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Introduction: Flash Flood

 Flooding is an overflowing of water onto land that is normally dry.

1. Flash flood
• occurs from heavy rainfall
• occurs with little to no notice
• usually cover a relatively small area

2. Ordinary flood
• River flood
• Coastal flood
• Dam and levee failure

A flooded road in Houston from Imelda 
(U.S. News) 2016 Brazos River flooding (abc News)



Introduction: Tropical Storm Imelda

 Texas has been affected by tropical cyclones in the past 20 years.

 Tropical storm Imelda came into Texas on September 18th, 2019.

 Heavy rain fell throughout SE Texas and SW Louisiana (~40 inches of rain). 

Tropical Storm Imelda Path (Source: KPLC)



Introduction: Tropical Storm Imelda

 Hundreds of people required rescue and evacuation support.

 The damage caused by Imelda was primarily flood related.

First Responders conducting rescues during Tropical Storm Imelda in Texas (abc News)



Flash Flood Detection

The main tools used to detect heavy rainfall associated with flash floods are:

1. Weather Surveillance Doppler Radar
• can detect most precipitation within approximately 90 miles of the radar.
• can show the location of the intense rainfall cores.
• track the evolution of storm systems over time.



Flash Flood Detection

2.  Rain Gauges
• measuring rainfall at a single geographic point. 
• to have operational value, the rain gauge report must be available in real time.

A telemetered rain gauge to monitor the rainfall conditions.



Flash Flood Detection

3.  Satellites
• Satellites are effective tools for rapid monitoring and mapping flood extent.

• Several studies have used the SAR dataset for flood monitoring and mapping. 

Most of the previous SAR methods 
require a single or multiple thresholding 
which could result in larger 
misclassification errors 

• SAR is an active satellite sensor that 
uses microwave; operating during the 
day and night and amid all weather 
conditions. 



Objectives

 Develop a new method to provide a rapid and high accurate tool for flood 
mapping and monitoring that does not require thresholding to minimize the 
misclassification errors.

 Delineate the flooded zones in southeast Texas counties Orange, Jefferson, 
Chambers, and Galveston, that occurred during the tropical storm Imelda.

 Explore the influence of topography and land cover classes on the spatial pattern 
of flooded areas.



Data: Sentinel-1 SAR

 Sentinel-1 satellite is a C-band SAR imaging, operating day and night and acquire 
imagery regardless weather conditions.

 The Sentinel-1 mission comprises two satellites, providing continuous data.

 The data are delivered within an hour of reception for Near Real-Time (NRT) 
emergency response, within three hours for NRT priority areas, and within 24 hours 
for systematically archived data.



Data: Cont.

 Two Sentinel-1 SAR images were 
acquired for pre-flood on 
September 7th and during the flood 
event on September 19th, 2019. 

 SRTM Digital Elevation Model 
(DEM).

 The Land cover data was obtained 
from the National Land Cover 
Database 2016 (NLCD 2016).

 Imelda total rain from the GOES 
Data Collection Platform Rain 
Gauge by the National Hurricane 
Center.

Location map of the study area in southeast Texas.



Methods



Results: SAR analysis



Results: accuracy assessment



Results: Change Detection

Flooded areas in southeast Texas



Results: flooded areas per county

Summary of the flooded areas in southeast Texas counties
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Results: rainfall vs flooded areas

Spatial correlation between Imelda total rainfall and flooded areas



Results: rainfall vs flooded areas

Scatter plot matrix between flooded area and the Imelda total rainfall



Results: terrain vs flooded areas

Spatial correlation between terrain and flooded areas



Results: terrain vs flooded areas

Spatial correlation between terrain and flooded areas



Results: land cover vs flooded areas

Spatial correlation between land cover and flooded areas



Results: land cover vs flooded areas

Spatial correlation between land cover and flooded areas



Conclusion

 The proposed framework has provided a rapid and high-resolution mapping tool 
for storm flood inundation, driven by Sentinel-1 SAR data of dual-polarization 
VH and VV.

 The results demonstrated that the flood extent can be delineated by detecting 
inundation changes between the pre-flood and during the event SAR VH/VV ratio 
images.

 The developed tool does not require thresholding as most of the previous methods 
require a single or multiple thresholding.

 The spatial distribution of flooded areas was significantly influenced by total 
rainfall, topography and land cover types.

 This framework can help to inform decisions about storm flooding and flood 
hazards management.



Please send your questions to:

Dr. Reda Amer

Department of Earth and Space Sciences
Lamar University

ramer2@lamar.edu
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