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Abstract

In an interdependent and interconnected world, countries’ ability to achieve the Sustainable
Development Goals (SDGs) is affected by positive or negative spillovers from other countries.
International SDG spillovers are pervasive. They can relate to the environment, socio-economic
factors, finance and governance, and security. Yet, monitoring of progress towards the SDGs and
national strategies largely ignore such spillovers. This working paper describes international SDG
spillovers and reviews techniques for their measurement. It proposes six practical steps to close
knowledge and data gaps on trade-related international spillover effects.
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1. Introduction

Implementing the 2030 Agenda and achieving its Sustainable Development Goals (SDGs) (United
Nations, 2015) will require deep transformations in every country (TWI2050, 2018; Sachs et al.,
2019). In an increasingly interdependent world, countries’ actions can have positive or negative
effects on other countries’ ability to achieve the SDGs. Such international “spillovers” are pervasive
and have been proliferating as the expansion of trade has been exceeding the growth in gross world
product (Fischer-Kowalski et al., 2015). Examples of international spillovers include greenhouse gas
emissions that result in polar melt and rising seas, which threaten to submerge many countries and
coastal communities around the world. Demand for commodities (such as palm oil) in one country
that fuel deforestation in other countries (Valin et al., 2015; Lustgarten, 2018). Tolerance for poor
labor standards in international supply chains that harm the poor, particularly women, in many
developing countries (ILO, 2014). Examples of financial spillovers include those related to
investments or tax havens and banking secrecy which can inhibit other countries’ ability to raise the
public revenues needed to finance the SDGs (IMF, 2014; Oxfam, 2016), and as the International
Monetary Fund (IMF) has recently shown (Gaspar, 2018), poor countries require increased
international development assistance if they are to meet the goals — a positive international spillover.

Positive and negative spillovers must be understood, measured, and carefully managed since
countries cannot achieve the SDGs if spillovers from other countries counteract their efforts. The
2017 SDG Index Report issued by the SDSN and Bertelsmann Stiftung (Sachs et al., 2017) provided a
first systematic assessment of international spillover effects in the context of the SDGs, which has
been developed further in the 2019 edition (Sachs et al., 2019). It shows that negative effects tend to
flow from rich to poor countries, including through transnational companies that control
international supply chains and are mostly located in high-income countries. As part of global efforts
to achieve the SDGs, these countries therefore bear a special responsibility to identify and tackle
international spillover effects.

A key challenge lies in the measurement of international spillover effects which is not commonly
undertaken by national statistical offices. International institutions tend not to have access to all the
data required and the current global statistical architecture is not designed, equipped or mandated
to tackle such issues. As a result, spillovers are not well reflected in national and international
statistics. As a result, the 232 official SDG indicators (UN Statistics Division, 2017) do not include
metrics for spillovers with a few exceptions as official development assistance. Fortunately, the
scientific literature on international spillovers and their measurement has expanded significantly in
recent years, owing in particular to efforts by the OECD, UNCTAD, and several research teams to
harmonize input-output tables and trade statistics, as discussed further below.

The SDGs broadly recognize the importance of international spillover effects with SDG 12 on
Responsible Consumption and Production requiring developed countries to take the lead in tackling
this issue. Some countries have begun to reflect spillovers in SDG implementation, such as Sweden’s
Generational Goal which aims to “hand over to the next generation a society in which the major
environmental problems in Sweden have been solved, without increasing environmental and health
problems outside Sweden’s borders” (Weitz et al., 2018). The German Sustainability Strategy defines
SDG implementation by referring to actions taken “in, by and with Germany” (Bundesregierung,
2018), in recognition of external impacts of its national activities and decision making.

This SDSN Policy Brief aims to make three contributions to the global debate on international
spillover effects. First, it describes a typology of international spillovers and their relationship to the
SDGs, drawing on Sachs et al. (2017, 2019). Second, it summarizes techniques available for the
measurement of trade-related international spillovers and their indicators. And finally, it outlines



priorities for closing knowledge and data gaps on trade-related international spillover effects. A
technical annex provides more details on the methods measuring spillover indicators.

2. Typology of international SDG spillovers

Economists have studied positive and negative spillover effects or “externalities” since Arthur Pigou’s
pioneering work in the first half of the 20" century. International spillover effects are said to occur
when one country’s actions generate benefits or impose costs on another country that are not
reflected in market prices, and therefore are not “internalized” by the actions of consumers and
producers (Sachs et al., 2017). The benefits or costs may be referred to as positive or negative
externalities. Much economic work focuses on how these can be “internalized,” for example through
corrective taxation, such as proposed cross-border taxes for commodities that come with significant
environmental or socio-economic footprints or the widely proposed “carbon tax” to internalize the
externality of CO,-induced global warming.

Most spillovers are mediated through international
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sulphur dioxide (“acid rain”) that crosses many may be referred to as positive or negative
national borders, or the water pollution transmitted externalities.

through surface water or groundwater flows. Other
spillover effects occur through the unsustainable use
of “global commons,” such as the high seas, the biosphere, and the atmosphere?. Richer countries
tend to exploit global commons disproportionately, as illustrated by the cases of fishing on the high
seas (Sala et al., 2018) and greenhouse gas emissions (Le Quéré et al., 2018).

This working paper focuses mainly on trade-related spillover effects, including those associated with
international supply chains. Several trade-related environmental and socio-economic spillovers are
addressed by the SDGs, including deforestation, greenhouse gas emissions, labor rights, and child
labor. They can be grouped into four categories:

1. Environmental spillovers relate to the use of natural resources and pollution. They tend to be
negative externalities whereby demand from importing countries increases pollution and natural
resources in exporting countries. Spillovers relating to natural resource use occur for example with
trade in threatened species and trade in commodities that uses, overuses, or degrades
environmental resources. Prominent examples are deforestation and biodiversity loss, which are
driven by trade in timber, palm oil, coffee, rubber, soy, and other commodities (Lenzen et al., 2012;
Chaudhary and Kastner, 2016; Nishijima et al., 2016; Weinzettel and Wood, 2018; Wiedmann et al.,
2015). Another example for the overuse of resources concerns water embodied in international
trade, often referred to as “virtual water” (Hoekstra and Hung, 2002), such as the wide-spread
mining of groundwater resources for export markets (Dalin et al., 2017).

2 Another positive spillover are “global public goods”. In contrast to common goods, the use of such public
goods is non-rivalrous. Examples include knowledge and innovation. Markets tend to underprovide global
public goods because the total social benefits are not reflected in the market incentives to provide them.
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Environmental pollution can have transboundary effects in two ways. First and most importantly,
environmental pollution is embodied in international trade. For example, a country may import
industrial products that generate high emissions of greenhouse gases and other pollutants instead of
producing them locally. This will improve the importing country’s domestic environmental
performance at the expense of that in the exporting countries (Kander et al., 2015). Similar trade
effects are well documented for reactive nitrogen (Oita et al., 2016), sulphur and nitrous oxides
(Zhang et al., 2017), particulate emissions (Zhang et al., 2017), pollution from electronic waste
(Schmidt, 2006; Lepawsky, 2015), and many other pollutants.

Second, environmental spillovers occur

International spillovers can be grouped into through direct.cross-border flows of
several categories: Environmental spillovers, socio- ~ Pollutants in air and water. For

. . . . example, sulphur dioxide emissions
economic spillovers, spillovers related to finance

. . from one country can cause acid rain in
and governance as well as security spillovers . i .
neighboring countries, even across

oceans, as illustrated by the health
effect of air pollution generated in
China on the Western United States and Canada (Zhang et al., 2017). Transboundary flows in water
pollution, in particular through surface waters is widespread but poorly measured and documented.

2. Socio-economic spillovers include the application of international labor standards, particularly
across international supply chains (ILO, 2014). Such spillovers can be positive, for example when
international corporations introduce higher labor standards in a country, but they are often negative
involving the exploitation of workers in developing countries. In some cases, international supply
chains tolerate and encourage child labor and forced labor, including modern forms of slavery (Walk
Free Foundation, 2016; UNICEF, 2018; Gomez-Paredes et al., 2016). Similarly, international trade may
cause spillovers relating to occupational hazards (Alsamawi et al., 2017) in the producer country and
along the supply chain.

3. Spillovers related to finance and governance include international development finance as one of
the most important positive spillovers. In particular official development assistance is critical for poor
countries to achieve the SDGs (Gaspar, 2018; Sachs et al., 2018). Policies for and practice of
international investments can support or hinder the achievement of the SDGs (UNCTAD, 2014). Rules
and regimes for managing international trade have major implications for economic development in
rich and poor countries alike (CGD, 2018) that raise particularly complex issues of definition and
measurement. Major negative spillovers are generated by unfair tax competition, banking secrecy,
and money laundering. International competition on corporate taxation can lead to a “race to the
bottom” and has in many instances, undermined countries’ ability to raise public resources (IMF,
2014; Dharmapala, 2014) needed for public investments in the SDGs (Gaspar, 2018) — a process the
OECD refers to as base erosion (OECD, 2014). Of particular concern are hidden beneficial ownership
of companies and related practices that allow companies and individuals to shift profits and assets
out of countries in ways that are difficult to track (Tax Justice Network, 2018; Oxfam, 2016). Some of
these efforts are technically legal, but a lot of profit shifting constitutes money laundering that is
abetted by tax havens, some of which are under the jurisdiction of OECD countries.

4. Security spillovers include negative externalities, such as the trade in arms, particularly small arms
(Adeniyi, 2017) and organized international crime. While difficult to track, the Small Arms Survey:
Trade Update 2017 estimates that the international small arms trade was worth at least USD 6 billion
in 2014 (Holtom and Pavesi, 2017). Estimates produced by the Stockholm Peace Research Institute
(SIPRI) shows that transfers of major conventional weapons have increased in significant parts of the
world over the past decade especially in the Middle East and North Africa (SIPRI, 2018). Among the
positive spillovers are investments in conflict prevention and peacekeeping, including through the
United Nations.



3. Methods for measuring trade-related international
spillovers

Data on cross-border spillover effects tends to be sparse and incomplete. The increasing length and
complexity of supply chains complicates efforts to assess trade-related spillovers. Moreover, national
and international databases are often inconsistent, and national statistical offices tend not to be
mandated to measure or report on international spillovers. The work of international organizations in
this area is furthermore hampered by political sensitivities among member states on the
measurement of spillover effects and on the difficulties of clearly assigning responsibility for negative
externalities to individual countries along the complex supply chain.

A lot of work on international spillovers focuses on individual supply chains, such as apparel, or
specific products, such as palm oil from South-East Asia. Such case studies have strengthened our
understanding of international spillover effects (see box below), but they do not provide the
comprehensive data needed for assessing spillover effects on national SDG implementation.

Methods for assessing international trade-related spillovers fall into three broad categories, which
are described below and in greater detail in the appendix:

1. Multi-Regional Input-Output (MRIO): MRIO analyses combine internationally harmonized input-
output tables and trade statistics for sectors or groups of products and services. MRIOs quantify
trade-related spillovers related to environmental, socio-economic, security, and governance/finance
spillovers. This top-down method offers comprehensive global coverage of the full supply chain. In
turn, it operates at high levels of aggregation. It generally measures average impacts and cannot
distinguish between context-specific technologies, efficiencies, and intensities of resource use and
pollution. As a result, MRIO methods are best

suited for assessing aggregate spillover effects at
the sector level or for product groups. Results can

be presented for each country. A major advantage . . .
oe P ) ) Y J & trade-related spillovers can be grouped into Multi-
is the relative ease with which analyses can be

conducted and represented for different countries Regional Input-Output (MR.IO)' Life Cycle
once the MRIO tables have been set up. Country Assessment (LCA) or Material-Flow Analyses (MFA)

Different methods for assessing international

coverage is limited however, by the scope of models
available MRIO databases.

2. Life Cycle Assessment (LCA): LCA uses a bottom-up approach to assess the environmental impact
of individual products and their production processes across geographic and temporal scales. LCA is
also increasingly being applied to socio-economic impacts. The principal advantage of this method
lies in the high product resolution and the ability to consider different production technologies.
However, the analytical scope of the LCA method is limited by the system boundary or cut-off, the
so-called “truncation problem”(Reap et al., 2008), which needs to be defined for any product. As a
result, LCA cannot be as comprehensive as MRIO. They also require vast volumes of data, which may
be unavailable, particularly where information is commercially sensitive. Owing to these constraints,
LCA is less suitable than MRIO to quantify SDG spillover effects at the national level.



Case study: Assessing deforestation spillover effects from soy supply
chains from South America to Europe and China
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Figure 1: Soy deforestation risk of Chinese imports of soy from Brazil, 2013-2017, by municipality

Europe and China are the biggest importers of soy from South America, primarily for animal feed for poultry and
pork, and for biofuels. The production of the soy embedded in these exports is associated with deforestation.
Trase, a digital tool for exploring supply chains, makes it possible to better understand the links between import
markets and subnational production regions and therefore to see where commodity production is linked to
deforestation risks. This means that consumer governments can assess and track deforestation risk in their
imports.

Focusing on the European Union (EU) and China’s soy imports from Brazil, where forest and native vegetation in
the Amazon and Cerrado are being cleared for soy expansion, Trase analysis shows that from 2013 — 2017
Europe’s soy imports were linked to almost twice as much soy-related deforestation per ton than soy imports to
China. This is because EU countries primarily source from the Cerrado, where vegetation is being cleared for soy,
while China predominantly sources from the Southern region, where deforestation rates are much lower (see
Figure 1). This shows the importance of sub-national data in understanding spillover effects as deforestation risks
depend on sourcing patterns. This detail creates an opportunity for consumer countries to reduce their exposure
to soy deforestation by prioritizing efforts to improve the sustainability of soy production in these specific high-
risk municipalities.

This case study is part of a survey on the governance of the soybean supply chain with a particular focus on the impact of
trade imports from Europe and China on important soybean producing countries. The objective is to understand how the
governance of international supply chains can be reformed to curb spillover effects and to comply with the Sustainable
Development Goals (SDGs). The survey was commissioned by the GIZ Sector Project “Agricultural Trade, Agribusiness,
Agricultural Finance” on behalf of the German Federal Ministry of Economic Cooperation and Development (BMZ) to
Climate Focus, the Global Canopy, and the Sustainable Development Solutions Network (SDSN).




3. Material-Flow Analyses (MFA): MFA offer an additional approach for assessing spillovers, by
tracking specific material flows along supply chains and across countries. This tracking can be done at
high spatial resolution, but primarily for raw or less processed commodities. To some extent, this
limitation can be overcome by including conversion factors (e.g. from feed to livestock products). As
for the MRIO and LCA methods, there have been more applications of the MFA methodology to
environmental impacts than to socio-economic impacts so far. Like LCA, MFA also suffers from the
truncation problem, so it cannot be as globally comprehensive as MRIO, and it is hard to estimate
country-level impacts.

Different research groups have applied these three methods to different impacts (Figure 2). The
focus so far has been primarily on environmental and less on socio-economic impacts. So far, many
spillovers relating to finance, governance, and security, cannot be estimated using these methods.
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Figure 2: Examples of spillovers quantified using the Eora MRIO database (source: worldmrio.com)

As described further in the annex, hybrid approaches seek to combine advantages of the different
methods in an effort to overcome individual constraints. Examples of groups working at the forefront
of these questions include Vienna University, that uses hybrid economic-physical MRIO-MFA
analyses; ZEF at Bonn University develops MRIO-LCA hybrids; Norwegian University of Science and
Technology in Trondheim develops hybrid MRIO analyses to quantify spillovers relating to
greenhouse gas emissions and biodiversity loss; Sydney University has pioneered hybrid MRIO-LCA
analyses for land, water, biodiversity, and greenhouse gas spillovers. A special case is the described
TRASE platform developed by the Stockholm Environment Institute which traces and visualizes at
high spatial resolution the impacts of international trade e.g. on carbon, land and forests, initially
applied on soy, palm oil and livestock products. The Industrial Ecology Virtual Laboratory (IELAB) and
other groups harness big data from social media and other sources for the analyses of supply chains
and footprints.

Common across all methods are major data challenges. Data relating to systems of national accounts
(SNA) remains weak, particularly in middle- and low-income countries. This is one of the reasons why
developing countries are less represented in research on international spillover effects (Tian et al.,
2018). Better SNA data is critical to fill key knowledge gaps related to SDG spillover effects, including
context information on production and consumption. Another challenge is that research groups
which develop new, or improve existing, methods for spillover analyses often lack the resources or
incentives to continue their work by updating data sets and producing continued time series over
many years, which are critical for policy analysis and advocacy around international spillovers.
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4. Recommendations

International spillovers are critical for SDG implementation, but data availability is limited, and these
issues are rarely discussed in policy circles. Six priorities for action can help address these gaps:

1. Improve communication and policy use of data on spillover effects

The 2017 SDG Index and Dashboards (Sachs et al., 2017) showed that substantial data is available on
international spillovers, but they were mostly confined to scientific publications behind paywalls and
written in styles that are inaccessible to many policy makers. International rankings and the inclusion
of international spillover data in products like the SDG Index can help raise awareness of available
data. In collaboration with Yale Center for Environmental Law & Policy, the SDSN is developing a new
Environmental Impact Index (Ell)3, which aims to give greater prominence to the role of international
spillovers in driving environmental outcomes. It will also underscore the need for countries to
monitor and target their territorial and transboundary environmental impacts through appropriate
policies. To this end country profiles in the 2019 SDG Index highlight countries’ performance on
international spillovers (Sachs et al., 2019).

Moreover, international spillover effects should be considered in international fora, such as the High-
Level Political Forum (HLPF) on the 2030 Agenda for Sustainable Development, as well as national
SDG reports, including the Voluntary National Reviews (VNRs). High-income countries, in particular,
need to describe how they plan to reduce the negative international spillovers they generate.

Since businesses drive most resource
use and pollution, they should also
systematically include spillover
information related to their supply
chains in annual sustainability and SDG
reporting. The rapid growth of Life
Cycle assessments makes such
reporting by company and supply chain
possible. Spillover data and information also needs to be considered more systematically in
standards and ratings for corporate social responsibility, as developed by the Global Reporting
Initiative, the Science-Based Targets Networks, the World Benchmarking Alliance, and others.

Recommendations call upon academia, policy
makers and businesses to join forces and tackle
negative spillover effects.

2. Improve governance of international supply chains based on available spillover data and
information

It is known from available spillover analyses that many international supply chains, particularly those
relating to food systems, are unsustainable. The ability of individual companies to correct these
failings can be limited, so industry- and supply-chain-wide approaches are needed. Several such
industry initiatives exist, including for cocoa, coffee, palm oil, soybeans, and zero-deforestation
supply chains. Yet, their impact has been limited as illustrated by a recent Greenpeace (2019) report
on zero-deforestation supply chains. Such voluntary industry initiatives need to be framed by
national and international standards and governance mechanisms. Where potential demand
substantially exceeds sustainable supply, as is likely already the case for palm oil fruit,
comprehensive approaches are needed to manage demand as well as supply. More research and

3 vale Center for Environmental Law & Policy’s work on the Ell is supported by the Ida and Robert Gordon
Family Foundation as well as Marshall Ruben and Carolyn Greenspan, and SDSN’s contribution is supported by
the GIZ program in support of SDSN, initiated on behalf of the German Federal Ministry for Economic
Cooperation and Development (BMZ).



experimentation are needed to understand how the governance of trade and international supply
chains can be reformed to curb spillover effects and align the supply chains with the SDGs and the
objectives of the Paris Agreement.

3. Apply existing MRIO, MFA and LCA methods to more SDG spillovers, including time series

To date, only a subset of the MRIO, MFA and LCA data has been mined for metrics on international
SDG spillovers. Many scientific assessments are one-off analyses that seek to demonstrate a new
methodology, so continuous time series data is not systematically available. With modest
incremental resources, research teams could apply existing MRIO, MFA and LCA techniques to a
broader set of impacts or spillovers and produce time series data using published methods. In this
way, major data gaps could be filled in a relatively short period of time. In some areas, new methods
might need to be developed, which will take more time and resources. To ensure up-take by the
business and policy communities, the data should be made freely accessible and presented in a
format that is easy-to-digest.

4. Promote open-access supply chain data for LCA

The rapid growth in LCA approaches (Annex) and application offers tremendous potential for
providing high-resolution data on international supply chains and their spillover effects. A key
challenge for researchers is to collect the large volumes of high-resolution data of which some is
considered commercially sensitive by the companies that own the data. As recommended by SDSN’s
TReNDs group, new models of open-data protocols are required to bring more data into the public
domain without undermining companies’ need to keep some supply-chain data confidential.

5. Improve consistency of international and national data, applying the System of National
Accounts (SNA), in particular in developing countries

In spite of growing investments in SNA, their coverage and resolution remain insufficient, particularly
in developing countries and with regard to the supply-and-use tables (SUT) underlying global MRIO
databases. This undermines consistency between international and national data required to better
understand spillover effects. Since SNA serve many critical data needs for policymaking, greater
investments are necessary to improve their quality and coverage, particularly in middle- and low-
income countries.

6. Advance hybrid methods for assessing international spillover

Hybrid methods and higher-resolution MRIOs — as described in more detail in the annex offer
promising methods for improving our understanding of international spillover effects related to the
SDGs. Given the limited availability of SUT/SNA data, approaches based on combining globally
available trade statistics with simple econometric models linking trade to socio-economic impacts
could be developed. Multi-footprint assessments can also help identify potential trade-offs between
environmental and socio-economic impacts.
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Annex: Detailed description of methods

Multi-Regional Input-Output (MRIO)

MRIO models provide “the big picture” of the global economy (i.e. a complete and consistent global
overview of international and inter-sectoral exchanges and patterns). At high spatial and sectoral
aggregation level, individual products or companies are not explicitly represented, hence their
variability. MRIO tables can be extended beyond the purely economic realm, by adding
environmental and socio-economic extensions, as satellite accounts (e.g. for water or land use or
labor conditions) with the same level of spatial and sectoral detail (Mekonnen and Hoekstra, 2011;
UN, 2014). This allows for different spillovers to be quantified and consistently compared for
countries or sectors as a whole.

Such satellite accounts commonly consist of average resource use intensities, emission intensities, or
socio-economic impacts associated with production and processing per industry sector. This top-
down approach may over- or underestimate the actual context-specific environmental or socio-
economic impacts. Moreover, satellite accounts mostly consider so-called midpoint indicators, such
as greenhouse gas emissions and water use, instead of endpoint indicators, i.e. impacts on the
ground or “footprints”. Therefore, top-down MRIO supply chain analyses need to be complemented
with bottom-up local context information to inform policies at national or sub-national level (e.g. on
resource management or environmental and socio-economic governance).

Four major global MRIO databases are updated regularly and openly accessible: EORA, EXIOBASE,
OECD-ICIO and WIOD. They are compared in the special issue of Economic Systems Research
(Inomata and Owen, 2014) on MRIO inter-comparison and Malik et al., (2018). The GTAP MRIO is not
freely available; the Global MRIO lab is functional in a MATLAB-based interface; and GRAM has been
discontinued. All databases are available as time series from 1995 to at least 2011 in NACE 1
classification (the classification of economic activities in the European Union). The OECD-ICIO and
WIOD databases are being upgraded to a higher-resolution industry classification NACE 2, which
corresponds to the system of national accounts used in most countries.

EORA covers the largest number of countries, relying heavily on estimation methods for missing data.
EXIOBASE and WIOD focus on European countries and Europe’s main trading partners. The OECD-
ICIO covers more than 60 countries and increases country coverage, as new data becomes available.
Both, WIOD and OECD-ICIO, have been developed for the analysis of economic flows between
countries and industries, while the motivation for EXIOBASE and EORA was the estimation of
environmental footprints. This is reflected in the level of industry detail, where EXIOBASE emphasizes
the detailed representation of extractive industries with corresponding satellite accounts for
associated emissions, land-, and water-use. Differences in model outcomes result mostly from
differences in input data rather than differences between the models. Efforts are underway to
harmonize accounts for employment, energy, and emission across the databases. For details on the
assessment see Murray and Lenzen (2013).
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Life Cycle Assessment (LCA)

This method quantifies environmental impacts of products, processes, and services from cradle-to-
grave, i.e. from raw material extraction through processing, manufacture, distribution, use, up to
disposal (1ISO 14040:2006 and I1SO 14044:2006). It can be used to estimate high-resolution
environmental footprints, such as the carbon footprint, across supply chains. LCA is commonly used
to evaluate footprints from organizations, sectors, or countries (Hellweg and Mila i Canals, 2014;
Martinez-Blanco et al., 2015b, 2015a).

Methodological advances have made LCA comprehensive in its impact assessments across key
categories, such as climate change, acidification, ozone depletion, or eutrophication. These can, in
turn, be aggregated into endpoint indicators, such as human or environmental health (Hellweg and
Mila i Canals, 2014). LCA methods are highly data intensive and rely on databases for resource
consumption and emission calculation across upstream and downstream stages of the product life
cycle. LCA outcomes must be expressed and communicated with respect to an input to or an output
from the system (e.g. 1 ton soybean at farm gate in Brazil, 1 kg of refined sugar packaged in paper
and delivered to a consumer in France, 1 km driven under US average conditions, average food
consumption per person in the EU). This allows for comparative assessments of systems to aid less
resource-intensive design. Work is ongoing to connect LCA with planetary boundaries (Clift et al.,
2017).

Life Cycle Costing is frequently applied in parallel to address eco-efficiency (Swarr et al., 2011). More
recent methods also assess social impacts within the LCA framework. Such social LCA address
impacts on workers, the local communities, the consumers, the society and other supply chain
actors. Impacts can include human rights, working conditions, health and safety, cultural heritage,
governance or socio-economic repercussions. The Life Cycle Initiative of the United Nations
promotes methodological improvements and harmonization towards comprehensive Life Cycle
Sustainability Assessment (LCSA) (UNEP, 2009, 2015). LCSA is therefore particularly well suited to
become a decision support tool to serve the SDGs.

Similar to the upstream truncation under MFA, LCA must define a system boundary and cut-off
criteria to isolate the product system. Hence, LCA usually provides context- or case-specific results,
although scenario and uncertainty analyses are frequently applied to enhance their applicability.
Most LCA applications quantify average impacts based on historical or measured data; although
‘consequential LCA’ are becoming increasingly available to explore the impacts of supply- and
demand-driven changes in the product system.

One of the main limitations of LCA is the need for large amounts of data and regionalized impact
assessment methods, which limits its applicability to global supply chains (Hellweg and Zah, 2016).
Data can be hard to obtain, as companies are often hesitant to disclose information on their supply
chains.

While LCA is less applicable for country-level assessments of spillover effects, it can provide more
details at the product level, particularly with regard to different input technologies that cannot be
assessed using MRIO. LCA can also more easily assess different impact categories simultaneously
compared with MRIO. This includes exploring trade-offs among impact categories. A key challenge
for understanding SDG spillovers is to broaden the scope of LCA to measure impacts from product
consumption bundles by means of more streamlined applications.
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Material Flow Accounting (MFA)

MFA traces physical flows of materials associated with commodities along national and international
supply chains using industry data and international trade analyses. In principle, it can do so at any
spatial or product resolution. MFA can be combined with resources embedded in trade, such as
virtual water or land use, which serve as inputs for the commodity but do not flow physically with the
commodity. By including conversion factors or conversion efficiencies, the method can also associate
processed products with resource use and emissions at the location of primary production.
Additional local context information is required to derive true impacts on the ground (“footprints”),
as in the case of MRIO. Depending on the boundary definitions for the respective application, MFA
requires that supply chain analysis is truncated at some point. It, therefore, cannot offer analyses
that are as comprehensive as with MRIO. There is also the risk of double counting and of not
representing re-exports correctly.

Hybrid approaches for monetary and biophysical assessments

The development of hybrid methods aims to overcome the limitations of each method by combining
the strengths of the different approaches. In particular researcher aim to combine the completeness
of MRIOs with detailed bottom-up process data available through MFA and LCA (Malik et al., 2015).

As one illustration, studies of land use change and associated impacts of global supply chains on
ecosystems tend to use either monetary MRIO models or biophysical MFA (Chaudhary et al., 2017;
Chaudhary and Kastner, 2016; Sandstrom et al., 2017; Nishijima et al., 2016). Several authors have
investigated the differences, advantages, and limitations of monetary versus physical accounting
(Bruckner et al., 2015; Kastner et al., 2014; Hubacek and Feng, 2016; Weinzettel and Wood, 2018;
Weinzettel et al., 2014). It is commonly found that the methods may lead to contradictory results,
due to their assumptions and limitations. Whereas MRIOs provide a comprehensive mapping of the
global supply chain network, they lack detail on products and spatial resolution. Furthermore,
allocating pressures based on monetary values can be problematic in cases when prices of products
vary significantly across uses or exhibit unpriced externalities (Liang and Zhang, 2013). Moreover,
biophysical accounting models need to truncate and are therefore unable to trace non-food uses of
biomass to final consumers. This constitutes a severe drawback when assessing footprints of crops
that are primarily for industrial and energy purposes such as vegetable oil. So hybrid monetary and
physical models may offer a promising way forward (Bruckner et al., 2015), as demonstrated by
assessments of land use and biodiversity footprints of vegetable oils (Tébben et al., 2018).
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