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1. Introduction 
ÁStormSense - New Water Level Sensors

ÁñCatch the Kingò Tide Citizen-Science Event



ÅThe Hampton Roads region is the second-largest population center in the U.S. at 

risk from sea level rise (Boon, Brubaker and Forrest, 2010; Mitchell et al., 2013)

ÅMore than 400,000 properties exposed to flood or storm surge inundation 

(CoreLogic, 2015)

ÅPopulation of over 1.7 million people, living and traveling on roads exposed to 

severe and increasing frequent chronic ónuisanceô flooding (Ezer and Atkinson, 

2014) 

ÅRecent Hurricanes Jose and Maria that grazed the region just off the coast was a 

reminder of the significant vulnerability of the coastline
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Introduction - StormSense

ÅSeveral cities around the Hampton Roads region are adjacent to each other and 

traffic can become congested around several bridges and tunnels. It is home of 

the one of the worldôs largest naval bases

ÅExisting flood communication and messaging systems have not yet responded to 

the changing risk patterns brought by sea level rise and have not been able to 

meet the needs of diverse at-risk communications audiences (IoT sensors and 

predictive models can help)

ÅA better understanding of flood risk perception, information-seeking behavior and 

decision-making can inform the development of new communications tools and 

flood risk messaging

Virginia Beach, VA



Introduction ςStormSense Timeline

ÅPrior to the advent of StormSense, Hampton Roads had a total of 6 

publicly-available water level sensors within its 527 mi² land area. 

ÅThese 6 sensors were installed and maintained by federal entities, and 

have been found to be tremendously valuable resources for determining 

inundation timing and depths and for verifying the accuracy of predictive 

models. 

ÅThe sensors verify VIMSô hydrodynamic models using standard vertical 

statistical metrics of R2, Mean Absolute Error, and Root Mean Squared 

Error.

ÅTechnological advances in computational efficiency in hydrodynamic 

modeling, improved digital elevation models enhanced with LiDAR, and 

cloud analytical platforms necessitated a denser network of sensors to 

inform and validate the predictive models. 



Introduction - StormSense

ÅStormSenseôsfirst new sensors were installed late last summer when 

Virginia Beachôs Public Works department funded a project and supported 

the USGS to install 10 new water level sensors with weather stations to 

measure water level, air pressure, wind speed and rainfall to help key 

decision makers and citizens better understand flooding in the City. 

ÅThe sensors were installed in July 2016 at an approximate cost of 

~$38k/sensor.

ÅStormSense was funded by NIST in September 2016 to employ IoT

solutions throughout Hampton Roads to purchase and install an additional 

24 water level sensors at ~$3000 per sensor. 

ÅTherefore, StormSense throughout Hampton Roads, and StormSenseVB

within Virginia Beach, have brought the total number of water level sensors 

in the region from 6 to 40, resulting in a 5x increase in the number of 

sensors from 2016 to 2018. 

ÅAlso, the IoT sensor approach is replicable: ~98% as accurate as the 

federal sensors, at <1/10th the cost.



Current Hampton Roads Partners

Á RSCT Primary Beneficiary Cities

Á Newport News 

(RSCT Grant Recipient)

Á Virginia Beach

Á Norfolk

Á Install flood sensors in cities 

and calibrate inundation 

model to them via 

event monitoring data

StormSense Project
Forecasting Flooding from Storm Surge, Rain, and Tide



Introduction ςά/ŀǘŎƘ ǘƘŜ YƛƴƎέ

ÅIn recent years, more coastal communities have focused on measuring 

king tides as a way to picture what everyday water levels might look like 

decades from now.

ÅUsing Sewells Pointôs current rate of sea level rise, this yearôs king tide 

will likely be close to mean sea level just 50 years from now.

ÅThe Virginian-Pilotôs first crowdsourcing project.

ÅWith The Pilot, the Daily Press, WVEC-TV and WHRO Public Media as 

partners, also one of the regionôs most ambitious multimedia campaigns. 

ÅFeatured many times in the Local, Regional, and National News Media

ÅA brief new YouTube video best explains the Appôs utility for Crowd-

Sourcing maximum flooding extent measurements 

http://www.vims.edu/people/loftis_jd/Catch the King/index.php
https://www.youtube.com/watch?v=-L0KFDyX030


Introduction ςά/ŀǘŎƘ ǘƘŜ YƛƴƎέ

Å650+ volunteer registrations, including nearly 110 Tide Captains

Å700-plus Facebook group members

ÅLesson plans from WHRO (covering 6 High School SOLs)

ÅMultiple stories about tidal flooding, sea level rise in The Pilot and the 

Daily Press and on WVEC thus far

ÅNumerous app training sessions in the field

ÅYou too can register to participate at the kingtide757.com website

ÅNext Training session is on Sat., Oct. 21st, at 10 AM at Yorktown Beach 

Main Pier

ÅHurry though! Registration ends on Oct. 22nd!

http://kingtide757.com/


2. Methods 

ÁStormSense Data Management

ÁModel Grid Development in Hampton Roads

ÁñCatch the Kingò GPS Data Collection



StormSense - Data Management

ÅPublic Works and USGS ïNine Tide Gauges ïJuly 2016

ÅVirginia Beach ïPublic Works and Public Utilities ïRain Gauges 

Gauges > 32

ÅHampton Roads Sanitation District ï74 Rain Gauges

ÅRadar and Ultrasonic Water Level Gauges

ÅVirginia Beach CIP ïMore than 20 Water Level Sensors

ÅNewport News - GCTC and VDEM Funding ï8 

ÅNorfolk GCTC and City Funding - 6 

ÅIowa Flood Center (http://ifis.iowafloodcenter.org/ifis/en/)

ÅPhilippines  (http://noah.dost.gov.ph/#/)

http://ifis.iowafloodcenter.org/ifis/en/
http://noah.dost.gov.ph/#/


StormSense - Data Management - IoT, Sensors, Communication

ÅVirginia Beach has nine USGS tide gauges that were installed in July, 

2016 as part of Public Works project

ÅAdditional ultrasonic, radar water level sensors are in the process of 

being installed over a two year period in the region through city, NIST 

RSCT and VDEM funding

ÅResearch and implementation of different sensors were reviewed for 

selection

ÅFour or more types of Ultrasonic sensor as well as radar sensors are 

being tested, calibrated for several parameters and autonomous nature 

as part of the project  for a few months

ÅLatest machine-to-machine (M2M) communication technology by Ingenu

will also be tested as part of sensor communication to the cloud



StormSense - Data Management - IoT, Sensors, Communication



StormSense - Data Management - IoT, Sensors, Communication
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StormSense - Data Management - IoT, Sensors, Communication


