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A B S T R A C T   

Trade has been substantially influencing regional economic development, environmental sustainability, and 
human well-being. Enabled by the decomposition analysis, pollution haven hypothesis or “no-trade” scenarios 
(NTSs), the effects of trade on global/national social-economic-environmental development have been revealed. 
However, major limitations (e.g., using with-trade economic structures or neglecting price differences) existed in 
previous studies, and thus made the previous assessments of trade’s effects unsatisfactorily. This study develops a 
novel NTS that addresses the existing limitations, and further applies it to estimate the effect of trade on global 
economic development and greenhouse gas (GHG) emissions. We show that current international trade benefits 
the global economic growth but with a consequence of more GHG emissions compared with the NTS. The hy-
pothetical production in small countries (e.g., Luxembourg or Japan) would be more constrained by the pro-
duction factors (e.g., land) under the NTS, compared with those factor-endowment countries (e.g., the United 
States or India). For country-specific analysis, we find that today’s developed countries would have a substantial 
increase in their GHG emissions of clothing- and service-related products under the NTS, whereas countries with 
net-export (e.g., China or Brazil) would have less GHG emissions under the NTS. Enhancing future global col-
laborations is vital, especially for small or resource-deficient economies, if they are to achieve the Sustainable 
Development Goals.   

1. Introduction 

Trade has been substantially influencing regional economic devel-
opment, environmental sustainability, and human well-being (Acquaye 
et al., 2017; Blanco and Razzaque, 2009; Steen-Olsen et al., 2012; Xu 
et al., 2020). International trade benefits countries’ economy by 
enhancing their comparative advantages of producing goods and ser-
vices in the global market (Duchin, 2007; Hammer Strømman and 
Duchin, 2006; Wiedmann and Lenzen, 2018). Global exports of goods 
and services have tripled during the past two decades (1995–2015), 
from $8 trillion (2010 US dollars) to $23 trillion (2010 US dollars), and 
on average, exports accounted for 29% of a country’s gross domestic 
product (GDP) in 2015 (The World Bank, 2020). Along with the traded 
goods and services, the capital inputs, resource requirements as well as 

pollution emissions during the production processes of (or “embodied 
in”) these goods and services are also displaced from the consumption 
sites to the producers (Wiedmann and Lenzen, 2018), representing 21 
million km2 of land use, 307 km3 of blue water consumption, 262 EJ 
(exajoules) of primary energy use, and 29 Gt (gigatonnes) of raw ma-
terial extractions in 2015, accounting for 35%, 28%, 34%, and 33% of 
the global totals, respectively. Thus, the global supply chains have not 
only fundamentally transformed the way that commodities are pro-
duced, exchanged and consumed, they have also changed the locations 
and scales of both environmental pressures and social impacts (Feng 
et al., 2013; Guan et al., 2008; Meng et al., 2018; Wiedmann and Lenzen, 
2018; Yang et al., 2020; Yang and Suh, 2011). This displacement of 
social-environmental pressures among regions through bi- or multilat-
eral trade has become a critical point in regional policy debates (Kehoe 
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et al., 2019). 
Understanding the effects of trade on global or national environ-

mental performances is essential for this world towards sustainable 
development (Hoekstra and Wiedmann, 2014; Kander et al., 2015; Le 
Quéré et al., 2019; Xu et al., 2020). In this context, consumption-based 
accounting or “footprinting” relying on the multi-regional input-output 
(MRIO) model has proven its values in capturing the supply chain-wide 
environmental pressures of annual-based inputs. As such, several MRIO 
databases, mostly describing the global economy, have been developed 
to support the calculation of environmental and socio-economic foot-
prints. These include WIOD (Timmer et al., 2015), GTAP (Aguiar et al., 
2016), EXIOBASE3 (Stadler et al., 2018), Eora (Lenzen et al. 2012, 
2013), OECD-ICIO (Yamano and Webb, 2018). Based on these impres-
sive MRIO databases, there has been a great number of influential 
research and policy discussions around the footprint accounting in terms 
of, e.g., carbon emissions (Davis and Caldeira, 2010), materials (Wied-
mann et al., 2015), and blue water consumption (Wang and Zimmer-
man, 2016). More recently, researchers have further traced the resource 
demands and emissions of final goods and services, and revealed a 
geographical shift of environmental pressures generally from developed 
to developing countries like China or India (Feng et al., 2013; Meng 
et al., 2018; Mi et al., 2017; Wiedmann and Lenzen, 2018). This 
geographical shift of environmental pressures then led scholars to 
explore the impacts of trade on regional environmental performances. 
Using the decomposition analysis, a general net positive effect has been 
found of international trade on global CO2 emissions (Arto and Die-
tzenbacher, 2014; Hoekstra et al., 2016; Jiang and Guan, 2017; Jiang 
et al., 2018; Zhu and Jiang, 2019). Meanwhile, the effects of interna-
tional trade on national CO2 emissions greatly depends on which specific 
country is considered (Jakob and Marschinski, 2012; Le Quéré et al., 
2019). Other studies that relied on the pollution haven hypothesis have 
also revealed the effect of international trade on global emissions, but 
concluded that current international trade generated global emission 
savings (López et al., 2018; Zhang et al., 2017). The totally opposite 
conclusions from previous studies suggested that to comprehensively 
understand the effect of trade on global emissions, a “no-trade” scenario 
(NTS) for this world needs to be simulated. Based on the NTS, we can 
compare the actual global/national emissions with those hypothetical 
emissions, and address the total effects of international trade on the 
emissions or other environmental pressures (Wang and Zimmerman, 
2016; Xu et al., 2020; Zhao et al., 2015). 

Although there have been more and more studies that examined the 
social-economic-environmental development under the NTS, the 
development of NTS has indeed not been addressed satisfactorily in 
previous scholarly literature. Balance of Avoided Emissions (BAE), as an 
indicator, has been widely used to examine the effects of bilateral (Li and 
Hewitt, 2008; Liu et al., 2010; Shui and Harriss, 2006; Tan et al., 2013; 
Yu and Chen, 2017) and multi-lateral trade (Arce González et al., 2012; 
López et al., 2013; Zhang et al., 2017) on national carbon emissions. It is 
calculated as the difference between carbon emissions embodied in ex-
ports and the emissions avoided by imports (i.e., the carbon emissions 
that would be emitted locally if the imported products were produced by 
themselves). Similarly, with the estimation of water withdrawal under a 
NTS that considered the differences of economic structure, technological 
efficiencies and physical characteristics among countries, the effects of 
virtual water trade on the water scarcity at the basin level were assessed 
around the world (Wang and Zimmerman, 2016). Relying on the dif-
ference between actual water consumption and the net exported virtual 

water, the impacts of trade on provincial water scarcity in China (Zhao 
et al., 2015) as well as national sustainable development around the 
world (Xu et al., 2020) have been analyzed. However, those introduced 
NTSs, with the core of reallocating the supply chain-wide environmental 
pressures for product production into product-consuming country itself, 
have major limitations as: 1) still using the economic structures under 
the current with-trade situations, while the whole intermediate trans-
actions as well as the total outputs of sectors would change under the 
NTS, i.e., sectors only producing goods and services needed by the do-
mestic population; 2) neglecting the price differences in a larger market 
from the local market (e.g., global vs. national) or in different countries 
when applying the monetary MRIO models (Li and Hewitt, 2008; Shui 
and Harriss, 2006; Tukker et al., 2013); 3) misallocating the products to 
the consumers that cannot produced them domestically, e.g., bananas 
cannot be produced in Russia but the local population do consume ba-
nanas that are imported from tropical countries. 

To address these major limitations of existing NTSs, this study 
develops a novel NTS with more accurate and systemic descriptions 
of the hypothetical economic production and GHG emissions of this 
world. The core of our NTS is re-allocating the global supply chain- 
wide inputs for the production of country m’s final demand into 
country m itself, whilst considering the distinctions of production 
structures, economic-environmental coefficients, as well as com-
modity prices among countries. It should be clearly noted that the 
NTS developed in this study is completely hypothetical and based on 
some key assumptions such as selecting land, capital and labour as 
the main production constraints (Duchin, 2007), and thus would 
better be regarded as a thought experiment to simulate a world 
without trade. Our analysis focuses on GHG emissions which are 
highly relevant to current climate targets (Tanaka and O’Neill, 
2018), technological promises (Jiborn et al., 2018), and Sustainable 
Development Goals (SDGs) (United Nations, 2015), e.g., the Paris 
Agreement, carbon budgets/taxes or SDG 13 about combating 
climate change and its impacts. We try to answer this question: what 
would happen in national economic-environmental performance, 
especially to those major economies like EU27, the United States 
(USA), Japan, China or India, if all the international trade was 
withdrawn. The results of this study will show policy makers and 
broader audiences how countries would operate if there was no in-
ternational trade. This will help them realize the fundamental role 
played by trade in national economic-environmental performance, 
and suggest them to enhance multi-lateral collaborations through 
more liberally international trade to formulate a sustainable world. 

2. Methods 

2.1. Multi-regional input-output modelling 

GHG emissions in traded goods are traced through the supply chain, 
from producers to final consumers, using IO analysis developed by 
Leontief (1936). The standard MRIO model can be expressed as: 

x= Zi + y = Ax + y (1) 

where x (in million €) is the vector of total outputs, Z (in million €) is 
the matrix of intermediate inputs, y (in million €) is the vector of final 
demand, A (in million € per in million €) is the matrix of technical co-
efficients, i is a summation vector of appropriate length. In detail:  
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where g is the number of regions. We rely on EXIOBASE 3.6 for our 
analysis (Stadler et al., 2018), which compiles the global MRIO tables for 
49 countries/regions with a 200-product resolution during 1995–2015. 

Solving Eq. (1) for x gives: 

x=(I − A)− 1y= Ly (3)  

where (I-A)− 1 is known as the Leontief inverse matrix. Its elements 
capture direct and indirect effects from a unit change in final demand. 

GHG emissions embodied in trade are obtained by pre-multiplying 
the above equation with the coefficient vector, as follows: 

c= ŝLy (4) 

In detail: 
⎡
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⎢
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×
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⎦ (5)  

where s (in ton per million €) is the vector of direct GHG-emission co-
efficients (GHG emissions per unit of the output) for each sector, and the 
“^” operator denotes diagonalization. S is obtained from EXIOBASE 3.6. 
The GHG emission matrix c represents emissions associated with the 
production of goods and services in country m to satisfy final demand in 
country n. 

The production-based emissions (PBE) of country m is: 

PBEm =
∑g

n
cmn (6) 

GHG emissions embodied in exports (CEX), and imports (CIM), of 
country m is 

CEXm =
∑g

n∕=m

cmn (7)  

CIMm =
∑g

n∕=m

cnm (8) 

The consumption-based emissions (CBE) of country m is: 

CBEm =PBEm − (CEXm − CIMm) (9)  

2.2. Developing the no-trade scenario (NTS) 

Fig. 1 illustrates the schematic for the NTS development. To reallo-
cating the supply chain-wide indirect inputs for the production of 
country m’s final demand into country m itself, we first calculate the 
supply chain-wide indirect inputs (as known as intermediate inputs) for 
country m’s final demand, Zm = ALŷm . Indetail: 
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where Zmmm is the indirect inputs from country m itself for the domestic 
production of country m’s final demand; Zmnm (n∕=m) is the indirect 
inputs imported from other countries for the domestic production of 
country m’s final demand; Zmmn (n∕=m) is the indirect inputs exported to 
other countries for the foreign production of country m’s final demand; 
Zmnh (n∕=m and h∕=m) is the indirect inputs between other countries for 
the foreign production of country m’s final demand. 

Under the NTS, all outputs of country m’s final demand (i.e., direct 
final demand ym plus indirect inputs Zm) would be provided by country 
m itself. The reallocation of direct final demand is straightforward, we 

Table 1 
Japan’s relative purchasing power parity to China in 2015. Data sources: 
The World Bank Bank (2020).  

Monetary indicator US$/EUR RMB/US$ JPY/US$ JPY/RMB 

Exchange rate 1.109 6.228 121.044 19.437 
PPP conversion factor  3.871 103.450 26.726 
RPPPnm    0.727  
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Fig. 1. Schematic for the no-trade scenario (NTS). This plot illustrates the main 
procedures to construct the economic structure of country m under the NTS. 
The left panel illustrates the supply chain-wide inputs (Zm, including the direct 
and indirect inputs) of final demand of country m, and the value added of 
country m. The constraint factors selected in this study are land, labour force, 
and capital, according to Duchin (2007). 
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sum up the price-adjusted direct final demand by country, i.e., y′ m =

∑g

n
RPPPnmynm. RPPP is the relative purchasing power parity (Shui and 

Harriss, 2006), calculated based on the exchange rate of local currency 
unit (LCU) of country n relative to LCU of country m and purchasing 
power parity (PPP) conversion factor (in LCU per international $). Since 
there is no direct exchange rate and PPP conversion factor for random 
two currencies, we use the associated data of Euros and US dollars to 
derive the RPPP values (Li and Hewitt, 2008). Table 1 presents the 
calculation of RPPPnm for the exports from Japan (n) to China (m). 

The reallocation of indirect inputs for the production of final demand 
consists of two parts, one is the indirect inputs for the domestic pro-
duction of country m’s final demand (Zmnm), the other is the indirect 
inputs for the foreign production of country m’s final demand (Zmnh, 
where h∕=m). For the first part, because all the indirect inputs (either 
from country m itself or other countries) are used for the domestic 
production, the reallocation is the same with that of the final demand, i. 

e., 
∑g

n
RPPPnmZmnm. For the second part, to reallocate the indirect inputs 

for foreign production into domestic production, besides the prices, we 
should also consider the distinctions of production structures and co-
efficients between countries. Here, referring to the national IO 
modeling, we define the domestic technical coefficients (D) as the gross 
intermediate input requirements (either from country m itself or other 

countries) for one unit output, i.e., Dm =
∑g

n
Znmx̂m − 1

=
∑g

n
Anm. The 

indirect inputs for country h’s production of country m’s final demand (i. 

e., 
∑g

n
RPPPnhZmnh) is proportionally reallocated into country m itself 

according to the domestic technical coefficients, i.e., Dm ∑g

n
RPPPnhZmnh/

Dh. Meanwhile, we also generate the global average technical coefficient 

of product i for one unit output of product j (aglb
ij =

∑g

m

∑g

n
Zmn

ij
∑̂g

m
xm

j

− 1

) to 

reallocate the indirect inputs to country m itself in any case where 
country m requires all the production requirements of product i from 

other countries (i.e., 
∑g

n
Zmnm

ij = 0 whereas 
∑g

n
Zmnh

ij ∕= 0, details see 

Table S2). Therefore, the indirect inputs for the domestic production of 
country m’s final demand under the NTS is: 

Z′ m=
∑g

n
RPPPnmZmnm +

∑g

h∕=m

Dm
∑g

n
RPPPnhZmnh

/

Dh (11) 

The total outputs of country m under the NTS are: 

x′ m=Z′ mi + y′ m (12) 

The next step is to apply national constraints such as resources or 
labour force in the NTS. We consider three production factors as the 
main constraints in our NTS, i.e., land, labour force, and capital, ac-
cording to Duchin (2007). The hypothetical national production ca-
pacities under the NTS should be constrained by their territorial 
production factor endowments. 

sm
csx

′ m ≤ Fm
cs (13)  

where sm
cs is the vector of direct coefficient of constraint factor cs (e.g., 

km2 land per unit of the output) for each sector, obtained from EXIO-
BASE 3.6. Fm

cs is the national endowment of constraint factor cs. National 
land endowment and employment data are collected from the World 
Bank (The World Bank, 2020), while national capital stock data are 
obtained from PWT 9.1 (Feenstra et al., 2019). If sm

csx′ m exceed the 
national factor endowment, we use a scaling factor Fm

cs/ (sm
csx′ m) to scale 

down x′ m. Z′ m and y′ m are further balanced using the RAS method 
(Günlük-Şenesen and Bates, 1988). 

Lastly, we adjust the GHG-emission coefficients of such sectors 
without domestic production but with final demand in country m, i.e., 
country m completely relies on import for the domestic final demand of 
the products produced by those sectors. In this context, the GHG- 
emission coefficients of such sectors in country m equal zero (sm

i = 0). 
There are two reasons for sm

i = 0: one is that country m cannot produce 
the products (e.g., Russia cannot produce bananas), the other is that 
country m chooses to import all the products it needs from other coun-
tries rather than to produce them domestically (e.g., due to high envi-
ronmental consequences or less benefits compared with the costs). In 
this study, we choose the latter one as the main reason. This is because: 
1) the latter reason is more relevant with the trade issue focused on in 
this study; and 2) using zero values for all these sectors would signifi-
cantly underestimate the hypothetical GHG emissions under the NTS. 
Under the NTS, we replace those sectors’ GHG coefficients with the 
global average values for GHG footprint assessment. The PBE as well as 
CBE of country m under the NTS is: 

PBE′ m=CBE′ m = s′ m
(

I − Z′ mx̂′ m
− 1)

y′ m (14)  

3. Results 

3.1. Economic and GHG-emission performances under the no-trade 
scenario (NTS) 

Overall, current international trade benefits the global economic 
growth but with a consequence of more GHG emissions compared with 
the NTS. For the year 2015, the global GDP would decrease by $7 trillion 
US dollars under the NTS (accounting for 10% of the actual GDP that 
year), while the global total GHG emissions would also decrease by 895 
Mt (accounting for 2% of the actual emissions). The economy and GHG 
emissions of different countries/regions would perform quite differently 
under the NTS. The GDP of EU27, China, and Japan will significantly 
decrease (upper row in Fig. 2), especially in Japan, where more than 
70% of current GDP would be cut under the NTS. Land endowment 
would be the key factor that limits Japan’s economic development if 
there was no trade. This phenomenon would also happen in other small 
economies, such as Luxembourg, Netherlands, and Taiwan. In contrast, 
the GDP of USA and India—both as net importers in current interna-
tional trade—would further increase by around 3% and 4%, respec-
tively, during the study period. When all the international trade would 
be withdrawn by USA or India, they have to produce all the needed 
goods and services by themselves. While the territorial production factor 
endowments (i.e., land, labour force, and capital considered in this 
study) can satisfy the self-sufficient production of USA (also India), such 
that a hypothetical growth in the GDP would be expected. Vice versa, 
China is a net exporter in current international trade, thus China’s hy-
pothetical production under the NTS would reduce. 

Without the outsourcing of resources and pollution through inter-
national trade, the hypothetical GHG emissions would show higher 
correlations with GDP under the NTS, i.e., having similar time-series 
trends especially in China (R2 = 0.962), India (R2 = 0.855), and Japan 
(R2 = 0.674). Therefore, changes in country/region-specific GHG 
emissions under the NTS would be consistent with the changes in their 
GDP (lower row in Fig. 2). That is, a substantial reduction of GHG 
emissions would be found in Japan and China under the NTS, making 
the hypothetical GHG emissions less than either their PBE or CBE; 
whereas a further increase in GHG emissions could be found in USA and 
India, making their hypothetical GHG emissions more than either actual 
PBE or CBE. Although China would still be the largest GHG emitter 
under the NTS from the year 2009, we can further observe that the GHG 
emissions in China would tend to plateau after 2012, similar to the trend 
of its actual PBE. The constraint from land endowment is surprisingly 
the main reason for this plateauing trend of China’s hypothetical GHG 
emissions. Furthermore, the GHG emissions in EU27 under the NTS in 
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recent years would be similar with their actual CBE, while an obvious 
increase would be found in 2007 and 2008—mainly because of the 
emission growth in Spain and Poland. 

The spatial pattern of GHG emissions would change significantly 
under the NTS for the year 2015. China, USA and India would still be the 
top three GHG emitters under the NTS (Fig. 3A and Table S2), respec-
tively with 10 Gt, 8 Gt, and 3 Gt GHG emissions. Current developing 
countries or countries with net exports, such as China, Brazil, South 
Africa, Australia, and Canada, would have a reduction in their GHG 

emissions under the NTS (Fig. 3B). Although the absolute GHG emis-
sions under the NTS in most European countries would be relatively 
small compared with those in China, USA, India or Russia, the changes 
of GHG emissions from their actual PBE would be significant. Particu-
larly, Spain, Romania and Poland would have the largest growth (more 
than 92%) in the hypothetical GHG emissions compared to their actual 
PBE. It should be noted that selecting different production factors to 
constraint national production capacities under the NTS might achieve 
quite different economic output and GHG emission results (Duchin, 

Fig. 2. Gross domestic product (GDP) and greenhouse gas (GHG) emissions of the EU27, the United States (USA), Japan, and China under the no-trade scenario 
(NTS) compared with those under with-trade situations. We compare the GHG emissions under the NTS with the actual production-based emissions (PBE) and 
consumption-based emissions (CBE), respectively. Complete results are available in Tables S1–S2. 

Fig. 3. Spatial patterns of (A) GHG emissions under the no-trade scenario (NTS), and (B) changes of GHG emissions under the NTS from the actual production-based 
emissions (PBE) for the year 2015. 
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2007; Hammer Strømman and Duchin, 2006). For example, the pro-
duction capacities in USA would not be constrained too much by terri-
torial land, labour force, and capital under the NTS as analyzed in this 
study, yet when using metals as the main constraint, the production 
capacities in USA maybe significantly reduce because USA greatly relies 
on the imports of metals from Canada and Mexico for its actual pro-
duction (Wiedmann et al., 2015). It implies that the significant growth in 
GHG emissions of Spain, Romania and Poland may not happen if we 
select other key factors to constrain the territorial production under the 
NTS. We also analyze the economic outputs and GHG emissions under 
the NTS, by aggregating small countries or adjacent countries into five 
big regions, and find that the changes in hypothetical GHG emissions 
from the actual PBE or CBE would not be so significant, by − 14%–11% 
during the study period. Details are further discussed in the Discussion 
section and Supplementary Information B. 

3.2. Changes in per-capita GHG emissions 

Changes in per-capita GHG emissions in the same country are 
consistent with the changes in its national GHG emissions (Fig. 4), since 
we assume the population would not change under the NTS. However, 
the per-capita GHG emissions under the NTS would present a totally 
different picture of individual responsibility of GHG emissions among 
countries. First, the actual per-capita GHG emissions (either PBE or CBE) 
are relatively large in Luxembourg, Australia, USA, Canada, Ireland, and 
Norway, more than 16 tonnes. This is because of the relatively high per- 
capita final demand in these wealthier countries or the relatively smaller 
population. Under the NTS, the per-capita GHG emissions would lead by 
Australia (24 tonnes per capita), while Romania and USA would be the 

second and third countries that have the largest per-capita GHG emis-
sions. Other countries like Norway, Estonia or South Korea would also 
have higher per-capita GHG emissions under the NTS. In contrast, per- 
capita GHG emissions in small economies that have limited land re-
sources or population such as Luxembourg, Netherlands, and Taiwan 
would significantly decrease. There would also be some countries that 
have almost same per-capita GHGs as their actual PBE, such as UK, 
India, or Slovenia. It is important to note that the changes in population 
are not considered in our NTS, however, the fertility rate or mortality 
rate of one country would change because the economic development 
level, incomes of population as well as investment in medical and 
healthcare facilities would change if there was no trade. Thus, to some 
extent, our NTS is still an ex-post estimation that is based on the actual 
situations such as PPP factors, populations, and emission coefficients of 
sectors. The calculated results need to be interpreted with caution. For 
instance, it is more reasonable to be used to identify the temporal 
changes, the comparative importance of GHG emissions by country or 
sector, or the direct discrepancy among existing NTSs. 

We further examine the relationship between per-capita final 
expenditure (representing the wealth level of local population) and per- 
capita GHG emission in each country under the NTS for the year 2015 
(Fig. 5). We rely on the global average per-capita final expenditure and 
per-capita GHG emissions as thresholds to distinguish high/low wealth 
and GHG emissions, respectively. Our results reveal that, overall, OECD 
countries (the Organization for Economic Co-operation and Develop-
ment) and EIT (economies in transition) would still be wealthier than 
ASIA (Asian countries), LAM (Latin American countries) and MAF 
(countries in Middle East and Africa) under the NTS. With high per- 
capita final expenditure, most of OECD countries, EIT (i.e., Poland, 
Czech Republic, and Estonia) as well as South Korea would have high 
per-capita GHG emissions. While other wealth countries like 
Switzerland, Sweden, and UK would keep the per-capita GHG emissions 
under the global average because of their advanced production tech-
nologies (i.e., with less GHG emissions per-unit economic output). In 
contrast, LAM, MAF, and ASIA countries like China and India would 

Fig. 4. Changes in per-capita GHG emissions from the production-based ac-
counting (PBE or “territorial”) to the consumption-based accounting (CBE) and 
under the no-trade scenario (NTS) for the year 2015. The idea of this chart was 
referred to Kander et al. (2015). 

Fig. 5. Per-capita GHG emissions of per-capita final demand in different 
countries under the no-trade scenario (NTS) for the year 2015. We distinguish 
the world into five regions, they are the Organization for Economic Co- 
operation and Development in the 1990s (OECD), economies in transition 
(EIT), countries in Middle East and Africa (MAF), Latin American countries 
(LAM) and Asia. The horizontal and vertical dashed lines indicate the average 
per-capita GHG emissions and final demand, respectively. 
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locate in the panel of countries with both low per-capita final expendi-
ture and GHG emissions. To explain this, the relatively low final 
expenditure is one hand, while the relatively large population in these 
countries are the other. 

3.3. Human-needs-specific GHG emissions under the no-trade scenario 
(NTS) 

All 49 countries/regions are sorted into 31 developed countries and 
18 developing countries/regions using the World Bank’s classification 
based on income (The World Bank, 2020), while all 200 product cate-
gories of MRIO tables are classified into 7 human needs as food, clothing, 
shelter, mobility, construction, manufacturing, and services (Stadler 
et al., 2018). Details can be found in Tables. S1 and S3. 

The main changes in human-needs-specific GHG emissions under the 
NTS would happen in clothing-related and services-related product 
categories during the study period (Fig. 6), especially compared with the 
PBE (Fig. 6A). Today’s developed countries are outsourcing key resource 
consumption and emissions to developing countries through importing 
low value-added while high resource/emission-intensive products, like 
clothing and other manufacturing products (Wiedmann and Lenzen, 
2018). Under the NTS, all of the needed clothing would be produced 
domestically. Particularly, we found that Switzerland, France, Ireland, 
Canada, and Sweden would have a significant growth of their GHG 
emissions for clothing production, by 21–36 fold. Overall, the GHG 
emissions of clothing-related products in developed countries would 
increase by a median (25th–75th percentile) of 7 fold (2–20 fold), while 
in developing countries it would increase by 3 fold (2–8 fold). GHG 
emissions of services would also change a lot under the NTS compared 
with the PBE, by a 3-fold (2–5 fold) growth in developing countries 
while by a 2-fold (1–4 fold) growth in developed countries. GHG emis-
sions of shelter-related (e.g., electricity, water and gas supply) and 
mobility-related (e.g., transportation via railway, pipelines, and planes) 
products would generally decrease under the NTS, due to less re-
quirements for production. 

When compared with the CBE (Fig. 6B), the changes in human- 
needs-specific GHG emissions under the NTS would not be so signifi-
cant compared with the PBE. This is because that CBE is capturing the 
GHG emissions of goods and services that are consumed by the final 
users, wherever the goods and services are produced and the associated 
GHGs emit. Moreover, we also found that the changes in GHG emissions 
of clothing, services, manufacturing, and construction in developing 
countries would be larger than the changes in developed countries, 
while shelter-related GHG emissions would decrease more in developed 
countries. The relatively higher production efficiency—of both 

economic production and resource use—in today’s developed countries 
could explain this result, which was further confirmed in previous 
studies for carbon emissions (Hertwich and Peters, 2009), material 
extraction (Wiedmann et al., 2015) and energy use (Heun et al., 2018). 

4. Discussion 

This study develops a novel NTS with more accurate and systematic 
descriptions of the hypothetical economic production, and applies the 
NTS for a global GHG-emission analysis during the period of 2006–2015. 
We have fully considered the impacts on national production and GHG 
emissions from the production structures, economic-environmental co-
efficients, commodity prices, as well as resources and production factor 
endowments (i.e., land, labour force, and capital) in each country under 
the NTS. Our results highlight that current international trade benefits 
the global economic growth with a consequence of more GHG emissions 
compared with the NTS. The hypothetical production in small countries 
(e.g., Luxembourg, Netherlands, or Japan) would be more constrained 
by the production factors (esp. land) under the NTS, compared with 
those factor-endowment countries (e.g., USA, or India). As such, the 
economic development would significantly recede in those small coun-
tries, so would their GHG emissions. For country/region-specific anal-
ysis, we found that developed countries (e.g., most of OECD and EIT) 
would have a substantial increase in their GHG emissions of clothing- 
and service-related products under the NTS, whereas current countries 
with net-export (e.g., China, Brazil, South Africa, Australia, and Canada) 
would have less GHG emissions under the NTS. 

Addressed by previous studies about the effects of bilateral trade, 
mainly with China such as between China and USA (Shui and Harriss, 
2006), China and UK (Li and Hewitt, 2008), China and Japan (Liu et al., 
2010), China and Australia (Tan et al., 2013), and China and South 
Korea (Yu and Chen, 2017), they consistently concluded that the hy-
pothetical carbon emissions in China would decrease whereas that of 
China’s trade partner would increase due to the same role played by 
China (i.e., as net exporter). For the no-trade case between two coun-
tries, confronting the emissions arising from the production of country 
m’s exports with those that have been avoided by means of imports from 
country n is the key to assess the impact of trade on national GHG 
emissions (Jakob and Marschinski, 2012). However, the assessed im-
pacts of bilateral trade on country m’s and n’s GHG emissions are 
nevertheless misleading because it neglects the global supply chain-wide 
impacts on both countries’ production structure, commodity prices, and 
subsequent trade with other countries (to substitute the original im-
ports). Thus, a global-scale analysis is necessary if we try to compre-
hensively answer the question of what would happen without trade. By 

Fig. 6. Relative changes in human-needs-specific greenhouse gas (GHG) emissions under the no-trade scenario (NTS) compared with the actual (A) production-based 
emissions (PBE), and (B) consumption-based emissions (CBE) during the period 2006–2015. The bars and the error bars indicate the median and the 25th–75th 
percentile of the relative changes in human-needs-specific GHG emissions, respectively. 
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conducting this global NTS analysis, we found that the global GHG 
emissions under the NTS would decrease, which are consistent with the 
results of carbon emissions by Arto and Dietzenbacher (2014), Hoekstra 
et al. (2016), Jiang and Guan (2017), Jiang et al. (2018), and Zhu and 
Jiang (2019), yet opposite to the results by López et al. (2018) and 
Zhang et al. (2017). Using BAE to adjust the national carbon emissions 
as the hypothetical emissions under the NTS is the main drawback in the 
analysis by López et al. (2018) and Zhang et al. (2017). More specif-
ically, the three limitations that were introduced in the Introduction 
section all exit in their methods. Lastly, it is also argued that the actual 
effects of international trade on the global GHG emissions cannot be 
directly quantified as the hypothetical reduction (Jakob and Mar-
schinski, 2012; Jiang and Guan, 2017; Jiborn et al., 2018; Lin et al., 
2019a). Other factors that are synergistically influenced by trade such as 
economic structure, consumption patterns, and technology development 
have been together impacting the actual performances of national GHG 
emissions. However, the economic structure, consumption patterns, and 
technology development cannot be simulated dynamically bases on a 
static MRIO model. Further integrating with a dynamic economic model, 
to some extent, can reduce the uncertainty from these factors in the 
hypothetical GHG emissions. This line of research is beyond the scope of 
this analysis but worth future explorations. 

This study sheds the lights for future explorations of trade’s effects on 
multiple dimensions, including but not limited to environmental and 
economic development, as well as social inclusion. From this global 
GHG emission analysis, our results suggest national policy makers 
enhance current international economic interactions and collaboration, 
and rethink the necessity to set tariffs or trade barriers for specific 
commodities or against specific countries. The significant economic re-
cessions in small countries that were observed under the NTS speak 
volumes. Taking Japan as an example, as one of the largest economies in 
the world, a 70% GDP cut under the NTS would subvert the current 
economic and social structures of the country. The current competitive 
advantages of Japan in the global market (e.g., products produced 
efficiently by advanced technologies and with lower resource and 
emission intensities) may also disappear. This may further lead to 
technological regression in production progresses in Japan and even 
other countries, and impact existing low carbon development pathways 
around the world. Although the dynamical changes in economic, tech-
nology and social structures cannot be modeled under the NTS, the 
thought experiment in this study indeed shows how different a no-trade 
world would really be. Moreover, the trade war between USA and China 
since 2018 cannot be regarded a good signal for other countries to 
holdup the main principle of openness and collaboration. As found by Lu 
et al. (2020), although the trade war will cause a global economic 
downturn, which will seemingly reduce environmental pressure glob-
ally, global carbon emissions are expected to increase rather than 
decline. To achieve the trade enhancement requires all involved parties, 
e.g., the governments, financial institutions, companies and others, to 
understand the importance of collaboration for their own development 
and the shared responsibility taken by them. Moreover, besides the 
traditional site-based governance, it is important to take a flow-based 
approach that determines one country’s social-economic 
-environmental relationships with others, through tracking and man-
aging where key economic-environmental factors are input, progressed, 
traded, and finished. This suggested flow-based governance could also 
directly target the flows themselves, for example, policies aimed at 
reducing emission-intensity flows of goods by certification schemes (Xu 
et al., 2020). Last suggestion is to improve the efficiency of economic 
production and resource consumption. Although this suggestion has 
been widely discussed, it is still the most effective way for nations to-
wards sustainable development. This suggestion comes from the lower 
growth in human-needs-specific GHG emissions of developed countries 
(which have more advanced technologies) under the NTS compared 
with their actual CBE. The last suggestion will also encourage devel-
oping countries like China and India who committed relatively lower 

growth of domestic emissions to their GDP growth for the Paris 
Agreement. 

In the Introduction section, we point out three major limitations in 
the NTS development, this study has addressed the first two limitations 
satisfactorily by: 1) reallocating the supply chain-wide inputs that only 
for the production of final demand to the final consumers itself, to 
construct the hypothetical economic structure of the local; 2) and 
adjusting the price division among countries by relative purchasing 
power parity (Shui and Harriss, 2006), to minimize the impacts of price 
variations. The last limitation, although not solved for the 49-country/r-
egion analysis in the main text, is further discussed by a five-region 
world case in Supplementary Information B. The five-region world 
case study shows that the changes in hypothetical GHG emissions from 
the actual PBE or CBE would not be so significant, by − 14%–11% during 
the study period. Future studies, to better and more accurately address 
this limitation, need to obtain detailed information about the changes in 
product-specific production, trade and consumption by each country. 
Thus, time-series MRIO tables with high resolution of products or sectors 
should be constructed. Based on that, we can capture the key products 
that are increasingly imported to substitute associated products that 
were previously produced by the country itself, and understand the 
development of those emerging or fast-growing industries, such as ex-
press delivery sector (Kang et al., 2021) or fast fashion industry (Nii-
nimäki et al., 2020). Yet, if we rely on the monetary MRIO table (in a 
relatively low resolution of sectors or product categories, for instance, 
200 product categories of EXIOBASE) to develop the NTS, although with 
high uncertainty, this misallocation issue (i.e., misallocating the prod-
ucts to the consumers that cannot produced them domestically) may not 
influence the results by a big margin. When associated products, like 
crops, fruits and livestock, are aggregated into few product categories, 
the hypothetical inputs and outputs of those categories would be 
determined by the main crops that dominate local production. Future 
studies could focus on establishing such a dataset with time-series pro-
duct-specific MRIO tables that give sufficient information about the 
development of national economy. Last but not least, in this NTS anal-
ysis we selected three production factors as the main constraints on the 
national production capacities under the NTS. It should be noted that the 
hypothetical results of economic production, human consumption, and 
GHG emissions would highly depend on the constraint factors applied in 
the NTS. Future work needs to apply more resource and social con-
straints on the NTS, especially for key production factors and inputs such 
as materials or fuels. 

5. Conclusions 

This study develops a novel NTS that address existing limitations in 
previous literature (e.g., still using the economic structures under the 
current with-trade situations or ignoring the price differences in a larger 
market from the local market), and estimates the hypothetical global 
GHG emissions during the period of 2006–2015. The effects of inter-
national trade on global/national economic development and GHG 
emissions are further revealed. Our results highlight that current inter-
national trade benefits the global economic development but with a 
consequence of more GHG emissions compared with the NTS. For the 
year 2015, the global GDP would decrease by $7 trillion US dollars 
under the NTS (accounting for 10% of the actual GDP that year), while 
the global total GHG emissions would also decrease by 895 Mt (ac-
counting for 2% of the actual emissions). The hypothetical production in 
small countries (e.g., Luxembourg, Netherlands, or Japan) would be 
more constrained by the production factors (esp. land) under the NTS, 
compared with those factor-endowment countries (e.g., USA, or India). 
As such, the economic development would significantly recede in those 
small countries, so would their GHG emissions. For country/region- 
specific analysis, we found that developed countries (e.g., most of 
OECD and EIT) would have a substantial increase in their GHG emissions 
of clothing- and service-related products under the NTS, whereas 
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current countries with net-export (e.g., China, Brazil, South Africa, 
Australia, and Canada) would have less GHG emissions under the NTS. 

Enhancing future global collaborations is vital, especially for those 
small or resource-deficient economies, if we are to achieve the SDGs. 
The significant economic recessions in small countries that were 
observed under the NTS speak volumes. Taking Japan as an example, the 
result that Japan’s GDP would go down by 70% means that in such a no- 
trade world Japan would not exist in any shape or form as it does today. 
It is critical for those small or resource-deficient economies to fully take 
advantages of the globalization to strengthen their international trade 
with other countries and enhance their competitive advantages in the 
global market. As for those factor-endowment countries (e.g., the United 
States or China), future global collaborations should be oriented by both 
socio-economic development and environmental sustainability rather 
than only by economic growth as they are doing currently. This is 
especially important for today’s developing countries such as China and 
India that develop domestic economies based on significant resource 
and environmental costs. To our best knowledge, the resource and 
emission intensities of China’s exports are consistently larger than those 
of its imports. For instance, the carbon intensity of China’s export was on 
average 2.2 kg of CO2 per dollar, whereas that of China’s import is only 
0.5 kg of CO2 per dollar (Davis and Caldeira, 2010). The reasons for this 
phenomenon were multiple, as specified in Jakob and Marschinski 
(2012). Our results suggest today’s developing countries to re-construct 
their trade-specialization patterns of both their exports and imports. For 
instance, the cheap labour cost is regarded as a competitive advantage of 
manufacturing sectors for China compared with the developed countries 
in the past decades. For future international trade structure, China can 
move its manufacturing factories to the third-world countries, especially 
the countries in the global south where have adequate land and labour 
resources for manufacturing production, while China can take advan-
tage of past economic development and focus on improving production 
technology and efficiency in key manufacturing sectors like the pro-
duction of telecommunication equipment (Allen, 2018). 

Future studies could also apply the NTS to reveal the potential roles 
of trade and other social-economic factors in changing the national or 
global resource consumption and emissions for a systematic analysis. 
Besides the international trade, domestic trade in some countries have 
also been increasing rapidly these years, especially for large countries 
such as the United States or China. Those large countries always play 
important roles in the global markets as importers or exporters for key 
commodities like crops, energy or manufacturing products (Lin et al., 
2019b; Xu et al., 2011). Although large countries are often seen as ho-
mogeneous entities in current assessments of environmental impacts, 
their subnational regions have substantial variations in physical geog-
raphy, economic development, infrastructure, population density, de-
mographics, and lifestyles. Given that the results of the NTS based on 
five aggregated regions (Supplementary Information B) are quite 
different from those based on individual economies, it is also meaningful 
to understand the impacts of inter- and intra-national trade on the 
subnational economic and environmental development within large 
countries. Thus, future work could also focus on addressing these im-
pacts of trade on the sub-national economic, resource, and emission 
changes as well as the national total performances. 
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Le Quéré, C., Korsbakken, J.I., Wilson, C., Tosun, J., Andrew, R., Andres, R.J., 
Canadell, J.G., Jordan, A., Peters, G.P., van Vuuren, D.P., 2019. Drivers of declining 
CO2 emissions in 18 developed economies. Nat. Clim. Change 9 (3), 213–217. 

Lenzen, M., Kanemoto, K., Moran, D., Geschke, A., 2012. Mapping the structure of the 
world economy. Environ. Sci. Technol. 46 (15), 8374–8381. 

Lenzen, M., Moran, D., Kanemoto, K., Geschke, A., 2013. Building Eora: a global multi- 
region input–output database at high country and sector resolution. Econ. Syst. Res. 
25 (1), 20–49. 

Leontief, W.W., 1936. Quantitative Input and Output Relations in the Economic Systems 
of the United States. Harvard University Press. 

Li, Y., Hewitt, C.N., 2008. The effect of trade between China and the UK on national and 
global carbon dioxide emissions. Energy Pol. 36 (6), 1907–1914. 

Lin, J., Du, M., Chen, L., Feng, K., Liu, Y., V M, R., Wang, J., Ni, R., Zhao, Y., Kong, H., 
Weng, H., Liu, M., van Donkelaar, A., Liu, Q., Hubacek, K., 2019a. Carbon and health 
implications of trade restrictions. Nat. Commun. 10 (1), 4947. 

Lin, X., Ruess, P.J., Marston, L., Konar, M., 2019b. Food flows between counties in the 
United States. Environ. Res. Lett. 14 (8). 

Liu, X., Ishikawa, M., Wang, C., Dong, Y., Liu, W., 2010. Analyses of CO2 emissions 
embodied in Japan–China trade. Energy Pol. 38 (3), 1510–1518. 
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