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Introduction 

Tropical cyclones, also known as hurricanes, typhoons, tropical storms, or tropical depressions depending on 
their intensity and location, form under five atmospheric conditions: 

1. Sea surface temperatures greater than 27° C (80° F)
2. Preexisting low-level cyclonic circulation
3. Weak vertical wind shear
4. Divergence aloft (rising air through the troposphere)
5. Coriolis effect (apparent force that that deflects objects rightward in the northern atmosphere, present

at 5° north or south of the equator)

These conditions recur annually in the Northern Atlantic Ocean, the Northeast and Central Pacific Ocean, and the 
Gulf of Mexico, resulting in the Atlantic and Pacific hurricane seasons. These seasons typically last from early June 
to late November every year and affect millions of people near the U.S. eastern seaboard, the U.S. Gulf Coast, the 
Caribbean Islands, the Hawaiian Islands, and the eastern and western coasts of Central America. These storms 
often bring intense rainfall, high winds, and storm surges that usually result in severe flooding events. 

Due to warmer temperatures because of climate change, these hurricane seasons are yielding more storms 
with greater intensity, threatening the livelihoods of millions in North and Central America. The National 
Oceanic and Atmospheric Administration (NOAA) recently raised the average number of storms from 12 to 14 
to reflect the increasing number of tropical cyclones1. 2020 became the most active Atlantic hurricane season 
on record, with 7 major hurricanes causing $51 billion in damages and over 400 deaths2. To address the 
increasing intensity of these storms, communities in North and Central America need to take a proactive 
approach to responding to adverse weather and ensuing flooding events.  

Figure 1: Trendline for the number of named storms and hurricanes per decade from 1860–2019 

This white paper details three needs for flood-monitoring systems during hurricane seasons 
or tropical cyclone events. In addition to exploring those three requirements, this paper provides historic 
examples of how a networkable flood-monitoring solution has strengthened communities’ resiliency to 
tropical cyclones and severe flooding. It looks at the qualities of that flood-monitoring solution and how it 
improved community and business responses to record-setting weather events over the last three years. 
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Requirement #1: Preparation 

Even before an intense hurricane arrives onshore, communities and business leaders can preemptively 
address flooding by collecting historical data on inundation events. This data is invaluable for determining 
water-level threats to citizens and infrastructure. This section details two strategies for determining how 
increases in water level can affect nearby structures. 

Utilizing Mean Sea Level 

Mean sea level (MSL) enables local leaders and city planners to make water level measurements in reference to 
a common measurement point, which is usually sea level, to compare nearby bodies of water to structures and 
other points of concern. Critical infrastructure like bridges, residences, and businesses typically have a recorded 
elevation value that is referenced to sea level. 

To determine the MSL value, the elevation of the water-level sensor should be recorded. That elevation is then 
added to all water level measurements taken at a particular location. Planners can now estimate how and 
when flooding may occur to the surrounding infrastructure by simply comparing the MSL measurement to the 
elevation measurements of nearby structures.  

Developing Inundation Maps 

Inundation maps aggregate historical flood data to show areas that are most vulnerable to flooding from 
storm surge and heavy rainfall events. Identifying areas that are most susceptible to flooding prior to a 
hurricane or typhoon enables city planners to assess the flood risk to new developments and first responders 
to take appropriate actions before the storm makes landfall. 

The United States Geological Survey (USGS) 
has instituted a flood mapping program to 
help communities anticipate their local flood 
risks; however, there are gaps in the USGS 
flood inundation map libraries, and they 
have not yet established maps in all 50 
states3. Communities and businesses can 
develop their own inundation maps to 
determine flood risks in the area. 

Figure 2: Example of inundation map developed for Port Alberni, British Columbia 
to determine the extent of possible tsunami flooding.
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Creating an inundation map requires three elements: 

1. Coverage of Streams, Rivers, and Floodplains
After pinpointing areas that are susceptible to flooding, city planners and stormwater services need to
install several water-level sensors to get precise measurements across a large swath of land. The
world’s most accurate stream gauges can be prohibitively expensive for many communities, so they
must employ a network of low-cost flood sensors with comparable accuracy and reliability to obtain
this important water-level data.

2. Hydraulic Modeling
Accurate water-level data over a long period of time is critical to determining the risk of flooding in
particular areas. To obtain accurate and reliable data, planners must adequately maintain their flood-
sensing system. Without proper maintenance, the integrity of data can diminish. Unknown variables,
like the amount of runoff the soil can absorb and hold or the vegetation's effectiveness in decreasing
the flow rate, can complicate these models; however, having reliable accurate data over the course of
at least one year will bolster confidence in models used to create inundation maps. While communities
can be confident with their models in as little as one year, collection of accurate and reliable data over
multiple years is strongly encouraged.

3. Elevation Data
To define areas of possible inundation, the data must be normalized. This data, combined with ground-
surface elevation data like MSL, allows users to see the data from a common refence point, thus
improving decision-making and responses to flooding events.
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Case Study: Heavy Rain Event in Charlotte, NC 

 Storm Name: Hurricane Eta
 Date: November 12, 2020
 Location: Mecklenburg County, North Carolina

On November 12, 2020, the remnants of Hurricane Eta dumped over five inches of rain on parts of 
Mecklenburg County, North Carolina in just twelve hours. Nine of the county’s 47 rain gauges registered 
record amounts of rainfall. First responders estimated that this type of event would register several 
hundreds of field visits and damages in the tens of millions of dollars. 

But just 24 hours later, the Charlotte-Mecklenburg Stormwater Services (CMSWS) required only 70 field 
visits. Nearly every home with living space flooding was visited within 24 hours of the rain event instead of 
over the course of several weeks. Finally, the estimated losses were calculated to be less than $5 million. 
How did the county achieve such a positive result after this hurricane produced record amounts of rainfall? 

Two years prior, CMSWS established a network of 95 low-cost flood sensors (in addition to the legacy 47 
gauges) to collect water-level and precipitation data across the county. While this system was initially 
installed to trigger alerts of imminent flooding and bolster their emergency response, the county also 
developed inundation maps to presage possible losses due to flooding. With these maps, the county 
implemented a flood mitigation plan that reclaimed 162 acres of floodplain areas, elevated 13 homes to 
avoid flood waters, and relocated 700 families from 446 buildings. 

As a result of these actions, the county was well-prepared for the record-setting rainfall from Hurricane 
Eta. They estimated that hundreds of rescue calls were avoided and dozens of shelters went unneeded 
because of their preemptive actions, saving the county an estimated $10.5 million from this single event 
alone. Cumulatively, CMSWS estimates that the inundation maps developed from this network of low-cost 
flood sensors will save the county $30 million over the next 10 years4. 

Figure 3: Rainfall and stream flow data 
from the Nov. 12, 2020 rain event in 
Mecklenburg County, North Carolina 
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Requirement #2: Siting & Maintenance 

For sensors to collect the most accurate water-level and 
precipitation data, they need to be sited properly and un-
dergo adequate regular maintenance. The surrounding 
environment can have a tremendous impact on the accu-
racy of the water level data, so care must be put into siting, 
installing, and maintaining a community or business’s flood 
sensors. This section looks at five considerations to make 
when installing a flood-monitoring system’s sensors and 
communication units. 

1. Secure Mounting Points
A flood-monitoring solution should be able to withstand the high winds and heavy rainfall of a tropical
cyclone to guarantee that first responders receive the precise water-level data throughout a possible
flooding event. The location should be accessible by staff members and free of debris/obstacles that
could dislodge or damage the flood senor. Additionally, the antennae on the communication unit should
always be pointed skyward and never tilt more than 10° off center to ensure reliable transmissions of
alerts and key water-level data.

2. Power Supply
High winds and heavy rains from a tropical cyclone can knock out powerlines and shut down electrical
grids, so a reliable power supply to flood-sensing systems is essential. These systems need to be able to
run for multiple days with little to no power from outside sources. Flood-monitoring tools must have suf-
ficient battery power to keep the system operational if hurricanes or tropical storms disrupt the system’s
hardline or solar power supplies.

Hardline power guarantees the system works in day/night conditions, but many sites may not have
wired power readily available. To provide enough warning to large metro areas, systems must be
placed far enough up stream to provide adequate time for decision-making before the water increase
reaches the populated area. This generally results in flood-monitoring tools being installed in very rural
areas where hardline power is limited.

Solar power provides a wireless means of attaining an adequate power supply, but sunlight can vary
seasonally in both duration and exposure. For solar-powered systems, the solar array should be pointed
toward the equator (north in the southern hemisphere and south in the northern hemisphere) to maxim-
ize exposure during seasons with shorter days.

3. Vegetation
Just as solar exposure changes with the season, the surrounding vegetation can change and adversely
affect the flood-monitoring system’s performance. Many systems may be put into place during seasons
of little precipitation, which produces less vegetation. During the Atlantic and Pacific hurricane seasons,
however, foliage can grow thick and prohibit the system from obtaining the adequate solar exposure or
the sensors from acquiring accurate readings. To ensure the flood-monitoring system is receiving opti-
mized exposure throughout the year, it should be positioned away from trees and vegetation that could
encroach on the system and disrupt readings.
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4. Water Flow Rate
The water’s flow rate must be taken into consideration when siting a system. Heavier flow creates
pressure differences for in-water pressure sensors, which can result in artificial changes to the water-
level data. Therefore, faster-moving sections of streams and rivers should be avoided whenever possi-
ble when using in-water pressure sensors. Although employing stillwells, conduits, and other materials
can help limit this unwanted pressure fluctuation, fast-moving waters also can carry larger debris which
can damage or dislodge an in-water pressure sensor from its mounting position.

When water flow rate in a critical area is too fast, non-contact water-level sensors like radar can be
deployed. These sensors achieve high levels of accuracy without contacting the water. However, these
types of sensors should be positioned downstream from existing structures and away from bridge col-
umns or piers, as the increased flow around these structures can result in false water-level readings.

5. Regular Maintenance
When flood-monitoring systems are not adequately maintained, the integrity of the data can be com-
promised. This is particularly important in the development of inundation maps, which require at least a
year of flood data. Encroachments and other environmental hazards can result in less accurate data
over time. While the ideal flood-monitoring system would be designed to limit as much maintenance as
possible, regular site visits should be scheduled to ensure the system is free of pests, foliage, and other
debris, as well as to conduct data validations and sensor calibrations.
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Requirement #3: System Resiliency 

To best prepare communities and businesses for these catastrophic events, flood-monitoring systems must 
work through the duration of the storm season. That means the system must withstand the high winds and 
heavy rainfall of tropical cyclones, as well as more quotidian weather conditions throughout the year. These 
systems must operate in both day and night conditions and in extreme high and low temperatures. 

As noted in the previous section, the flood sensors and communication units should be mounted in ways that 
prevent debris and weather conditions from dislodging these instruments. But perhaps the most vital compo-
nent that must endure a tropical cyclone is the system’s communications. First responders need the most accu-
rate, up-to-date water level data to receive alerts and make possible life-saving decisions during a hurricane. 

Case Study: Flood Sensors Withstand a Category 4 
Storm 

 Storm Name: Hurricane Ida
 Date: August 29, 2021
 Location: Mandeville, Louisiana

On August 29, 2021, Hurricane Ida became the second strongest 
storm to make landfall in the state of Louisiana, just after Hurricane 
Katrina. With much of the state’s geography situated below sea 
level, millions of Louisianans are vulnerable to severe flooding 
events as a result of these intense hurricanes. As part of a pilot 
program to better respond to flooding events, the Mandeville Fire 
Department installed two water-level pressure sensors, a camera 
sensor, and two communication units on the shores of Lake 
Pontchartrain (a major estuary north of the city of New Orleans) to 
monitor water levels in anticipation of storms like Hurricane Ida. 

Despite 10 hours of heavy rain, 100+ mph winds, and intense storm 
surge, the two flood sensors continuously reported water-level data 
throughout the storm. The pressure transducers each recorded 
nearly 72 inches of water overwhelming the shores of the lake. At 
the same time, a camera sensor transmitted images from the site 
over several hours. These images were critical in demonstrating the 
severity of the storm to local leaders and first responders. 

This consistent water-level data proved to be vital for the fire department to know when it was safe to 
reenter the area and conduct search-and-rescue operations as needed. It also provided them with more 
information to feed into their models of such large and powerful tropical cyclones, which could prove to be 
extremely useful if these types of storms continue to increase in frequency and intensity.  

Figure 4: Preview window displaying up-to-
the-minute water-level data and imagery 

during Hurricane Ida on Aug. 30, 2021 
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Conclusions 
Both Mecklenburg County, North Carolina and Mandeville, Louisiana 
were able to prepare for and endure two record-breaking storms 
thanks to the AWARE Flood System from AWARE Monitoring 
Systems. This low-cost, rugged, net workable flood-monitoring 
solution autono-mously reports water-level data through a variety 
of sensing solu-tions, including a pressure transducer, radar, tipping 
bucket rain gauge, and camera. It also ingests elevation data, which 
can be used to calculate mean sea level values for the surrounding 
area. 

The system was designed to attach a variety of water-level sensors 
to accommodate different site-specific requirements and ensure 
that first responders are always receiving the critical data they 
need. The rugged, lightweight, easy-to-install communications unit 
can then generate near real-time alerts that can be disseminated 
via email or SMS. 

The AWARE Flood System includes an integrated solar power sys-
tem as well as a built-in battery pack that provides 10 days of 
power without solar charging. The system comes with either 
cellular or satellite communications options to ensure that data can 
be used even if cellular networks are disrupted by such devastating 
storms. All these features make the AWARE Flood System the ideal 
solution for water-level monitoring before, during, and after tropical 
cyclones and heavy rain events. 
To learn more about the AWARE Flood System and how it can help you prepare for the next 
hurricane season, please visit www.awaremonitoringsystems.com or contact AWARE 
Monitoring Systems by email at info@awaremonitoringsystems.com. 
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