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Background
• North Carolina Susceptible to Hurricanes

• 413 known cyclones that have affected NC

• 16 have made landfall in NC over last 27 years

• Hurricane Florence - $266M damage to roads

• North Carolina FIMAN

• Successful gage-based statewide flood warning 
system developed by NCEM

• Near real-time awareness of flood impacts to 
structures in limited area around gage location

• Scenario planning tool available but forecasts 
limited to where River Forecast Centers provide 
information (predominantly large riverine 
systems)

Image Credit: WCNC Charlotte
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NCDOT Flood Warning Tools
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NCDOT Flood Warning Tools
• RIT: Roadway Inundation Tool

• Planning tool with estimated roadway inundation based on static flood recurrence intervals from FEMA 
studies

• CRIS: Coastal Roadway Inundation System

• Planning tool for coastal road inundation based on intervals of static, level pool flooding along the NC coast

• FIMAN-T: Flood Inundation Mapping Alert Network for Transportation

• Gage-based tool providing near real time awareness of flood impacts to roads and bridges within limited 
areas around riverine and coastal gages

• T-SAPP: Transportation Surge Analysis Prediction Program

• Predictive tool based on ADCIRC modeling provided by UNC-RENCI Center capable or providing advance 
awareness of potential coastal roadway flood impacts for entire NC coast specific to individual storms
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T-SAPP Goals
• Provide advance awareness of 

potential coastal roadway 
impacts for improved planning

• Seamless coverage of entire 
NC coastline

• Inundation mapping and 
inundated road products of 
sufficient detail to identify 
street level impacts

• Ability to compare impacts 
from past storms

• Reporting tools to summarize 
impacts for Sr. leadership 
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UNC RENCI Center
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Overall Workflow

National Hurricane 
Center Issues Advisory

(03, 09, 15, 21Z)
Every 6 hours

RENCI Performs 
ADCIRC Model Runs

2-2.5 hours

RENCI Posts Model 
Results

10 minutes

ESP Downloads Model 
Results

Checks every 20 
minutes

ESP Performs 
Geoprocessing to 
Develop Products

1.5-2 hours

Products Published and 
Available in T-SAPP

Prior to Next Advisory
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Check RENCI THREDDS 
server for latest tropical 

advisory 

Check Enterprise SQL 
Database for latest 

download entry

No Action

Download max elevation 
files from THREDDS Server 

Update Enterprise SQL 
Database to reflect no 

active storm

Update logging table to 
reflect new modeling run 

has begun

Run ArcPro Model

Update Enterprise SQL 
Database to reflect 

successful run and record 
metadata for new 

storm/advisory

THREDDS and 
DB reflect no 
active storm

THREDDS  
reflects new 
active storm 

advisory

THREDDS 
reflects no active 

storm, DB 
reflects old 

storm advisory

Automation Flow
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RENCI Data
• Data downloaded from 

RENCI covers the entire 
eastern coast of the US, as 
well as coastlines 
bordering the Gulf of 
Mexico and the Caribbean 
Sea

• Data is maximum for each 
point for duration of model 
prediction (no time series)
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RENCI Data
• RENCI data points are 

clipped to the coastal 
boundary of NC, resulting in 
58,350 points of water 
surface elevation data

• Data clipped up rivers based 
on expected coastal flood 
surge extent from known 
storm extents and FEMA 
FIRMs
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Converting RENCI data
•Data is downloaded from RENCI as a 
NetCDF

•The NetCDF data for maximum water 
surface elevation is converted into points 
with stored values

•Points are converted into rasters using 
IDW

•A coastal DEM that includes bridge and 
roadway elevations is subtracted from the 
RENCI water surface elevation raster to 
create a raster of flood depth 



Raster created from RENCI points
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Service Creation – Flood Inundation
•The flood depth raster is reclassified as an integer raster, then converted to a polygon

•Small pockets of flooding (< 5000 sqft) are deleted from the polygon

•Open water areas are merged with the flood polygon

•Smoothing/simplification to reduce vertices

•The polygon is then split by geographic boundaries for NCDOT divisions (1-3)

•Inundation polygon is published to GIS Services/GIS Server, overwriting previous 
advisory



Flood inundation polygon created 
from water surface elevation raster
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Input Data – Roadways
Roadway polylines are corrected to align with the coastal DEM

Road lines are dissolved by route name and class and split into 50-ft segments for inundated roads 
processing
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Inundated Roadways Calculation
•Roadways are clipped to the polygon flood inundation

•Zonal statistics are calculated for each 50-ft roadway segment, extracting values from 
the flood depth raster

•The maximum value from each segment is then used to assign a pre-defined depth 
category to the segment

•Roadway segments are dissolved based on roadway category, resulting in longer 
continuous segments that share depth category, route name, route class, division, and 
county

•Length attributes are calculated for each segment

•Roadways are published to GIS Services/GIS Server, overwriting previous advisory



Coastal GeoTools Conference 2023
Charleston, SC – February 9, 2023

Roadways Summary Table Generation 
•The attribute tables from inundated roadways are used to generate summary tables

•Pivot is used to summarize inundated roadways length, categorized by depth category

•Fields retained in pivot include roadway division, county, class, and maximum depth

•Final summarization is completed to calculate total lengths affected within each county 
and division, aggregated by depth category

•Summary table is published to GIS Services/GIS Server, overwriting previous advisory
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T-SAPP:  Planned Next Steps

Functionality / Reporting Enhancements

Bridge Monitoring Locations

Archival of Previous Advisories

Hurricane Season 2023

Stakeholder Feedback

Process Improvement



Matthew Dudley, PE, CFM  -
mdudley@espassociates.com

QUESTIONS?
Kurt Golembesky, PE, CFM  -
kpgolembesky@ncdot.gov
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