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Reference

Region

Study’s main

Category of
co-benefits

Evaluation framework
or assessment tool

Direct
benefit

Co-benefits

Meerow and Newell

(2017)

Detroit, USA

Helgeson and
Maryland, UsA
ORear (2018)

Keefe (2018) USA

Marbella (Spain),

Ayutthaya and
Alves etal. (2018)

Sukhumvit

(Thailand),

Sint Maarten,
Alvesetal. (2019)

Netherlands
Mirhosseini et al,

UsA

(2019)

222 countries and
Paunga and Lassa

(2020

territories

worldwide

USA (Coastal
Kurth etal. (2020)
areas)

Cedar Rapids,
Fungetal. (2021)

Port Orford, and
Helgeson and Portland Oregon,
O'Fallon (2021) Alaska, American

Samoa.

Multipleloc

worldwide

(Rwanda,
Cohen etal. (2021)

Morocco, Japan,

Marshall Islands,

Chile, Lebanon)

Mehryar and Lowestoft
Surminski (2022) | England
Chabba et al.

Lima, Peru
(2022)
Yokomatsu et al. Tanzania and
(2023) Zambia

Vietnam, Nepal,

Indonesia,
Rozeretal (2023 Afghanistan, and
the

United Kingdom

Multiple locations
Sharifietal. 2024)
worldwide

objective

Introducing a spatial
planning approach to
identify tradeoffs and
synergies associated with
ecosystem services
provided by green
infrastructure, and to
identify priority areas
where green
infrastructure can

be strategically placed to

leverage co-benefits

Highlighting the impacts

of considering resil

nce
benefits in economic
analyses of residential

sustainability investments

Analyzing the perception
of socia, economic, and
environmental co-
benefits as reported by
communitis through the
HUD NDRC compeition
BCAS.

Presentinga multi-
criteria approach for

selection of green and
grey infrastructure to
reduce flood risk and

increase co-benefits

Presentinga method to
lude the monetary
analyss of co-benefits
associated with green,
blueand gray intoa
cost-beneits anaysis of
flood risk mitigation

measures

Proposinga framework
for describing the
synergies and discords
that occur between
several ‘resilience and
“sustainability’ building
certification programs
(BCP)

Developing a global scale
baseline of investment in
disaster isk reduction

worldwide

Exploring the challenge
of quantifying the
resilience benefits of
coastal projects and
developing an assessment
method suited to existing
projects and discussing
ways forward to meet the

challenges.

Developing a CGE model
to quantify the net co-
benefits of investing in

increased resilience

Reviewing the use of
co-benefits and the

resilience dividend and
introducing the concept

ofa resilience windfall

Exploring the
relationships between
climate change mitigation
action and co-impacts
and the Sustainable
Development Goals
(SDGs) and illustrating it
usinga selection of
examples from countries’
Nationally Determined

Contributions (NDCs).

Investigating how a
combination of modelling
and measurement
methods can help
decision-makers with
their flood resilience

strategi

Evaluating economic
viability of Eco-DRR
afforestation effort project
through a BCA and
include probabilistically
estimated DRR benefits
and place-based
economicand non-
market co-benefits
representing stakeholder

values.

Introducinga dynamic
macroeconomic model
aimed at evaluating DRR
policies under various
hazards

Investigates knowledge
‘gaps and challenges in
integrating multiple
resilience dividends into
the planning,
implementation, and
evaluation of DRR
interventions at the

community level

Pro

iga systematic
review to addresses the
scarcity of research
exploring the connections
between smart cities and

SDGs

Environmental: Co-
benefits associated with
the use of green

infrastructure

Environmental and

Economic: Co-benefits

associated with using a
rooftop solar
photovoltaic (PV)

system

Social, Economic,
Environmental and
Natural Hazard: social,
economic,and
environmental co-
benefits of resilience
planning by
communities in the
HUD NDRC

competition

Environmental: Co-
benefits asociated with
the use of green and

gray infrastructure

Environmental: Co-
benefits associated with
green, blue and gray
infrastructure used for
reducing flood risk

Environmental: Co-
benefits and tradeoffs
with regards to
resilience &
sustainability
certification programs

for climate change

Environmental and
Natural Hazard: Co-
benefits of planning for
natural hazard risk
reduction (natural
disasters are

considered generally)

Environmental and
Natural Hazard: Co-
benefits of resilience

planning for hazards

associated with coastal

. energetic
storms and inundation

by rising sea levels)

Social, Economic,
Environmental: Co-
benefits associated with
investing in increased
resilience against
natural hazards such as
flood

Environmental,
Natural Hazard: Co-
benefits associated with
disaster resilience and

sustainable planning

Environmental: Co-
benefts and tradeoffs
of dlimate change

mitigation actions.

Environmental and
Natural Hazard: Co-
benefits of resilience

planning for flooding

Environmental and
Natural Hazard: Co-
benefits of Eco-DRR

Environmental and
Natural Hazard: Co-
benefits of DRR
investment for natural

hazard mitigation

Social, Economic,

Environmental

benefits of DRR

investments

Social, Economic,

Environmental: C

beneits and trade-offs

of SDGs

Introduced a Green Infrastructure
Spatial Planning (GISP) model that
leverages GIS-based multi-criteria
evaluation of six benefit riteria
including stormwater management,
social vulnerability, access o green
space, air quality urban heat island,
and landscape connectivity and
expert stakeholder-driven
weighting. The purpose of the
suggested method is strategic
placing of green infrastructure to
‘maximize the co-benefts of

planned green infrastructure.

Life cycle costing (LLC) analysis

Presented a methodology to
analyze the NRDC BCAs. They
created a table referred to s “The
BCA crosswalk” to summarize the
results from the NDRC BCAs.
“They developed codes-short
phrases-to consolidate and
represent the various types of
co-benefits reported by applicants
and the codes were used in the
BCA crosswalk.

Proposed a method for selection of
flood mitigation measures in urban
areas based on a multi-criteria
analysis that considers flood risk
reduction, cost minimization and
enhancement of co-benefts. The
‘method comprises of several steps
including screening (e.g.
climination of not applicable
measures according to flood type),
scoring (e.g,, measuring
performance assessment (o
enhance co-benefit), weighting
(e local preferences regarding
co-benefits), and ranking (e.g..
final scores calculation and
ranking).

“The mult criteria method for
measres selection proposed by
Alves etal. (2018) is used to
identifylocally relevant benefits
and the applicable measures to
achieve these benefits. The green,
blue,and grey measures are ranked
based on the decision makers'
analysis. Using the ranking, various
combinations of measures are
further analyzed, and afinal set of
measures and their associated
benefits are selected which will

be economically evaluated. The
economic valuation is based on the
relation between impacts on the
environment and the consequent
human welfare and usually
estimated based on local data (e g,
instance energy and water prices).
Developed a matrix showing the
relationships between multiple
green building rating systems and
resilience rating systems that is
used to incorporate the
interpretations of resilience cited in

f

paper. This comparison
includes the rating system origin,
application, and range of
implementation as it considers
resilience scholarship. The table
aims to identify the problems,
objectives, and co-benefits of
various green building rating

criteria and resilience criteria

Presented an assessment
framework for disaster risk
reduction that included
aggregation of investment in
indicators of financial investment
(foreign investment, development
assistant, GDP, insurance
penetration), social investment
(access to education, health and
water,and sanitation), early
warning system investment
(internet access, mobile phone
access, public awareness, disaster
‘monitoring, risk assessment),
enabling environment (easiness of
doing business, government
effectiveness, the rule of law,
corruption control, DRR

budget allocation commitment)

Developed a scoring system to
evaluate the resilience co-benefits.
They first categorized the
engineering strategies that were
implemented by each project and
summarized them to 27 feature
types. Then the feature type was
evaluated for its contribution to 12
resilience indicators and 10

'USACE business line indicators.

Feature types received a binary 0-1

score for each indicator.

Developed a CGE model to
quantify the co-benefits at a high
level,and to show how co-benefits
are distributed throughout an
economy: To calculate the co-

first

benefts, the avoided losses
quantified under a simulated
flooding event for the 2007 time
period. Then the economic co-
benefits considering exogenous
positive shocks, in the absence of a
natural disaster for both time
periods (pre-and post-resilience)
are quantified.

Through introducing the concept
of resilience dividend and windfall,
aframework is provided to
evaluate the resilience planning
alternatives that can assign value to
the options. Multiple narrative:
examples are then used to explore
the proposed framework which
vary by locations, hazard types,
and resilience intervention types to
demonstrate the power of narrative
exposition to communicate the
importance of co-benefts.
Provided examples of co-benefits
and adverse sde effects and
examples of SDG indicators that
could be used to track progress,
linked to different mitigation
actions. Different types of co-
impacts were considered including
co-impacts in climate resilience
and energy security. Investment
and growth, employment,
(biodiversity ecosystem services,
soil), water pollution, air pollution,
energy access, poverty alleviation,
food and water security health,
Noise, congestion and other
considerations that contribute to
quality of life

Provided a Flood Resilience
Measurement for Communities
(FRMC) founded on a holistic and
integrated conceptualization of
community resilience capacity as
comprising of human, social,
natural, physical, and financial
capitals, and 44 indicators of
resilience used for measuring these
five capitals’ capacities.

A comprehensive assessment
approach was designed using
equity-weighted risk-based social
BCA probabilistically assessed
potential DRR benefits, integrated
place-and context-based ecosystem
co-benefits'values that influence
social and ecological wellbeing,
incorporated equity consequences
for marginalized stakeholders by
accounting for income differences,
and addressed uncertainty in
analysis through a stochastic BCA
model using Monte Carlo
simulations, and a sustainability
analysis to monitor the Eco-DRR
measure’ contribution to broader
urban resilience and sustainability
goals that subjectively reviewed
project performance, and
benchmarked project impacts
against IUCN's Global Standard
and SDG 11 frameworks.

Presented a model called
DYNAMMICs to quantify the DRR
benefits considering three
resilience dividends, using RBC
model a the basis for
DYNAMMICs framework which
simulates changes in investment,

s

ings, consumption, and other
variables due to external shocks,
including disasters through a.
stochastic evaluation using Monte

Carlo simulation.

“They suggested an analytical
framework that incorporated the
decision-making cycle by Brent
(1995) and Mechler (2016) with
the TDR concept to explore how
various reslience dividends are
integrated into diferent sages of a
project and impact the outcomes of

community-level DRR investment.

They performed a systematic
literature review PRISMA method
for literature search and selection
using SCOPUS focusing on the
connections betyween smart cities
and SDGs. They used a deductive
approach and emphasized different
aspects like sectoral and geographic
focus, methodological approaches,
and linkages to SDGs. They further
conducted co-occurrence analysis
to accompany the review through
‘mapping knowledge structures of

the reviewed studies

Stormwater
Ecosystem services | management, social
provided by green | vulnerability green
infrastructure, space, air quality,
enhancingurban | urban heat island
sustainability and | amelioration,
resilience landscape

connectivity

Co-benefits that

arise from
Solar-plus-storage

sustainability
from an installed

planning (avoided
rooftop solar PV

damages and losses
system

from avoided grid

outages)
Unlocking
development
potential by

stimulating
“The World bank,

economic activity
triple dividend

thanks to reduced
concept was used.
disaster related
Avoidinglosses
investment risks;
when disasters
and, social,
strike.
environmental, and
economic co-
benefis associated

with investments.

Water quality,
environmentl (e,
air quality, ground
‘water recharge),
liveability (e.g.,

Flood risk s
urban heat

reduction
reduction),
cconomic (e,
energy savings),
socio-cultural (e.g,

recreational uses)

Co-benefits
associated with
green-blue
infrastructure such
as green roofs:
energy savings,
reduction of carbon
dioxide (CO2)

Flood risk

reduction

pervious pavements:
heat stress reduction,
energy saving,
reduction of air
pollutants, reducing
surface temperatures

Wl #C.

Co-benefits

sociated with
Hazard mitigation,

different certification
disaster resilience,

programs, for
vulnerability

example co-benefits
reduction, generally

of working toward
increase resilience

increased energy
and sustainability

conservation and

energy efficiency

Unlocking
development
potentials by
stimulating
economic activity by
reducing disaster-
related investment
risks. The third

dividend relates to
Disaster risk

the co-benefits of
reduction using

DRR investment.
measures of saving

These co-benefits
lives and avoiding

include economic,
losses

sor

1, and
environmental

o-benefits such as

improved social
cohesion, better
environmental

quality reduced

vulnerability to

poverty.

Co-beneit
Environmental, associated with
economic, and increasing interest in
social benefits that | the USACE and
are generated by

USACE projects.

other organizations
in resilience (derived

from EWN projects)

Avoided losses from
the investments in
increased resilience
(avoided
employment and
income loss) in an
Increased resilience
event of natural
toflood
disaster, economic
co-benefits due to
neighbourhood
revitalization in the
absence of a natural

disaster

Benefis associated

Co-benefits of
with resilience and

resilience and
sustainability

sustainability
activities such as

measures related to

limiting GHG
human health or
emissions or
improvements to air
imposing caps on
quality
emissions
Co-benefits/
adaptation benefits
has been mentioned
for different
mitigation actions.
Benefts of GHG  For example, for

mitigation actions | solar street lighti

.3
in different sectors  co-benefits include
such as energy, Reduced reliance on

industry, buildings, | gri

based power
and waste generation and

infrastructure and

imported energy.
“This has beenlinked
105G 1,50G 7,
and DG 11

Benefits of
Co-benefits
resilience planning
associated with

for flooding, for

resilience planning
example benefits

for flooding (co-
associated with

benefitsare not

using flood
specifically
protection
‘mentioned)
measures
Benefits of
afforestation
conserve,restore,
manage ecosystems
Avoided losses,
which decreasing
property rights gains
vulnerability
in the form of

against multiple
reased rent value

risks by reducing
exposure to hazards
and increasing

adaptive capacity

Unlocking economic
potential (household

and agricultural
Avoiding losses and

productivity, land
damages from

value from
disasters (saving

protective
lives, reducing

infrastructure),

damagesto
development co-
infrastructure,
benefis such as
reducing losses to
eco-system services,
economic flows)
transportation uses,
agicultural
productivity gains

Creation of new jobs
through the
Reduced costal restoration of hotels
erosion, reduced | and other services,
flood damage, less out mitigation,
reduced damages o increase agricultural
fishing boats and yields, improved
residential homes food and water
and businesses security, more
sustainable use of

local resources

Major SDG benefits
in categories Accelerating
including no economic growth,
poverty, good improving efficiency,
health, climate strengthening
action, clean water | innovation, and
and sanitation,

affordable and

raising citizen
awareness

clean energy
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Reference Region

Study’s main
objective

Category of co-
benefits

Tool or assessment
method for co-benefits

Direct
benefit

Co-benefits

Multiple
Changetal. (2017) | locations

worldwide

Pengetal. 2017) | China

USA, India,
China,

Markandya et al.
Europe, and

(2018)
the rest of

the world

Lietal (2018) China

China,
Nieetal (018)  India, Japan,

Restof Asia

Reviewing studies
quantifying the health
co-benefits of limate:
change mitigation
related to air quality,

transportation, and diet

Examining near-term
air quality and CO2
<o-benefits of various
current sector-based

policies in China.

Analyzing how the
health co-benefits would
compensate the
mitigation cost of
achieving the targets of
the Paris climate

agreement.

Quantification of co-
benefits using the
example of energy-
related co-benefits of

CO2 mitigation

Quantifying the health
and economic co-
benefits of air quality
improvements in both
PM2.5 and ozone for
achieving the 2°C

climate mitigation goal

in Asia,

Environmental, social and
economic: Health co-benefits
ofair quality improvements
in'both PM2.5 and ozone for
achieving the 2°C climate

mitigation

Environmental, social and
economic: Climate and health
co-benefits o air quality

improvements

Environmental, social and
‘economic: Health co-benefits
of air quality improvements
in both PM2.5 and ozone for
achieving the 2°C climate

mitigation

Environmental, social and
economic: Improved health
due to having improved air
quality asa result of reducing

GHG emissions

Environmental, social and
economic: Health (morbidity,
‘mortality and expenditures
and economic (Work time
loss) co-benefits ofair quality
improvements in both PM25
and ozone for achieving the

2°C climate mitigation)

Reviewed the techniques used by
other sudies to quantify co-benefis.
Maltple studies monetized the
estimated health co-benelits to
estimate the extent to which these
benefits could offset the costs of

implementing the policy.

Calculated the mortalty changes
resulting from changes in air
pollution levels for each scenario
relative to their base mitigation

scenario.

Calculated the premature deaths and
morbidity associated with
concentrations of particulate matter
and ozone in the atmosphere and
monetized the health impacts using
VSL.

Calculated the co-benefits associated
with avoided death based on the
international value of statstical life

(vsL).

Combined the CMAQ model, a
health assessment model, and the
Asia-Pacific Integrated AIM/CGE
model o evaluate the long-term
health and economic impacts caused
by ambient PM2.5.and ozone
pollution under different climate
mitigation and $SP2scenarios in

Asian countries.

Paris agreement:

Reduce fossl
fuel use o limit
the temperature
increase 10.2°C
and 15°

Reducingair
pollutants:
specifically
reducing the
PMy

Paris agreement:

Reduce fossil
fuel use to limit
the temperature
increase 10 2°C
and 15°C.

GHG emission

reduction

Reducing fossil
fuel
consumption
and greenhouse

gas emissions

Health co-benefits
achieved by mitigation
policiesand
technologies that
influence health by
‘modifying health-
related exposures such
as non-GHG air
pollutants, physical
activity,and diet
Health co-benefits
based on mortality
(due o ischemic heart
disease, stroke, chronic
obstructive pulmonary
disease and lung
cancer) changes
resulting from changes

in air pollution levels

Health benefits of
reducing air pollutants
[fine particulate matter
(PM,.); and ozone
1.

National health co-
benefis (reduced
‘mortality) from
improved air quality
dueto reducing GHG

emissions

Air quality
improvement and
decrease of premature
deaths caused by
exposure in PM2.5
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User type

Decision context

Recommended method

type(s)

Key advantages

Limitations

Municipal planner/public

agency

Community-based

organization (CBO)

Regional planning authority

NGOJadvocacy group

Technical consultant/

evaluator

Academic/researcher

Infrastructure planning,
grant applications, cost-
benefit compliance
Prioritizing local projects,

stakeholder engagement

Cross-sectoral investment o

land use strategy

Policy framing, community

resilience campaigns

“Tool comparison, method

design, model validation

‘Theory development,
‘method refinement,

longitudinal study

Monetization Methods (e.g,, LCC,
CGE, BCA)

Scoring Methods, Multi-Criteria
Analysis (MCA)

MCA, Systematic Reviews

Scoring Matrices, Narrative-Based

Tools.

Systematic Reviews, Hybrid Methods

Al (esp. MCA, Monetization,
Systematic Reviews)

Generates defensible, dollar-
based outputs for funding or
policy decisions

Flexible, participatory, low

technical barrier

Supports multi-objective trade-
off analysis, adaptable across

sectors
Captures social and equity
co-benefits, supports
storytelling

Synthesizes methods across

cases, builds institutional
knowledge

Deep anal

refinement,cross-case insights

Requires high-quality data,
technical expertise, time-

intensive

Less precise, may lack perceived

rigor for external funding

May require expert facilitation

and consensus-building process

Limited comparability or

generalizability

Often retrospective, resource-

heavy

May lack immediate
applicability or stakeholder

relevance
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Search topics:
* Co-benefits
* Resilience dividends...

Web of Science Google Scholar

Co-occurrence Citation analysis of
analysis of keywords publishing countries

lected
documents
rom WO

Selecting fewer studies for
Content analysis based on:
* Titles
* Abstracts
*  Keywords
+ Conclusions

s

Detailed content analysis
¢ Main objective
* Co-benefit category
* Co-benefit assessments or tools
* Primary and secondary objectives
+ Discussion of gaps and limitations
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Key area identified

Challenges in environmental protection

Challenges in environmental protection

Insufficient stakeholder engagement

Insufficient stakeholder engagement
Insufficient stakeholder engagement
Insufficient stakeholder engagement

Challenges in technology

Challenges in technology

Challenges in planning

Challenges in planning

Policy: sustainable agriculture

Policy: sustainable agriculture
Policy: sustainable agriculture

Policy: land use planning

Policy: land use planning

Policy: land use planning
Policy: land use planning
Policy: understanding sensitivity
Policy: understanding sensitivity
Policy: political ideology

Policy: political ideology

Geography
Afiica

Asia

Africa

Asia
General
Latin America And The Caribbean

Africa

Africa

Asia

Africa

Asia
General

Africa

Latin America And The Caribbean
Global

Africa

Asia

General

Latin America And The Caribbean

Representative authors and years
Derbile et al. (2022), Kossebe et al. (2022), and Tabe-Ojong et al. (2022)

Chen A. etal. (2022), Chen Y. etal. (2022), Gao etal. (2022), Liu et al. (2022), Zhang
etal. (2007), Niu et al. (2023), Peng et al. (2017), Song et al. (2020, Ullah et al. (2019,
Wa

g etal. (2021), Yao et al. (2022), Zhang M. et al. (2022), and Zhang X. etal. (2022)

Aidoo etal. (2021), Aniah etal. (2019), Antwi-Agyei et al. (2021), Kephe et al. (2020),
Mihiretu etal. (2021), Tanimonure and Naziri (2021), and Tannor et al. (2022)

Chatterjee et al. (2021)
Lescourret et al. (2015) and Warner et al. (2022)
Fay Buckland and Campbell (2021)

Aliku and Oshunsanya (2018), Ibidhi and Ben Salem (2018), Lozano-Jaramillo et al.
(2019), Maina et al. (2020), Musiyiwa et al. (2017), Uwizeyimana et a. (2018), and
Wobeng et al. (2020)

Akhtar et al. (2022), Dey et al. (2020), Gupta and Mishra (2019), Mohapatra et al. (2021),
Nabati etal. (2020), and Tian et al. (2014)

Enfors (2013) and Mugi-Ngenga et al. (2021)

Bapatla et al. (2022), Hossain et al. (2019), Zhang et a. (2020), and Muhammad etal.
(2023)

Besser etal. (2021), Dendir and Simane (2021), Kadiri et l. (2021), Ketema et al. (2021),
Leauthaud et al. (2013), Ngetich et al. (2022), Rutebuka et al. (2019), and Zeleke et al.
(2023)

Basak et al. (2021), Dong et al. (2022), and Wang et al. (2022)
Mrunalini et al. (2022)

Tanougong and Tehamba (2022), Berihun et al. (2019), Mulualem et al. (2021), and Seo
(2014)

Chen etal. (2019), Devendra and Thomas (2002), Jiang et al. (2020), Malhotra et al.
(2021, and Yan etal. (2020)

Valverde-Arias et al. (2019)

Di Vitorio et al. (2016)

Bonny et al. (2019), Mekonnen et al. (2019), Owusu et al. (2021), and Taye (2021)
Jiang and Xu (2022), Lian et al. (2020), and Pandey and Bardsley (2015)

Zhang etal. (2021) and Dunlap (2023)

Féliz and ElisaMelon (2022)
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