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Abstract Decision makers interested in promoting sustainable development must simul-
taneously consider the environmental, economic and social implications of any action. This
article proposes the Framework for Integrated Sustainability Assessment (FISA), a
methodological framework for conducting a sustainability impact assessment of any
investment project. Based on a Multiregional Input—Output (MRIO) framework, FISA
links the extended MRIO results with social risk data from the Social Hotspots Database
(SHDB) in order to integrate the social with the environmental and economic pillars.
Resulting impacts are simultaneously considered and reported by means of FISA charts,
making it possible to assess the different impacts within the three sustainability pillars
across countries involved in the whole supply chain of investment projects. This
methodological framework can be applied not only to compare the sustainability impacts
of two alternative projects, but also to derive specific recommendations aimed at mini-
mizing the harmful social, environmental and economic effects along the whole project
supply chain.
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1 Introduction

Sustainability is an integrative concept which considers that responsible development
requires a balanced consideration of environmental, social and economic aspects (World
Commission on Environment and Development 1987; Kajikawa 2008; Schoolman et al.
2012). Striking this balance is far from easy as the three pillars involve different types of
values that are not commensurable with each other. Also the controversial interests of
different stakeholders frequently conflict within a single pillar of sustainability (Vucetich
and Nelson 2010). While this challenge is universal, developing countries face important
pressures to exploit their environmental resource base for profits. Their economies rely
heavily on their natural resources, and they have laxer social and environmental protection
laws (Lehman 1999). As a consequence, their rapid economic growth often comes at the
expense of irreversible environmental and social damage. Furthermore, globalization and
outsourcing have increased the complexity of supply chains and the amount of interaction
between industrialized and developing countries. In a global market, products and services
consumed in developed countries are likely to be based on factors of production in
developing countries that might result in not only environmental impacts, but also social
abuses due to weaker social protection measures, for example, low salaries (Oxfam 2013;
Alsamawi et al. 2014). Besides, developing countries are often challenged by different
priorities usually related to meeting their most basic needs (Oxfam 2013).

In this context, decision-making practices that emphasize solely economic and envi-
ronmental impacts fail to capture many fundamental social issues in developing countries
(e.g., need for equity, education and infrastructures). Practices such as corporate social
responsibility were devised to address this issue by monitoring social and environmental
conditions throughout the entire supply chains within companies (Elkington 1998). Even
so, law enforcement is still insufficient in these countries, and most businesses do not meet
their ethical responsibilities (Friedman 1970), although enforcement measures in supply
chains are increasing through supply chain reporting (Spence and Bourlakis 2009).
However, while field visits or auditing are useful ways to qualitatively explore the specific
social conditions of businesses or factories—such as working conditions—they are of no
use if a general overview of a whole industry or economic sector is required.

For the above reasons, it is of utmost importance for decision makers to have the right
tools to measure and consider the three pillars of sustainability associated with any
investment decision. In this respect, the research question to be addressed is, “Given the
cost data of any investment project, is there a methodological framework which outputs
simultaneously capture its economic, environmental and social impacts?”

The proposed Framework for Integrated Sustainability Assessment (FISA) is able to capture
not only economic and environmental impacts, but also the associated social impacts by
assessing the potential social risks from trade across economic sectors worldwide. Additionally,
FISA results are reported simultaneously. The three sustainability pillars can be compared
across all economic sectors and countries involved in the whole supply chain of projects.

2 State of the art

Methodologies aimed at assessing the three types of impacts have developed at different
paces. While methodologies that assess the financial and economic dimensions of an
investment project were developed many decades ago (e.g., project finance, life-cycle
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costing, activity-based costing, traditional input—output analysis), efforts to quantify,
monetize and later internalize environmental and socioeconomic externalities are more
recent. The early studies focused mainly on assessing greenhouse gases (GHG) and other
local emissions (Hohmeyer 1988; Bernow and Marron 1990; Ottinger et al. 1990; Pearce
et al. 1992; ETSU and METROECONOMICA 1995; NEEDS 2009), and job creation
(Stone 1986; Ferroukhi et al. 2013; Duscha et al. 2014; Teske et al. 2014), for example.
Besides, other social aspects (e.g., quality of employment, poverty, long working hours)
have started to be accounted for (Senhbruch 2004; Dreyer et al. 2006; Cohen 2009;
Hutchins and Sutherland 2009; Bezerr 2012; Casillas and Kammen 2012; Linke et al.
2013; Oxfam 2013).

Table 1 shows a compilation of early studies singling out the pillar of sustainability that
they address. While the first set of studies considered only the economic dimension, the
following group also accounted for (both or either) the environmental and social dimen-
sions. Table 1 also highlights the associated limitations when considering a complete and
simultaneous sustainability assessment.

As shown in Table 1, most methodologies conduct a partial sustainability assessment
and do not cover all three pillars. The main methodological challenge is to expand and
integrate social impact assessment with the other pillars, whose root is the specification of
boundary definitions and the availability of data regarding some social concerns (Lehman
1999). Besides, most social impacts are based on qualitative results from surveys or field
visits. They cannot be straightforwardly converted to quantifiable results and integrated
with traditional economic or environmental methodologies. Also, qualitative data are often
more subjective and more locally specific than quantitative values (UNEP et al. 2009).
Additionally, according to some authors, data collection for most social databases is nei-
ther robust, consistent nor reliable (Ranis and Stewart 2010). Furthermore, most of the
existing social indexes have significant calculation errors due to data uncertainty [e.g., the
Human Development Index (Wolff et al. 2010)], data transformation [e.g., the Social
Vulnerability Index (Tate 2012)] and the disparity of methods used (Smith et al. 2013;
McBain and Alsamawi 2014). For example, some indexes employ an aggregation
methodology based on subjective expert evaluations (Carraro et al. 2013). Finally, few
methodologies take into account all the stages of the supply chains across various sectors
and countries (Alsamawi et al. 2014).

In the light of the above challenges, the FISA methodological proposal presented in this
paper broadens the existing body of literature and helps to fill the social gap by integrating
this pillar into sustainability assessments. To do this, Multiregional Input—Output (MRIO)
analysis is the selected overarching methodology, as it can account for a wide variety of
socioeconomic and environmental impacts across countries and sectors based on project
cost data. Next, the social pillar is integrated by combining MRIO results with the Social
Hotspots Database social risk database. As a result, the economic sectors and countries
most stimulated by the analyzed projects with high social risks are identified and named
Project Social Hotspots (PSH). Through this methodological integration, the three types of
impacts caused by investment projects are accounted for across economic sectors around
the world.

The remainder of the paper is structured as follows. Sect. 3 presents the methodological
steps of the proposed FISA. First, the Multiregional Input—-Output (MRIO) methodology
and the Social Hotspots Database social risk database are explained. Next, the method-
ological integration and FISA charts are described and the FISA results are simultaneously
plotted. Finally, FISA’s role in decision-making processes, future applications of the
methodological framework and the main conclusions are presented.
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Table 1 Literature review of methodologies assessing one or more pillars listing barriers to a complete and
simultaneous sustainability assessment

Pillar covered Studies Methodology Barriers to simultaneous sustainability
assessment
Economic Stanford Life-cycle costing A focus on economic impacts
University
(2005)
Leontief (1936) Input output (1I0)
Shakya et al. financial analysis
(2005)
Caldés et al. Activity-based
(2006) costing
Environmental with/ Hong et al. Life-cycle A focus on environmental impacts
without economic (2013) assessment with/without economic issues
pillar (LCA)
Jala and Travel cost method
Nandagiri and contingent
(2015) assessment

Social pillar with/
without economic or
environmental pillars

Munda (1996)

Esmaeili and
Shahsavari
(2011)

Alsamawi et al.
(2014) De la
Rua Lope
(2009)

Caldés et al.
(2009)

Casillas and

Kammen
(2012)

Dreyer et al.
(2006)

Hutchins and
Sutherland
(2009)

Cohen (2009)

Linke et al.
(2013) Bezerr
(2012)

Weidema (2006)

Senhbruch (2004)

Mc Bain (2015)

Cost—benefit
analysis (CBA)

Hedonic price
method

Extended MRIO
LCA and IO

Extended 10

Carbon abatement
cost curve and
equity metrics

LCA

LCA, 10,
indicators,
modeling

Multidimensional
Poverty
Assessment Tool

Indicators
LCA and CBA
Indicators

Extended MRIO
and indicators

An exclusively employment-related
social perspective

A focus on exclusively economic and
employment impacts

Availability of carbon cost curves and
social indicators of
regions/countries. No simultaneous
impact assessment

A focus on exclusively social impacts

No simultaneous impact assessment
Availability of social indicators

A focus on exclusively social impacts
Time and cost (based on interviews)

A focus on exclusively employment-
related impacts Indicator availability
(very specific processes)

A focus on social and economic
aspects

A focus on exclusively employment-
related social concerns

No simultaneous sustainability impact
assessment
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3 Methodological integration: Framework for Integrated Sustainability
Assessment (FISA)

Figure 1 illustrates the methodological steps of the proposed sustainability framework.

Based on investment and operations and maintenance (O and M) cost data as the
specific project inputs, the Multiregional Input—Output (MRIO) methodology can assess
the response of all economic sectors across several countries to an increase in the
demand for goods and services using MRIO tables (MRIOT). An extension of the
MRIO methodology accounts for the socioeconomic and environmental impacts by
adding vectors related to CO, emissions, employment or working hours per dollar
produced for each sector and country, for example. The social pillar is later incorpo-
rated into the FISA methodological framework by linking the MRIO results with social
risk data from the Social Hotspots Database (SHDB) classified by countries and sectors
according to the World Input-Output Database (WIOD). This analysis is capable of
identifying Project Social Hotspots (PSH). PSHs represent the sectors that will be both
highly stimulated by the analyzed project and associated with high social risks. The
different effects caused by the analyzed projects are compared simultaneously using
FISA charts. Such illustrations can provide decision makers with support when con-
sidering and comparing the impacts of alternative projects across the three sustainability
pillars.
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Fig. 1 Methodological integration through FISA
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3.1 Multiregional Input—Output model (MRIO)

The Input—Output (I0) methodology analyzes the response of economic sectors in a region
or country caused by a change in the demand for goods and services generated by a project
(Ten Raa 2006). This methodology was first developed in 1936 by Wassily Leontief, who
studied the relations between the US economic sectors between 1919 and 1929. His work
was based on IO tables (I0OT), which show the relation between consumption or inputs and
production or outputs among the economic sectors of an economy. Technical coefficients
can be calculated from the IOT. The technical coefficients indicate the intermediate
consumption that one sector requires from another sector to produce one single monetary
unit (Leontief 1936).

Leontief’s traditional 10 model was expanded to account for trade among different
regions or countries through a Multiregional Input—Output (MRIO) analysis (Isard 1951).
The first studies using MRIO assessment date from the 1950s, when MRIO is considered as
an extension of the traditional IO model analyzing not only trade among economic sectors,
but also among different regions using Multiregional Input—Output Tables (MRIOT)
(Moses 1955). This geographical expansion is extremely relevant in the light of global-
ization, increasing competition in product manufacturing and growing trade flow among
countries (Navarro 2012).

Based on traditional input—output tables, MRIOT combine endogenously domestic
technical coefficient matrices with import—export matrices from multiple countries or
regions, capturing world trade supply chains between all economic sectors of all trading
partners (Alvarez 2014).

Table 2 shows the typical structure of a Multiregional Input—Output Table.

The intermediate consumption section refers to the trade among countries and sectors.
The diagonal contains the domestic matrices (A,,), which show the trade among sectors
within the same country. Outside of the diagonal, the matrices cover the trade among
sectors of the different countries (A,,).

Traditional IO tables contain the domestic matrix of a country. The domestic matrix
includes the national technical coefficients, which has R x R dimensions depending on

Table 2 Typical structure of a MRIOT

Country  Sector Country intermediate consumption Country final demand  Total output
1 ... n 1 n
Si ... S, .. S S,

1 Sector (Sy) Ay e A Y11 Yin X,

Sector (S,)
n Sector 1 (S1) Ay e Apn Y1 Yon Xa

Sector n (S,)

Total inter. consumption  IC, ... ICn
Value added VA, ... VA,
Total output X, e Xy
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the number of domestic economic sectors within the analyzed country. These technical
coefficients indicate the intermediate consumption that one sector requires from another
sector to produce one single unit monetary unit within a country (Eq. 1) (De la Ruda
2009).

%= XX, W

where Xj; is the amount of product that the economic sector j requires from the economic
sector i to generate its final production Xj, and aj; is the amount of product that the
economic sector j requires from the economic sector i to produce one unit of product j.

In MRIO tables, domestic and import matrices within countries are combined
endogenously, and their technical coefficients integrate relations between their sectors
(Eq. 2) (Alvarez 2014).

a;;m — X;?jm/)(;l (2)

where x;j" is the amount of product that the economic sector j of the country n requires
from the economic sector i of the country m to generate its final production X;', and ajj" is
the amount of product that the economic sector j of the country n requires from the
economic sector i of the country m to produce one unit of product jn.

With all technical coefficients included in the MRIO tables, the initial domestic matrix
R x R becomes an Rr x Rr matrix, which accounts for the trade among sectors and different
countries. Finally, a country’s total output includes the relations between the intermediate
consumption of sectors and countries and the demand from households, governments and
nonprofit organizations (Eq. 3).

X=AX+Y (3)

where X is a country’s production, A is the MRIO technical coefficient matrix, and Y is the
household, government and nonprofit organization demand vector. This equation takes into
account the intra- and interregional relations between sectors in the different countries
(Miller and Blair 2009).

Equation (3) can be also formulated as the Leontief equation (Eq. (4)).

X=01I-A)""xy (4)

where (I — A)fl is the Leontief inverse matrix, which quantifies the total economic effects
X of the investment project Y.

While X depicts the total (direct and indirect) increase in the demand for goods and
services generated by an investment project Y, it is also possible to estimate the
increase in added value by considering X and the corresponding share of added value
per sector. Additionally, due to the interdependency among economic sectors, the
development of any project involves a general stimulation of economic sectors. This is
the so-called multiplier effect and indicates by how much the economic activity of a
country increases for every monetary unit invested in a project. The multiplier effect is
the ratio between total effects (direct and indirect effects) and direct effects (X/Y),
where direct effects (Y) are effects related to the principal demands for the project and
indirect effects are the inputs necessary to satisfy direct demand (X-Y) (Holland and
Cooke 1992).
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3.2 Extended MRIO: environmental and socioeconomic pillars

Once the total economic impacts (e.g., total gross domestic/import demand, added value,
multiplier effect) associated with an investment project have been estimated, the
methodology can be expanded to account for other noneconomic effects by considering
socioeconomic and environmental vectors (Z;). These vectors are constructed from envi-
ronmental or socioeconomic data (CO, emissions, employment, etc.) per unit of economic
output for each economic sector in each country. The associated impacts are estimated by
multiplying the above vectors by the total economic effect generated by the project (Eq. 5)
(Caldés and Lechon 2010).

7, =7 x (I —A)"'xAY (5)

where Z, is the total (direct and indirect) socioeconomic or environmental impact analyzed
(employment,...) and Z; is the environmental or socioeconomic vector, which indicates the
employment, emissions, energy consumption, etc., per unit of production for each eco-
nomic sector.

The first studies that estimated socioeconomic impacts using an 10 methodology dated
from the 1960s (Stone 1966). Recently, the International Energy Agency—Renewable
Energy Technology Deployment (IEA-RETD) project referred to the IO methodology as
one of the most robust tools for assessing job creation and the cost and benefits of alter-
native scenarios or different energy technologies (Breitschopf et al. 2012). With regard to
environmental concerns, the first analysis performed using MRIO focused on the inventory
of emissions of a huge range of sectors and countries, e.g., OECD countries (Wyckoff and
Roop 1994), Japan (Kondo et al. 1998) or Australia (Lenzen 1998), from a consumer point
of view. The increasing interest in the environmental effects of trade has led to an increase
in this type of methodological approaches like MRIO applied to environmental impacts
(Lenzen 1998; Andrew et al. 2009; Hertwich and Peters 2009; Wiedmann et al. 2010; Feng
et al. 2011; Zafrilla et al. 2014). Finally, other social effects are starting to be accounted for
(Alsamawi et al. 2014; Mc Bain 2015).

One of the MRIO’s methodological advantages is that it accounts for a wide range of
supply chains of products and services across all involved countries (Alsamawi et al.
2014). However, the MRIO methodology is not without certain limitations. Some are that it
assumes unlimited production capacity, it does not account for the possibility of storage, it
does not account for all informal transactions in the economy, and the IOT are only
published every few years (Holland and Cooke 1992). Additionally, the sectorial aggre-
gation involves identical impacts assumed for all activities included in each economic
sector (Corona et al. 2016). Despite these limitations, this framework has been widely used
to predict future impacts (Barrett et al. 2013) and support decision-making processes
(Baumol and Wolff 1994), as well as for identifying key economic sectors (Archer and
Fletcher 1996) (Kofoworola and Gheewala 2008).

Of particular relevance for this research is the World Input-Output Database (WIOD)."
This multiregional database provides Multiregional Input—Output Tables of forty countries,
as well as socioeconomic and environmental accounts like employment, GHG emissions,
and energy and water consumption. The World Input—Output Database (WIOD) is a
European Commission project developed by a consortium of eleven European research
institutions (Arto et al. 2014). It covers 35 economic sectors within 40 countries plus a rest

! http://www.wiod.org/new_site/home.htm.
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of world (RoW) region from the period 1995 to 2011. Although there are other databases,
like the Global Trade Analysis Project (GTAP) (Gehlhar 1996), one of the advantages of
the World Input—Output Database (WIOD) is that its world input—output tables are based
on supply and use tables (SUTs) from national accounts statistics based on sector level
supply and demand data. They are later integrated with bilateral trade statistics, leading to
fewer discrepancies between sectorial GDP data in their IOTs and national statistics (Jones
et al. 2014). By using SUTs from national accounts, data can be harmonized over time
series (Erumban et al. 2012). Multiregional IOTs from GTAP are not based on SUTs from
national account statistics, but are constructed from country IOTs usually provided vol-
untarily by researchers. They are later adjusted with trade statistics and macroeconomic
data from several sources (World Bank, International Trade Center’'s MAcMap system,
etc.) (Huff et al. 2000; Harslett 2013). Because GTAP is not benchmarked on national
accounts statistics, discrepancies between GTAP-computed GDPs and national statistics
have been reported to be around 5-10 %, while WIOD results in 1 % (Jones et al. 2014).
Additionally, the different versions of GTAP databases are inconsistent, which is an
obstacle to the use of data for historical comparisons. Other differences between databases
are the availability of Multiregional IOTs (GTAP multiregional IOTs are available every
three years, and WIOD MRIOTs are available every year). Additionally, the WIOD
database is publicly accessible. However, WIOD has fewer sectorial disaggregations (35
sectors for WIOD vs. 57 sectors for GTAP). This could play an important role in envi-
ronmental impact assessments, mainly with respect to agricultural or energy sector dis-
aggregation. Besides, WIOD contains fewer countries, predominating mostly European
countries, and the RoW aggregation is a limitation if a specific impact assessment of a
country, primarily developing countries, is required (Tukker and Dietzenbacher 2013).

3.3 Expanding the social pillar: linking MRIO results with the Social
Hotspots Database

When assessing the social effects of any economic activity, there is a need to explore
beyond socioeconomic variables like the numbers of jobs created (UNEP et al. 2009). One
way to do this is by linking the total effects estimated by the MRIO assessment with the
Social Hotspots Database (SHDB). The SHDB quantifies social risks for every country-
specific sector (CCS).

The first version of the SHDB was created in 2011 by New Earth” and was later
improved in 2013. It contains a wide variety of social indicators mainly based on public
data from institutions such as the International Labor Organization (ILO), World Bank
(WB) and other organizations that periodically gather large volumes of social data (Franze
2013). The indicators are classified into 22 social themes based on the United Nations
Environment Programme (UNEP) guideline and five impact categories (UNEP et al. 2009),
as shown in Table 3.

The selection of indicators within social themes is based on the comprehensiveness of
the indicator—data availability in the economic sectors and countries—data source
legitimacy, data collection reliability, the possibility of quantifying the indicators and
relevance with respect to the investigated theme. There are a great many different types
and forms of social indicators, ranging from human rights to gender equality, and from
qualitative to quantitative or semiquantitative indicators (Franze 2013).

2 http://socialhotspot.org/.
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Table 3 SHDB impact categories and social themes

Impact categories

Labor rights and decent work Health and Human Governance Community
safety rights infrastructure

Social themes

Child labor Injuries and  Indigenous Legal Hospitals
Forced labor fatalities rights system
Excessive working time High Drinking water
Wage assessment conflicts
Poverty Toxics and Gender Corruption  Sanitation
Migrant labor hazards equality
Freedom of association Children out of school
Unemployment Human
health

Smallholders versus
commercial farm

Labor laws .
issues

According to the SHDB methodology, the identification of social hotspots across sectors
within one country is based on the analysis and conversion of social indicators to social
risk values (Benoit et al. 2012). Social risk values are figures that represent the existence
and degree of different social threats occurring in economic sectors. There are four levels
of social risk values, represented on a quantitative scale: low risk (1), medium risk (2), high
risk (3) or very high risk (4). These social risk values are obtained by means of a process of
characterizing and normalizing the different social indicators, based mainly on the data
distribution (e.g.,. quartiles). Depending on the type and form of the social indicator
(quantitative, semiquantitative, qualitative, etc.), other approaches are also used (e.g.,
expert consultation) (Franze 2013). More information about the processes of transforma-
tion and types of social risk is available from New Earth (2013). Thus, a wide variety of
social issues are quantified and categorized on the same risk scale. It is therefore possible
to compare and identify the highest social risks within economic sectors and countries
across supply chains (GreenDelta 2013). However, this methodology also has some lim-
itations. They include missing data for some CSS, the use of obsolete data or error
accumulation throughout social risk quantification (data collection errors, uncertainty in
databases, conversion into quantitative data, etc.) (Franze 2013), or the use of qualitative
data, which may be biased by some degree of subjectivity (UNEP et al. 2009). Addi-
tionally, it also suffers from the same constraints as most social databases, as mentioned by
Ranis & Stewart (2010) and Wolff et al. (2010).

Until now, social risk values have only been available for the GTAP classification® of
countries and sectors (see, for example, Benoit et al. (2012)). Thus, one of the contributions
of this paper is the use of social risk values for WIOD sectors and countries, and their
direct linkage with a MRIO assessment of a specific project through FISA. FISA is capable
of identifying Project Social Hotspots (PSH), namely the sectors with the highest social
risk values in the economic sectors most stimulated by a specific project. These PSHs are
identified by calculating the Project Social Index (PSI). The PSI is computed by multi-
plying the extended MRIO working hours results (WH) by the average social risk values in

3 https://www.gtap.agecon.purdue.edu/.
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each CSS per impact category. Of all the possible socioeconomic variables, we selected
working hours as the indicator for calculating the PSI, as it reflects labor stimulation and
gives a better overview of the sectors that are more vulnerable to particular social risks. In
this respect, the economic sectors with the highest PSI values correspond to the PSHs.
These are, at the same time, (i) the sectors most stimulated by the project in terms of WH
and (ii) the economic sectors with the highest social risk values.

Compared to previous analyses using the SHDB (Benoit et al. 2012), this paper is the
first to use social risk values for WIOD economic sectors and countries. Besides, the
resulting PSHs round out the traditional extended MRIO assessment by expanding the
social impacts to other aspects beyond employment, income and working hours. From this
assessment, it is then possible to identify, for any given investment project, which sectors
require special attention (PHSs) either because they are calculated by the PSI to have the
heaviest burden in terms of working hours or prominent social risks. Figure 2 shows the
proposed SHDB-MRIO linkage.

A possible example of PSH identification would be a project stimulating the “Renting
of machinery and equipment and other business activities” WIOD sector through
machinery hire, architecture or engineering services, among other activities. According to
the MRIO assessment, this sector accounts for a large percentage of the total working hours
across the whole project, that is, in both the investment and operational phases. Addi-
tionally, the “Construction” sector is also highly stimulated in terms of working hours, but
accounts for a smaller proportion because the construction phase is shorter. Moreover, both
sectors have a high average social risk value within all five impact categories, although the
figure for the “Construction” sector is higher. After multiplying the respective WH and
averaged social risk values in both sectors, the final PSI of both sectors is similar. This
means that both sectors account for a large proportion of WH and also have high social risk
values, and both are therefore PSHs. Then, it is possible to explore the highest risk values
within the PSHs in order to find out which specific social issues require more attention.

Once the three types of impacts have been assessed, FISA charts consider all impacts
simultaneously. The three impacts types are integrated together into the same FISA charts
by comparing the specific effects of each type of impact over its effects. FISA charts could
help decision makers to easily take into account that, for example, environmental and
social impacts could differ widely even if alternative projects have similar figures for

WIOD T —— Social Risks in WIOD CSS
(low, medium, high, very high)
Working hours (WH) results Project Social Index (PSI) Average Social Risk values
for the analyzed project 4 (WH * Social Risk Values) from 1 to 4 for WIOD CSS

Project Social Hotspots (PSH):

The largest sectors stimulated by the
project with the highest social risks

Fig. 2 SHDB-MRIO linkage with WIOD countries and sectors
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economic stimulation. In this case, it is possible to explore which project phases, types of
effects or countries are responsible for the largest share of impacts. This could steer
decision-making processes toward the selection of the best project from a sustainability
point of view, as well helping with the identification of harmful effects. Figure 3 shows the
combined impacts through FISA charts.

Figure 3 is an example of a possible chart plotting FISA results. This chart shows the
economic, environmental and social impacts of two hypothetical investment projects. It
illustrates the proportion of direct and indirect effects over the total effects on each impact
within the three sustainability pillars associated with the different projects. Other possible
charts may single out the effects across countries or project phases. An immediate future
line of research in this paper is the application of this methodological framework to
specified case studies.

In a nutshell, FISA’s strength is that it provides the possibility of integrating economic,
environmental and social impacts which can be reported simultaneously by means of FISA
charts. In this manner, different effects among the sustainability pillars can be compared
along the whole supply chain of specific investment projects. This is possible thanks to the
use of an extended MRIO analysis, whereby socioeconomic and environmental impacts
can be estimated based on project cost data inputs. Additionally, these impacts are also
estimated within the social pillar by linking MRIO working hour results with social risk
values from the SHDB to identify PHSs. They pinpoint the riskiest economic sectors most
stimulated by the development of the project. Accordingly, a wide range of output effects
can be singled out: direct, indirect or induced effects across the investment or operational
phases of the projects; impacts occurring on a national or international scale caused by
domestic or imported components, as well as related impacts from trade relationships
between countries.

Despite the advantages of this approach, it has some limitations related to sector
aggregation. In this respect, the assumption of unique social risk values within each
economic sector does not necessarily match up with all activities or industries aggregated
in the respective sector. Additionally, this assumption does not account for the possibility
of companies having different social responsibility practices within the same sector.

ECON Production of goods
and services
ENV Threatened species —507° | ECON Added value
70%—1
) y
ENV Water consumption N 60%— ) ECON Employments
/

ENV Photochemical oxidants ECON Working hours

Project 1 - Direct effects

/ = - = Project 1 - Indirect effects
ENV Acidification |, ?

4 ECON Wages N .
R U S SR T U ) /4 ANy / S S A A A L Project 2 - Direct effects
“, — —Project 2 - Indirect effects
)
\
\
ENV Climate change © ', SOC Labor risks
ENV Energy consumption SOC Health and safety risks
SOC Infraestructures risks SOC Human rights risks

SOC Govemance risks

Fig. 3 Combined impacts through FISA chart
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Given the globalized market, the application of the proposed methodological frame-
work FISA to specified investment projects is expected to generate relevant results for
decision makers as many projects import goods and services (either directly or indirectly)
from developing countries, which often have laxer environmental and social protection
legislations. The FISA results are able to account for such trade relationships and track
the potential positive and most important harmful effects throughout the whole supply
chain. As such, the use of this framework could make decision makers aware of the
possible sustainability effects of their actions, both nationally and globally, in order to
take the necessary measures to minimize the negative effects while fostering the positive
impacts.

Another future line of research will focus on accounting for key stakeholder
opinions and preferences in the results derived from FISA. According to Graymore
(2014), stakeholders should be included in the development of sustainability methods,
as they should bear in mind the priorities of counties and societies (Graymore 2014).
In this way, the significance of the results produced by FISA will be assessed by key
stakeholders (e.g., policy makers) through a preference questionnaire. Additionally,
this exercise will compare the raw FISA results with the FISA results weighted to
account for stakeholder preferences stated in the questionnaire. However, the limi-
tations of this approach, such as possible lack of transparency or the potential sub-
jectivity of expert evaluations and weighting processes, must also be considered
(Carraro et al. 2013).

4 Conclusions

Sustainability is no longer a stranger to decision-maker agendas, and most stakeholders
recognize the need to account for the economic, environmental and social implications of
the decisions that they make in a globalized world. Consequently, any comprehensive
sustainability assessment should account for the impacts of any project across the three
sustainability pillars along supply chains linking producers with final consumers. One
consideration of such assessments is the evaluation of the environmental and social
impacts embodied in the traded commodities.

In this context, MRIO models are good at assessing the socioeconomic and environ-
mental impacts of global trade. They should, however, integrate the social pillar, and this
poses a methodological challenge.

In this respect, the research reported here contributes to expanding the existing body of
literature by proposing the integration of MRIO analysis with social risks from the SHDB
through the Framework for Integrated Sustainability Assessment (FISA). Based on the cost
figures of the analyzed project, FISA estimates more than fifteen types of impacts within
the three sustainability pillars, singling out direct and indirect effects, project phases and
countries where the respective effects are felt. The results generated by the proposed
framework also help to improve the understanding and communication of the complex
relations between the three sustainability pillars. Additionally, it is useful for comparing
the impacts of two alternative projects. In particular, it can identify the key impacts within
the three sustainability pillars, while taking into account the whole supply chain and
existing global trade. In this way, FISA aims to provide decision makers with support for
choosing the best alternative taking into consideration the three sustainability pillars along
the whole supply chain.
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Future research lines will focus on the validation of the proposed framework through its
application to alternative projects and an expert evaluation of its use in decision-making
processes.

References

Caldés N., Lech6n Y. (2010). Analisis de externalidades de las energias renovables. In: Tratado energias
Renov [Internet]. Editorial Aranzadi; [cited 2015 Jun 30]; pp. 951-1004. Espafia. http://dialnet.
unirioja.es/servlet/articulo?codigo=3187593.

Alsamawi, A., Murray, J., & Lenzen, M. (2014). The employment footprints of nations: Uncovering master-
servant relationships. Journal of Industrial Ecology, 18, 59-70.

Alvarez S. (2014). Huella de carbono de organizacion y producto con enfoque hibrido: mejoras en el método
compuesto de las cuentas contables. Universidad Politécnica de Madrid.

Andrew R., Peters G., Lennox J. (2009). Approximation and regional aggregation in multi-regional input—
output analysis for national carbon footprint accounting. [Internet]. [cited 2015 Aug 31]. http://www.
tandfonline.com/doi/pdf/10.1080/09535310903541751#.VeRFeiXtmkp.

Archer, B., & Fletcher, J. (1996). The economic impact of tourism in the Seychelles. Annals of Tourism
Research, 23, 32-47.

Arto I., Rueda-Cantuche J. M., Peters G. P. (2014). Comparing the Gtap-Mrio and Wiod databases for
carbon footprint analysis. Economic Systems Research [Internet]. 26, 327-353. http://www.
tandfonline.com/doi/abs/10.1080/09535314.2014.939949.

Barrett, J., Peters, G., Wiedmann, T., Scott, K., Lenzen, M., Roelich, K., et al. (2013). Consumption-based
GHG emission accounting: A UK case study. Climate Policy, 13, 451-470. doi:10.1080/14693062.
2013.788858.

Baumol W. J., Wolff E. N. (1994). A key role for input-output analysis in policy design. Regional Science
and Urban Economics [Internet]. [cited 2015 Aug 27]; 24, 93-113. http://www.sciencedirect.com/
science/article/pii/0166046294900213.

Benoit C., Aulisio D., Hallisey-kepka C., Tamblyn N., Norris G. A. (2012). Social scoping prototype
strawberry yogurt. Arizona. New Earth and The sustainability consortium: A social hotspot database
publication.

Bernow S., Marron D. (1990). Valuation of environmental externalities for energy planning and operations
[Internet]. Boston; [cited 2015 Sep 10]. https://books.google.es/books/about/Valuation_of
Environmental_Externalities.html?id=0yfGtgAACAAJ&pgis=1.

Bezerr J. (2012). Evaluation of two competing machining processes based on sustainability indicators. In
Leveraging Technology for a Sustainable World Proceedings of the 19" CIRP Conference Life Cycle
Engineering University Calif Berkeley, Berkeley, USA, May 23-25, 2012. Sao Paulo.

Breitschopf B., Nathani C., Resch G. (2012). IEA-RETD project: “Economic and Industrial Development”
EID—EMPLOY. Methodological guidelines for estimating the employment impacts of using renew-
able energies for electricity generation. Karlsruhe, Germany.

Caldés, N., Coady, D., & Maluccio, J. A. (2006). The cost of poverty alleviation transfer programs: A
comparative analysis of three programs in Latin America. World Development, 34, 818—837.

Caldés, N., Varela, M., Santamaria, M., & Saez, R. (2009). Economic impact of solar thermal electricity
deployment in Spain. Energy Policy, 37, 1628-1636.

Carraro C., Campagnolo L., Eboli F., Giove S., Lanzi E., Parrado R., Pinar M., Portale E. (2013). The FEEM
sustainability index: An integrated tool for sustainability assessment [Internet].:169-193. http://link.
springer.com/10.1007/978-3-642-32081-1.

Casillas, C. E., & Kammen, D. M. (2012). Quantifying the social equity of carbon mitigation strategies.
Climate Policy, 12, 690-703.

Cohen A. (2009). The Multidimensional poverty assessment tool: User’s guide.

Corona B., De la Rua C., San Miguel G. (2016). Socioeconomic and environmental effects of concentrated
solar power in Spain: A multiregional input-output analysis. Solar Energy Materials and Solar Cells.
(article in press).

De la Rua, Lope C. (2009). Desarrollo de la herramienta integrada “andlisis de ciclo de vida—Input Outout
andlisis para Espaiia y aplicacion a tecnologias energéticas avanzadas”. Madrid: CIEMAT.

Dreyer L. C., Hauschild M. Z., Schierbeck J. (2006). A Framework for social life cycle impact assessment.
International Journal [Internet]. 11:88-97. http://www.springerlink.com/index/10.1065/1ca2005.08.
223.

@ Springer


http://dialnet.unirioja.es/servlet/articulo?codigo=3187593
http://dialnet.unirioja.es/servlet/articulo?codigo=3187593
http://www.tandfonline.com/doi/pdf/10.1080/09535310903541751%23.VeRFeiXtmkp
http://www.tandfonline.com/doi/pdf/10.1080/09535310903541751%23.VeRFeiXtmkp
http://www.tandfonline.com/doi/abs/10.1080/09535314.2014.939949
http://www.tandfonline.com/doi/abs/10.1080/09535314.2014.939949
http://dx.doi.org/10.1080/14693062.2013.788858
http://dx.doi.org/10.1080/14693062.2013.788858
http://www.sciencedirect.com/science/article/pii/0166046294900213
http://www.sciencedirect.com/science/article/pii/0166046294900213
https://books.google.es/books/about/Valuation_of_Environmental_Externalities.html%3fid%3d0yfGtgAACAAJ%26pgis%3d1
https://books.google.es/books/about/Valuation_of_Environmental_Externalities.html%3fid%3d0yfGtgAACAAJ%26pgis%3d1
http://springerlink.bibliotecabuap.elogim.com/10.1007/978-3-642-32081-1
http://springerlink.bibliotecabuap.elogim.com/10.1007/978-3-642-32081-1
http://www.springerlink.com/index/10.1065/lca2005.08.223
http://www.springerlink.com/index/10.1065/lca2005.08.223

Using the framework for integrated sustainability... 1995

Duscha V., Ragwitz M., Breitschopf B. (2014). Employment and growth effects of sustainable energies in
the European Union [Internet]. 199. http://ec.europa.eu/energy/sites/ener/files/documents/EmployRES-
Ifinalreport_Opdf.

Elkington, J. (1998). Partnerships from cannibals with forks: The triple bottom line of 21st century business.
Environmental Quality Management, 8(1), 37-51.

Erumban A., Gouma R., De Vries G., De Vries K., Timmer M. (2012). Sources for national supply and use
table input files [Internet]. Brussels. http://www.wiod.org/publications/source_docs/SUT_Input_
Sources.pdf.

Esmaeili, A., & Shahsavari, Z. (2011). Valuation of irrigation water in South-western Iran using a hedonic
pricing model. Applied Water Science, 1, 119-124.

ETSU, METROECONOMICA. (1995). ExternE. Externalities of Energy. Methodology.

Feng K., Chapagainb A., Suhc S., Pfisterc S., Hubacek K. (2011). Comparison of bottom-up and top-down
approaches to calculating the water footprints of nations. [Internet]. [cited 2015 Sep 10]. http://www.
tandfonline.com/doi/pdf/10.1080/09535314.2011.638276.

Ferroukhi R., Lucas H., Renner M., Lehr U., Breitschopf B., Lallement D., Petrick K. (2013). Renewable
energy and jobs. International Renewable Energy Agency, 1-144. http://www.irena.org/rejobs.pdf.

Franze J. 2013. Working with the social hotspots database in openLCA.

Friedman, M. (1970). The Social responsibility of business is to increase its profits. New York Times
Magazine, 13(32-33), 122-124.

Gehlhar M. (1996). Reconciling bilateral trade data for use in GTAP. GTAP Technical Paper. Paper 10.

Graymore, M. L. M. (2014). Sustainability reporting: An approach to get the right mix of theory and
practicality for local actors. Sustainability, 6, 3145-3170.

Green Delta. (2013). Social hotspot database introductory user tutorial. York: SHDB project.

Harslett P. (2013). The GTAP data base construction procedure by GTAP working paper No. 76.

Hertwich E., Peters G. (2009). Carbon footprint of nations: A global, trade-linked analysis. Environment
Science and Technology [Internet]. 43, 6414-6420. http://pubs.acs.org/doi/full/10.1021/es803496a.

Hohmeyer O. (1988). Social costs of energy consumption: External effects of electricity generation in the
Federal Republic of Germany [Internet]. Germany; [cited 2015 Sep 10]. https://books.google.com/
books?hl=es&lr=&id=9VLuCAAAQBAJ&pgis=1.

Holland D., Cooke S. C. (1992). Sources of structural change in the Washington economy. The Annals of
Regional Science [Internet]. [cited 2015 Jun 30]; 26, 155-170. http://link.springer.com/10.1007/
BF02116367.

Hong, J., Xu, C., Hong, J., Tan, X., & Chen, W. (2013). Life cycle assessment of sewage sludge co-
incineration in a coal-based power station. Waste Management, 33(9), 1843—1852.

Huff K., McDougall R., Walmsley T. (2000). Contributing input-output tables to the GTAP data base
contributing input-output tables to the GTAP data base GTAP technical paper No. 1. Guelph.

Hutchins, M. J., & Sutherland, J. W. (2009). The role of the social dimension in life cycle engineering.
International Journal of Sustainable Manufacturing, 1, 238-250.

Isard W. (1951). Interregional and regional input-output analysis: A model of a space-economy [Internet].
[cited 2015 Sep 7]. http://www jstor.org/stable/19264597seq=1#page_scan_tab_contents.

Jala A., & Nandagiri L. (2015). Evaluation of economic value of Pilikula Lake using travel cost and
contingent valuation methods. Aquatic Procedia [Internet]. 4:1315-1321. http://linkinghub.elsevier.
com/retrieve/pii/S2214241X15001728.

Jones L., Wang Z., Xin L., Degain C. (2014). The similarities and differences among three major inter-
country input-output databases and their implications for trade in value added estimates. Washington.

Kajikawa, Y. (2008). Research core and framework of sustainability science. Sustainability Science, 3,
215-239.

Kofoworola F., Gheewala S. (2008). An input—output analysis of Thailand’s construction sector [Internet]. [cited
2015 Aug 27]. http://www .tandfonline.com/doi/pdf/10.1080/01446190802425560#.Vd7iK7Ltmko.

Kondo, Y., Moriguchi, Y., & Shimizu, H. (1998). CO2 emissions in Japan: Influences of imports and
exports. Applied Energy, 59, 163-174.

Lehman, G. (1999). Disclosing new worlds: A role for social and environmental accounting and auditing.
Accounting, Organizations and Society, 24, 217-241.

Lenzen, M. (1998). Primary energy and greenhouse gases embodied in Australian final consumption: An
input-output analysis. Energy Policy, 26, 495-506.

Leontief W. (1936). Quantitative input and output relations in the economic systems of the United States.
The Review of Economic Statistics [Internet]. [cited 2015 Jun 30]; /8, 105-125. http://www.jstor.org/
stable/1927837?seq=1#page_scan_tab_contents.

@ Springer


http://ec.europa.eu/energy/sites/ener/files/documents/EmployRES-IIfinalreport_0pdf
http://ec.europa.eu/energy/sites/ener/files/documents/EmployRES-IIfinalreport_0pdf
http://www.wiod.org/publications/source_docs/SUT_Input_Sources.pdf
http://www.wiod.org/publications/source_docs/SUT_Input_Sources.pdf
http://www.tandfonline.com/doi/pdf/10.1080/09535314.2011.638276
http://www.tandfonline.com/doi/pdf/10.1080/09535314.2011.638276
http://www.irena.org/rejobs.pdf
http://pubs.acs.org/doi/full/10.1021/es803496a
https://books.google.com/books?hl=es&lr=&id=9VLuCAAAQBAJ&pgis=1
https://books.google.com/books?hl=es&lr=&id=9VLuCAAAQBAJ&pgis=1
http://springerlink.bibliotecabuap.elogim.com/10.1007/BF02116367
http://springerlink.bibliotecabuap.elogim.com/10.1007/BF02116367
http://www.jstor.org/stable/1926459%3fseq%3d1%23page_scan_tab_contents
http://linkinghub.elsevier.com/retrieve/pii/S2214241X15001728
http://linkinghub.elsevier.com/retrieve/pii/S2214241X15001728
http://www.tandfonline.com/doi/pdf/10.1080/01446190802425560%23.Vd7iK7Ltmko
http://www.jstor.org/stable/1927837%3fseq%3d1%23page_scan_tab_contents
http://www.jstor.org/stable/1927837%3fseq%3d1%23page_scan_tab_contents

1996 1. Rodriguez-Serrano et al.

Linke B. S., Corman G. J., Dornfeld D. A., Tonissen S. (2013). Sustainability indicators for discrete
manufacturing processes applied to grinding technology. Journal of Manufacturing Systems [Internet].
32, 556-563. http://dx.doi.org/10.1016/j.jmsy.2013.05.005.

Mc Bain D. (2015). Social indicators for use with Multiregional Input Output analysis. Sydney.

McBain D., Alsamawi A. (2014). Quantitative accounting for social economic indicators. Natural Resources
Forum [Internet]. 38, 193-202. http://doi.wiley.com/10.1111/1477-8947.12044.

Miller, R. E., & Blair, P. D. (2009). Input—output analysis. Foundations and extensions. Second. Cam-
bridge: Cambridge University Press.

Moses L. (1955). The stability of interregional trading patterns and input-output analysis [Internet]. [cited
2015 Jul 30]. http://www jstor.org/stable/18213807seq=1#page_scan_tab_contents.

Munda, G. (1996). Cost-benefit analysis in integrated environmental assessment: Some methodological
issues. Ecological Economics, 19(2), 157-168.

Navarro F. (2012). Modelos multisectoriales input-output en el estudio de los impactos ambientales: Una
aplicacion a la economia de Catalufia. p. 217.

NEEDS (2009). New energy externalities developments for sustainability deliverable no 5-RS 1d “External
Costs Aggregation”.

New Earth. (2013). SHDB supporting documentation. United States.

UNEP, SETAC, Life Cycle Iniciative. (2009). Guidelines for social life cycle assessment of products.
Belgium. http://www.unep.fr/shared/publications/pdf/DTIx1164xPA-guidelines_sLCA.pdf.

Ottinger R. L., Wooley D., Robinson N., Hodas D., Babb S. (1990). Environmental costs of electricity
[Internet]. New York, NY (United States); Oceana Publications; [cited 2015 Sep 10]. http://www.osti.
gov/scitech/biblio/7041801.

Oxfam. (2013). Exploring the links between international business and poverty reduction: Bouquets and
beans from Kenya. Oxford [Internet]. 128. http://www.oxfam.org/sites/www.oxfam.org/files/rr-
exploring-links-ipl-poverty-footprint-090513-en.pdf.

Pearce D., Bann C., Georgiou S. (1992). The social cost of fuel cycles [Internet]. [cited 2015 Sep 10]. http://
inis.iaea.org/Search/search.aspx?orig_q=RN:24067601.

Ranis G., & Stewart F., (2010). Success and failure in Human Development 1970-2007. Human Development
Research Paper 2010/10. http://hdr.undp.org/es/content/successand-failure-human-development-1970-
2007

Schoolman, E. D., Guest, J. S., Bush, K. F., & Bell, A. R. (2012). How interdisciplinary issustainability
research? Analyzing the structure of an emerging scientific field. Sustainability Science, 7, 67-80.

Senhbruch K. (2004). From the quantity to the quality of employment: An application of the capability
approach to the Chilean labour market. Center for Latin American Studies Working Paper. No. 9:1-66.
http://clas.berkeley.edu/sites/default/files/shared/docs/papers/Sehnbruchwithcover.pdf.

Shakya, B. D., Aye, L., & Musgrave, P. (2005). Technical feasibility and financial analysis of hybrid wind-
photovoltaic system with hydrogen storage for Cooma. International Journal of Hydrogen Energy, 30,
9-20.

Smith L. M., Case J. L., Smith H. M., Harwell L. C., Summers J. K. (2013). Relating ecoystem services to
domains of human well-being: Foundation for a U.S. index. Ecological Indicators [Internet]. 28,
79-90. http://dx.doi.org/10.1016/j.ecolind.2012.02.032.

Spence, L. J., & Bourlakis, M. (2009). The evolution from corporate social responsibility to supply chain
responsibility: The case of Waitrose. Supply Chain Management: An International Journal, 14(4),
291-302.

Stanford University (2005). Guidelines for LCCA in Buildings. Standford.

Stone R. (1966). The social accounts from a consumefs point of view. An outline and discussion of the
revised United Nations system of national accounts. Review of Income Wealth [Internet]. [cited 2015
Aug 27]; 12, 1-33. http://doi.wiley.com/10.1111/j.1475-4991.1966.tb00709.x.

Stone R. (1986). Social accounting: The state of play [Internet]. [cited 2015 Aug 17]. http://www jstor.org/
stable/34403807seq=1#page_scan_tab_contents.

Tate E. (2012). Uncertainty analysis for a social vulnerability index. Annals of the Association of American
Geographers [Internet]. [cited 2015 Sep 7]; 103, 526-543. http://www.researchgate.net/publication/
254227626_Uncertainty_Analysis_for_a_Social_Vulnerability_Index.

Ten Raa T. (2006). The economics of input-output analysis [Internet]. Cambridge: Cambridge University
Press; [cited 2015 Jun 30]./ebook.jsf?bid = CBO9780511610783.

Teske S., Sawyer S., Ash K. (2014). Energy [r]evolution. United States.

Tukker A., Dietzenbacher E. (2013). Global multiregional input—output frameworks: An introduction and
outlook. Economic Systems Research [Internet]. 25:1-19. http://dx.doi.org/10.1080/09535314.2012.
761179.

Vucetich, J. A., & Nelson, M. P. (2010). Sustainability: Virtuous or Vulgar? BioScience, 60, 539-544.

@ Springer


http://dx.doi.org/10.1016/j.jmsy.2013.05.005
http://doi.wiley.com/10.1111/1477-8947.12044
http://www.jstor.org/stable/1821380%3fseq%3d1%23page_scan_tab_contents
http://www.unep.fr/shared/publications/pdf/DTIx1164xPA-guidelines_sLCA.pdf
http://www.osti.gov/scitech/biblio/7041801
http://www.osti.gov/scitech/biblio/7041801
http://www.oxfam.org/sites/www.oxfam.org/files/rr-exploring-links-ipl-poverty-footprint-090513-en.pdf
http://www.oxfam.org/sites/www.oxfam.org/files/rr-exploring-links-ipl-poverty-footprint-090513-en.pdf
http://inis.iaea.org/Search/search.aspx%3forig_q%3dRN:24067601
http://inis.iaea.org/Search/search.aspx%3forig_q%3dRN:24067601
http://hdr.undp.org/es/content/successand-failure-human-development-1970-2007
http://hdr.undp.org/es/content/successand-failure-human-development-1970-2007
http://clas.berkeley.edu/sites/default/files/shared/docs/papers/Sehnbruchwithcover.pdf
http://dx.doi.org/10.1016/j.ecolind.2012.02.032
http://doi.wiley.com/10.1111/j.1475-4991.1966.tb00709.x
http://www.jstor.org/stable/3440380%3fseq%3d1%23page_scan_tab_contents
http://www.jstor.org/stable/3440380%3fseq%3d1%23page_scan_tab_contents
http://www.researchgate.net/publication/254227626_Uncertainty_Analysis_for_a_Social_Vulnerability_Index
http://www.researchgate.net/publication/254227626_Uncertainty_Analysis_for_a_Social_Vulnerability_Index
http://dx.doi.org/10.1080/09535314.2012.761179
http://dx.doi.org/10.1080/09535314.2012.761179

Using the framework for integrated sustainability... 1997

Weidema B. P. (2006). The integration of economic and social aspects in life cycle impact assessment.
International Journal of Life Cycle Assessment [Internet]. 17:89-96. http://www.springerlink.com/
index/10.1065/1ca2006.04.016.

Wiedmann T., Wood R., Minx J. C., Lenzen M., Guan D., Harris R. (2010). A carbon footprint time series of
the UK—results from a multi-region input—output model. Economic Systems Research [Internet]. [cited
2015 Jul 30]; 22, 19-42. http://www.tandfonline.com/doi/abs/10.1080/09535311003612591 ?src=recsys#.
VbolGbPtmko.

Wolff H., Chong H., Auffhammer M. (2010). Classification, detection and consequences of data error:
Evidence from the Human Development Index.

World Commission on Environment and Development. (1987). Our common future, the Brundtland report.

Wyckoff, A. W., & Roop, J. M. (1994). The embodiment of carbon in imports of manufactured products.
Energy Policy, 22, 187-194.

Zafrilla, J. E., Cadarso, M.-N., Monsalve, F., & De La Rud, C. (2014). How carbon-friendly is nuclear
energy? A hybrid MRIO-LCA model of a Spanish facility. Environmental Science and Technology,
48(24), 14103-14111.

@ Springer


http://www.springerlink.com/index/10.1065/lca2006.04.016
http://www.springerlink.com/index/10.1065/lca2006.04.016
http://www.tandfonline.com/doi/abs/10.1080/09535311003612591%3fsrc%3drecsys%23.VboJGbPtmko
http://www.tandfonline.com/doi/abs/10.1080/09535311003612591%3fsrc%3drecsys%23.VboJGbPtmko

	Using the Framework for Integrated Sustainability Assessment (FISA) to expand the Multiregional Input--Output analysis to account for the three pillars of sustainability
	Abstract
	Introduction
	State of the art
	Methodological integration: Framework for Integrated Sustainability Assessment (FISA)
	Multiregional Input--Output model (MRIO)
	Extended MRIO: environmental and socioeconomic pillars
	Expanding the social pillar: linking MRIO results with the Social Hotspots Database

	Conclusions
	References




