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The need for a 
climatology

Flash flood impacts can vary in scale and severity - 

where are the hot spots?

Reducing the size of Flash Flood Warnings is difficult - 

can we provide greater detail of flood prone areas in Flash 
Flood Warnings?

Synoptic and mesoscale weather patterns for flash 

flooding are well known - how do they apply to central 
North Carolina?
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Project Goal: Improve the accuracy of flash flood warnings and efficiency of warning operations
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Improving our 
products

From 2008-2022 the average size of Flash Flood 
Warnings issued by NWS Raleigh was 819 sq miles, 
which is roughly the size of Wake County.
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How can we 
improve our 
warnings?

Improved tools - Multi-Radar 
Multi-Sensor (MRMS), FLASH, others.

New guidance - more probabilistic QPF, National Water Model

Impact-Based Warning (IBW) and Hydro Hazard Simplification - 
Reduce false alarms and communicate more actionable information
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Improving our 
products

Generic list of impacted 
locations

The current state of Flash Flood Warnings 
provides limited actionable information
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Improving our 
products

Generic list of impacted 
locations
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Improving our 
products

Added value but must be 
entered manually



The Process 
For Identifying 
Flood Prone 
Areas

● Review Hot Spots provided by emergency managers in early 
2000s

● Rigorous review of all flash flood reports from 2008  - 2020 via 
StormData (~750 in total)

○ Quality control reduced the storm reports to 570
○ Reports were cross-referenced and attributed to individual 

weather events that resulted  in flash floods in order to 
study meteorological features

○ Reports were also plotted (ArcGIS) and analyzed  (eg, heat 
maps) to identify areas with recurring flood events

● Re-surveyed emergency managers for their local knowledge of 
flood prone areas
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The Process 
For Composite 
Analysis

● Used the same database of 2008-2020 flash flood reports

● The North American Regional Reanalysis (NARR) was  
used to analyze the individual cases

● Each case analyzed using traditional surface and 
upper-level parameters starting 24 hours prior to flash 
flooding reports

● Composites maps for case subsets were created, starting 
with monthly/seasonal categories
○ Focus on non-tropical cases as a starting point
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Analyzing Flash 
Flood Events

● Most flash flood events occur in June, 
July, August

● Peak in flash flooding and storm reports 
during the evening hours
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Mapping 
Flood Reports

● Mapped all flash flood LSR’s from 
2008-2020

● Filtered reports:
○ At least two separate events
○ Within one mile of each other
○ Have some similar verbiage 

(intersection, creek, landmark)

● 570 reports reduced to 168
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Mapping 
Flood Reports

● Hot spot analysis
○ Well known urban areas

■ Raleigh-Durham
■ Greensboro
■ Fayetteville

○ Some other urban areas 
highlight
■ Albemarle
■ Wilson
■ Thomasville

○ Some other areas also 
stand out
■ Ex: Eastern Sampson 

Co
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Engaging our 
core partners

● In the early 2000s, NWS Raleigh 
worked with county officials in 18 
counties to identify flood prone areas 
(hot spots)

● Test files and primitive GIS maps were 
available for forecasters to reference - 
outside of AWIPS

● Eventually shapefiles were created for 
AWIPS and warning operators could 
overlay with radar and qpe.
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Engaging our 
core partners
● Survey request sent to 31 Emergency 

Managers requesting locations of flood 
prone areas.

● COVID-19 protocols precluded any face 
to face outreach.

● Seven counties have responded to the 
survey - more outreach needed 
(opportunity!)
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Engaging our 
core partners
● All potential hot spots have been 

compiled into one list:
○ Original hot spots from early 2000s
○ Locations of multiple flood reports
○ New locations provided by EMs in 

2022



Mapping flood 
reports
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GIS into AWIPS;
Improved integration into 

Warning Operations



Using Hot Spots 
in Warnings
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With Hot 
Spots

Without 
Hot Spots
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● Maddox et al. (1979)
○ Convective storms, high dewpoints, moist through a deep layer, weak to moderate 

cloud layer wind shear, training, weak shortwave forcing, near the mid-tropospheric 
ridge, nighttime hours (Plains states mostly).

● Other studies have found similar environmental ingredients
○ very high PW and PW anomalies in excess of +2 SDs above normal, interaction 

with quasi north-south frontal zones, etc (Grumm 2007).
○ High 850-700mb temperatures and dewpoints, frontal interactions, weak, southerly 

tropospheric flow (Gaffin and Hotz 2000).

Ingredients for Flash Flooding



Pattern 
Composites
(April example)
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Conclusions and Next Steps

Expand composite analysis to each season, including summertime 

convective regimes, and also identify diurnal peaks in flash flooding

Continue to coordinate with emergency management across central NC to 

confirm and refine flooding hotspots derived from the catalog of reports

Continue to integrate into AWIPS (Hazard Services) for use in Flash Flood 

Warnings
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