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Project description

ÅUnderstandingcompoundflood impactisof greatimportance.

ÅCoastalareasthat mightbeaffectedby both highstreamflowandsurgearemorevulnerable

to compoundflood events.

ÅThelanduseareexpectedto increasethelikelihoodandintensityof flood damages.



Methodology of the project

The framework of  hydrological/hydraulic coupled simulation based on CREST and HEC-RAS



Model characteristics

Å Fully distributed hydrologic model, with water & energy balances 

coupled module and a snow process.

Å Distributed rainfallðrunoff  generation and cell-to-cell routing.

Å High temporal (hourly) and spatial resolution (500m/30m).

Å Parallel and vectorized computation.

Coupled Routing and Excess STorage(CREST)

Å 2D unsteady flow modelling.

Å Detailed hydraulic property tables.

Å Parallel computing.

Å Detailed Flood Mapping and Flood Animations.

Å High temporal (minute) and variable spatial resolution (1-30 m).

Hydrologic Engineering Center's River Analysis 

System (HEC-RAS)
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Model performance

Validation of  CREST simulation against daily observation

Tar River

Kankakee River 

Shen,Xinyi, YangHong,Ke Zhang,andZengchaoHao.òRefiningadistributedlinearreservoirroutingmethodto improveperformanceof

theCRESTmodel.óJournalof HydrologicEngineering22, no. 3 (2016): 04016061, DOI : 10.1061.



Model performance

Shen,Xinyi, andEmmanouilN. Anagnostou. "A frameworkto improvehyper-resolutionhydrologicalsimulationin snow-affectedregions."

Journalof hydrology552(2017): 1-12.

Daily flow validation against observation and two spring flood events contributed by 

snowmelt in 1994, 2000.

Connecticut River



Model performance

Study area  with the locations of  substation and USGS high water mark , and the associated simulation domains.



Model performance

Validation results (boxplot of  water depth within 10×10m around the high-water mark ðHWM ð

location) compared to selected HWM (red dots) by USGS.

Khanam,Mariam,GiuliaSofia,MarikaKoukoula, RehenumaLazin, EfthymiosI. Nikolopoulos,Xinyi Shen,andEmmanouilN. Anagnostou. "Impactof compound

flood eventon coastalcriticalinfrastructuresconsideringcurrentandfutureclimate." NaturalHazardsandEarthSystemSciences21, no. 2 (2021): 587-605.



Project Area

The study area and rivers.



Flow simulation result

ÅHourly and Long-term streamflow(40 years).



Event-based flood analysis

Case study: New Haven

Hurricane Irene

Upstream boundary condition:

Discharge (from CREST model)

Downstream boundary condition:

Water level (from NOAA)



Event-based flood analysis

Flood Mapping and Flood Animations.

Max flood extent

Base flow extent



Compound flood - case study



Compound flood inundation-Hurricane Sandy

Flow event Surge event

Flow + surge event



Inundation extent by considering different flood mechanisms

Maximum flood extent



Compound flood

Area 3 Area 2

Area 1

Area 1

Area 2 Area 3

Selected study 

regions show larger 

inundation extents 

when compound 

flood sources are 

accounted for than 

when only one 

single flood source 

is considered, 

suggesting the 

regions are 

impacted by 

compound floods.



Event-based flood analysis

Inland area in New Haven. 

Quinnipiac River



Event-based flood analysis

Flood events extraction.

Rank Year Peak flow (m3/s)

1 2011 665.31

2 2005 633.21

3 1987 608.88

4 1996 591.74

5 2008 564.08

6 1979 564.02

7 2018 533.53

8 2006 526.93

Top 8 flow events ordered by peak streamflow.

Å Peak over threshold - annual mean max.



Event-based flood analysis
Rank Year Peak flow (m3/s)

1 2011 665.31

2 2005 633.21

3 1987 608.88

4 1996 591.74

5 2008 564.08

6 1979 564.02

7 2018 533.53

8 2006 526.93

mean 410.23



Event-based flood analysis (single peak vs. multi peaks)

Max flood extent Max flood extent

Peak flow : 2011
N2005

Total volume: 2011
O2005

Flood extent:2011
O2005

Volume is a factor affects 

flood risk.


