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Compound flooding is flooding that results from a co-occurrence of multiple flood drivers such as precipitation events (pluvial flooding, overland flow of
stormwater), incidents of coastal storm surge and tidal flooding (coastal flooding), and flooding that occurs as a shallow water table rises above the land
surfaceorcritical infrastructure (groundwateremergenceflooding).Thesefloodinghazardshaveforced communitiesto reconsiderthewaystheyplan and
managecoastaldevelopment,aswellaswhenandwheretheychoosetomakeinvestments.

In2021,theU.S.GeologicalSurvey(USGS),incooperationwithU.S.EnvironmentalProtectionAgency(EPA)andLongIslandSoundPartnership(LISP),began
a spatial analysis (herein calledtheCompound Flood HazardStudy) toassessthecompoundfloodhazard from the combinedeffectsof 1) stormwater anda
risingsealevel oncoastal stormsurge,2) tidalfloodingand3) groundwaterflooding. In2022, theUSGS receivedsupplemental fundingforstudiesto“lessen
oravertthethreatofcatastrophe”inNewYorkStatecountiesthathadbeenaffectedbyHurricaneIda(TheWhiteHouse,2021).Theoriginalstudyarea,which
only comprised watersheds in New York State, Connecticut, and Rhode Island that drain to Long Island Sound, was expanded to include New York City
(excludingStatenIsland)andallofLongIsland

Introduction

Study Objectives

 Develop gridded and high-resolution mapsof
potential flooding hazards, and factors
contributing to rainfall (pluvial), coastal, and
shallow groundwater emergence flood
hazard

 Analyze frequency of flood driver co-
occurrence (compounding), and estimate
likelihoodoffuturecompoundevents

 Incorporate study results into a user-friendly
interactive online web application that will
allow stakeholdersto compare the individual
and compound flood hazards in areas of
interest.

Summary

The USGS study explored the potential flooding hazard across the study area associated with coastal storm surge, precipitation events and shallow groundwater
emergence.Historicaldatarecordswereanalyzedtoevaluatehowoftentheseeventsco-occurredinthepast,andhowseverityof floodingmayincreasewhenflood
driversco-occur.

 CoastalFloodHazard. A statistical analysis of currentand future floodhazards driven by coastal processes was completed usingacombinationofobservations
and global climate model (GCM) projections of water levels. An analysis of regional modeled wave conditions near the shoreline was included to better
understandthespatialvariabilityofthepotentialwavehazard.Resultssuggestthatthefuture25-yearevent(annualexceedanceprobabilityof0.04,meaningthereis
a4%chanceof thestorm occurring inagivenyear) iscomparable toa current100-year event (annual exceedanceprobabilityof0.01whichhas a1%chanceof
occurringinagivenyear)(CookandHerdman,2025).Thisincreasedfrequencyinfloodingcouldsubstantiallyaffectcommunitiesandcriticalinfrastructure.

 Rainfall Flood Hazard. Seven factors were evaluated for their role in assessing flood onsets from precipitation (curve number, drainage network density,
topographic slope, closed depression or ponding fraction, 30-year average rainfall, and 1-hr and 24-hour 100-year return period rainfall accumulation). Curve
number, which approximates the percent of rainfall that may runoff due to land cover characteristics, and ponding fraction were identified as being the most
important factors in contributing to rainfall flooding. The highest relative exposure to rainfall flood hazards typically occurs in densely populated urban centers.
Broader scale flooding is expectedin locations where highhazard scores are clustered. Clustered areas ofhigh hazard were identified in theboroughs of New
YorkCity, westernLongIsland,southerncentralLongIsland,thesouthforkofeasternLongIslandandnorthernNewHavenCountyandsouthernHartfordCountyin
ConnecticutalongtheConnecticutRiver(Welkandothers,2025).

 Groundwater. Many studies of flood drivers either neglect or only briefly discuss how shallow groundwater conditions may contribute to or exacerbate flood
conditions (Bosserelle and others, 2022). This study aimed to understand how groundwater emergence flooding may contribute to compound flood events. The
groundwateremergencefloodhazard,basedonthedepthtothewatertableandhydrologicsoilsdistributionwithinthestudyarea, ishighestincoastalareasand
nearsurfacewaterwherethegroundwaterisclosetogroundsurface(Mastersonandothers,2025).Inlandareasawayfromsurfacewaterarelesssusceptibletoa
groundwateremergencefloodhazard. Thepotential for groundwater emergence flooding is greatestover a large areain Queens County,southernKings County,
andmuchofcoastalConnecticut.Landuseintheseareasishighlydeveloped,andbasementsandotherinfrastructurebelowgroundaresusceptibletothistypeof
flooding.

 Compound,orCo-OccurringFloodDrivers. Ananalysisoftheco-occurrenceofhighprecipitation,stormsurge,andshallowgroundwaterdepthswasconductedto
examine how compound hazard potential changes across the coastal areas of Long Island Sound and vicinity. This study harnessed daily precipitation, storm
surge, and monthly groundwater data from multiple stations using measurements recorded over the past half century from weather stations, tidal gages, and
groundwaterobservationwells. Resultsshowthatprecipitationandcoastalsurgeeventsoccurtogethermorefrequently inthewintermonths,particularlyacross
thesouthernportionofLongIsland,N.Y.,andacrossinteriorcoastalConnecticut(Glasandothers,2025).Theseasonaldifferencesincompoundflooding resultfrom
a higher frequency ofcoastal storm surgein the colder months of the year whenNor’easters (extratropical cyclones) aremorecommon, and higher water table
altitudesoccur.Rainfall,coastal,groundwateremergenceandcompoundfloodhazardcalculatedforeachgridcell(0–5,with5beinghighesthazardcategory):
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Contact Information

Overview of Tool

Aninteractivewebapplication wasdevelopedtoexplorestudyresultsandassessmentofcompoundfloodhazard.
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Compound Flood Hazard – Hazard Associated with Co-occurrence of Multiple Flood Drivers
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This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the U.S. Geological Survey nor the U.S. Government shall be held 
liable for any damages resulting from the authorized or unauthorized use of the information. The online mapper was developed to summarize the results of the U. S Geological Survey (USGS) study (USGS LISS Compound Flood Hazard Study) in 
a format that is accessible to stakeholders in the study area and does not supersede other online mapping products that are currently available.
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How might this information be applied?

Study Area

Gridded map of compound flood hazard identifies locations with 
likelihood of co-occurrence of flood drivers and helps prioritize flood 
mitigation and management.

High resolution maps of flood influencing variables, such closed 
surface depressions (shown below), support drainage design and 

management.

Maps of coastal flood inundation inform planning and management 
decisions for coastal resiliency projects.

Depth to water table maps inform site selection for green 
infrastructure flood management projects or identify areas where 

subsurface infrastructure may be impacted by flooding.
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