Distribution parameter private goods 𝛼𝑗𝑠 Hertel et al. (2015) and GTAP9-Data
Substitution parameter private goods 𝛾𝑗𝑠 Hertel et al. (2015) and GTAP9-Data
Expansion parameter private goods 𝜂𝑗𝑠 Hertel et al. (2015) and GTAP9-Data
Cobb-Douglas spending shares government goods 𝛽𝑗𝑠 -
Ratio of budget deficit to income plus tax revenues 𝑏𝑑𝑟𝑖 GTAP9-Data
International trade
Dispersion parameter 𝜃𝑠 Own estimates GTAP9-Data
Technology parameter 𝜆𝑖𝑠 -
Iceberg trade costs 𝜏𝑖𝑗𝑠 -
Transport sector
Shifter for share of transport services 𝛾𝑖𝑗𝑠 -
Shifter for share of transport services by mode 𝜁𝑚

𝑖𝑗𝑠; 𝑚 = 𝑠𝑢𝑟, 𝑎𝑖𝑟 -
Shifter for share of transport service 𝑚 sourced -
from country 𝑖 κ𝑚

𝑖 -
Production
Total factor productivity of gross output 𝜙𝑖𝑠 Own estimates GTAP9-Data
Shifter for share of value added in gross output 𝜛𝑣𝑎

𝑖𝑠 -
Shifter for share of intermediate in gross output 𝜛𝑖𝑛𝑡

𝑖𝑢𝑠 -
Substitution elasticity between production factors 𝜌𝑠 (Zeitsch et al., 1991)
Shifter for share of production factors in value added 𝜄𝑖𝑠𝑒 -
Shifter for share of immobile factor used across sectors 𝜗𝑖𝑠𝑑 -
Elasticity of transformation factors across sectors 𝜇𝑑 Hertel et al. (2015)
Frisch labour supply elasticity 𝜖𝑗 Chetty (2012)
Parameter governing income elasticity of labour supply 𝜚𝑗 Chetty (2012)
Savings and investment
Depreciation rate of capital 𝛿𝑖 GTAP9-Data
Shifter for share of investment from different sectors 𝜛𝑖𝑛

𝑖𝑠 -
Tax rates
Tax on use of endowment 𝑒 in sector 𝑠 𝑡𝑒𝑛𝑑

𝑖𝑠𝑒 -
Income tax on endowment 𝑒 𝑡𝑖𝑛𝑐

𝑖𝑒 -
Tax on gross output in sector 𝑠 𝑡𝑝𝑟𝑜𝑑

𝑖𝑠 -
Tax on purchases by group 𝑎𝑔 from source 𝑠𝑜 𝑡𝑠𝑜,𝑎𝑔

𝑗𝑠 -
Tariff revenues on imports from 𝑖 to 𝑗 in sector 𝑠 𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 -
Tax revenues on exports from 𝑖 to 𝑗 in sector 𝑠 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 -
Labour market
Hicksian elasticity of labour supply 𝜂𝐻𝐼𝐶𝐾𝑆

𝑗 Chetty (2012)
Income elasticity of labour supply 𝜂𝐼𝑁𝐶

𝑗 Chetty (2012)
CO2 Emissions
Factor of proportionality demand and CO2 emissions 𝜍𝑎𝑔,𝑠𝑜

𝑖𝑠,𝑐𝑜2 GTAP9
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To calibrate the labour supply parameters 𝜀𝑗 and 𝜚𝑗 , we derive the compensated
(Hicksian) elasticity of labour supply and the income elasticity of labour supply. To do
so we substitute the budget constraint into equation (B.23):

𝜒𝑠𝑘

(︁̃︂𝑞𝑒𝑛𝑑
𝑗𝑠𝑘

)︁ 1
𝜀𝑗[︃

𝑢𝑗

𝑥𝑗

(︃
𝐸∑︀

𝑒=1
𝑡𝑖𝑛𝑐
𝑗𝑒 𝑤𝑗𝑒𝑝𝑜𝑝𝑗

̃︂𝑞𝑒𝑛𝑑
𝑗𝑒 − 𝛿𝑗𝑤𝑒𝑛𝑑

𝑗𝑐𝑎 𝑞𝑒𝑛𝑑
𝑗𝑐𝑎 + 𝑡𝑟𝑖𝑛𝑑

𝑗

)︃
1+𝑏𝑑𝑟𝑗

𝑝𝑜𝑝𝑗

]︃−𝜚𝑗
=

𝑡𝑖𝑛𝑐
𝑗𝑠𝑘𝑤𝑗𝑠𝑘 (1 + 𝑏𝑑𝑟𝑗)

1
Ψ𝑗

𝑥𝑗

𝑢𝑗

(C.1)

To calibrate the labour supply parameters we assume that the feedback effects as a result
of non-homothetic preferences are negligible and assume that Ψ𝑗 and the ratio of 𝑥𝑗/𝑢𝑗

are constant (and act like a price of 𝑢𝑗). We can then easily determine the Marshal-
lian and Hicksian elasticity of labour supply (see also Keane (2011)). The Marshallian
elasticity is given by:

𝜂𝑀𝐴𝑅𝑆
𝑗 = 𝜀𝑗 (1 − 𝜚𝑗𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗)

1 + 𝜀𝑗𝜚𝑗𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗
(C.2)

𝑙𝑎𝑏𝑠ℎ𝑗 is the share of labour income in total income. The elasticity of labour supply
with respect to residual labour income is equal to:

𝜂𝐼𝑁𝐶
𝑗 = −(1 − 𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗) 𝜚𝑗𝜀𝑗

(1 + 𝜀𝑗𝜚𝑗𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗) (C.3)

The Hicksian elasticity is thus equal to:

𝜂𝐻𝐼𝐶𝐾𝑆
𝑗 = 𝜂𝑀𝐴𝑅𝑆

𝑗 − 𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗

1 − 𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗
𝜂𝐼𝑁𝐶

𝑗 = 𝜀𝑗

1 + 𝜀𝑗𝜚𝑗𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗
(C.4)

To calibrate the model we solve for the parameters 𝜀𝑗 and 𝜚𝑗 as a function of 𝜂𝐻𝐼𝐶𝐾𝑆
𝑗

and 𝜂𝐼𝑁𝐶
𝑗 . This gives the following expressions:

𝜚𝑗 = −
𝜂𝐼𝑁𝐶

𝑗

𝜂𝐻𝐼𝐶𝐾𝑆
𝑗 (1 − 𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗)

(C.5)

𝜀𝑗 =
𝜂𝐻𝐼𝐶𝐾𝑆

𝑗 (1 − 𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗)[︁
(1 − 𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗) + 𝜂𝐼𝑁𝐶

𝑗 𝑙𝑎𝑏𝑠ℎ𝑠ℎ𝑗

]︁ (C.6)

We follow Chetty (2012) and set the Hicksian elasticity of labour supply 𝜂𝐻𝐼𝐶𝐾𝑆
𝑗 at 0.5.

For the income elasticity 𝜂𝐼𝑁𝐶
𝑗 we use the value −0.1, which falls in the range explored

by Chetty (2012) and which is the value recommended by Boeters and Savard (2013).
The values for 𝜚𝑗 and 𝜀𝑗 vary across countries, as a result of the varying share of labour
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income. The average share is about 0.5 and for this value we get 𝜚𝑗 = 0.4 and 𝜀𝑗 = 0.56,
aligning with the values used by Arkolakis and Esposito (2014) in their quantitative
exercises. As in Chetty (2012) the Frisch elasticity 𝜀𝑗 is close to the Hicksian elasticity
as a result of the small income elasticity.55

To determine the factor of proportionality between CO2 emissions and demand by
the different groups of agents of sector 𝑠 goods, 𝜍𝑎𝑔,𝑠𝑜

𝑖𝑠,𝑐𝑜2, we use the supplementary emis-
sions data from the GTAP database. The GTAP database regularly incorporates CO2
emissions data from the International Energy Agency (IEA), following UN IPCC guide-
lines, allocated based on GTAP energy volume data. This involves the Tier 1 method of
IPCC Guidelines. Phrased differently, the CO2 emissions as a result of energy demand
are mapped into the corresponding CO2 emissions for demand of sector 𝑠 goods. See
McDougall and Golub (2007) and Lee (2008) for further discussion. The integration of
global input-output data with greenhouse gas is an ongoing initiative, supported in part
by the EPA and including the MIT Joint Program on the Science and Policy of Global
Change.56

C.3 Motivation for the use of mode-weighted average distance

In this appendix we formally underpin the use of the mode weighted average distance
in the gravity equation. Total iceberg trade costs are equal to the costs that have to be
incurred in shipping goods by air and shipping goods by surface. The total value of goods
melting away is given by the sum of the melts in air-shipment and in surface-shipment:

(𝜏𝑖𝑗𝑠 − 1) 𝑥𝑖𝑗𝑠 =
(︁
𝜏 𝑠𝑢𝑟

𝑖𝑗𝑠 − 1
)︁

𝑥𝑠𝑢𝑟
𝑖𝑗𝑠 +

(︁
𝜏𝑎𝑖𝑟

𝑖𝑗𝑠 − 1
)︁

𝑥𝑎𝑖𝑟
𝑖𝑗 (C.7)

We can thus write 𝜏𝑖𝑗𝑠 as:

𝜏𝑖𝑗𝑠 =

(︁
𝜏 𝑠𝑢𝑟

𝑖𝑗𝑠 − 1
)︁

𝑥𝑠𝑢𝑟
𝑖𝑗 +

(︁
𝜏𝑎𝑖𝑟

𝑖𝑗𝑠 − 1
)︁

𝑥𝑎𝑖𝑟
𝑖𝑗

𝑥𝑖𝑗
+ 1 =

𝜏 𝑠𝑢𝑟
𝑖𝑗 𝑥𝑠𝑢𝑟

𝑖𝑗 + 𝜏𝑎𝑖𝑟
𝑖𝑗 𝑥𝑎𝑖𝑟

𝑖𝑗

𝑥𝑖𝑗
(C.8)

In our model the value shares of goods shipped by air and surface are fixed, because of
the Cobb Douglas specification (see Appendix B.5). Therefore we can write:

𝜏𝑖𝑗𝑠 = 𝑠𝑠𝑢𝑟
𝑖𝑗𝑠 𝜏 𝑠𝑢𝑟

𝑖𝑗𝑠 + 𝑠𝑎𝑖𝑟
𝑖𝑗𝑠𝜏𝑎𝑖𝑟

𝑖𝑗𝑠 (C.9)
55Working with the labour shares of each of the skill groups would not change much to the calibration.

With a 𝑙𝑎𝑏𝑠ℎ𝑗 of 0.2 we would get 𝜀𝑗 = 0.513 and 𝜚𝑗 = 0.25.
56Further information is provided in https://www.gtap.agecon.purdue.edu/models/energy/default.asp.
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With 𝑠𝑚
𝑖𝑗𝑠 defined as the fixed value share of mode 𝑚 in total trade. Next we can write

mode-specific iceberg trade costs 𝜏𝑚
𝑖𝑗𝑠 as a log linear function of a vector of all observable

gravity variables except distance, which do not vary by mode, gr−𝑑𝑖𝑠𝑡
𝑖𝑗𝑠 , distance 𝑑𝑖𝑠𝑡𝑚

𝑖𝑗

which varies by mode and unobservable trade costs ̃︀𝜏𝑖𝑗𝑠, which neither vary by mode:

𝜏 𝑠𝑢𝑟
𝑖𝑗 =

(︁
𝑑𝑖𝑠𝑡𝑠𝑢𝑟

𝑖𝑗

)︁𝜈𝑠

𝑔𝑟−𝑑𝑖𝑠𝑡
𝑖𝑗𝑠 ̃︀𝜏𝑖𝑗𝑠 (C.10)

𝜏𝑎𝑖𝑟
𝑖𝑗 =

(︁
𝑑𝑖𝑠𝑡𝑎𝑖𝑟

𝑖𝑗

)︁𝜈𝑠

𝑔𝑟−𝑑𝑖𝑠𝑡
𝑖𝑗𝑠 ̃︀𝜏𝑖𝑗𝑠 (C.11)

Substituting equations (C.9)-(C.11) into the theoretical gravity equation (22) then leads
to:

𝑥𝑖𝑗𝑠 =

[︂
𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑐𝑖𝑠𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 𝑖𝑡𝑚𝑖𝑗𝑠𝑡𝑖𝑚𝑝
𝑖𝑗𝑠 (𝑠𝑠𝑢𝑟

𝑖𝑗𝑠 (𝑑𝑖𝑠𝑡𝑠𝑢𝑟
𝑖𝑗 )𝜈𝑠 +𝑠𝑎𝑖𝑟

𝑖𝑗𝑠 (𝑑𝑖𝑠𝑡𝑎𝑖𝑟
𝑖𝑗 )𝜈𝑠)𝑔𝑟−𝑑𝑖𝑠𝑡

𝑖𝑗𝑠 ̃︀𝜏𝑖𝑗𝑠

𝜆𝑖𝑠

]︂−𝜃𝑠

Φ𝑖𝑚𝑝
𝑗𝑠

𝑥𝑖𝑚𝑝
𝑗𝑠 (C.12)

The other trade costs do not vary by mode of transport (the international transport
margin is already an aggregate of transport costs on air and surface transport). We can
thus turn the theoretical gravity equation (C.12) into the empirical gravity equation (24)
in the main text with gr𝑖𝑗𝑠 defined as:

gr𝑖𝑗𝑠 = gr−𝑑𝑖𝑠𝑡
𝑖𝑗𝑠 𝑑𝑖𝑠𝑡𝑤

𝑖𝑗 (C.13)

With the mode-weighted average distance 𝑑𝑖𝑠𝑡𝑤
𝑖𝑗 defined as:

𝑑𝑖𝑠𝑡𝑤
𝑖𝑗 =

[︁
𝑠𝑠𝑢𝑟

𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑠𝑢𝑟

𝑖𝑗

)︁𝜈𝑠

+ 𝑠𝑎𝑖𝑟
𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑎𝑖𝑟

𝑖𝑗

)︁𝜈𝑠
]︁ 1

𝜈𝑠 (C.14)

For completeness we write the estimated gravity equation here:

𝑥𝑖𝑗𝑠 = exp
(︁
𝑑𝑖𝑠 + 𝑑𝑗𝑠 − 𝜃𝑠 ln 𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 𝑖𝑡𝑚𝑖𝑗𝑠𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 + 𝜉−𝑑𝑖𝑠𝑡

𝑠 ln gr−𝑑𝑖𝑠𝑡
𝑖𝑗𝑠 − 𝜃𝑠𝜈𝑠𝑑𝑖𝑠𝑡𝑤

𝑖𝑗

)︁
𝜀𝑖𝑗𝑠 (C.15)

The coefficient on the mode-weighted average distance 𝑑𝑖𝑠𝑡𝑤
𝑖𝑗 is equal to −𝜃𝑠𝜈𝑠. We esti-

mate equation (C.15) iteratively, starting with 𝜈𝑠 = 1 in equation (C.14) and updating
𝜈𝑠 from the estimated coefficients on ln 𝑡𝑖𝑚𝑝

𝑖𝑗𝑠 𝑖𝑡𝑚𝑖𝑗𝑠𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 and 𝑑𝑖𝑠𝑡𝑤

𝑖𝑗 , 𝑣𝑠 = 𝜃𝑠𝜈𝑠
𝜃𝑠

, until the
coefficients do not change anymore. Hence we have provided a formal underpinning for
the use of the mode-weighted average distance in the gravity equation. The two assump-
tions required to do so are that the choice between mode of transport is Cobb-Douglas
and that the elasticity of iceberg trade costs with respect to distance 𝜈𝑠 is equal for the
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different modes of transport. Abstracting from these assumptions would require data on
mode-specific trade flows, which are not available for our global dataset.57

The percentage change in iceberg trade costs (from 𝜏𝑖𝑗𝑠 to 𝜏𝑁𝑆𝑅
𝑖𝑗𝑠 ) as a result of a

reduction in shipping distance (equation (26) in the main text) can now be calculated
as follows using the expressions for iceberg trade costs in equations (C.9)-(C.11):

𝜏𝑁
𝑖𝑗𝑠

𝜏𝑂
𝑖𝑗𝑠

− 1 =
𝑠𝑠𝑢𝑟

𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑠𝑢𝑟,𝑁

𝑖𝑗

)︁𝜈𝑠

𝑔𝑟−𝑑𝑖𝑠𝑡
𝑖𝑗𝑠 ̃︀𝜏𝑖𝑗𝑠 + 𝑠𝑎𝑖𝑟

𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑎𝑖𝑟

𝑖𝑗

)︁𝜈𝑠

𝑔𝑟−𝑑𝑖𝑠𝑡
𝑖𝑗𝑠 ̃︀𝜏𝑖𝑗𝑠

𝑠𝑠𝑢𝑟
𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑠𝑢𝑟,𝑂

𝑖𝑗

)︁𝜈𝑠

𝑔𝑟−𝑑𝑖𝑠𝑡
𝑖𝑗𝑠 ̃︀𝜏𝑖𝑗𝑠 + 𝑠𝑎𝑖𝑟

𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑎𝑖𝑟

𝑖𝑗

)︁𝜈𝑠

𝑔𝑟−𝑑𝑖𝑠𝑡
𝑖𝑗𝑠 ̃︀𝜏𝑖𝑗𝑠

− 1

=
𝑠𝑠𝑢𝑟

𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑠𝑢𝑟,𝑁

𝑖𝑗

)︁ 𝜉𝑠
𝜃𝑠 + 𝑠𝑎𝑖𝑟

𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑎𝑖𝑟

𝑖𝑗

)︁ 𝜉𝑠
𝜃𝑠

𝑠𝑠𝑢𝑟
𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑠𝑢𝑟,𝑂

𝑖𝑗

)︁ 𝜉𝑠
𝜃𝑠 + 𝑠𝑎𝑖𝑟

𝑖𝑗𝑠

(︁
𝑑𝑖𝑠𝑡𝑎𝑖𝑟

𝑖𝑗

)︁ 𝜉𝑠
𝜃𝑠

− 1

In the second line we have used that 𝜈𝑠 is calculated by dividing the estimated distance
elasticity 𝜉𝑠 by the estimated trade elasticity 𝜃𝑠.

C.4 Derivation of the estimating equation for the international transport margin

We define the surface transport margin as the payment to surface transport services
divided by the fob-value of trade. We use a tilde to indicate that this is the normal
margin instead of the margin in power terms (without tilde):

𝑖𝑡𝑚𝑚
𝑖𝑗𝑠 =

𝑝𝑚𝑡𝑠𝑚
𝑖𝑗𝑠

𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 𝑞𝑖𝑗𝑠

(C.16)

Using equations (B.48)-(B.50) we can rewrite the expression for 𝑖𝑡𝑚𝑚
𝑖𝑗𝑠 as follows:58

𝑖𝑡𝑚𝑚
𝑖𝑗𝑠 =

𝑎𝑚
𝑖𝑗𝑠𝜁𝑚

𝑖𝑗𝑠𝑡𝑠𝑖𝑗𝑠

𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠 𝑞𝑓𝑜𝑏
𝑖𝑗𝑠

=
𝑎𝑚

𝑖𝑗𝑠𝜁𝑚
𝑖𝑗𝑠𝛾𝑖𝑗𝑠

𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑
𝑖𝑠 𝑡𝑒𝑥𝑝

𝑖𝑗𝑠

(C.17)

Writing 𝑎𝑚
𝑖𝑗𝑠𝜁𝑚

𝑖𝑗𝑠𝛾𝑖𝑗𝑠 as a log-linear function of distance between country 𝑖 and 𝑗, ln 𝑎𝑚
𝑖𝑗𝑠𝜁𝑚

𝑖𝑗𝑠𝛾𝑖𝑗𝑠 =
𝜖𝑖𝑡𝑚,𝑑𝑖𝑠𝑡 ln 𝑑𝑖𝑠𝑡𝑖𝑗 and port infrastructure in importer country 𝑗, 𝑝𝑜𝑟𝑡𝑗 and capturing
𝑐𝑖𝑠𝑡𝑝𝑟𝑜𝑑

𝑖𝑠 𝑡𝑒𝑥𝑝
𝑖𝑗𝑠 by exporter and industry fixed effects, respectively 𝑑𝑗 and 𝑑𝑠, gives the fol-

57In calculating the mode weighted average distance we think it is acceptable to approximate the mode
shares with European data from Eurostat. Using this approximation for the main dependent variable,
trade flows, would not be acceptable.

58The sum of surface and air transport margin is equal to the total transport margin,
∑︀
𝑚

𝑖𝑡𝑚𝑚
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𝑚
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𝑝𝑟𝑜𝑑
𝑖𝑠

𝑡
𝑒𝑥𝑝
𝑖𝑗𝑠

𝑞
𝑓𝑜𝑏
𝑖𝑗𝑠

=
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𝑚

𝑝𝑚
𝑖𝑗𝑠𝑡𝑠𝑚

𝑖𝑗𝑠
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𝑝𝑟𝑜𝑑
𝑖𝑠

𝑡
𝑒𝑥𝑝
𝑖𝑗𝑠

𝑞
𝑓𝑜𝑏
𝑖𝑗𝑠

= 𝑖𝑡𝑚𝑖𝑗𝑠
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lowing estimating equation:

ln 𝑖𝑡𝑚𝑚
𝑖𝑗𝑠 = 𝜖𝑖𝑡𝑚,𝑑𝑖𝑠𝑡 ln 𝑑𝑖𝑠𝑡𝑖𝑗 + 𝜖𝑖𝑡𝑚,𝑝𝑜𝑟𝑡𝑝𝑜𝑟𝑡𝑗 + 𝑑𝑗 + 𝑑𝑠 + 𝜀𝑚

𝑖𝑗𝑠 (C.18)

Imposing that 𝜁𝑚
𝑖𝑗𝑠𝛾𝑖𝑗𝑠 stays constant, we can thus calculate the change in 𝑎𝑚

𝑖𝑗𝑠 as follows:

Δ ln 𝑎𝑚
𝑖𝑗𝑠 = 𝜖𝑖𝑡𝑚,𝑑𝑖𝑠𝑡

(︁
ln 𝑑𝑖𝑠𝑡𝑠𝑢𝑟,𝑁𝑆𝑅

𝑖𝑗 − ln 𝑑𝑖𝑠𝑡𝑠𝑢𝑟
𝑖𝑗

)︁
Δ ln 𝑎𝑚

𝑖𝑗𝑠 corresponds with 𝑎𝑡𝑎𝑙𝑙 in the GEMPACK-code. Since 𝑖𝑡𝑚𝑚
𝑖𝑗𝑠 is proportional

with 𝑎𝑚
𝑖𝑗𝑠, the relative change in the latter gives us the relative change in the former as

in the main text.

C.5 Importance of shipping distance changes

To shed light on the importance of changes in shipping distance, we explore how much
the variation in distance contributes to the variation in trade flows. We do this in two
ways. First, we show that distance explains between 3% and 19% of the variation in
trade flows in the different sectors with all control variables (see the last row of Table
2). Second, due to multicollinearity with variables like FTA, we have also evaluated the
change in the pseudo-R2 at the sectoral level when including distance in a regression of
trade values with only importer and exporter fixed effects (see Table C6). This exercise
shows that including distance makes a huge difference, raising the R2 by between 18%
and 53% in the different sectors. So the change in shipping distance as a result of the
NSR is an important factor to explain variation in trade flows.
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Table C5: PPML gravity estimates for manufacturing sectors

transport margin

distance * dummy CRP 0.146 STRI AVE 0.074
(19.32)*** (6.60)***

distance * dummy ELE 0.179 shallow FTA -0.273
(27.61)*** (15.74)***

distance * dummy MTL 0.186 medium FTA -0.112
(28.15)*** (7.81)***

distance * dummy MVH 0.124 deep FTA -0.096

(15.51)*** (5.72)***

distance * dummy OGD 0.083 PE index 1 0.040
(11.91)*** (15.52)***

distance * dummy OMC 0.119 PE index 2 0.041
(19.11)*** (8.57)***

distance * dummy PRA 0.100 common colony 0.031
(11.45)*** (1.64)

distance * dummy PRE 0.193 language 0.021
(16.20)*** (1.71)*

distance * dummy PRF 0.137 contiguous 0.269
(19.74)*** (15.68)***

distance * dummy PC 0.193 former colony 0.073
(19.40)*** (3.65)***

distance * dummy TOT 0.125 joint mass -0.623
(15.69)*** (7.40)***

distance * dummy BT 0.156 EU 0.130
(14.45)*** (7.22)***

𝑁 56,271
Notes: PPML estimates. Standard errors in parenthesis. Significance levels: *** 𝑝 < 0.01, ** 𝑝 < 0.05,
* 𝑝 < 0.1.
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Table C6: Robustness check: measures of distance and dummies model only

B_T CRP ELE
shipping CEPII no shipping CEPII no shipping CEPII no
distance distance distance distance distance distance distance distance distance

𝑁 11,863 11,863 11,863 11,863 11,863 11,863 11,863 11,863 11,863
pseudo 𝑅2 0.9831 0.9660 0.4902 0.9673 0.9545 0.6572 0.9483 0.9398 0.7698
BIC 1.2e+05 3.5e+05 6.7e+06 2.1e+06 2.9e+06 2.3e+07 1.5e+06 1.7e+06 7.0e+06

MTL MVH OGD
shipping CEPII no shipping CEPII no shipping CEPII no
distance distance distance distance distance distance distance distance distance

𝑁 11,863 11,863 11,863 11,863 11,863 11,863 11,863 11,863 11,863
pseudo R2 0.9734 0.9536 0.6407 0.9564 0.9554 0.6735 0.9812 0.9633 0.5968
BIC 1.7e+06 3.0e+06 2.4e+07 1.6e+06 1.6e+06 1.3e+07 1.7e+06 3.5e+06 3.9e+07

OMC PRA PRE
shipping CEPII no shipping CEPII no shipping CEPII no
distance distance distance distance distance distance distance distance distance

𝑁 11,863 11,863 11,863 11,863 11,863 11,863 11,863 11,863 11,863
pseudo R2 0.9675 0.9500 0.7274 0.9796 0.9700 0.5013 0.9262 0.9009 0.6320
BIC 2.4e+06 3.8e+06 2.1e+07 8.5e+05 1.3e+06 2.3e+07 2.1e+06 2.8e+06 1.1e+07

PRF P_C
shipping CEPII no shipping CEPII no shipping CEPII no
distance distance distance distance distance distance distance distance distance

𝑁 11,863 11,863 11,863 11,863 11,863 11,863
pseudo R2 0.9829 0.9621 0.4559 0.9647 0.9389 0.5144
BIC 9.2e+05 2.2e+06 3.3e+07 9.4e+05 1.7e+06 1.4e+07

Notes: PPML estimates, all including source and destination fixed effects and variations on distance
controls. Significance levels: *** 𝑝 < 0.01, ** 𝑝 < 0.05, * 𝑝 < 0.1. Sector codes: B_T beverages &
tobacco; CRP chemicals, rubber, plastics; ELE electrical machinery; MTL metals; MVH motor vehi-
cles; OGD other goods; OMC other machinery; PRA primary agriculture; PRE primary energy; PRF
processed foods; P_C petrochemicals.
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C.6 Trade values by mode of transport
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Figure C1: Trade by surface between the EU and the World
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Figure C2: Trade by surface between the EU and East Asia
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D Counterfactual analysis

D.1 Additional labour market results

In Table D1, we present the changes in real wages and employment. First, we observe
that changes in real wages and employment have a similar pattern to changes in real
income. Countries displaying increasing real wages are also expected to experience in-
creases in real incomes. Moreover, this pattern applies to all three skill types –i.e. low,
medium and high skilled workers. This reflects that there are only minor changes in
the relative demand of each skill level. This is also expected given the relatively small
changes in sectoral output. The demand for skills varies by economic sectors, but if the
output shares of these sectors do not change significantly, then this is reflected in small
changes in relative demand and thus, the wages for all skill levels.

From Table D1 we also observe that aggregate employment changes by country are
negligible. Changes are usually below a tenth of a percentage point.

However, when we look at the sectoral level, the changes in employment are more rel-
evant. To summarise the sectoral changes in employment we construct a labour displace-
ment indicator, which is calculated as the weighted standard deviation of the changes
in sectoral employment. This is a standardised measure of the percentage change in
employment by country. Although it varies much between countries, in Table D2 we
observe that on average around 0.5% or less of the total labour force is displaced to
another sector. Furthermore, in Table D2 we also present the sectoral changes for low
skill workers in four selected sectors. Here we observe that the sectoral displacement is
also relatively modest (i.e. less than one percentage points).59

59As a robustness check we also run simulations with a fixed, exogenous labour supply. Results are
available upon request.
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Table D1: Counterfactual results for the labour market, real wages and total employment
changes for three skill levels, percentage changes

Changes in real wages Changes in total employment
low skill med skill high skill low skill med skill high skill

Austria 0.15 0.13 0.14 0.05 0.04 0.04
Belgium 0.44 0.38 0.38 0.14 0.11 0.11
Bulgaria -0.06 -0.03 -0.04 -0.03 -0.01 -0.02
Croatia -0.05 -0.05 -0.04 -0.02 -0.02 -0.02
Czech Republic 0.18 0.19 0.20 0.06 0.06 0.07
Denmark 0.20 0.16 0.17 0.05 0.03 0.04
Estonia 0.23 0.20 0.20 0.07 0.06 0.06
Finland 0.11 0.09 0.09 0.03 0.02 0.02
France 0.04 0.03 0.03 0.01 0.01 0.01
Germany 0.23 0.18 0.19 0.08 0.06 0.06
Greece -0.05 -0.05 -0.05 -0.02 -0.02 -0.02
Hungary -0.12 -0.07 -0.08 -0.05 -0.02 -0.03
Ireland 0.20 0.18 0.20 0.07 0.05 0.06
Italy -0.03 -0.02 -0.02 -0.01 -0.01 -0.01
Latvia 0.14 0.19 0.18 0.03 0.06 0.05
Lithuania 0.15 0.16 0.16 0.04 0.04 0.04
Netherlands 0.17 0.17 0.19 0.05 0.04 0.05
Poland 0.10 0.12 0.13 0.02 0.04 0.04
Portugal -0.03 -0.01 -0.01 -0.01 0.00 -0.01
Romania -0.03 -0.03 -0.03 -0.02 -0.01 -0.01
Slovakia 0.25 0.24 0.25 0.09 0.08 0.08
Slovenia -0.07 -0.07 -0.07 -0.02 -0.02 -0.02
Spain 0.00 0.01 0.00 0.00 0.00 0.00
Sweden 0.13 0.11 0.12 0.04 0.03 0.03
United Kingdom 0.13 0.14 0.14 0.03 0.04 0.03
Norway 0.10 0.10 0.11 0.03 0.03 0.03
Turkey 0.01 -0.01 -0.01 0.00 -0.01 -0.01
China 0.07 0.08 0.09 0.02 0.02 0.02
Japan 0.14 0.11 0.13 0.05 0.03 0.04
Korea 0.18 0.16 0.18 0.05 0.04 0.05
United States 0.01 0.00 0.00 0.00 0.00 0.00

Source: Own estimations using the GTAP database.
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Table D2: Counterfactual results for the labour market, labour displacement and em-
ployment changes for low skill workers in selected sectors, percentage changes

Labor displacement Sectoral employment changes
(weighted standard deviation) low skill workers
low skill med skill high skill 3 PRF 7 MTL 8 MVH 11 OGD

Austria 0.15 0.12 0.10 0.32 -0.20 0.70 -0.11
Belgium 0.32 0.24 0.20 0.16 -0.18 0.50 -0.55
Bulgaria 0.17 0.09 0.12 0.09 -0.58 -0.15 -0.25
Croatia 0.08 0.07 0.07 0.05 -0.16 -0.29 -0.20
Czech Republic 0.23 0.18 0.17 0.14 -0.17 0.16 -0.34
Denmark 0.45 0.28 0.28 1.03 -0.66 -0.24 -0.99
Estonia 0.29 0.20 0.22 0.17 -0.08 -0.25 -0.51
Finland 0.22 0.11 0.12 0.20 -0.47 0.01 -0.10
France 0.12 0.08 0.07 0.18 -0.21 -0.26 -0.21
Germany 0.43 0.29 0.29 0.07 -0.34 1.05 -0.80
Greece 0.10 0.06 0.05 0.00 -0.16 -0.16 -0.16
Hungary 0.18 0.13 0.15 0.12 -0.13 -0.14 -0.15
Ireland 0.32 0.19 0.22 0.10 -0.72 -0.75 -1.04
Italy 0.08 0.05 0.05 0.06 -0.05 -0.26 -0.11
Latvia 0.40 0.25 0.28 0.29 -0.10 -0.19 -0.42
Lithuania 0.23 0.15 0.16 0.20 0.12 0.09 -0.39
Netherlands 0.42 0.28 0.20 0.48 -0.06 0.08 -1.08
Poland 0.23 0.16 0.16 0.24 -0.01 0.08 -0.42
Portugal 0.11 0.06 0.06 0.14 -0.05 -0.15 -0.17
Romania 0.10 0.07 0.07 0.02 -0.01 -0.16 -0.14
Slovakia 0.68 0.45 0.39 0.09 -0.50 2.31 -0.48
Slovenia 0.13 0.10 0.09 0.17 -0.12 -0.23 -0.16
Spain 0.10 0.06 0.06 0.06 -0.11 -0.33 -0.12
Sweden 0.20 0.13 0.13 0.27 -0.16 0.12 -0.45
United Kingdom 0.33 0.24 0.27 0.13 0.06 0.37 -1.12
Norway 0.34 0.20 0.20 0.53 -0.03 -0.43 -0.93
Turkey 0.07 0.03 0.03 0.01 -0.01 -0.26 -0.16
China 0.15 0.11 0.10 -0.10 0.04 -0.69 0.26
Japan 0.16 0.08 0.09 -0.32 0.00 0.35 -0.03
Korea 0.15 0.11 0.10 -0.58 0.12 0.14 -0.08
United States 0.04 0.02 0.02 -0.01 -0.01 -0.06 0.01

Notes: Labour displacement is the weighted standard deviation of the sectoral changes.
Source: Own estimations using the GTAP database.
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D.2 Additional tables and figures

Table D3: East Asia, changes in trade volumes for goods for selected countries, percent-
age changes

China Japan South Korea
exports imports exports imports exports imports

Austria 12.77 14.99 17.86 23.70 11.26 16.59
Belgium 11.75 15.08 15.53 17.48 15.34 18.54
Bulgaria -1.54 0.98 -1.30 0.30 -1.03 0.42
Croatia -1.22 0.81 -1.24 -0.57 -0.74 -0.03
Czech Republic 7.68 16.92 17.10 25.06 13.54 20.23
Denmark 10.04 15.45 14.38 19.99 12.01 17.38
Estonia 8.58 15.70 13.61 26.18 12.86 21.58
Finland 9.96 14.85 14.85 24.07 10.35 17.51
France 1.09 4.45 8.89 10.99 4.10 7.77
Germany 10.61 13.15 15.02 17.36 8.55 16.00
Greece -1.08 0.52 -0.71 -0.35 -0.97 0.30
Hungary -1.67 0.48 -1.28 0.67 -1.02 0.35
Ireland 9.97 12.73 15.21 15.26 38.29 15.08
Italy -1.33 1.25 -1.13 0.14 -0.91 0.38
Latvia 10.89 22.79 13.19 38.37 11.00 29.25
Lithuania 11.99 15.07 16.24 26.31 17.18 20.11
Netherlands 11.11 16.82 15.70 24.88 17.36 18.82
Poland 11.45 16.62 15.13 23.48 10.10 18.98
Portugal -0.52 1.39 6.63 9.62 3.70 5.85
Romania -1.49 1.02 -1.36 0.19 -1.19 0.21
Slovakia 8.29 9.44 14.79 15.86 11.33 15.82
Slovenia -1.50 1.61 -1.15 0.55 -0.94 1.10
Spain -0.56 1.46 8.06 8.78 4.15 4.93
Sweden 14.42 16.13 16.57 22.35 12.17 17.05
United Kingdom 12.03 13.37 14.99 18.18 11.65 16.04

Norway 11.49 16.58 17.09 21.85 4.23 17.15
Turkey -1.18 0.62 -0.97 -0.03 -0.72 -0.03
United States -0.71 0.45 -0.54 -0.01 -0.32 0.00

Source: Own estimations using the GTAP database.
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Table D4: Changes in trade values by region for selected countries, percentage changes

Austria Belgium Czech Republic France
exports imports trade exports imports trade exports imports trade exports imports trade

Total EU -0.5 -0.4 -0.5 -0.3 -0.7 -0.5 -0.1 -0.8 -0.4 -0.6 -0.1 -0.3
South EU 0.0 -0.5 -0.3 0.3 -0.7 -0.2 0.8 -1.0 -0.1 -0.1 -0.3 -0.2

East EU -0.6 -0.1 -0.3 -0.5 -0.5 -0.5 -0.2 -0.3 -0.3 -0.8 0.3 -0.1
NW EU -0.6 -0.5 -0.5 -0.4 -0.7 -0.5 -0.1 -1.0 -0.5 -0.8 -0.1 -0.4

East Asia 8.6 11.8 10.3 10.7 11.8 11.5 13.9 8.9 9.6 4.4 2.0 2.7
RoW 0.3 -0.7 -0.1 0.4 -1.1 -0.3 1.1 -0.9 0.1 0.3 -0.4 0.0

TOTAL 0.3 0.3 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.1 0.1 0.1

Germany Greece Hungary Ireland
exports imports trade exports imports trade exports imports trade exports imports trade

Total EU -0.7 -0.5 -0.6 -0.3 0.1 -0.1 -0.6 0.0 -0.3 -0.4 -0.1 -0.2
South EU 0.0 -0.6 -0.3 -0.1 0.0 -0.1 0.1 -0.3 -0.1 0.0 0.0 0.0

East EU -1.0 -0.3 -0.6 -0.5 0.2 -0.2 -0.5 0.3 -0.2 -0.5 0.1 -0.2
NW EU -0.8 -0.5 -0.6 -0.3 0.1 -0.2 -0.7 -0.1 -0.5 -0.4 -0.1 -0.3

East Asia 10.1 9.9 9.9 0.3 -0.9 -0.4 0.5 -1.4 -1.0 2.9 5.9 3.9
RoW 0.3 -0.9 -0.2 0.0 -0.1 -0.1 0.5 -0.3 0.1 0.3 -0.3 0.1

TOTAL 0.8 0.9 0.8 -0.1 -0.1 -0.1 -0.3 -0.3 -0.3 0.3 0.3 0.3

Italy Netherlands Poland Portugal
exports imports trade exports imports trade exports imports trade exports imports trade

Total EU -0.7 0.1 -0.3 -0.2 -0.8 -0.4 0.1 -1.2 -0.5 -0.4 -0.1 -0.3
South EU -0.1 -0.1 -0.1 0.2 -0.7 -0.1 0.7 -1.5 -0.5 -0.1 -0.2 -0.1

East EU -0.8 0.4 -0.3 -0.4 -0.5 -0.4 0.0 -0.8 -0.3 -0.8 0.5 -0.2
NW EU -0.7 0.1 -0.4 -0.3 -0.8 -0.5 -0.1 -1.2 -0.6 -0.6 -0.1 -0.4

East Asia 0.6 -1.2 -0.6 6.8 9.6 8.7 11.9 11.1 11.2 1.6 0.6 1.0
RoW 0.3 -0.2 0.1 0.4 -1.1 -0.3 0.8 -0.9 -0.1 0.3 -0.2 0.1

TOTAL -0.2 -0.2 -0.2 0.4 0.4 0.4 0.5 0.5 0.5 -0.1 -0.1 -0.1

Romania Spain Sweden United Kingdom
exports imports trade exports imports trade exports imports trade exports imports trade

Total EU -0.5 0.0 -0.2 -0.3 0.0 -0.2 -0.6 -0.6 -0.6 -0.1 -0.9 -0.6
South EU 0.1 -0.2 -0.1 -0.1 -0.1 -0.1 0.1 -0.8 -0.4 0.2 -0.8 -0.5

East EU -0.4 0.3 0.0 -0.6 0.4 -0.1 -0.8 -0.3 -0.5 -0.3 -0.8 -0.6
NW EU -0.8 0.0 -0.4 -0.4 0.0 -0.2 -0.6 -0.7 -0.6 -0.1 -1.0 -0.6

East Asia 0.6 -1.4 -1.1 1.4 0.3 0.7 7.6 12.5 9.9 6.7 10.7 9.7
RoW 0.3 -0.2 0.1 0.1 -0.2 0.0 0.2 -0.7 -0.1 0.5 -1.2 -0.4

TOTAL -0.2 -0.2 -0.2 0.0 0.0 0.0 0.5 0.5 0.5 0.7 0.6 0.6

China Japan Korea USA
exports imports trade exports imports trade exports imports trade exports imports trade

Total EU 6.7 5.9 6.5 8.8 10.0 9.3 6.8 6.4 6.6 -0.9 0.5 -0.2
South EU -1.0 0.8 -0.4 1.6 1.5 1.6 0.4 0.7 0.5 -0.2 0.3 0.1

East EU 5.9 7.0 6.1 9.9 9.1 9.6 8.7 6.9 8.4 -1.1 1.1 0.1
NW EU 8.8 6.9 8.1 9.7 12.4 10.7 8.1 7.7 7.9 -1.0 0.5 -0.2

East Asia -0.5 0.2 -0.1 -0.1 -0.3 -0.2 0.1 -0.5 -0.1 0.3 -0.6 -0.3
RoW -0.5 0.5 -0.1 -0.3 0.2 0.0 -0.2 0.3 0.0 0.0 0.0 0.0

TOTAL 0.8 1.2 1.0 0.9 0.9 0.9 0.6 0.7 0.7 -0.1 -0.1 -0.1

Notes: South EU is: Cyprus, Greece, Italy, Malta, Portugal and Spain. East EU is: Bulgaria, Czech
Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia. Northwestern
EU is: Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Luxembourg, the Netherlands,
Sweden and the United Kingdom. Northeast Asia is: China, Japan, South Korea, Hong Kong and
Taiwan.
Source: Own estimations using the GTAP database.
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Table D5: Sectoral changes in export sales to China for selected countries, percentage
changes

AUT BEL CZE FRA DEU HUN ITA NLD ESP SWE GBR JPN KOR
Sector:
1 PRA 11.1 10.7 10.1 3.2 11.1 0.2 0.2 10.6 0.6 13.1 10.8 0.6 0.5
2 PRE 22.7 10.9 11.7 8.0 17.7 0.7 0.6 15.1 1.6 16.7 13.5 0.2 0.2
3 PRF 20.4 19.6 18.9 6.0 20.5 0.6 0.5 20.3 1.2 23.9 19.4 0.6 0.7
4 B_T 4.9 7.2 7.6 1.5 5.4 0.2 0.1 5.2 0.4 4.1 4.2 0.1 0.2
5 P_C 21.2 25.2 19.4 7.0 24.2 0.7 0.5 23.3 1.4 21.2 44.6 0.3 0.4
6 CRP 14.4 18.8 19.0 4.5 15.7 0.8 0.7 18.1 1.7 13.9 14.9 0.4 0.2
7 MTL 21.4 17.1 19.7 6.0 18.7 1.8 1.4 21.2 2.0 19.3 16.0 0.2 0.3
8 MVH 9.3 9.8 11.2 2.6 9.3 -0.4 -0.4 10.7 0.2 9.6 9.3 -0.5 -0.5
9 ELE 10.6 9.7 11.5 3.2 8.5 1.6 1.5 9.4 1.8 8.9 9.9 -0.1 0.3
10 OMC 16.0 17.6 19.2 5.0 15.6 2.4 1.9 17.5 2.6 16.5 16.8 -0.1 0.2
11 OGD 19.0 17.8 20.5 6.6 19.1 1.1 0.9 15.7 1.5 22.0 19.7 0.3 0.4
12 ATP 0.4 0.9 0.5 0.4 0.5 0.4 0.3 0.8 0.3 0.4 0.6 0.1 0.2
13 STP 0.5 0.7 0.7 0.4 0.5 0.5 0.4 0.8 0.4 0.5 0.6 0.1 0.1
14 CNS 0.7 0.7 1.0 0.7 0.7 0.9 0.7 0.8 0.7 0.7 1.0 0.2 0.1
15 BUS 0.5 0.5 0.8 0.5 0.4 0.7 0.6 0.5 0.5 0.5 0.6 0.1 0.1
16 ROS 0.5 0.4 0.9 0.6 0.6 0.8 0.7 0.7 0.6 0.6 0.8 0.2 0.1
17 OSV 0.5 0.2 0.8 0.6 0.6 0.8 0.7 0.6 0.6 0.6 0.8 0.2 0.1

Simple average 10.2 9.9 10.2 3.3 9.9 0.8 0.7 10.1 1.1 10.1 10.8 0.2 0.2

Notes: The description of each sector is given in Table C1 and country codes are in Table C2.
Source: Own estimations using the GTAP database.
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Table D6: Sectoral changes in export sales to Germany for selected countries, percentage
changes

AUT BEL CZE FRA HUN ITA NLD ESP SWE GBR CHN JPN KOR
Sector:
1 PRA -0.4 -0.8 -0.3 -0.2 -0.1 -0.2 -0.1 -0.4 -1.7 -0.1 9.8 21.5 14.3
2 PRE 0.1 0.1 0.4 0.2 0.4 0.3 0.2 0.1 0.2 0.3 19.3 33.5 28.2
3 PRF 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 18.2 32.7 22.8
4 B_T -0.7 0.2 -0.6 -0.8 -0.7 -0.8 -0.2 -0.9 -0.7 -0.5 3.6 7.3 5.0
5 P_C -0.6 -0.2 -0.1 -0.6 -0.5 -0.6 -0.1 -0.7 -0.5 -0.2 20.0 26.4 23.8
6 CRP -0.9 -0.2 0.0 -0.9 -0.6 -1.0 -0.2 -1.1 -0.5 -0.2 12.9 17.5 13.0
7 MTL 0.6 0.6 0.8 0.3 0.2 0.1 0.5 0.3 0.3 0.5 17.5 20.1 18.5
8 MVH -1.6 -1.4 0.4 -1.9 -1.8 -2.0 -1.2 -2.0 -1.1 -0.7 10.3 16.9 15.1
9 ELE -1.7 -1.3 -0.4 -2.0 -1.7 -2.1 -1.1 -2.1 -1.3 -0.8 3.0 7.3 4.4
10 OMC -1.5 -1.1 -1.0 -1.5 -1.3 -1.5 -1.0 -1.6 -1.4 -0.7 10.6 14.2 5.6
11 OGD 0.2 0.7 0.3 0.2 0.2 0.1 0.6 0.1 0.1 0.3 13.4 20.4 17.5
12 TSP 0.2 0.4 0.4 0.1 0.2 0.1 0.5 0.1 0.2 0.3 -0.2 -0.2 -0.1
13 CNS 0.3 0.3 0.6 0.3 0.5 0.3 0.4 0.3 0.3 0.6 -0.2 -0.2 -0.2
14 BUS 0.3 0.2 0.6 0.3 0.4 0.3 0.3 0.3 0.3 0.4 -0.2 -0.2 -0.3
15 ROS 0.1 0.0 0.5 0.2 0.4 0.3 0.3 0.2 0.2 0.3 -0.2 -0.2 -0.1
16 OSV 0.1 -0.2 0.5 0.3 0.5 0.3 0.2 0.3 0.2 0.4 -0.3 -0.2 -0.3
16 OSV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.3 -0.2 -0.2

Simple average -0.3 -0.1 0.1 -0.3 -0.2 -0.4 0.0 -0.4 -0.3 0.0 8.1 12.7 9.8

Notes: The description of each sector is given in Table C1 and country codes are in Table C2.
Source: Own estimations using the GTAP database.
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Table D7: Counterfactual results for GDP, real income and welfare

GDP index Real Income

Welfare
(per capita
utility)
% changes

Welfare
(equivalent
variation in
US$ million)

Austria 0.17 0.11 0.19 737
Belgium 0.39 0.41 0.48 2,293
Bulgaria -0.01 -0.11 -0.03 -21
Croatia -0.04 -0.10 -0.04 -20
Czech Republic 0.30 0.17 0.32 741
Denmark 0.19 0.16 0.23 675
Estonia 0.29 0.22 0.33 102
Finland 0.14 0.10 0.15 344
France 0.05 -0.03 0.05 1,142
Germany 0.21 0.14 0.24 7,744
Greece -0.04 -0.11 -0.06 -130
Hungary -0.05 -0.20 -0.10 -133
Ireland 0.24 0.20 0.29 799
Italy -0.01 -0.10 -0.03 -440
Latvia 0.25 0.14 0.26 99
Lithuania 0.24 0.12 0.24 127
Netherlands 0.18 0.11 0.22 1,686
Poland 0.20 0.04 0.21 1,295
Portugal 0.00 -0.09 -0.01 -28
Romania 0.00 -0.11 -0.02 -43
Slovakia 0.34 0.22 0.37 422
Slovenia -0.05 -0.18 -0.08 -37
Spain 0.02 -0.06 0.01 132
Sweden 0.14 0.06 0.16 921
United Kingdom 0.17 0.05 0.19 6,613
Norway 0.13 0.10 0.20 869
Turkey 0.01 -0.07 0.00 -46
China 0.13 0.18 0.13 32,912
Japan 0.14 0.17 0.15 5,353
Korea 0.22 0.24 0.23 4,570
United States 0.01 -0.03 0.00 1,082

Total (World) 0.07 0.05 0.07 78,432

Source: Own estimations using the GTAP database.
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Table D8: Counterfactual results on CO2 emissions for selected countries

CO2
emission
changes
(MT)

CO2 emission
% changes

Benchmark
CO2 levels
(projections
in 2030)

share in 2030
projections

Austria 0.10 0.13 72 0.2%
Belgium 0.93 0.73 127 0.3%
Bulgaria 0.00 0.00 71 0.2%
Croatia -0.01 -0.05 22 0.1%
Czech Republic 0.31 0.23 134 0.3%
Denmark 0.06 0.08 78 0.2%
Estonia 0.07 0.30 24 0.1%
Finland -0.04 -0.05 68 0.2%
France 0.27 0.06 445 1.0%
Germany 2.05 0.26 774 1.8%
Greece -0.25 -0.12 209 0.5%
Hungary -0.03 -0.05 53 0.1%
Ireland 0.12 0.21 54 0.1%
Italy -0.15 -0.04 438 1.0%
Latvia 0.03 0.25 14 0.0%
Lithuania 0.02 0.15 15 0.0%
Netherlands 0.79 0.39 200 0.5%
Poland 0.67 0.18 380 0.9%
Portugal -0.01 -0.01 63 0.1%
Romania -0.01 -0.01 113 0.3%
Slovakia 0.10 0.27 39 0.1%
Slovenia -0.01 -0.07 19 0.0%
Spain -0.06 -0.02 322 0.7%
Sweden 0.11 0.19 56 0.1%
United Kingdom 1.77 0.29 615 1.4%
Norway 0.05 0.07 73 0.2%
Turkey -0.05 -0.01 412 1.0%
China 8.93 0.07 12,888 30.0%
Japan 1.05 0.09 1,126 2.6%
Korea 1.22 0.17 722 1.7%
United States -0.45 -0.01 6,824 15.9%

Total (World) 18.65 0.07 26,451 100.0%

Source: Own estimations using the GTAP database.
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D.3 Robustness analysis scenario results

Table D9: Baseline 2020 sensitivity scenario, results for selected countries on trade,
GDP and welfare, percentage changes

Total
trade

East Asia/
Europe
trade 1

GDP
index

Welfare
(per capita
utility)

Austria 0.31 10.80 0.18 0.20
Belgium 0.49 11.96 0.40 0.47
Czech Republic 0.49 9.60 0.31 0.34
France 0.15 3.09 0.06 0.05
Germany 0.86 10.33 0.21 0.24
Greece -0.09 -0.35 -0.02 -0.04
Hungary -0.24 -0.84 -0.03 -0.08
Ireland 0.30 4.22 0.24 0.28
Italy -0.13 -0.43 0.01 -0.01
Netherlands 0.42 9.24 0.18 0.22
Poland 0.47 11.59 0.20 0.21
Portugal -0.06 1.23 0.01 0.00
Romania -0.16 -0.86 0.01 -0.01
Spain -0.01 0.97 0.03 0.02
Sweden 0.51 10.35 0.15 0.17
United Kingdom 0.64 9.96 0.16 0.19
China 1.12 6.80 0.16 0.15
Japan 1.04 9.68 0.15 0.16
Korea 0.78 6.98 0.25 0.26
United States -0.09 – 0.01 0.01

Total (World) 0.33 5.65 0.08 0.08

Source: Own estimations using the GTAP database. Notes: 1. Refers to trade with East Asia for
European countries, and trade with Europe for East Asian countries. 2. Change in trade between
Europe and East Asia using NSR.
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Table D10: Baseline 2040 sensitivity scenario, results for selected countries on trade,
GDP and welfare, percentage changes

Total
trade

East Asia/
Europe
trade 1

GDP
index

Welfare
(per capita
utility)

Austria 0.28 10.10 0.17 0.20
Belgium 0.43 11.06 0.37 0.46
Czech Republic 0.51 9.64 0.30 0.33
France 0.09 2.55 0.05 0.05
Germany 0.76 9.60 0.21 0.24
Greece -0.13 -0.45 -0.05 -0.06
Hungary -0.30 -1.02 -0.05 -0.09
Ireland 0.28 3.93 0.28 0.34
Italy -0.18 -0.63 -0.01 -0.03
Netherlands 0.32 8.19 0.17 0.22
Poland 0.48 11.01 0.21 0.22
Portugal -0.09 0.87 0.00 -0.02
Romania -0.19 -1.18 -0.01 -0.02
Spain -0.04 0.60 0.02 0.01
Sweden 0.48 9.91 0.13 0.16
United Kingdom 0.55 9.49 0.17 0.20
China 0.92 6.23 0.12 0.12
Japan 0.87 8.86 0.14 0.15
Korea 0.64 6.40 0.21 0.22
United States -0.16 – 0.01 0.00

Total (World) 0.23 5.10 2 0.06 0.06

Source: Own estimations using the GTAP database. Notes: 1. Refers to trade with East Asia for
European countries, and trade with Europe for East Asian countries. 2. Change in trade between
Europe and East Asia using NSR.
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Table D11: NSR 20% higher shipping costs sensitivity scenario, results for selected coun-
tries on trade, GDP and welfare, percentage changes

Total
trade

East Asia/
Europe
trade 1

GDP
index

Welfare
(per capita
utility)

Austria 0.19 5.95 0.12 0.13
Belgium 0.32 7.52 0.29 0.35
Czech Republic 0.30 5.55 0.21 0.21
France 0.07 1.57 0.04 0.03
Germany 0.55 6.35 0.15 0.16
Greece -0.05 -0.18 -0.02 -0.04
Hungary -0.16 -0.53 -0.02 -0.06
Ireland 0.21 2.77 0.17 0.20
Italy -0.09 -0.28 0.00 -0.02
Netherlands 0.27 5.79 0.14 0.16
Poland 0.26 6.14 0.13 0.13
Portugal -0.05 0.44 0.00 -0.01
Romania -0.10 -0.53 0.00 -0.01
Spain -0.02 0.34 0.02 0.01
Sweden 0.29 5.61 0.09 0.10
United Kingdom 0.41 6.17 0.12 0.14
China 0.57 3.59 0.09 0.08
Japan 0.77 7.74 0.13 0.14
Korea 0.50 4.76 0.17 0.18
United States -0.06 – 0.01 0.00

Total (World) 0.20 3.34 0.05 0.05

Source: Own estimations using the GTAP database. Notes: 1. Refers to trade with East Asia for
European countries, and trade with Europe for East Asian countries. 2. Change in trade between
Europe and East Asia using NSR.
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Table D12: NSR only six months sensitivity scenario, results for selected countries on
trade, GDP and welfare, percentage changes

Total
trade

East Asia/
Europe
trade 1

GDP
index

Welfare
(per capita
utility)

Austria 0.15 5.21 0.09 0.10
Belgium 0.23 5.79 0.20 0.24
Czech Republic 0.26 4.90 0.15 0.16
France 0.06 1.38 0.02 0.02
Germany 0.43 5.04 0.10 0.12
Greece -0.07 -0.22 -0.02 -0.03
Hungary -0.15 -0.49 -0.03 -0.05
Ireland 0.14 1.95 0.12 0.15
Italy -0.09 -0.29 -0.01 -0.01
Netherlands 0.19 4.40 0.09 0.11
Poland 0.25 5.75 0.10 0.11
Portugal -0.04 0.49 0.00 -0.01
Romania -0.10 -0.55 0.00 -0.01
Spain -0.02 0.36 0.01 0.01
Sweden 0.26 5.03 0.07 0.08
United Kingdom 0.31 4.91 0.09 0.10
China 0.50 3.28 0.07 0.06
Japan 0.46 4.70 0.07 0.08
Korea 0.35 3.35 0.11 0.12
United States -0.05 – 0.00 0.00

Total (World) 0.14 2.70 0.03 0.04

Source: Own estimations using the GTAP database. Notes: 1. Refers to trade with East Asia for
European countries, and trade with Europe for East Asian countries. 2. Change in trade between
Europe and East Asia using NSR.
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Table D13: China low growth sensitivity scenario, results for selected countries on trade,
GDP and welfare, percentage changes

Total
trade

East Asia/
Europe
trade 1

GDP
index

Welfare
(per capita
utility)

Austria 0.29 10.49 0.17 0.19
Belgium 0.45 11.53 0.38 0.46
Czech Republic 0.50 9.66 0.30 0.32
France 0.13 2.84 0.05 0.05
Germany 0.81 10.07 0.21 0.24
Greece -0.11 -0.42 -0.04 -0.06
Hungary -0.26 -0.93 -0.04 -0.09
Ireland 0.29 4.17 0.24 0.29
Italy -0.15 -0.53 0.00 -0.02
Netherlands 0.38 8.86 0.17 0.22
Poland 0.48 11.28 0.20 0.21
Portugal -0.07 1.07 0.01 -0.01
Romania -0.17 -1.04 0.00 -0.01
Spain -0.02 0.80 0.03 0.01
Sweden 0.50 10.21 0.14 0.16
United Kingdom 0.60 9.76 0.16 0.19
China 0.99 6.58 0.14 0.14
Japan 0.94 9.36 0.15 0.15
Korea 0.71 6.69 0.23 0.24
United States -0.09 – 0.01 0.01

Total (World) 0.28 5.42 0.07 0.08

Source: Own estimations using the GTAP database. Notes: 1. Refers to trade with East Asia for
European countries, and trade with Europe for East Asian countries. 2. Change in trade between
Europe and East Asia using NSR.
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Table D14: China high growth sensitivity scenario, results for selected countries on trade,
GDP and welfare, percentage changes

Total
trade

East Asia/
Europe
trade 1

GDP
index

Welfare
(per capita
utility)

Austria 0.30 10.03 0.17 0.20
Belgium 0.49 11.38 0.41 0.51
Czech Republic 0.52 9.56 0.30 0.32
France 0.11 2.67 0.05 0.04
Germany 0.88 9.82 0.21 0.24
Greece -0.14 -0.42 -0.05 -0.06
Hungary -0.30 -0.96 -0.06 -0.11
Ireland 0.27 3.68 0.24 0.30
Italy -0.18 -0.56 -0.01 -0.03
Netherlands 0.38 8.51 0.18 0.23
Poland 0.49 11.22 0.20 0.21
Portugal -0.09 0.93 0.00 -0.02
Romania -0.21 -1.08 -0.01 -0.02
Spain -0.04 0.68 0.02 0.01
Sweden 0.52 9.59 0.14 0.16
United Kingdom 0.63 9.54 0.17 0.20
China 0.97 6.34 0.12 0.12
Japan 0.89 9.22 0.14 0.16
Korea 0.67 6.56 0.22 0.23
United States -0.12 – 0.01 0.00

Total (World) 0.28 5.23 0.07 0.07

Source: Own estimations using the GTAP database. Notes: 1. Refers to trade with East Asia for
European countries, and trade with Europe for East Asian countries. 2. Change in trade between
Europe and East Asia using NSR.
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Table D15: Africa high growth sensitivity scenario, results for selected countries on trade,
GDP and welfare, percentage changes

Total
trade

East Asia/
Europe
trade 1

GDP
index

Welfare
(per capita
utility)

Austria 0.29 10.28 0.17 0.20
Belgium 0.46 11.51 0.39 0.49
Czech Republic 0.51 9.66 0.30 0.32
France 0.12 2.79 0.05 0.05
Germany 0.83 9.98 0.20 0.24
Greece -0.12 -0.41 -0.04 -0.06
Hungary -0.27 -0.93 -0.05 -0.10
Ireland 0.27 3.91 0.23 0.30
Italy -0.16 -0.53 -0.01 -0.03
Netherlands 0.37 8.69 0.18 0.23
Poland 0.48 11.29 0.20 0.21
Portugal -0.08 1.03 0.00 -0.01
Romania -0.18 -1.03 0.00 -0.02
Spain -0.03 0.76 0.02 0.01
Sweden 0.50 9.91 0.14 0.16
United Kingdom 0.61 9.68 0.17 0.20
China 0.98 6.50 0.13 0.13
Japan 0.90 9.30 0.14 0.16
Korea 0.68 6.64 0.22 0.23
United States -0.10 – 0.01 0.00

Total (World) 0.27 5.35 0.07 0.07

Source: Own estimations using the GTAP database. Notes: 1. Refers to trade with East Asia for
European countries, and trade with Europe for East Asian countries. 2. Change in trade between
Europe and East Asia using NSR.
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Table D16: India high growth sensitivity scenario, results for selected countries on trade,
GDP and welfare, percentage changes

Total
trade

East Asia/
Europe
trade 1

GDP
index

Welfare
(per capita
utility)

Austria 0.29 10.25 0.17 0.19
Belgium 0.46 11.38 0.39 0.48
Czech Republic 0.51 9.55 0.30 0.32
France 0.12 2.70 0.05 0.05
Germany 0.84 9.92 0.21 0.24
Greece -0.13 -0.44 -0.04 -0.06
Hungary -0.29 -0.97 -0.05 -0.10
Ireland 0.28 3.90 0.24 0.30
Italy -0.17 -0.57 -0.01 -0.03
Netherlands 0.37 8.61 0.18 0.22
Poland 0.49 11.19 0.20 0.21
Portugal -0.08 0.97 0.00 -0.01
Romania -0.19 -1.09 0.00 -0.02
Spain -0.04 0.71 0.02 0.01
Sweden 0.51 9.90 0.14 0.16
United Kingdom 0.61 9.62 0.17 0.20
China 0.97 6.42 0.13 0.13
Japan 0.91 9.24 0.14 0.15
Korea 0.68 6.58 0.22 0.23
United States -0.11 – 0.01 0.00

Total (World) 0.28 5.29 0.07 0.07

Source: Own estimations using the GTAP database. Notes: 1. Refers to trade with East Asia for
European countries, and trade with Europe for East Asian countries. 2. Change in trade between
Europe and East Asia using NSR.
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Table D17: Cobb-Douglas functions sensitivity scenario, results for selected countries on
trade, GDP and welfare, percentage changes

Total
trade

East Asia/
Europe
trade 1

GDP
index

Welfare
(per capita
utility)

Austria 0.26 10.23 0.13 0.15
Belgium 0.41 11.41 0.31 0.39
Czech Republic 0.47 9.56 0.24 0.27
France 0.10 2.74 0.04 0.04
Germany 0.81 9.93 0.14 0.18
Greece -0.12 -0.42 -0.02 -0.04
Hungary -0.28 -0.96 -0.03 -0.08
Ireland 0.24 3.88 0.19 0.24
Italy -0.17 -0.56 0.00 -0.02
Netherlands 0.35 8.68 0.13 0.18
Poland 0.46 11.24 0.16 0.18
Portugal -0.08 0.99 0.01 -0.01
Romania -0.19 -1.06 0.01 -0.01
Spain -0.05 0.73 0.02 0.01
Sweden 0.48 9.89 0.10 0.13
United Kingdom 0.60 9.66 0.13 0.16
China 0.97 6.45 0.11 0.11
Japan 0.89 9.26 0.11 0.12
Korea 0.66 6.59 0.18 0.20
United States -0.12 – 0.01 0.00

Total (World) 0.27 5.32 2 0.06 0.06

Source: Own estimations using the GTAP database. Notes: 1. Refers to trade with East Asia for
European countries, and trade with Europe for East Asian countries. 2. Change in trade between
Europe and East Asia using NSR.
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Figure D1: Changes in exports from selected East Asia countries to the EU28 for all
scenarios, percentage changes
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Source: Own estimations using the GTAP database.

Figure D2: Changes in welfare for China and Germany for all scenarios, percentage
changes
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