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Monitoring Flooding Disasters

Floods are among the most devastating 
natural disasters on Earth. A single 
disastrous flood has the potential 
to displace millions of people from 
their homes and businesses, cause 
thousands of deaths, and result in 
billions of dollars in damages. Floods 
have affected more people in the 21st 
century than any other type of disaster. 
With climate change altering weather 
patterns and Earth’s water cycle, 
flooding is likely to increase in both 
frequency and intensity in vulnerable 
areas.

‘Hurricanes and tropical storms in 
recent years have been particularly 
devastating globally, with rainfall and 
inundation footprints far exceeding 
records and also national response 
capabilities,’ explains Dr Guy Schumann, 
Principal Scientist at Remote Sensing 
Solutions, Inc, in Massachusetts.

Accurate and timely prediction of 
flood disasters is imperative to give 

communities and governments time to 
prepare, and to inform the development 
of flood defence infrastructure. For 
predictions to be useful, they need to 
include probabilities of the likelihood, 
frequency and the extent of the area 
that will be affected by flooding 
events. However, the complex factors 
influencing flooding events and the 
scales across which they occur mean 
that accurate predictions are difficult to 
achieve.

One of the key requirements for an 
effective prediction system for flooding 
is the historical and ongoing monitoring 
of flooding events. However, the spatial 
scales at which flooding occurs are 
often beyond the capacity of regional 
flood monitoring schemes, so remote 
sensing – using highly advanced sensors 
attached to satellites – is a promising 
solution to gathering the information 
necessary for future flood predictions. 

Remote sensing technology has been 
in use to monitor flooding since the 
1970s, and has improved dramatically 
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in the last two decades. With the 
technology now readily available and 
in use, Dr Schumann and his colleagues 
at Remote Sensing Solutions and 
Dartmouth Flood Observatory (DFO), 
are integrating historical flood records 
and current flood monitoring, with the 
aim of creating an accurate and reliable 
flood prediction system. 

In addition, Dr Schumann and his 
colleagues are creating a user-friendly 
interface that allows their flood 
monitoring system to be used by 
a wide range of organisations and 
individuals, including disaster response 
teams, humanitarian aid organisations, 
insurance companies, and individuals 
living and working in areas at risk of 
flooding.
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New Remote Sensors and Flooding 
Data

Predicting which areas are at greatest 
risk of flooding, and when these 
disasters might occur, requires 
detailed records of previous floods – 
including the frequency and timing 
of the flooding, the depth of the flood 
waters and the scales across which 
these events occur, both spatially 
and temporally. ‘The position of the 
maximum flood shoreline is the main 
variable to determine the extent of flood 
hazard,’ says Dr Schumann. 

Sensors capable of monitoring floods 
remotely have been included in the 
technology onboard satellites with 
increasing regularity over the past four 
decades. Such sensors allow monitoring 
across greater spatial and temporal 
scales than was previously possible 
through regional flood monitoring 
schemes. 

Earlier sensor technologies – optical 
sensors – had a limited ability to 
monitor floods consistently throughout 
the period of flooding, because of their 
inability to ‘see’ through obstacles such 

as cloud cover or dense vegetation. As 
many floods happen during periods 
of extensive cloud cover, this meant 
that there were significant gaps in the 
data. Nevertheless, historic records 
obtained using this early remote sensing 
technology provides a valuable basis 
for long-range forecasts and allows 
changes in flooding frequency to be 
investigated across timescales of 
decades.

Newer sensors use radar technology 
that can detect energy similar to that 
emitted by household microwave 
ovens. These sensors are not limited 
by obstacles such as cloud cover, and 
are capable of producing very high-
resolution maps of flooding events 
throughout the period of the flood. 

‘During the last two decades, the 
amount of satellite missions carrying 
instruments that can be utilised to map 
flooding has increased considerably 
and there is now a general consensus 
among space agencies and scientists to 
strengthen the support that satellites 
can offer for flood monitoring,’ Dr 
Schumann explains.
With this remote sensing technology 

now established and in place, Dr 
Schumann and his team aim to 
consolidate previous flood records with 
powerful predictive models to produce 
a highly advanced flood prediction and 
decision support system (DSS) that 
can be used by any organisation or 
individual. 

Towards a Universal Flooding DSS

The next objective for Dr Schumann 
and his team is to integrate the remote 
sensing technology and flooding data 
into a fully-functioning flood prediction 
and decision support system (DSS) that 
can be used in multiple applications, 
such as coordinating emergency 
response efforts. 

‘Disaster response managers and field 
operations analysts are often faced with 
either too much or too little information 
and with hardly any guidance on how 
to make decisions based on the data 
provided,’ says Dr Schumann. ‘There 
is to date no global decision support 
system for flood disasters that ingests 
all the data from existing systems and 
provides real-time critical information 
that can guide operational reactions on 
the ground.’

‘Disaster response managers and field operations analysts are often 
faced with either too much or too little information and with hardly any 

guidance on how to make decisions based on the data provided.’
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Dr Schumann and his colleagues aim to combine all the 
available data in an intelligent way in order to unlock the 
full potential of these technologies within a flood DSS. 
The information provided to end-users of the team’s flood 
prediction program – which will be extended from a web-based 
system to the development of an accessible mobile application 
– will include details on accuracy, spatial and temporal scales, 
and uncertainty. This is now already freely available as a first 
release for IOS and Android.

Uncertainty in predicting any natural event is an inescapable 
fact of even the most powerful predictive tools. However, 
providing levels of certainty along with predictions allows end-
users to make informed decisions based on threshold levels of 
acceptable risk. 

‘While there may indeed be several good and justifiable 
reasons for ignoring uncertainties, providing elements of 
product accuracy is a high priority for organisations and people 
utilising such products,’ says Dr Schumann. His team plans to 
systematically test and assess the uncertainty of the remote 
sensors and the flood DSS through extensive comparison to 
previous flood records.

Meeting the Needs of End-Users

In collaboration with DFO, the team at Remote Sensing 
Solutions is continuing to refine and build upon their flood 
DSS, both online and in an application compatible with mobile 
phones. ‘The main challenge lies in maintaining adequate 
targeted application readiness levels and high interoperability 
of products and services being delivered,’ says Dr Schumann. 
‘Because capabilities evolve over time, any such interoperable 
system must be able to easily incorporate changes and 
improvements.’

Dr Schumann and his team have identified the key tools 
currently used by flood disaster response organisations to 
support their decision making, and the capabilities they would 
like to see available in a flood DSS. They aim to incorporate 
all of the requirements identified, ensuring users as diverse as 
the general public, emergency response teams, government 
departments and insurers are able to access and understand 
the information provided by the flood DSS. 

Additionally, options to customise and interact with the 
information presented within the maps will give end-users the 
control and flexibility to filter the results based on their specific 
needs. For users requiring the capability to analyse flood 
data, the team’s DSS is also compatible with a range of other 
software. As this system monitors surface water conditions, the 
flood DSS could potentially provide the advanced monitoring 
technology to other areas of scientific research. It may be 
beneficial to monitoring water reservoir levels, wetland 
conditions, and has great potential for uses in agriculture and 
ecosystem monitoring.

The flood DSS app developed by Dr Schumann and his team 
may be an especially useful advancement for emergency 
responders that need to work against the clock in extremely 
dangerous conditions. By ensuring that the app is capable of 
functioning even when a mobile signal is patchy or unreliable, 
Dr Schumann hopes that his team’s technology will increase 
the efficiency of emergency response teams, by allowing them 
to adapt their efforts based on real-time changes in flooding 
disasters.

Dr Schumann and his team’s flood DSS and associated 
mobile app provides a powerful universal tool for monitoring, 
responding to, and predicting flooding disasters. With flooding 
events expected to increase in intensity and frequency in the 
future, this technology is a vital advancement, providing the 
right information to facilitate decision making, even when faced 
with the uncertainty of natural disasters.
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https://apps.apple.com/us/app/dfo-floods/id1476582851
https://play.google.com/store/apps/details?id=edu.colorado.dfo&hl=es_UY
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