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Fifth National Climate Assessment

Focus on Compound Events

Climate change is increasing the chances of multiple climate hazards
occurring simultaneously or consecutively across the US and its territories.
Such interactions between multiple hazards across space or time, known

as compound events, exacerbate the societal and ecosystem impacts of
individual hazards and hinder the ability of communities, particularly frontline
communities, to respond and cope. Therefore, infrastructure design, planning,
governance, and disaster preparedness for compound events are critical for
building resilient systems.

What Are Compound Events?

Compound events result from the occurrence of multiple climate drivers or hazards either in an individual
location or across multiple locations that, when combined, have greater impacts than isolated hazards on
ecosystems, water resources, public health, energy infrastructure, transportation, food systems, and inter-
connected societal networks, often straining disaster response.'** Compound events can also result from
the intersection of climate hazards with other environmental hazards like pollution, non-climate hazards
such as wars and pandemics, or socioeconomic stressors like poverty and lack of adequate housing that
disproportionately impact overburdened communities, thereby deepening existing societal inequities (e.g.,
KMs 5.2,18.2, 20.1, 23.1, 27.1, 29.2). Compound events are broadly categorized as:

* Multivariate: co-occurring hazards in a location, such as simultaneous precipitation deficits and
extreme heat that contributed to the severe Pan-Caribbean 2013-2016 drought*

* Temporally compounding: successive hazards in a location, such as destructive wildfires in 2017
followed by heavy rainfall on burned landscapes in January 2018 that resulted in mudslides and debris
flows, damaging ecosystems and infrastructure (KMs 3.5, 5.2, 6.1, 27.2)

* Spatially compounding: similar or disparate hazards occurring simultaneously or within a short
time window in multiple locations that are connected by physical processes or complex human and
natural systems, such as simultaneous megafires across multiple western states and record back-to-
back Atlantic hurricanes in 2020 that caused unprecedented demand on federal emergency response
resources (Figure F11)°

* Preconditioned: extreme events superimposed on long-term trends, such as higher sea levels, heavier
precipitation, and /or changing storm seasonality causing more frequent and severe coastal flooding
(KMs 4.2, 9.1, 30.1),57 like during Hurricane Florence (2018) in the Southeast (KM 22.1),® Typhoon Surigae
(2021) in Palau, and Typhoon Merbok (2022) in Alaska (KM 29.1)°

* Complex events: non-climatic stressors that exacerbate climate hazards, such as COVID-19, which
exacerbated climate-driven food, water, and livelihood insecurities facing Tribes, Indigenous Peoples,
and other frontline communities (KMs 5.2, 16.1; Focus on COVID-19 and Climate Change)
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Recent Events

Compound events have resulted in multiple recent disasters across several US states. The following
examples illustrate their cascading societal impacts (Figure F1.1):

* Heat, drought, and wildfires: A series of compound events between 2020 and 2021 stressed
communities and ecosystems across the western US and caused economic damages exceeding $38.5
billion (in 2022 dollars; KMs 27.2, 28.1, 28.2, 28.4).1° In 2020, co-occurring heat and drought caused
concurrent destructive fires across California, Oregon, and Washington11 that resulted in infrastruc-
ture and property damage and human fatalities, threatened access to energy and water supplies, and
strained firefighting resources.’® Millions of residents were exposed to harmful pollutants in wildfire
smoke, affecting public health and worsening COVID-19 related mortality.*"** Drought persisted
into 2021 and amplified the record-breaking Northwest heatwave,® killing over 229 people in the US.
Co-occurring heat, drought, low streamflow, and low tides in 2021 triggered toxic algal blooms and
mass die-offs of shellfish and low survival of salmon, species important to Indigenous communities
and the West Coast economy (KM 27.2; Figure 10.2).!® West Coast crab fishery revenue losses were
exacerbated by management actions implemented during earlier marine heatwaves.”

* Compound flooding: Back-to-back storms affected the Northeast in 2021, resulting in 55 deaths
and more than $21.4 billion (in 2022 dollars) in damages (KM 21.1). On August 22, Hurricane Henri
brought intense rainfall to the Northeast (7 inches in New York City, including 2 inches in one hour
in Central Park) that caused $749 million (in 2022 dollars) in damages despite mild winds. On August
29, Hurricane Ida, which made landfall as a Category 4 in Louisiana, moved northeast, and delivered
record rainfall during September 1-2 to already-saturated Northeast soils, causing catastrophic
flooding. This temporally compounding event was about 30 times more deadly and more damaging
than Hurricane Henri alone, straining local governance and emergency management systems.'

Will Compound Events Increase with Climate Change?

Compound events are expected to become more frequent with continued climate change (e.g., KMs 2.2,
9.1). The increasing frequency and severity of climate hazards such as extreme heat, heavy precipitation,
and severe storms are projected to increase the chances of 1) a sequence of hazards occurring within a
short time span and 2) simultaneous independent events in a location or multiple locations. For instance,
increasing swings from dry-to-wet extremes in western states and Pacific Islands will increase the chances
of intense rains on parched or recently burned landscapes, increasing risks of postfire flash flooding, debris
flow, and contaminated drinking water supplies (KMs 4.2, 30.1).°2? Climate change is also expected to alter
the physical drivers of compound events. For instance, more frequent extreme La Niflas?> would simultane-
ously elevate the risk of western US droughts and back-to-back severe Atlantic hurricanes, increasing the
chances of compounding disasters similar to the 2020 season (Figure F1.1).»*?* Changes in weather patterns
such as more frequent atmospheric high-pressure systems could increase the risk of co-occurring heat,
drought, and marine heatwaves.?>2¢

How Can We Adapt?

Low-income communities, communities of color, Tribes and Indigenous Peoples experience high exposure
and vulnerability to climate hazards due to their proximity to hazard-prone areas, infrastructure deficits,
limited disaster-management resources, and governance challenges, which are legacies of colonialism,
redlining, and other discriminatory policies (KMs 4.2, 16.2, 18.2, 20.1).*” Consequently, these communities
could face higher risks through complex event outcomes, which can magnify existing disproportion-

ate health risks (KM 15.2). Transformative, socially just adaptation approaches (KM 31.3), investment in
emergency preparedness, and governance structures that account for the inequitable distribution of climate
impacts can avoid further exacerbating such existing social disparities (KMs 12.4, 20.3, 31.2).282%% Incorporat-
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ing compound event risks in infrastructure design standards and regulations, updating aging infrastructure,
and planning at the community-level can improve climate resilience and protect against risks like displace-
ment and gentrification.?®3'32 Despite the availability of tools to evaluate infrastructure alternatives (e.g.,
Helgeson et al. 2020*), communities with limited adaptation resources face significant challenges in making
such investments.

Resource allocation toward solutions that address multiple community resilience objectives can address
some of these challenges.*** For example, blue-green infrastructure—use of green-areas and water bodies
in urban planning—and tidal marsh restoration can sequester greenhouse gas emissions and protect against
floods while also providing ecosystem services like reducing heat and air pollution, creating recreation-

al spaces, and advancing environmental justice in urban environments (KM 12.3).3¢ Enhanced monitoring

of adaptation actions, scenario planning activities (e.g., Gerlak et al. 2021%), and sharing best practices
among stakeholders can alleviate planning challenges and improve management of the growing risk of
compound events.
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Compound Events

a) Temporal compounding of events in 2020 and 2021
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b) Spatially compounding climate-related disasters: September 15, 2020

Large wildfires across Oregon, Washington,
and California damage homes and
infrastructure. Wildfire smoke in western
states causes weeks of bad air quality
across the West.

Hurricane Sally, the 18th-named Atlantic
storm of 2020, is about to make landfall. It
brings widespread flooding, infrastructure
damage, and power outages to Louisiana,
Alabama, and Florida.
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Compound events have amplifying impacts on ecosystems and human communities and affect their
capacity to respond.

Figure F1.1. (a) The timeline shows temporally compounding events in 2020-2021 on the West and East Coasts
and their cascading impacts on communities and ecosystems. (b) The satellite image shows simultaneous
disasters—multiple wildfires in the US West and Hurricane Sally in the Southeast. The orange and red colors show
wildfire smoke traveling across the US. Figure credit: Washington State University Vancouver. See figure metadata
for additional contributors. Satellite image credit: Joshua Stevens, NASA Earth Observatory, using GEOS-5 data
courtesy of NASA GSFC and VIIRS data courtesy of NASA EOSDIS/LANCE and GIBS/Worldview and the Suomi
National Polar-orbiting Partnership.
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Traceable Accounts

Description of Evidence Base and Research Gaps

There is broad agreement across the physical and social sciences and engineering communities that
compound events are a growing threat to communities, sectors, emergency management, insurance
companies, and interconnected societal systems. Recent studies have developed frameworks for studying
compound events and quantified future changes in risks in several types of compound events such as hot
and dry or hot and humid extremes, compound coastal and fluvial flooding, drought and marine heatwaves,
marine heatwaves and ocean acidity extremes, and wildfires followed by heavy rainfall. Identification of
various types of compound events has grown in recent years. Compound events are rare, and thus the short
observational record for many climate variables limits the ability to quantify historical changes, characterize
present-day probabilities, and evaluate the ability of climate models to simulate them. There are also gaps
in the scientific understanding of the range of physical processes that lead to various types of compound
events affecting many regions, communities, and sectors. Literature on their societal impacts is even more
limited and challenging to quantify because compound events are still relatively rare and result from a
complex set of factors. Together, these result in uncertainties and low confidence in estimates of projected
changes in their risks.

Compound events span a wide variety of physical phenomena, societal impacts, and different research
communities with different needs, requirements, and impacts. There is a diversity of definitions of
compound events, and much of the literature consists of case studies. Compound events of multiple
weather and climate variables are often treated by combining those variables into a single metric. For
instance, the literature contains multiple formulations of the combined effect of high temperatures,
humidity (or aridity), and winds (or stagnancy) on human health and fire risk. While such univariate formula-
tions are more amenable to standard analysis techniques, the richness of the multivariate space can be lost.
Advanced multivariate extreme statistical analysis tools have not seen widespread adoption by the scientific
community. The recent development of large climate model ensembles combined with event identification
analysis tools offers the opportunity to increase our understanding of the physical processes that lead to
compound events and to evaluate their historical and future risks under different warming levels.

F1-7 | Focus on Compound Events



Fifth National Climate Assessment

References

1.

10.

11.

12.

13.

14.

15.

Kuhla, K., S.N. Willner, C. Otto, T. Geiger, and A. Levermann, 2021: Ripple resonance amplifies economic welfare loss
from weather extremes. Environmental Research Letters, 16 (11), 114010. https: //doi.org/10.1088 /1748-9326 /ac2932

Seneviratne, S.I., X. Zhang, M. Adnan, W. Badi, C. Dereczynski, A.D. Luca, S. Ghosh, I. Iskandar, J. Kossin, S. Lewis, F.
Otto, I. Pinto, M. Satoh, S.M. Vicente-Serrano, M. Wehner, and B. Zhou, 2021: Ch. 11. Weather and climate extreme
events in a changing climate. In: Climate Change 2021: The Physical Science Basis. Contribution of Working Group I
to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Masson-Delmotte, V., P. Zhai, A.
Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy,
J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou, Eds. Cambridge University Press,
Cambridge, UK and New York, NY, USA, 1513-1766. https: //doi.org /10.1017/9781009157896.013

Zscheischler, J., O. Martius, S. Westra, E. Bevacqua, C. Raymond, R.M. Horton, B. van den Hurk, A. AghaKouchak,
A. Jézéquel, M.D. Mahecha, D. Maraun, A.M. Ramos, N.N. Ridder, W. Thiery, and E. Vignotto, 2020: A typology

of compound weather and climate events. Nature Reviews Earth & Environment, 1 (7), 333-347. https: //doi.
org/10.1038 /s43017-020-0060-z

Herrera, D.A., T.R. Ault, J.T. Fasullo, S.J. Coats, C.M. Carrillo, B.I. Cook, and A.P. Williams, 2018: Exacerbation of the
2013-2016 pan-Caribbean drought by anthropogenic warming. Geophysical Research Letters, 45 (19), 10619-10626.
https: //doi.org/10.1029 /2018 GL079408

FEMA, 2021: 2022-2026 FEMA Strategic Plan: Building the FEMA Our Nation Needs and Deserves. U.S. Department
of Homeland Security, Federal Emergency Management Agency. https: //www.fema.gov/about/strategic-plan

Sweet, W.V,, B.D. Hamlington, R.E. Kopp, C.P. Weaver, P.L. Barnard, D. Bekaert, W. Brooks, M. Craghan, G. Dusek, T.
Frederikse, G. Garner, A.S. Genz, J.P. Krasting, E. Larour, D. Marcy, J.J. Marra, J. Obeysekera, M. Osler, M. Pendleton,
D. Roman, L. Schmied, W. Veatch, K.D. White, and C. Zuzak, 2022: Global and Regional Sea Level Rise Scenarios for
the United States: Updated Mean Projections and Extreme Water Level Probabilities Along U.S. Coastlines. NOAA
Technical Report NOS 01. National Oceanic and Atmospheric Administration, National Ocean Service, Silver Spring,
MD, 111 pp. https: //oceanservice.noaa.gov/hazards/sealevelrise /sealevelrise-tech-report-sections.html

Taherkhani, M., S. Vitousek, P.L. Barnard, N. Frazer, T.R. Anderson, and C.H. Fletcher, 2020: Sea-level rise
exponentially increases coastal flood frequency. Scientific Reports, 10 (1), 6466. https: //doi.org/10.1038 /s41598-
020-62188-4

Reed, K.A., A M. Stansfield, M.F. Wehner, and C.M. Zarzycki, 2020: Forecasted attribution of the human influence on
Hurricane Florence. Science Advances, 6 (1), 9253. https: //doi.org/10.1126 /sciadv.aaw9253

Fang, Z., PT. Freeman, C.B. Field, and K.J. Mach, 2018: Reduced sea ice protection period increases storm exposure
in Kivalina, Alaska. Arctic Science, 4 (4), 525-537. https: //doi.org/10.1139 /as-2017-0024

NCEI, 2022: U.S. Billion-Dollar Weather and Climate Disasters. National Oceanic and Atmospheric Administration,
National Environmental Satellite, Data, and Information Service, National Centers for Environmental Information.
https: //www.ncei.noaa.gov/access/billions/

Abatzoglou, J.T., C.S. Juang, A.P. Williams, C.A. Kolden, and A.L. Westerling, 2021: Increasing synchronous fire
danger in forests of the western United States. Geophysical Research Letters, 48 (2), e2020GL091377. https: //doi.
org/10.1029,/2020g1091377

Kalashnikov, D.A., J.L. Schnell, J.T. Abatzoglou, D.L. Swain, and D. Singh, 2022: Increasing co-occurrence of fine
particulate matter and ground-level ozone extremes in the western United States. Science Advances, 8 (1), 9386.
https: //doi.org/10.1126 /sciadv.abi9386

Liu, Y., E. Austin, J. Xiang, T. Gould, T. Larson, and E. Seto, 2021: Health impact assessment of the 2020 Washington
state wildfire smoke episode: Excess health burden attributable to increased PM,s exposures and potential
exposure reductions. GeoHealth, 5 (5), e2020GH000359. https: //doi.org /10.1029 /2020gh000359

Zhou, X., K. Josey, L. Kamareddine, M.C. Caine, T. Liu, L.J. Mickley, M. Cooper, and F. Dominici, 2021: Excess of
COVID-19 cases and deaths due to fine particulate matter exposure during the 2020 wildfires in the United States.
Science Advances, 7 (33), 8789. https: //doi.org /10.1126 /sciadv.abi8789

Bartusek, S., K. Kornhuber, and M. Ting, 2022: 2021 North American heatwave amplified by climate change-driven
nonlinear interactions. Nature Climate Change, 12 (12), 1143-1150. https: //doi.org /10.1038 /s41558-022-01520-4

F1-8 | Focus on Compound Events


https://doi.org/10.1088/1748-9326/ac2932
https://doi.org/10.1017/9781009157896.013
https://doi.org/10.1038/s43017-020-0060-z
https://doi.org/10.1038/s43017-020-0060-z
https://doi.org/10.1029/2018GL079408
https://www.fema.gov/about/strategic-plan
https://oceanservice.noaa.gov/hazards/sealevelrise/sealevelrise-tech-report-sections.html
https://doi.org/10.1038/s41598-020-62188-4
https://doi.org/10.1038/s41598-020-62188-4
https://doi.org/10.1126/sciadv.aaw9253
https://doi.org/10.1139/as-2017-0024
https://www.ncei.noaa.gov/access/billions/
https://doi.org/10.1029/2020gl091377
https://doi.org/10.1029/2020gl091377
https://doi.org/10.1126/sciadv.abi9386
https://doi.org/10.1029/2020gh000359
https://doi.org/10.1126/sciadv.abi8789
https://doi.org/10.1038/s41558-022-01520-4

Fifth National Climate Assessment

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Raymond, WW., J.S. Barber, M.N. Dethier, H.A. Hayford, C.D.G. Harley, T.L. King, B. Paul, C.A. Speck, E.D. Tobin,
A.ET. Raymond, and P.S. McDonald, 2022: Assessment of the impacts of an unprecedented heatwave on intertidal
shellfish of the Salish Sea. Ecology, 103 (10), €3798. https: //doi.org /10.1002 /ecy.3798

Seary, R., J.A. Santora, D. Tommasi, A. Thompson, S.J. Bograd, K. Richerson, S. Brodie, and D. Holland, 2022: Revenue
loss due to whale entanglement mitigation and fishery closures. Scientific Reports, 12 (1), 21554. https: //doi.
org/10.1038 /s41598-022-24867-2

Jerolleman, A., S. Laska, and J. Torres, 2021: Lessons from Concurrent Disasters: COVID-19 and Eight Hurricanes.
Natural Hazards Center Quick Response Grant Report Series, 327. University of Colorado Boulder, Natural Hazards
Center, Boulder, CO. https: //hazards.colorado.edu/quick-response-report/lessons-from-co-occurring-disasters

Paul, M.J., S.D. LeDuc, M.G. Lassiter, L.C. Moorhead, P.D. Noyes, and S.G. Leibowitz, 2022: Wildfire induces changes
in receiving waters: A review with considerations for water quality management. Water Resources Research, 58 (9),
€2021WR030699. https: //doi.org/10.1029,/2021wr030699

Touma, D., S. Stevenson, D.L. Swain, D. Singh, D.A. Kalashnikov, and X. Huang, 2022: Climate change increases
risk of extreme rainfall following wildfire in the western United States. Science Advances, 8 (13), 0320. https: //doi.
org/10.1126 /sciadv.abm0320

Swain, D.L., B. Langenbrunner, J.D. Neelin, and A. Hall, 2018: Increasing precipitation volatility in twenty-first-
century California. Nature Climate Change, 8 (5), 427-433. https: //doi.org/10.1038 /s41558-018-0140-y

Cai, W,, A. Santoso, M. Collins, B. Dewitte, C. Karamperidou, J.-S. Kug, M. Lengaigne, M.J. McPhaden, M.F. Stuecker,
A.S. Taschetto, A. Timmermann, L. Wu, S.-W. Yeh, G. Wang, B. Ng, F. Jia, Y. Yang, J. Ying, X.-T. Zheng, T. Bayr, J.R.
Brown, A. Capotondi, K.M. Cobb, B. Gan, T. Geng, Y.-G. Ham, F.-F. Jin, H.-S. Jo, X. Li, X. Lin, S. McGregor, J.-H. Park,
K. Stein, K. Yang, L. Zhang, and W. Zhong, 2021: Changing El Nifilo-Southern Oscillation in a warming climate.
Nature Reviews Earth & Environment, 2 (9), 628-644. https: //doi.org/10.1038 /s43017-021-00199-z

Marlon, J.R., P.J. Bartlein, D.G. Gavin, C.J. Long, R.S. Anderson, C.E. Briles, K.J. Brown, D. Colombaroli, D.J. Hallett,
M.J. Power, E.A. Scharf, and M.K. Walsh, 2012: Long-term perspective on wildfires in the western USA. Proceedings
of the National Academy of Sciences of the United States of America, 109 (9), E535-E543. https: //doi.org/10.1073 /
pnas.1112839109

Steptoe, H., S.E.O. Jones, and H. Fox, 2018: Correlations between extreme atmospheric hazards and global
teleconnections: Implications for multihazard resilience. Reviews of Geophysics, 56 (1), 50-78. https: //doi.
org/10.1002/2017rg000567

Loikith, P.C., D. Singh, and G.P. Taylor, 2022: Projected changes in atmospheric ridges over the Pacific-North
American region using CMIP6 models. Journal of Climate, 35 (15), 5151-5171. https: //doi.org /10.1175 /jcli-d-21-0794.1

Shi, H., M. Garcia-Reyes, M.G. Jacox, R.R. Rykaczewski, B.A. Black, S.J. Bograd, and W.J. Sydeman, 2021:
Co-occurrence of California drought and northeast Pacific marine heatwaves under climate change. Geophysical
Research Letters, 48 (17), e2021GL092765. https: //doi.org/10.1029 /2021g1092765

NAACP, 2021: Core Principles of Equity and Emergency Management. National Association for the Advancement of
Colored People. https: //naacp.org/resources/core-principles-equity-and-emergency-management

Jerolleman, A., 2019: Disaster Recovery Through the Lens of Justice. Palgrave Pivot, Cham, Switzerland, 108 pp.
https: //doi.org /10.1007/978-3-030-04795-5

Kruczkiewicz, A., M. Braun, S. McClain, H. Greatrex, L. Padilla, L. Hoffman-Hernandez, K. Siahaan, M. Nielsen, B.
Llamanzares, and Z. Flamig, 2021: Ch. 16. Flood risk and monitoring data for preparedness and response. In: Global
Drought and Flood: Observation, Modeling, and Prediction. Wu, H., D.P. Lettenmaier, Q. Tang, and P.J. Ward, Eds.
American Geophysical Union, 289-306. https: //doi.org /10.1002 /9781119427339.ch16

van den Hurk, B.J.J.M., C.J. White, A.M. Ramos, P.J. Ward, O. Martius, I. Olbert, K. Roscoe, H.M.D. Goulart, and J.
Zscheischler, 2023: Consideration of compound drivers and impacts in the disaster risk reduction cycle. iScience,
26 (3). https: //doi.org /10.1016 /j.isci.2023.106030

Helgeson, J. and J. Li, 2022: New ways to get to high ground. Issues in Science and Technology, 38 (2), 64-67. https://
tsapps.nist.gov/publication /get_pdf.cfm?pub_id=933784

The World Bank, 2016: Building Regulation for Resilience: Managing Risks for Safer Cities. World Bank Group.
https: //www.gfdrr.org /en/publication /building-regulation-resilience-managing-risks-safer-cities

F1-9 | Focus on Compound Events


https://doi.org/10.1002/ecy.3798
https://doi.org/10.1038/s41598-022-24867-2
https://doi.org/10.1038/s41598-022-24867-2
https://hazards.colorado.edu/quick-response-report/lessons-from-co-occurring-disasters
https://doi.org/10.1029/2021wr030699
https://doi.org/10.1126/sciadv.abm0320
https://doi.org/10.1126/sciadv.abm0320
https://doi.org/10.1038/s41558-018-0140-y
https://doi.org/10.1038/s43017-021-00199-z
https://doi.org/10.1073/pnas.1112839109
https://doi.org/10.1073/pnas.1112839109
https://doi.org/10.1002/2017rg000567
https://doi.org/10.1002/2017rg000567
https://doi.org/10.1175/jcli-d-21-0794.1
https://doi.org/10.1029/2021gl092765
https://naacp.org/resources/core-principles-equity-and-emergency-management
https://doi.org/10.1007/978-3-030-04795-5
https://doi.org/10.1002/9781119427339.ch16
https://doi.org/10.1016/j.isci.2023.106030
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=933784
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=933784
https://www.gfdrr.org/en/publication/building-regulation-resilience-managing-risks-safer-cities

Fifth National Climate Assessment

33.

34.

35.

36.

37.

Helgeson, J., D. Webb, and P. Lavappa, 2020: EDGeS$ (Economic Decision Guide Software) Online Tool. National
Institute of Standards and Technology. https: //www.nist.gov/services-resources/software /edge-economic-
decision-guide-software-online-tool

Fung, J.F. and J.F. Helgeson, 2017: Defining the Resilience Dividend: Accounting for Co-benefits of Resilience
Planning. NIST Technical Note 1959. U.S. Department of Commerce, National Institute of Standards and
Technology. https: //doi.org /10.6028 /nist.tn.1959

Helgeson, J. and C. O’Fallon, 2021: Resilience dividends and resilience windfalls: Narratives that tie disaster
resilience co-benefits to long-term sustainability. Sustainability, 13 (8), 4554. https: //doi.org /10.3390/su13084554

Narayan, S., M.W. Beck, P. Wilson, C.J. Thomas, A. Guerrero, C.C. Shepard, B.G. Reguero, G. Franco, J.C. Ingram, and
D. Trespalacios, 2017: The value of coastal wetlands for flood damage reduction in the northeastern USA. Scientific
Reports, 7 (1), 9463. https: //doi.org /10.1038 /s41598-017-09269-z

Gerlak, A.K., K.L. Jacobs, A.L. McCoy, S. Martin, M. Rivera-Torres, A.M. Murveit, AJ. Leinberger, and T. Thomure,
2021: Scenario planning: Embracing the potential for extreme events in the Colorado River Basin. Climatic Change,
165 (1), 27. https: //doi.org/10.1007/510584-021-03013-3

F1-10 | Focus on Compound Events


https://www.nist.gov/services-resources/software/edge-economic-decision-guide-software-online-tool
https://www.nist.gov/services-resources/software/edge-economic-decision-guide-software-online-tool
https://doi.org/10.6028/nist.tn.1959
https://doi.org/10.3390/su13084554
https://doi.org/10.1038/s41598-017-09269-z
https://doi.org/10.1007/s10584-021-03013-3

	Focus on Compound Events
	What Are Compound Events?
	Recent Events
	Will Compound Events Increase with Climate Change? 
	How Can We Adapt?

	Traceable Accounts
	Description of Evidence Base and Research Gaps

	References



