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In the last half century, much research effort has gone into identifying the causes and effects of
societal burdens. Industrial activity may arguably be the most widely responsible cause, but the
effects, or social impacts (Sls), resulting from industrial activity are typically considered
externalities and not evaluated alongside economic performance of industries. It is clear however
that people are fundamental to the progress and development of economies. Understanding how
people are affected by economies, and in particular industrial economic activity, starts with
recognizing that impacts on people can no longer be considered externalities. The coordinating
lack of understanding of social performance, i.e., how stakeholder needs are impacted by industrial
production, limits the capacity of decision makers to make fully informed choices. A
multidisciplinary perspective is needed to address this gap in understanding. The new approach,
economic input-output social impact assessment, integrates economic production with social
impacts and is further demonstrated to provide a measurable path forward to evaluate the social
performance of industries. It is shown that changes in industrial activity, e.g., growth, in the U.S.

will have a directly related and predictable change in social impact.
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CHAPTER 1. THE NEED TO QUANTIFY SOCIAL IMPACTS

1.1 Introduction

The last several decades have seen the emergence of sustainability as a key benchmark of industrial
function. In fact, one of the pillars of sustainability, economic performance, has been used for
centuries to judge industrial efficiency. Over the last thirty years, a second dimension of
sustainability, environment, has increasingly become a consideration for industrial decision
makers. Recently, the third dimension of sustainability has begun to be considered: society. Such
importance is placed on the social dimension that 8 of the 17 United Nations Sustainable
Development Goals [United Nations, 2015] can be directly attributed to social issues and an

additional 4 can be linked to social accessibility challenges.

The social dimension of sustainability is suggested to incorporate all aspects of society, culture,
and human interaction. The relatively abstract nature of social sustainability requires a
comprehensive multidisciplinary approach to address the underlying complexity. From the social
sciences, researchers have used stakeholder theory [Crane & Ruebottom, 2011; Dewey, 1927;
Mitchell et al., 1997] to identify a diverse set of stakeholder groups for companies [Hutchins et al.,
2013; UNEP-SETAC, 2009]. From the psychological sciences, the theories of human and societal
needs [Maslow, 1958; Maslow et al., 1970] have been used to identify levels of requirements for
the aforementioned stakeholders [Esteves & Vanclay, 2009; Max-Neef et al., 1992]. The
intersection of these two theories provides a framework in which needs can be defined for each
stakeholder group (Figure 1.1). These theories have helped guide a partial understanding of

societal systems but lack the measurable component needed for effective management.
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Stakeholder Group
Society/ Local Value Chain/| Owners/ |Consumers/| Workers/
Public | Community| Suppliers |Shareholders| Customers | Employees
— | Actualization
§ Esteem
E Affiliation
% Safety/Security
Basic

Figure 1.1 - Framework for the intersection of stakeholder and human needs theories. Adapted
from Hutchins et al. [2010].

Developed in parallel with both the stakeholder and needs theories, but typically not used in
conjunction, impact assessment (IA) arose in the 1970s out of a political imperative to
acknowledge and predict the impact that a project may have on the surrounding areas and
communities [Freudenburg, 1986]. The social aspects of IA were slow developing behind
environmental considerations until the late 1980s, but have recently been adapted for use with life
cycle assessment (LCA) methodologies [Chhipi-Shrestha et al., 2015; Feschet et al., 2013; Hsu et
al., 2013; Parent et al., 2010; Reitinger et al., 2011; Wang et al., 2016; Wu et al., 2015]. Social 1A,
or SIA, and LCA have been combined to quantify and predict social impacts within an analytical
measurement framework, often referred to as social life cycle impact assessment (SLCIA or S-
LCIA). These tools have helped guide a partial quantification of societal impacts but lack causal
linkages between activity and impact, sufficient and publicly available data, suitable and
applicable metrics, and consensus on what should be measured and how to do so [Chhipi-Shrestha
et al., 2015; Ebrahim & Rangan, 2014; Morrison-Saunders et al., 2014; Rasmussen et al., 2017;
Sutherland et al., 2016].

The challenge of measurability goes back centuries. Galileo Galilei was attributed with living by
the motto, “count what is countable, measure what is measurable, and what is not measurable make
measurable” [Aumala, 1999]. As societies continue to become more complex, the measurability
of societal attributes will become increasingly more important and significantly more complicated.
The difficulty in understanding how a complex system, such as a society, functions can be further

compounded by the uncertain connection between what is measured, what the measures mean, and
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the impact attributable to those measures [Rossi, 2007]. For example, can wages paid to local
employees be linked to a high quality-of-life for those employees? What if those wages are not
enough for the employee to meet the basic needs of their household? In this line of reasoning, the
public domain houses a veritable treasure trove of measured and estimated values without clear
and defined utility. Connecting those measures to an instance of relatable and useful impact, i.e.,

data that tells a truthful and compelling story of humanity, can be quite challenging.

Attempts at describing the human story through measures and data have expanded over the last
century, from portrayal of the entire economy with flows of goods and services [Leontief, 1936]
to assessment of the corruption of modern nations [Xiao et al., 2017]. Specifically in the last half
century, much research effort has gone into identifying the causes and effects of societal burdens
[Andrews & Withey, 1976; Atkinson, 2002; Azar et al., 1996; Bauer, 1966; Boulanger, 2008;
Diener & Suh, 1997; Hutchins et al., 2010; UNEP-SETAC, 2009]. There is an abundance (and
continually growing volume) of measures, metrics, or indicators (MMIs) in the research literature
that attempt to quantify social impacts [Rasmussen et al., 2017]. The challenge remains in the
inconsistency of applicability and suitability of such social MMIs across a myriad situations
[Sutherland et al., 2016].

While both economic and environmental performance MMIs are well documented [Sutherland et
al., 2016], understanding of social performance MMIs is still lacking consensus. Much of the
recent work on social MMIs is based on the foundational indicator development effort of UNEP-
SETAC [2009] and Bendit-Norris et al. [2013]. In the research literature, the majority of studies
focus on social factors such as employment, working hours, labor conditions, or occupational
health [Benoit-Norris et al., 2012; Chhipi-Shrestha et al., 2015; De Luca et al., 2015; Di Cesare et
al., 2018; Dreyer et al., 2010; Ebrahim & Rangan, 2014; Hardadi & Pizzol, 2017; Hosseinijou et
al., 2014; Husgafvel et al., 2013; Iribarren & Vazquez-Rowe, 2013; Kihnen & Hahn, 2017;
Macombe et al., 2013; Murphy, 2012; Papong et al., 2016; Petti et al., 2018; Popovic et al., 2018;
Rugani et al., 2012; Saidani et al., 2019; Santochi & Failli, 2013; Searcy et al., 2016; Silva et al.,
2019; Simas et al., 2014; Singh & Gupta, 2017; Traverso et al., 2012; Zamani et al., 2018; Zhang
& Haapala, 2014]. Hardadi & Pizzol [2017] suggest that measures such as working hours, salaries,

and unemployment rate can be used to evaluate overall human well-being and productivity.
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Neugebauer et al. [2017] consider a similar link between wages and worker well-being but suggest
that fairness in wages should include an evaluation of working time. Working hours were used to
identify areas of concern, or hotspots, in the Swedish clothing supply chain [Zamani et al., 2018]
utilizing the Social Hotspots Database (SHDB), spun out of the UNEP-SETAC [2009] efforts.
Also using the SHDB, Xiao et al. [2017] included corruption perception indices with employment
measures to suggest sources, flows, and destinations of corruption throughout the global economy.

In summary, there is little consensus on what social impacts to measure and how to measure them.

Over the last decade specifically, the research literature has made great strides in identifying,
evaluating, and quantifying aspects of social performance [Husgafvel et al., 2014; Popovic et al.,
2018; Rajak & Vinodh, 2015; Sutherland et al., 2016]. However, the majority of metrics proposed
to quantify social performance lack tangible supporting datasets that are publicly available. Further,
in the absence of a baseline value, or simple starting point, for any social impact (Sl),
understanding of what is relatively good or bad, positive or negative, becomes a challenge to
discern. Without product-, industry-, or supplier/consumer-related data, it is also difficult to
estimate current, or predict future Sls. Fortunately, lessons can be gleaned from methods used to
create and evaluate both economic and environmental performance. Combining economic
performance, environmental impacts, with the progress made in social sciences on human needs
creates a robust perspective on how the socio-enviro-industrial system functions. What typically
existed in exclusive silos of research is brought together through the work that follows.
Collectively, this work pioneers the quantitative description of how people are affected by

industrial activity and enhances the discussion of industrial social performance.

The following section will identify the need for a comprehensive and scalable model to evaluate

social performance of U.S. industrial sectors.

1.2 Literature Review and Gap Analysis

To capture social performance, a perspective using the tools from a diverse set of disciplines is
required. The multidisciplinary method established in this work integrates social impact
assessment (SIA) with an input-output (I0) economic model. This method evaluates social

performance using the 10 analysis framework and closely mirrors the procedural developments
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established in economic input-output environmental LCA, or EIO-LCA [Hendrickson et al., 1998;
Joshi, 1999; Lave et al., 1995; Matthews & Small, 2000]. 10 models characterize the monetary
flows in an economy where it is understood that materials, goods, services, and embedded labor
move opposite to the monetary flows. This system is depicted in Figure 1.2, where sector 1 is both
a producer of goods, labor, and services flowing to itself and sector 3, and a consumer of goods,
labor, and services from sector 2. For a typical economy, there are many industrial sectors, both
producers and consumers, where flows of goods, labor, services, and money are in both directions.
A large economy may have hundreds of industrial sectors depending on one another, creating a
vast network of interconnected industries. IO models may be used to capture the economic portion
of the complexity inherent in modern global economies. Utilizing national 10 data with the 10
models linked to publicly available social data can highlight industrial influence,
interconnectedness, and areas of social impact challenges. The combination of SIA with 10
analysis further generates insight into how integral an industry or group of industries is to the

success of the economy.

QO Industrial Sector

Financial flows

= Product, service,
labor, and
matenial flows

Figure 1.2 - Simplified model of inflows and outflows of capital, goods, services, and labor
among industrial sectors. Producing sectors initiate each arrow which flow to the consuming
sectors at the end of the arrow.

The input-output analysis (I0A) framework has increasingly been used to address social impacts
in what the research literature terms “social life cycle assessment” (S-LCA). However, connecting
social issues with the input—output databases using economic allocation is insufficient. The
challenge evident in the literature is that societal impacts are quite often considered independent
of the industrial system that was created by the society it serves. Industries are responsible for
much of the impacts experienced by society and the life within it. Consider the philosophical
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existence of industry. In the U.S., if the Industrial Revolution never happened, could society claim
a relatively better or worse state of quality? The point to realize is that without one, industry or
society, the other may not exist and societal impacts would be drastically different than they are
today. There is a clear need to tie industrial activity to societal impacts. However, many social

indicators that attempt to measure social impacts are created independent of industrial production.

There also seems to be confusion throughout the literature regarding MMIs for social impacts.
Many researchers claim a social indicator is significant when the values observed or tested are
simply measures. An indicator lacking context of purpose or usefulness giving no dependency or
relation with some other variable is only a measure, a state-of-being. When a measure is compared
to something understood, e.g., another measure from a prior year, a relative position of comparison
is created: a metric. A metric identifies context and purpose of what to measure and how, but
makes no statement of condition, e.g., good, bad, or good enough. Metrics can be evaluated
together to establish a baseline for which all following metrics or measures are compared. Where
there exists an understanding of a baseline value, an indicator can be created. An indicator will
identify the condition and relative nature of something measured. The gap in knowledge identified
here is where much of the following work concentrates. In addition, special case studies regarding

highly important U.S. industries present the proposed metrics in a tangible and accessible way.

The case studies included in the work focus on select industrial sectors within U.S. manufacturing.
Both economic and social importance to a nation is explored for a special cluster of industries
[Porter, 2000] in the U.S.: the Advanced Manufacturing (AM) industrial cluster [Muro et al., 2015].
The AM cluster is a group of industrial sectors within the North American Industrial Classification
System (NAICS) with recognized capacity for innovation and technological advancement
[NAMRI/SME, 2014; Proceedings of the National Academy of Sciences, 2017]. The AM cluster
of sectors is highly integrated into all other sectors of the national economy and provides valuable
performance enhancing products to all tiers of customers, e.g., metal alloys, computer servers,
robotics, and energy storage [Muro et al., 2015]. AM sectors in the U.S. are likely to be the portion
of manufacturing economy that will grow in the coming years [Jin et al., 2017; Muro et al., 2016;
Tassey, 2014]. Consistently, the AM sectors offer some of the highest paying jobs within the

manufacturing sectors due to the required skill level of labor, while in comparison, other
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manufacturing sectors compete against low-wage countries for market share [Miles, 2018]. Given
the importance of AM, it is appropriate to understand how Sls will change as a result of growth in

this key sector of the U.S. economy.

1.3 Objectives

A need exists to describe, in a measurable and quantifiable way, how people are affected by

industrial activity. This thesis endeavors to address this problem through the following objectives.

1.3.1 Economic Input-Output Social Impact Assessment

Objective: Identify and describe a method to quantify social impacts utilizing economic input-
output (EIO) analysis and publicly available datasets.

. In this thesis, a method to establish an economic input-output social impact analysis (E10-
SIA) will be developed. This method will build upon and expands the basic EIO procedure by
incorporating industry cluster expansion and integrating social impact metrics.

. The E10-SIA method will then be demonstrated using U.S. Bureau of Economic Analysis
(US BEA) economic data from year 2012 with two proposed SI metrics: i) cost of injuries, COl,
and ii) employees below the living wage, ELW. COIl and ELW are metrics based on work that
identified the best social indicators for each stakeholder-needs category (Figure 1.1) from Hutchins
et al. [2019]. Suggested metrics address two fundamental employee needs, i.e., safety/security and
basic, from the perspective of the organization or industry.

. The specific metrics selected were chosen to demonstrate the utility of the EIO-SIA
methodology using publicly available U.S. data. The analysis will show how the AM industry

cluster economic contributions affect social performance at a national level.

1.3.2 Stakeholder-Needs Metrics

Objective: Identify and create quantifiable metrics to describe social impacts for the stakeholder
group workers/employees, using data from public sources.
. Use stakeholder-needs framework (Figure 1.1) to build a suite of social impact metrics for

stakeholder worker/employee.
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. Identify a clear dependent relationship between industrial economic output, e.g., gross state
product, total value added, or total commaodity output, and created social impact metric.
. Discuss national social performance for industrial sectors in response to worker/employee

needs.

1.3.3 Regional Social Competitiveness

Objective: Identify and analyze region-level application of methods presented above utilizing the
SI metrics presented above to describe regional industrial social impacts.

. Validate scalability for metrics created at National level by applying EIO-SIA model to
regional level economic data.

. Assess regional social impacts within the U.S. in total for all sectors.

. Analyze the social performance of AM-Advanced Manufacturing compared to sector 31R-

Rest of Manufacturing, using the employee-need metrics described above.

1.4 Synopsis

Work relating to the objectives from section 1.3 is presented in Chapter 2, 3, and 4, respectively.
To develop a quantitative description of industrial social performance, Chapters 2, 3, and 4 are
structured such that each is a standalone contribution to scientific literature. As a result each
chapter is presented with independent literature review, exclusive method and subsequent results,
followed by discussion, summary, and conclusions, where applicable. Finally, in Chapter 5,

general conclusions and further research directions are presented.
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CHAPTER 2. A METHOD FOR ECONOMIC INPUT-OUTPUT
SOCIAL IMPACT ANALYSIS WITH APPLICATION TO U.S.
ADVANCED MANUFACTURING

This chapter was published: Richter, J. S., Mendis, G. P., Nies, L., and Sutherland, J. W. (2019) A
method for economic input-output social impact analysis with application to U.S. advanced
manufacturing. Journal of Cleaner Production, 212, 302-312. do0i:10.1016/j.jclepro.2018.12.032

Keywords: Social impact metricsinput-output methodIndustrial social performanceEconomic

allocationAdvanced manufacturing

2.1 Abstract

Manufacturing, and in particular Advanced Manufacturing, shows high levels of economic activity,
enables technological growth and innovation in all other industrial sectors, and employs a large
portion of skilled labor. While Advanced Manufacturing is integral to the economy, the effects of
production activity on society are still largely unknown. The lack of understanding of social
performance, i.e., how stakeholder needs are impacted by industrial production, limits the capacity
of decision makers to make fully informed choices. Fortunately, large quantities of economic and
social data exist in the public domain, enabling the creation of metrics that can describe how
industry directly affects society. However, methods have not been developed to evaluate these data
for social impacts. A multidisciplinary modeling approach, economic input-output social impact
assessment, is employed to integrate economic production with two social impact metrics based
on employee safety/security and basic needs: Cost Of Injuries and Employees below a Living
Wage. Applying the economic input-output social impact assessment model to Advanced
Manufacturing industrial sectors, 10.5% and 5.6% of the total national social impacts were found
to be attributable to Advanced Manufacturing for the Cost Of Injuries and Employees below a
Living Wage metrics, respectively. In comparison, the Advanced Manufacturing cluster is
responsible for 7.8% of the total national economy. The economic input-output social impact
assessment method is demonstrated to provide a measurable path forward to evaluate the social

performance of industries.
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2.2 Introduction

The last several decades have seen the emergence of sustainability as a key benchmark of industrial
function. In fact, one of the pillars of sustainability, economic performance, has been used for
centuries to judge industrial efficiency. Over the last thirty years, a second dimension of
sustainability, environment, has increasingly become a consideration for industrial decision
makers. Recently, the third dimension of sustainability has begun to be considered: society. Such
importance is placed on the social dimension that 8 of the 17 United Nations Sustainable
Development Goals [United Nations, 2015] can be directly attributed to social issues and an

additional 4 can be linked to social accessibility challenges.

The social dimension of sustainability is suggested to incorporate all aspects of society, culture,
and human interaction. The relatively abstract nature of social sustainability requires a
comprehensive multidisciplinary approach to address the underlying complexity. From the social
sciences, researchers have used stakeholder theory [Crane & Ruebottom, 2011; Dewey, 1927;
Mitchell et al., 1997] to identify a diverse set of stakeholder groups for companies [Hutchins et al.,
2013; UNEP-SETAC, 2009]. From the psychological sciences, the theories of human and societal
needs [Maslow, 1958; Maslow et al., 1970] have been used to identify levels of requirements for
the aforementioned stakeholders [Esteves & Vanclay, 2009; Max-Neef et al., 1992]. The
intersection of these two theories provides a framework in which needs can be defined for each
stakeholder group (Figure 2.1). These theories have helped guide a partial understanding of

societal systems but lack the measurable component needed for effective management.

Stakeholder Group

Society/ Local Value Chain/| Owners/ |Consumers/| Workers/
Public |Community | Suppliers [Shareholders| Customers | Employees

Actualization
Esteem
Affiliation
Safety/Security
Basic

Needs Level

Figure 2.1 - Framework for the intersection of stakeholder and human needs theories. Adapted
from Hutchins et al. [2010].
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Developed in parallel with both the stakeholder and needs theories, but typically not used in
conjunction, impact assessment (IA) arose in the 1970s out of a political imperative to
acknowledge and predict the impact that a project may have on the surrounding areas and
communities [Freudenburg, 1986]. The social aspects of IA were slow developing behind
environmental considerations until the late 1980s, but have recently been adapted for use with life
cycle assessment (LCA) methodologies [Chhipi-Shrestha et al., 2015; Feschet et al., 2013; Hsu et
al., 2013; Parent et al., 2010; Reitinger et al., 2011; Wang et al., 2016; Wu et al., 2015]. Social IA,
or SIA, and LCA have been combined to quantify and predict social impacts within an analytical
measurement framework, often referred to as social life cycle impact assessment (SLCIA or S-
LCIA). These tools have helped guide a partial quantification of societal impacts but lack causal
linkages between activity and impact, sufficient and publicly available data, suitable and
applicable metrics, and consensus on what should be measured and how to do so [Chhipi-Shrestha
et al., 2015; Ebrahim & Rangan, 2014; Morrison-Saunders et al., 2014; Rasmussen et al., 2017;
Sutherland et al., 2016].

While both economic and environmental performance metrics are well documented, social
performance metrics are gaining consensus based on the foundational indicator development effort
of UNEP-SETAC [2009] and Bendit-Norris et al. [2013]. Over the last decade, the research
literature has attempted to identify, evaluate, and quantify aspects of social performance
[Husgafvel et al., 2014; Popovic et al., 2018; Rajak & Vinodh, 2015; Sutherland et al., 2016].
Much of the current work has focused on frameworks and indicator identification for social
impacts [Arce-Gomez et al., 2015; dos Santos & Brandi, 2015; Gémez-Paredes et al., 2015;
Hutchins et al., 2010; Hutchins et al., 2019; Kihnen & Hahn, 2017; Popovic et al., 2018; Shin et
al., 2015], but applicability is not always universal.

In a recent review of social LCA frameworks and indicators, Sureau et al. [2017] suggested that a
clear line could not be drawn between frameworks and indicators that assess processes or
performance and those that assess impacts. Further, Sureau et al. [2017] recommend assessment
criteria that is suitable for the specific situation, i.e., “legitimate and meaningful for stakeholders,”
potentially leaving much up to the discretion of the user. While suitability of frameworks and

indicators may be judgment-based, the data supporting them may not be readily accessible or even
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adaptable across a variety of situations. In contrast, public datasets abound with social impact (SI)
data, but lack the framework with which to contextualize the impact with an action. Further, the
absence of a baseline value, or simple starting point, for any Sl described in either the
framework/indicator or public datasets perspectives above makes understanding of what is
relatively good or bad, positive or negative, a challenge to discern. Without publicly available
product-, industry-, or supplier/consumer-related data, it is also difficult to estimate current, or
predict future Sls. Fortunately, lessons can be gleaned from methods used to create and evaluate

both economic and environmental performance.

The multidisciplinary method pursued in this paper integrates social impact assessment (SIA) with
an input-output (10) economic model. This method evaluates social performance using the 10
analysis framework and closely mirrors the procedural developments established in economic
input-output environmental LCA, or EIO-LCA [Hendrickson et al., 1998; Joshi, 1999; Lave et al.,
1995; Matthews & Small, 2000]. 10 models characterize the monetary flows in an economy where
it is understood that materials, goods, services, and embedded labor move opposite to the monetary
flows as depicted in Figure 2.2, where sector 1 is both a producer of goods, labor, and services
flowing to itself and sector 3, and a consumer of goods, labor, and services from sector 2. For a
typical economy, there are many industrial sectors, both producers and consumers, where flows of
goods, labor, services, and money are in both directions. A large economy may have hundreds of
industrial sectors depending on one another, creating a vast network of interconnected industries.
IO models may be used to capture the economic portion of the complexity inherent in modern
global economies. Utilizing national 10 data with the 10 models linked to publicly available social
data can highlight industrial influence, interconnectedness, and areas of social impact challenges.
The combination of SIA with 10 analysis further generates insight into how integral an industry

or group of industries is to the success of the economy.
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O Industrial Sector
Financial flows

= Product, service,
labor, and
material flows

Figure 2.2 - Simplified model of inflows and outflows of capital, goods, services, and labor
within and among industrial sectors. Producing sectors initiate each arrow which flow to the
consuming sectors at the end of the arrow.

Both economic and social importance to a nation is explored for a special cluster of industries
[Porter, 2000] in the U.S.: the Advanced Manufacturing (AM) cluster [Muro et al., 2015]. The AM
cluster (also referred to as AM industrial sectors, or simply AM) is a group of six industrial
subsectors within the North American Industrial Classification System (NAICS) that are a part of
the aggregated Manufacturing (31G) industrial sector (See Table A.3 for a list of NAICS industrial
sector classifications). AM is broadly recognized for a leading capacity to create innovative
technological advancements [NAMRI/SME, 2014; Proceedings of the National Academy of
Sciences, 2017]. The AM cluster of sectors is highly integrated into all other sectors of the national
economy and provides valuable performance enhancing products to all tiers of customers, e.g.,

metal alloys, computer servers, robotics, and energy storage [Muro et al., 2015].

AM sectors are likely to continue to be the portion of manufacturing economy that will grow in
the U.S. in the coming years [Jin et al., 2017; Muro et al., 2016; Tassey, 2014], outpacing growth
in the remaining 15 manufacturing subsectors by 24% from 2005 to 2015. In 2015, the six
subsectors comprising the AM cluster were responsible for over 43% of the total manufacturing
output and 8% of the total national output [United States Bureau of Labor Statistics, 2015], and
employed over 48% of the manufacturing workforce in the U.S. [BLS, 2015]. Consistently, the
AM sectors offer some of the highest paying jobs within the manufacturing sectors. The annual
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mean wage for the AM cluster was nearly 28% higher that the remaining manufacturing sectors,
which may be due in part to the advanced skill level of labor required by AM sectors. In
comparison, other manufacturing sectors compete against low-wage countries for market share
[Miles, 2018]. Given the importance of AM, it is appropriate to understand how Sls will change

as a result of growth in this key sector of the U.S. economy.

The objective of this paper is to develop a method that builds upon and expands the basic E1O
procedure by incorporating industry cluster expansion and integrating social impact metrics to
establish an economic input-output social impact analysis (EIO-SIA) method. The EIO-SIA
method is then demonstrated using U.S. Bureau of Economic Analysis [U.S. BEA, 2012]
economic data with two proposed SI metrics: i) cost of injuries, COl, and ii) employees below the
living wage, ELW. COIl and ELW are metrics based on work that identified the best social
indicators for each stakeholder-needs category (Figure 2.1) from Hutchins et al. [2019]. The
suggested metrics address two fundamental employee needs, i.e., safety/security and basic needs,
from the perspective of the organization or industry. These metrics are then used to demonstrate
the capability of the EIO-SIA methodology. Utilizing only publicly available U.S. data from the
year 2012 ensures consistency through the model and eliminates time as a potential variable in the
estimates. In addition, the use of public data ensures the repeatability that is generally lacking, but
necessary for model robustness, in application studies. The analysis shows how the AM industry

cluster economic contributions affect social performance at a national level.

The subsequent section presents a description of the economic model utilized in the proposed EI10-
SIA method, developed with further explanation of recent model extensions, data extensions, and
model adaptation for use with public data. Section 2.4 describes the integration of Sls into the
economic model, and suggests the calculation of the two metrics used to validate the EIO-SIA
method. Section 5 discusses the results of the method applied to the AM cluster and Section 6

presents a summary followed by concluding remarks.
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2.3 Economic Input-Output Analysis Extensions

Wassily Leontief [1936, 1970, 1986] is widely credited for pioneering the theory and
methodologies associated with economic input-output (EIO) modeling. Section A.2 briefly
reviews the EIO modeling approach. The sections that follow explain model adaptations that are
needed for industry cluster derivation and transformations to the basic model that are required

when using common public 10 tables of data.

2.3.1 Economic Input-Output Model Extensions

Depending on the interest of the modeler, an IO model may be used to describe international trade
among countries, national supply chains, industrial sectors in an economy, etc. 10 modeling has
evolved over the last fifty years, from evaluating the labor implications of industrial production
[Hardadi & Pizzol, 2017; Rugani et al., 2012; Simas et al., 2014] to monetarily quantifying the
environmental impacts of products, services, and international trade [Hendrickson et al., 1998;
Leontief, 1970; Matthews, 2007; Minx et al., 2009; Peters et al., 2011; Wiedmann, 2009]. Recent
adaptations and extensions to the 10 models include analysis of waste streams and waste
generation [Lenzen & Reynolds, 2014; Liao et al., 2015; Nakamura & Kondo, 2002], water
transport and consumption [Dilekli et al., 2018; Duarte et al., 2002], energy production and
consumption [Chen & Chen, 2015; Lenzen, 1998; Noori et al., 2015], and the most recent SlI-
related extension exploring the import and export of international corruption [Xiao et al., 2017].
The scholarly work using 10 models for environmental sustainability has served as a quick
screening tool to help identify the need for deeper analysis, e.g., process- or unit-based evaluation,
especially considering the growing global attention to the impacts of human activities on the
environment. For future work to effectively capture social impacts, the available data requires

extensive transformation.

2.3.2 Economic Input-Output Data Extensions

The basic EIO model has been applied through many modern adaptations that are focused on the
entire economy. The EIO model can effectively address multiple levels of data aggregation but the
navigation between major sector and disaggregated subsectors has received little attention and no
research application. In addition, it must be noted that EIO models have only one data point that
represents a flow from one sector to another. With such limited data, the assumption of a
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proportional linear relationship between input and output is required, e.g., a 25% increase in output
mandates a 25% increase in the input. The following sections describe typical sources of public
10 data in the U.S., a method for major sector disaggregation and industrial cluster creation, and
the procedure to transform non-square 10 matrices for EIO model calculation.

2.3.2.1 Input Output Data - Source and Aggregation

Sources for U.S. National public 10 data are available for multiple levels of industrial activity. The
most common 10 tables are compiled annually by the U.S. BEA in 15 sector aggregated (1- and
2-digit NAICS) or 71 industry summary (3- and 4-digit NAICS) levels. Each of the 71 industries
is a component of one of the 15 sectors, with similar industries aggregated into one of the 15 sector
hierarchy. The 10 tables describe the economic flows from industrial sectors into and out of one
another. In this work, the two sets of tables used are the 2012 Make and Use of Commaodities by
Industries, After Redefinitions at Producer's Prices in both the 15 sector and 71 industry varieties.
Make tables show the production of commaodities by industries and use tables show the uses of
commodities by intermediate and final users. When the desired 10 table is constructed, a
dimensionally-equal table of Sls can be integrated with the EIO model to offer insight into a more

comprehensive social sustainability analysis of economic production.

2.3.2.2 Sector Expansion - Industrial Sector Cluster Derivation

Major industrial sectors, e.g., Agriculture, Manufacturing, and Information, are comprised of many
hundreds of subsectors within the NAICS categorization. Often the higher levels of aggregation,
i.e., 15 sector, can be used to describe national trends, but fail to capture the detail of a specific
subsector with interesting performance attributes. On the contrary, the disaggregated sector, i.e.,
71 sector, data may provide a wealth of information but fail to present any clear observable trends
or relationships. Data from both the high order aggregated sectors and the disaggregated subsectors
can be used in conjunction to extract interesting clusters of industrial productivity. Figure 2.3
captures the increasing complexity that results from cluster creation and includes the bidirectional
relationships that may change when industrial clusters are extracted from the higher order
industrial sectors. Both clusters 2a and 2b in Figure 2.3 result from a disaggregation, reorganization,
and grouping of subsectors, as described in the example with AM and 31R above, within sector 2

from Figure 2.2.
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Figure 2.3 - An example expanded economy with sector 2 (Figure 2.2) disaggregated into sectors
2a and 2b. Flows are bidirectional suggesting that sectors are both suppliers and consumers of
products, services, labor, material, and financial value.

To calculate the expansion of the 15 sectors and integrate detail for the AM cluster of industries,
the 71 industry table entries for AM (NAICS 331-3364 - identification of the complete BEA 15-
and 71-sector NAICS numbering and naming is found in Table A.3) must be re-organized

according to the following:

Oitjarget — ZiZj Oie}xpansion (le)

where O is the entry at each intersection of sectors in the 10 table, from sector i to sector j (See
Table 2.1 for a sample 10 expansion table). The expansion entry is found in the 71-industry 10
table and the target, in the case of this work, is the set of advanced manufacturing cluster of

industries and will be used in the 15-sector aggregated 10 model.
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Table 2.1 - Input-output expansion of an economy use table with industry sector interactions.

Industrial Sector (j) Intermediate |  Final Total
e S Commodity
to" or "consuming Output Demand
) (F) Output
1 2 2, 3 (X)
1 Ou O124 O12p O13 O D X1
=z o 2a Oza1 O2a2a | Ozazp Oza3 O2a D2a Xoa
g _%‘ °.5 2 Oan1 Ozp2a | Ozpa Oan3 Oz D2y Xap
g 2 € 3 3 Oa1 Oz2a Os2p Ogs3 Os Ds X3
2 €& 2| Intermediate Input (1) 1 l24 20 I3
8 °* Value Added (V) Vi Vaa Vap Vs GDP
Total Industry Output (X)| X3 Xoa Xab X3

To extract one subsector (or cluster of subsectors) from a major, or higher order, sector requires
the subsector outputs be subtracted from the outputs of the higher order NAICS (1- and 2- digit).
For example, the major sector of Manufacturing (31G) required $1.94 billion worth of
commaodities from industries in the 31G sector in 2012. Extracting AM from the 31G sector, it can
be seen that AM provides over $967 million (of the $1.94bn) to all of 31G. Just over $857 million
is utilized in AM (self-consumption) and the remaining $110 million is required by the rest of
manufacturing (31R). In turn, 31R provides the balance of $973 million to 31G, where nearly $848
million is used in 31R (self-consumption) and the balance of about $125 million is used by AM.
What previously was one entry in the table for 31G thus becomes four entries (two new rows and
two new columns), a column and row for the AM cluster and a column and row for the rest of

manufacturing (31R). The associated entries take the form

rest of main sector i target
Oij f — Oir;laln sector __ Oij g (2.2)

Each adjustment to a sector requires column and row additions to the 10 tables. An example of
this can be seen in Table 2.1 and Figure 2.3, where sector 2 (Figure 2.2) is disaggregated into 2a
and 2b (both shaded). The sector and industry cluster expansion affects all other components of
the table, i.e., Final Demand, Total Commodity Output, Value Added, and Total Industrial Output,

where the grand totals of the entire economy, e.g., GDP, will remain unchanged.

The new 10 tables with subsector expansion and ensuing industry cluster creation are now in a
form where the Leontief inverse may be calculated. Quite often however, 10 matrices from public
data are not able to be inverted due to non-square dimensions. The transformation of non-square

IO matrices requires additional steps described in the following section.
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2.3.2.3 Non-square Make and Use Tables

Most 10 models, and the research incorporating them, assume the direct requirements matrix, A
(defined in Section A.2), to be square and invertible. This is typically not the case with publicly
available data unless the user truncates the Use tables (Industry-by-Commodity, see Section
2.3.2.1) to exclude the commodity entries of Used - Scrap, used, and secondhand goods, and Other
- Noncomparable imports and rest-of-the-world adjustments. While these are a minor fraction of
the total economic output, the aforementioned commodities play a vital role as material resource
inputs for the manufacturing sector and should not be neglected. A thorough description of how to
accommodate a non-square use matrix for creation of the direct requirements matrix can be found

in Miller & Blair [2009], and is summarized below.

For the model in this text, all commodities within the Use table are included and the resulting
direct requirements matrix is rectangular in dimension. Incorporating the Make table, which is

inversely rectangular to the Use table, is therefore necessary.

First, assume the rectangular direct requirements matrix is B, where

and X is the total commodity output for sector j. A coordinated analog using the Make table is

required where
D;; =Vi;/Q; (2.4)

and D represents the market share of an industry for the commodity output, V is the value of the
industry contribution to the commaodity, and Q is the total commodity output, all with flows from
i to j. The resulting Market Shares matrix (D) is combined with the direct requirements matrix (B)
to create the requisite square matrix for Eq. (A.8), where

A = BD (2.5)

Replacing all A in Egs. (A.5-A.8) with BD, results in the following
[1-BD]"'F=X (2.6)
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where [I-BD]?, the Leontief inverse (Section A.2), is a Commodity-by-Commodity total
requirements matrix. A total requirements matrix identifies the total economic activity required to

create 1 unit (or $1) of commodity output, and is often larger than the $1 of commodity output.

Additional versions of the total requirements tables can be created, e.g., Industry-by-Industry and
Industry-by-Commaodity, based on final reporting needs. For this paper, the analysis will focus on
the Industry-by-Commodity total requirements tables (a rectangular matrix). A further calculation
is needed, where

D[I-BD]"'F =X 2.7

adjusts the Leontief inverse by the market shares matrix resulting in the Industry-by-Commodity
total requirements matrix. The following section expands the use of EIO to include the calculation

and evaluation of social impacts from economic activity.

2.4  Extending the EIO Model to Social Impacts

Combining an SI matrix with the EIO model allows for the calculation of industry-related impacts
once appropriate metrics for Sls are selected. However, it is to be noted that care must be exercised
in identifying suitable and measurable social metrics. An ideal social metric for an 10 application
would demonstrate a connection to economic activity as shown in Figure 2.4 (a negatively sloped,
or decreasing, relationship is also possible). The trend can identify growth of a social benefit, e.g.,
charitable giving for local schools, or the reduction of a social cost, such as decreasing unskilled

labor by workforce development and training.
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Social Impact

Economic Activity

Figure 2.4 - A possible relationship between economic activity and social impact.

Commonly assumed in EIO models however, a single data point for social impact measures is
expected to describe a linear relationship between a social outcome and economic production. The
assumed linear relationship is incorrect for a vast majority of the suggested “indicators” throughout
the literature, where a typical indicator relationship to economic production is anything but linear.
While the literature presents such measures as wages, jobs, working hours, and injuries as capable
“indicators” [Hardadi & Pizzol, 2017; Husgafvel et al., 2014; Kilhnen & Hahn, 2017; McBain &
Alsamawi, 2014; Papong et al., 2016; Popovic et al., 2018; Searcy et al., 2016; Zhang & Haapala,
2014] of industrial performance, these measures assume an observable relationship with industrial
economic production, but are not validated as such. A trend in relationship with economic
production is necessary because any expected growth or reduction in an industrial sector output
will be associated with a corresponding change in associated social impacts. At best, measures
suggested throughout the literature can identify the total impact created by an industrial sector but
are unable to provide a mathematically justified prediction with variable industrial sector output.

Consider the example of wages paid to employees in a high-tech device industry. If that industry
sees a growth in demand due to a recent market disrupting innovation, is it fair to predict that
employee wages or jobs will increase accordingly? Will working hours per employee also increase?
Should the industry expect a drastic increase in injuries as well? Although the answer to these

question may be affirmative, there is no present method to validate each answer in the current state
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of misunderstanding for measures, metrics, and indicators (MMIs). The research literature is rife
with the interchangeable use of the terms measure, metric, and indicator to represent the
quantifiable measurement of social impacts. For this work, the definitions of MMIs were adopted
from Sutherland et al. [2016], where a measure is a value, count, or identity of something; a metric
places the measure in context, and offers a comparison to a known value; and an indicator can then
compare a measure or metric to an understood baseline of behavior. The social impact measures
found in the public domain require transformation before becoming social impact metrics. The
following sections describe the data and transformations for the two proposed social impact
metrics in this work. An additional challenge is evident when using data that represents social
impacts: applicability. Many proposed social impacts are currently unrelated to economic output
and cannot therefore be attributable to the economic activity of industry. The underlying factors
causing some other social impacts are likely outside of direct economic influence, which does not
imply that they lack importance, validity, or worthiness of investigation. Connecting unrelated
social impacts to 10 models may provide little benefit, and unnecessarily complicate any

prediction of future social impacts with changes in economic activity.

Modeling Sls as a function of economic flows ties production activity to the people both
responsible for and affected by production activity. Examining the mathematical details of the EIO
model and its connections to the Sls reveal insights that provide for a deeper understanding of the

interactions at work in the system.

With total, i.e., both direct and indirect, requirements (BD) and total economic output (X) for each
sector known, a vector of Sl factors for each sector can be calculated. Utilizing again the Leontief
inverse yields Eq. (2.8),

S=RX=RD[I - BD]"'F (2.8)

where S is the vector of social impacts (e.g., cost of injuries or employees below the living wage),
and R is a diagonal matrix of sector-related Sl per dollar of economic output. The intermediate
multiplication of RD[I1-BD]* creates a matrix of Sl allocation and is utilized to identify industrial
sectors of significant influence. This calculation method follows EIO-LCA for environmental
impacts very closely and quantifies the social burden (or potential social benefit) produced from

any change in industrial economic production.
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2.4.1 Calculation of Selected Social Metrics

Quantifiable social metrics linked to industrial economic activity, i.e., SI per dollar output, enable
the construction of an SI matrix, i.e., Eq. (2.8). In this paper, two metrics designed to be related to
economic activity, Cost of Injuries (COI) and Employees Below the Living Wage (ELW), were
created. These metrics address the worker/employee stakeholder basic and safety/security needs
from the stakeholder-needs categorization framework presented in Figure 2.1, and are used to
validate the EIO-SIA method.

2.4.1.1 Cost of Injuries

Injuries happen at work, and it is expected that some work sites (industries) would be more prone
to accidents and injuries than others. There are a number of ways to characterize injuries, e.g.,
quantity, type, and severity of injuries. Injuries severe enough to require time away from work
cause loss of productivity and create a negative impact, or cost, to both the employer and the
employee. In this paper, the selected injury metric, COI (cost of injuries), is based on a combination
of industrial productivity, injury severity, and length of time away from work. The COI metric
accumulates total days away from work using statistics publicly available through the U.S. Bureau
of Labor Statistics (BLS): Injuries, llInesses, and Fatalities datasets. The accumulated days away
from work (DAFW) are then combined with the industry sector productivity per employee to
create the COI metric:

_ Xi . DAFWi*DAFWTLB
col; = (EMPi) * i 50%5 (2.9)

where X and EMP are total commaodity output (see Section 2.3.2.2 and Table 2.1) and employees
in sector i, respectively. DAFW represents the count of days away from work, while DAFWTr is
the range and LB is the lower bound of the range for the “time away from work” range.
Additionally, the constants in the denominator establish the working weeks in a year and working
days in a week, which are assumed to be equivalent across all sectors. The constant for working

weeks and days per year is a simplifying assumption incorporated for model utility.

2.4.1.2 Employees Below the Living Wage

The compensation that employees receive for work helps to address their basic needs. The

compensation can come in the form of benefits, training, stocks, and/or wages. Wages vary among
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and within industrial sectors, and therefore provide a valuable measure of industrial sector wage
competitiveness. Wage variations in conjunction with regional living wage (LW) levels, i.e., cost-
of-living expenses, means that there are differences in the degree to which compensation meets
the basic needs of employees within each industrial sector. The selected wage metric ELW,
Employees below the Living Wage, is based on a combination of annual wage levels, number of
employees, and cost-of-living expenses. The ELW metric calculates the fraction of employees
below a LW level [Glasmeier, 2014; Ryan, 1906], e.g., for a household with 2 Adults (one of
whom is working) and one Child, in each industrial sector using statistics publicly available from
the BLS Occupational Employment Statistics (OES) datasets. The fraction is combined with total
employment per industrial sector to calculate national values for the ELW metric as described by

ELW; = Y, pnorm; * EMP; (2.10)

where pnorm is the employment fraction below the LW threshold and EMP is the number of
employees in industrial sector j. Values are summed across region r (in this case, each state). ELW
can be compared across cities, counties, states, regions, and industrial sectors. The household
considered in the ELW metric does not reflect or consider the household that consumes final
products from the 10 tables. An extension that considers household consumption is beyond the

scope of this work.

2.4.2 Social Impact Metrics Related to Economic Production

The two metrics, COl and ELW, were chosen because both show an observable trend when
compared to varying levels of economic output. Considering economic expansion of an industrial
sector, the 10 model assumes a mathematically scalar expansion for all coordinated sectors via the
direct requirements matrix B (refer to Section 2.3.3). The linear economic relationship observed
using the 10 model provides a strong indication of how integrated an economy may be. In previous
literature, this linear relationship has not been described for social impacts. A single measure is
commonly used but is insufficient in describing a meaningful relationship to economic expansion.
In other words, the rate at which a social impact changes with economic production is integral to
predicting the social impacts resulting from additional industrial activity. In addition, the SI
metrics are comprised of data that is not immediately connected to economic output and created

independent of the 10 tables.
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2.5 Results and Discussion

At the National level, 10 tables can be used to describe how money, labor, goods, and services
flow between all U.S. industrial sectors. Unlike the flow of goods and services however, in EIO-
SIA, Sls are allocated to input sectors based on economic contributions from sector to sector. The
resulting Sls from industrial production can be evaluated for stakeholders at various needs levels.
The two metrics assessed in this work detail the primary needs levels, i.e., basic needs and safety
& security needs [Maslow et al., 1970], for the stakeholder group employees. The results from this

analysis are discussed below.

The first major data step requires evaluating the total Sls for individual sectors. The resulting
values were then compared to the total commodity output for each respective sector. In essence,
each individual sector creates a total amount of social impact, when compared to every dollar of
output for that same sector, an SI multiplier is created. The AM Sls per dollar of output, or Sl
multipliers, are summarized in Table 2.2, where the values shown are used as the diagonal entries
for each Sl in matrix R from Eq. (2.8). It may appear straightforward to multiply any change in
industrial sector economic output by the multipliers of Table 2.2, but this would be misleading.
Table 2.2 cannot directly be used to calculate the effect of economic expansion on social impacts.
To use the values in Table 2.2, they must be combined with the economic flows, i.e., 10 tables, to
obtain the expected sectoral level social impacts across the economy. The AM multipliers show
that for every million dollar of output, the cost of injury multiplier is $572.76 and the employees
below the living wage multiplier is 1.339. The COIl multiplier for AM lies between the PROF -
Professional and business services ($171.03, min) and 48TW - Transportation and warehousing
($1,368.63, max) sector multipliers. The ELW multiplier for AM lies between the 22 - Utilities
(0.272, min) and 7 - Arts, entertainment, accommodation, and food services (11.420, max) sector
multipliers. While AM is within the low-high range and near the median for both Sls in Table 2.2,
it will become clear that these multipliers are an intermediate output, and they must be combined
with the economic flows to identify the true allocated Sls in the economy.
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Table 2.2 - Social impact multipliers extracted from the diagonal R matrix for all sectors in the
U.S., 2012. Both COl, cost of injuries, and ELW, employees below the living wage, are
evaluated per US$ million output.

Social impact multiplier
:\IISMCS Sector Name COl P EL\F/)\/
(US$) (Employees)
11  |Agriculture, forestry, fishing, and hunting 708.06 0.834
21  |Mining 584.82 0.609
22 |Utilities 501.85 0.272
23 |Construction 753.01 2.727
31R |Other manufacturing 492.63 1.216
AM |Advanced Manufacturing 572.76 1.339
42  |Wholesale trade 581.38 2.275
44RT |Retail trade 413.20 10.582
48TW |Transportation and warehousing 1368.63 3.053
51 |Information 386.50 0.999
FIRE |Finance, insurance, real estate, rental, and leasing 273.16 0.835
PROF |Professional and business services 171.03 2.874
6 Educational services, health care, and social assistance 458.42 7.391
7 Arts, entertainment, recreation, accommaodation, and food services 317.13 11.420
81  |Other services, except government 336.41 4.149
G Government 1329.78 1.708
Median for total economy 497.24 1.99

Consider an expansion, or growth in final demand, Fawm, of $1bn in the AM sectors, which produces
economy-wide consequences. The effects that this AM sector expansion has on the COl and ELW
Sls for every other sector of the economy are shown in Table 2.3. The COI for AM is slightly
greater than 70% ($919,146) of the total COI impact, whereas the ELW for AM is slightly less
than 58% (2,148) of total economy-wide ELW impact, both resulting from the $1bn increased
demand. The large values for each Sl are due to the AM sector requiring a high fraction of total
inputs from itself, also known as sector self-consumption (recall Figure 2.2). This AM self-
consumption may be driven by a variety of reasons, e.g., technological importance, legal
requirement, or foundational component of other value added products. After removal of self-
allocation, all other sectors combined realize Sls of $390,703 for COl and 1,559 for ELW. While
it may then appear that some sectors are of lower essential value to AM, all sectors are very

interconnected within the economy through the 10 model. Economic expansion affects all sectors.

The proposed $1bn AM sector expansion would bring significant monetary value to the entire

economy and also create an influx of nearly 7,000 new employees. The AM sector investment
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would incur a total of $1.3m in injury costs (COI) and further, of those nearly 7,000 new employees,
over 3,700 employees would be unable to meet the basic needs of their household (ELW). The
AM investment example highlights how a change in one sector can have economy-wide effects
and sector self-consumption can be a large component of the total impacts observed.

Table 2.3 - An expansion of US$1bn to the Advanced Manufacturing sectors and the effects
allocated from other sectors in the economy.

Final Social Impact (SI
,\Slé:ltgrs Sector Name Demand COlt pact( E|)_W°
US$bn US$ % [Employees| %
11 |Agriculture, forestry, fishing, and hunting 14,008 1.07 17 0.45
21 |Mining 32,991 2.52 34 0.93
22 |Utilities 6,773 0.52 4 0.10
23 |Construction 5,138 0.39 19 0.50
31R |Other manufacturing 95,750 7.31 236 6.38
AM |Advanced Manufacturing 1 919,146 | 70.17 2,148 57.95
42 |Wholesale and trade 62,881 4.80 246 6.64
44RT |Retail trade 1,899 0.14 49 131
48TW |Transportation and warehousing 72,951 5.57 163 4.39
51 |Information 11,045 0.84 29 0.77
FIRE [Finance, insurance, real estate, rental, and leasing 18,543 1.42 57 1.53
PROF |Professional and business services 28,610 2.18 481 12.97
6 |Educational services, health care, & social assistance 200 0.02 3 0.09
7 Arts, ente_rtainment, recreation, accommaodation, & 3,901 0.30 141 379
food services

81 |Other services, except government 3,237 0.25 40 1.08
G |Government 32,773 2.50 42 1.14
All other sectors without self-consumption 390,703 | 29.83 1,559 42.05
Total 1 1,309,849 | 100 3,707 100

1 COI - Cost of Injuries; ® ELW - Employees below the Living Wage; (See 2.4.1 and Eq. (16))

The previous illustration of an AM sector expansion shows that AM directly affects other sectors
in the economy, but also has a significant impact on itself. Due to the fact that each sector can
require a large portion of commodity inputs from itself, the discussion that follows will focus on
a broader analysis of the entire U.S. economy without sector self-consumption. After running the
EIO-SIA model, each sector total Sls can be allocated to input sectors. The fractional share of
inputs can therefore explain the intensity of social impact that any one sector is assigned by another.
As a result, each consuming sector can have a drastically different SI composition. Shown in

Figure 2.5 is the amount of Sl that each sector has allocated to AM. Also shown in Figure 2.5 is
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the AM value compared to the largest amount of Sl that is allocated to any sector of the economy.
For the COI metric, it can be observed that AM is allocated the largest share of the total SI from
sectors Mining (21), Construction (23), Information (51), and Other services, except government
(81). For the ELW metric, it can also be observed that AM is appropriated a notable share of the
total SI from sectors 23, 31R, 51, and 81, although far less than the largest for each sector. Some
of these effects can be explained by the sector productivity in the case of COI, or number of

employees for ELW, but also suggest the tie to economic output is also strong.
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Figure 2.5 - Total social impacts allocated to Advanced Manufacturing (AM, darker bar) from
each industrial sector. Also shown are the allocated Sls for the sector with the highest value
(lighter bar). Where the SI for AM is highest, both front and back bars 