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A text mining analysis of the climate change literature in
industrial ecology

Fazle Rabbi Dayeen, Abhinav S. Sharma, Sybil Derrible

Keywords: academic publishing, climate change, industrial ecology,
resilience, text mining, topic modeling

Summary:

The literature on climate change research has evolved tremendously since the
1990s. The goal of this study is to use text mining to review the climate change
literature and study the evolution of the main trends over time. Specific
keywords from articles published in the special issue “ Industrial Ecology for
Climate Change Adaptation and Resilience” in the Journal of Industrial Ecology
are first selected. Details of over 35,000 publications containing these keywords
are downloaded from the Web of Science from 1990 to 2018. The number of
publications and co-occurrence of keywords are analyzed. Moreover, latent
Dirichlet allocation (LDA)—a probabilistic approach that can retrieve topics from
large and unstructured text documents—is applied on the abstracts to uncover
the main topics (consisting of new terms) that naturally emerge from them. The
evolution in time of the importance of some emerging topics is then analyzed on
the basis of their relative frequency. Overall, a rapid growth in climate change
publications is observed. Terms such as “climate change adaptation” appear on
the rise, whereas other terms are declining such as “pollution.” Moreover,
several terms tend to co-occur frequently, such as “climate change adaptation”
and “resilience.” The database collected and the LiTCoF (Literature Topic Co-
occurrence and Frequency) Python-based tool developed for this study are also
made openly accessible. This article met the requirements for a gold — gold JIE
data openness badge described http://jie.click/badges.
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Industrial ecology, climate adaptation, and financial risk

Timo Busch

Keywords: adaptation, carbon emissions, climate change, environmental
impact assessment, IE concepts, IE tools, risk management

Summary:

Climate adaptation has become an important topic for risk management in
companies. This article investigates the usefulness of Industrial Ecology tools and
concepts in this context. The conclusion is that the established tools and
concepts were not designed with the purpose of assisting managers in the
climate adaptation and related financial risk context. Nevertheless, the tools and
concepts offer plenty of aspects and features that are helpful for the assessment
and management of climate risks. The tools primarily provide guidance for the
managerial decision-making process, notably in terms of data handling. The
concepts can be used as a starting point for developing new climate risk
management frameworks.
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Mineral resources in the age of climate adaptation and
resilience

Raimund Bleischwitz

Keywords: circular economy, climate change, economic analysis, materials
efficiency, methods, resource management

Summary:

This article discusses issues on resources availability to achieve climate
adaptation and resilience for cities and infrastructures. In the age of climate
change, there could be cascading failures through a range of infrastructure
breakdowns. Direct and indirect damage costs could exceed what had been
estimated in traditional risk assessments. This could be exacerbated through
abrupt price peaks in international supply chains of minerals, and through events
happening in remote parts of the world that affect extraction and vulnerable
industries. The core argument made here is one of feedbacks: climate adaptation
has significant resource implications, and how resources are being used will have
implications on climate strategies. Industrial Ecology has a role to play assessing
those interactions and providing a better grasp of the spatial dimension of
material flows, partly to track those flows and align them to specific actors, and
partly to address interlinkages across different flows and their stocks (‘the
resource nexus’). Methodological novelties are needed to better understand the
resource base and the socio-economic dimension, especially on innovations and
transitions that can help to cope with the challenges ahead. Altogether this
would enable research to establish an evidence base on sustainable materials to
deliver parts of the UN Sustainable Development Goals (SDGs) and to reassess
infrastructure assets and the mineral resources in the age of climate adaptation
and resilience.
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From the urban metabolism to the urban immune system
David N. Bristow, Eugene A. Mohareb

Keywords: industrial ecology, material flow analysis (MFA), resilience and
adaptation to climate change, sustainable urban systems, urban immune
system, urban metabolism

Summary:

Urban areas face mounting risks from many sources. Cities pursue myriad tactics
to resist, recover from and adapt to shocks and stresses, but little is known about
how these approaches relate across the scales of a city nor how cities compare
in their abilities. Part of the challenge in addressing these gaps is that the risk to
cities is typically studied with an emphasis on one or a few hazards or through
the lens of a singular sector. This paper proposes a framework, dubbed the Urban
Immune System (UIS) to coalesce and expand industrial ecology research on
urban risk management. In the same way that Urban Metabolism (UM) is a
unifying framework for urban environmental sustainability, UIS can be a unifying
framework for urban resilience, especially related to climate change. Herein, UIS
is defined, its many capabilities are dissected and linked to disparate studies; and
opportunities for application of the concept are provided. The paper concludes
by examining the relationship between UIS and climate change and by identifying
those attributes of the UIS that are expected to be of increasing importance
under climate change.
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The role of industrial ecology in food and agriculture's
adaptation to climate change

Alissa Kendall, Edward S. Spang

Keywords: cyclic flows, efficiency, industrial ecology, life cycle assessment
(LCA), mitigation, resilience

Summary:

The food and agriculture sectors contribute significantly to climate change, but
are also particularly vulnerable to its effects. Industrial ecology has robustly
addressed these sectors’ contributions to climate change, but not their
vulnerability to climate change. Climate change vulnerability must be addressed
through development of climate change adaptation and resiliency strategies.
However, there is a fundamental tension between the primary objectives of
industrial ecology (efficiency, cyclic flows, and pollution prevention) and what is
needed for climate change adaptation and resiliency. We develop here two
potential ways through which the field can overcome (or work within) this
tension and combine the tools and methods of industrial ecology with the
science and process of climate change adaptation. The first layers industrial
ecology tools on top of climate change adaptation strategies, allowing one to, for
example, compare the environmental impacts of different adaptation strategies.
The other embeds climate change adaptation and resiliency within industrial
ecology tools, for example, by redefining the functional unit in life cycle
assessment (LCA) to include functions of resiliency. In both, industrial ecology
plays a somewhat narrow role, informing climate change adaptation and
resilience decision-making by providing quantitative indicators of environmental
performance. This role for industrial ecology is important given the significant
contributions and potential for mitigation of greenhouse gas emissions from food
and agriculture. However, it suggests that industrial ecology's role in climate
adaptation will be as an evaluator of adaptation strategies, rather than an
originator.
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Toward sustainable climate change adaptation
Yi Yang, Beibei Liu, Peng Wang, Wei-Qiang Chen, Timothy M. Smith

Keywords: climate change adaptation, climate resilience, climate-smart
agriculture, life cycle assessment (LCA), low-carbon infrastructure, material
flow analysis

Summary:

Industrial ecology (IE) has made great contributions to climate change mitigation
research, in terms of its systems thinking and solid methodologies such as life
cycle assessment, material flow analysis, and environmentally extended input—
output analysis. However, its potential contribution to climate change
adaptation is unclear. Adaptation has become increasingly urgent in a
continuously changing climate, especially in developing countries, which are
projected to bear the brunt of climate-change-related damages. On the basis of
a brief review of climate change impacts and adaptation literature, we suggest
that IE can play an important role in the following two aspects. First, with the
emphasis on a systems perspective, IE can help us determine how climate change
interacts with our socio-economic system and how the interactions may
aggravate (or moderate) its direct impacts or whether they may shift burden to
other environmental impacts. Second, IE methodologies can help us quantify the
direct and indirect environmental impacts of adaptation activities, identify
mitigation opportunities, and achieve sustainable adaptation. Further, we find
that substantial investment is needed to increase the resilience of infrastructure
(e.g., transport, energy, and water supply) and agriculture in developing
countries. Because these sectors are also the main drivers of environmental
degradation, how to achieve sustainable climate-resilient infrastructure and
agriculture in developing countries deserves special attention in future IE studies.
Overall, IE thinking and methodologies have great potential to contribute to
climate change adaptation research and policy questions, and exploring this
growing field will, in turn, inspire IE development.
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Toward a research agenda on climate-related migration
Clinton J. Andrews

Keywords: adaptation, cities, climate change, decision-making, governance,
migration

Summary:

Climate change is one of the many stressors to which humans must adapt.
Environmental concerns usually combine with other factors such as poverty,
ethnic strife, or poor governance to become serious enough problems to warrant
strong action. Migration away from affected areas is one time-tested response.
This article proposes a migration-oriented research agenda for industrial ecology
based on an examination of migration flows and ways of thinking about them,
variations across contexts, implications for infrastructure and housing, the
framing of climate-related migration, and short-term and longer-term
fluctuations in the demand for shelter and services in high and low income
countries. Elements of this agenda include understanding decentralized
migration decisions, developing socio-ecologically based solutions for migration-
related problems, and embracing an urban focus that makes infrastructures
more adaptable and makes cities more resilient and equitable.
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Climate change impacts on asphalt road pavement
construction and maintenance: An economic life cycle
assessment of adaptation measures in the state of Virginia,
United States

Yaning Qiao, Joao Santos, Anne M.K. Stoner, Gerardo Flinstch

Keywords: adaptation, climate change, climate model downscaling, flexible
pavement, life-cycle cost analysis, maintenance effects

Summary:

Pavement design and management practices must be adapted in response to
future climate change. While many studies have attempted to identify different
methods to adapt pavements to future climate conditions, the potential
economic impacts of the adaptations still remain largely unquantified. This study
presents the results of a comprehensive life-cycle cost analysis (LCCA) aimed at
quantifying the potential economic impacts of a climate adaptation method, in
which an upgraded asphalt binder (Performance Grade PG 76-22) is used in the
construction and maintenance of flexible pavement sections in lieu of the original
binder (PG 70-22) for improved resistance against high temperatures. For each
of three major Virginia Department of Transportation (VDOT) districts with
different climates, three case studies consisting of typical interstate, primary, and
secondary pavement sections were considered. The LCCA accounted for the
costs incurred during the mixture's production, maintenance, and use phases of
the pavement life cycle by explicitly considering future climate projections,
pavement life-cycle performance, maintenance effects, and work zone user
delays. The study concludes that pavements using the upgraded binder not only
perform better over time but are also economically advantageous compared to
those with the original binder under the conditions of the anticipated future
climate conditions (2020-2039).
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Incorporating the impacts of climate change into
infrastructure life cycle assessments: A case study of
pavement service life performance

Geoffrey Guest, Jieying Zhang, Omran Maadani, Hamidreza Shirkhani

Keywords: adaptation, climate change, flexible pavement, framework,
industrial ecology, life cycle assessment

Summary:

Climate change is expected to impact both the operational and structural
performance of infrastructures such as roads, bridges, and buildings. However, most
past life cycle assessment (LCA) studies do not consider how the
operational/structural performance of infrastructure will be affected by a changing
climate. The goal of this research was to develop a framework for integrating climate
change impacts into LCA of infrastructure systems. To illustrate this framework, a
flexible pavement case study was considered where life-cycle environmental impacts
were compared across a climate change scenario and several time horizons. The
Mechanistic-Empirical Pavement Design Guide (MEPDG) was utilized to capture the
structural performance of each pavement performance scenario and performance
distresses were used as inputs into a pavement LCA model that considered
construction and maintenance/rehabilitation materials and activities, change in
relative surface albedo, and impacts due to traffic. The results from the case study
suggest that climate change will likely call for adaptive design requirements in the
latter half of this century but in the near-to-mid term, the international roughness
index (IRI) and total rutting degradation profile was very close to the historical
climate run. While the inclusion of mechanistic performance models with climate
change data as input introduces new uncertainties to infrastructure-based LCA,
sensitivity analyses runs were performed to better understand a comprehensive
range of result outcomes. Through further infrastructure cases the framework could
be streamlined to better suit specific infrastructures where only the infrastructure
components with the greatest sensitivity to climate change are explicitly modeled
using mechanistic-empirical modeling routines.
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The weight of islands: Leveraging Grenada's material
stocks to adapt to climate change

Rob Symmes, Tomer Fishman, John N. Telesford, Simron J. Singh, Su-Yin
Tan, Kristen De Kroon

Keywords: construction materials, geographical information system (GIS),
Grenada, material flow analysis (MFA), natural disasters, small island
developing state (SIDS)

Summary:

The building stock consumes large amounts of resources for maintenance and
expansion which is only exacerbated by disaster events where large-scale
reconstruction must occur quickly. Recent research has shown the potential for
application of material stock (MS) accounts for informing disaster risk planning. In
this research, we present a methodological approach to analyze the vulnerability of
the material stock in buildings to extreme weather events and sea-level rise (SLR) due
to climate change. The main island of Grenada, a Small Island Developing State (SIDS)
in the Caribbean region, was used as a case study. A bottom-up approach based on
a geographic information system (GIS) is used to calculate the total MS of aggregate,
timber, concrete, and steel in buildings. The total MS in buildings in 2014 was
calculated to be 11.9 million tonnes (Mt), which is equivalent to 112 tonnes per
capita. Material gross addition to stock (GAS) between 1993 to 2009 was 6.8 Mt and
the average value over the time period was 4.0 tonnes per capita per year. In the
year following Hurricane Ivan (2004), the per capita GAS for timber increased by
172%, while for other metals, GAS spiked by 103% (compared to average growth
rates of 11% and 8%, respectively, between 1993 and 2009). We also ran a future
“Ilvan-II” scenario and estimated a hypothetical loss of between 135 and 216
kilotonnes (kt) of timber from the building stock. The potential impact of SLR is also
assessed, with an estimated 1.6 Mt of building material stock exposed under a 2-m
scenario. We argue that spatial material stock accounts have an important
application in planning for resilience and provide indication of the link between
natural disaster recovery and resource use patterns.
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Overcoming climate change adaptation barriers: A study
on food—energy—water impacts of the average American
diet by demographic group

Joe F. Bozeman lll, Rayne Bozeman, Thomas L. Theis

Keywords: climate change adaptation, demographics, diet and
environment, food—energy—water (FEW), industrial ecology, life cycle
assessment (LCA)

Summary:

Effectively adapting to climate change involves overcoming social and ecological
system barriers. The present study uses a three-phase adaptation framework to propose
adaptation strategies aimed at overcoming socioecological barriers of the food—energy—
water (FEW) nexus. Cradle-to-farm-gate land, greenhouse gas (GHG), and water
impacts—that derive from food consumption in the United States—are analyzed and
differentiated by major demographic groups (Black, Latinx, and White). Results indicate
that the White demographic yields the highest per capita GHG (680 kg of CO2 eq-year-1)
and water impacts (328,600 L-year-1) from food consumption, whereas the Black
demographic yields the highest per capita land impacts (1,770 m2-year-1) from food
consumption. Our findings suggest that obtaining data with the intention of building
consensus across sociodemographic lines overcomes barriers in the understanding phase,
leading to increased social receptivity for many planning and managing phase processes.
Specifically, we find that identifying and developing leaders who possess the cognitive
and interpersonal capacity to manage many variables and stakeholders is key to assessing
and selecting adaptation options in the planning phase. We also propose using
government programming to encourage environmentally friendly food purchasing
behavior. Then, we discuss how our proposals could be used in adaptation feasibility and
evaluation activities in the managing phase. In all, these findings facilitate the
development of improved climate change adaptation and policy by satisfying the
understanding phase of the climate change adaptation framework, establishing a cross-
disciplinary methodological approach to addressing socioecological problems, and
providing useful FEW impact data for FEW nexus and climate change researchers.
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Breathing life into climate change adaptation
Frank Stadler, Luke Houghton

Keywords: biological adaptation, biologically inspired design, climate
change adaptation, evolution, industrial ecology

Summary:

The exploration of evolutionary biology and biological adaptation can inform
society's adaptation to climate change, particularly the mechanisms that bring
about adaptability, such as phenotypic plasticity, epigenetics, and horizontal
gene transfer. Learning from unplanned autonomous biological adaptation may
be considered undesirable and incompatible with human endeavor. However, it
is argued that there is no need for agency, and planned adaptation is not
necessarily preferable over autonomous adaptation. What matters is the efficacy
of adaptive mechanisms and their capacity to increase societal resilience to
current and future impacts. In addition, there is great scope for industrial ecology
(IE) to contribute approaches to climate change adaptation that generate system
models and baseline data to inform decision making. The problem of
“uncertainty” was chosen as an example of a challenge that is shared by
biological systems, IE, and climate change adaptation to show how biological
adaptation might contribute solutions. Finally, the Coastal Climate Adaptation
Decision Support tool was used to demonstrate how IE and biological adaptation
approaches may be mainstreamed in climate change adaptation planning and
practice. In conclusion, there is close conceptual alignment between
evolutionary biology and IE. The integration of biological adaptation thinking can
enrich IE, add new perspectives to climate change adaptation science, and
support IE's engagement with climate change adaptation. There should be no
major obstacles regarding the collaboration of industrial ecologists with the
climate change adaptation community, but mainstreaming of biological
adaptation solutions depends greatly on successful knowledge transfer and the
engagement of open-minded and informed adaptation stakeholders.



I FOREIGN LANGUAGE ABSTRACTS

Rk EBZFH )

2020 4F, #H24% 2
http://dx.doi.org/10.1111/35iec.12980

RS 0 B RN R FL AR 5 N AL i R ST PP A

£ . Tiziana Susca, Francesco Pomponi

KEF: A&, PESY, BIEBGR, WA, Wi
WIPEAL, TR X

ME:

Il i AR 2 5 BT IR A LU R 2 M B BT RIS A RN
(UHD) o SXFERHREETH R 51 Ais ST R, TSR T 25 U
Bt BT E AN I 8 RN L R R S RGNS RE
N T URAERT N ARSI, A 9 T A o O 2 i i 28 5%
B L AR (LCA) A& —Fhn] DU ERI T e E X I 2R M IF &
W PG T . SR, 20 H ATASEEs 7%, LCA B @A
B ISR Z R A AR, 22 1t e R KIS . A 7 el
J T B SCHR, RISk LCA R BIIAE 5 2i Sfs Z TR) A
FAEF BRI IT o XA T R A BT LCA A AEANE & 4 TR R 1 43 X 52
Wi (ROAIT FE Rl O T SR — RIRE, AT TR AL T —Fh Y LCA J7ik
frigte, RYIFLE () K LCA TNk SENRF RSN (8]
AR B BB R R 5 (b)) fE LCA "R i fiiy
a5, CARRIEEA EAER s (o) AR A BRI I 2 IR R AR R
TORVPA 53 T 2R ON AR SC I RE R . LCA F S0 T AFEAR SRR AL 2
EHEZLR LA b ve A LCA A AT RBRYE, A AT A -2 i v Atk iy
15 RUNL IR M e L R A T

Journal of Industrial Ecology

2020, Vol. 24, Issue 2
http://dx.doi.org/10.1111/jiec.12980

Heat island effects in urban life cycle assessment: Novel
insights to include the effects of the urban heat island and
UHI-mitigation measures in LCA for effective policy making

Tiziana Susca, Francesco Pomponi

Keywords: heat island, industrial ecology, policy making, urban heat island
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Summary:

Urbanization often entails a surge in urban temperature compared to the rural
surroundings: the Urban Heat Island (UHI) effect. Such a temperature increase
triggers the formation of pollutants worsening the urban air quality. Jointly, bad
air quality and UHI affect ecosystems and human health. To alleviate the impacts
on the population and the environment, it is crucial to design effective UHI-
mitigation measures. Life Cycle Assessment (LCA) is an assessment tool able to
capture the complexity of urban settlements and quantify their impact. Yet, as
currently implemented, LCA neglects the interactions between the built
environment and the local climate, omitting the resulting impacts. This study
reviews the existing literature, showing the lack of studies that organically
include interactions between the built environment and local climate in LCA. This
forms the basis to identify the unsuitability of the current LCA framework for
comprehensively capturing the impact of urban settlements. To overcome this
limitation, this research offers a pathway to expand the LCA methodology,
indicating the necessity to (a) couple the LCA methodology with climate models
or physical relations that quantify the interactions between the local climate and
the built environment; (b) include novel impact categories in LCA to address such
interactions; and (c) use existing or ad hoc developed characterization factors to
assess the impacts related to the UHI effect. The LCA community can build on the
frame of reference offered by this research to overcome the current limitations
of LCA and enable its use for a comprehensive assessment of the impacts of UHI
and its mitigation measures.
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An integrated model of real estate market responses to
coastal flooding

Handi Chandra-Putra, Clinton J. Andrews
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Summary:

Understanding and improving how humans adapt to climate change are priorities
in our research community, and coastal settlements are good places to study
adaptation. Severe storm events and sea-level rise are threatening coastal
communities with increasing levels of flood damage. Because ownership of
coastal assets is distributed among many private and public actors, both
individual property owners and public officials must take adaptive actions. This
paper introduces an integrated agent-based and hedonic pricing modeling
system to simulate coastal real estate market performance under non-
equilibrium conditions that reflect the effects of storm events. The modeling
system, which is used for policy analysis, is calibrated to conditions in two towns
in Monmouth County, New Jersey, USA, which were badly damaged by Hurricane
Sandy in 2012. The key findings are that (a) coastal real estate markets capitalize
flood risk into property values but this discount diminishes rapidly as time passes
between storm events, and (b) there is a distinct equity versus efficiency tradeoff
in designing public policies to reduce the cost to society of coastal flooding.
Stringent regulation of building practices reduces flood damage but drives away
poorer home buyers and owners, whereas informational and incentive-based
policies are fairer but less effective. Hands-off, market-based retreat from risky
areas is socially costly but allows less wealthy people to remain at the shore,
albeit in vulnerable situations. Managed retreat should emphasize improved
recreational access to coastal amenities while discouraging people from living
there.



