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ABSTRACT 

On September 14th and 15th, members of City of Miami Planning and Zoning, along with staff from the 
Office of Resilience, canvassed Miami to locate the crest of storm surge created by Hurricane Irma on 
September 10, 2017.  Julio Mestas of FEMA originally requested flood data in the City Emergency Operations 
Center.  Flood data is typically relatively inaccurate and is based on reports of flooding from property owners 
with varying individual conditions.  We decided to attempt to capture more accurate data in the field based on 
evidence left by floating debris and interviews with individuals.  

On Wednesday, September 13th, I worked with City of Miami Staff, including Mike Sarasti, Jane Gilbert, 
and Mariela Del Rio, to create a method to rapidly deploy teams to document extents of flooding.  We selected 
an application for phones called Survey123 for ArcGIS to add information to existing Geographic Information 
System maps in the City of Miami database.   

Nine teams of two staff members from Planning, Zoning, and Resiliency, along with 4 volunteer teams 
from Grove 2030, canvassed the entire city between September 14th and September 16th.  Teams attempted to 
locate the 0’ depth line at the maximum horizontal extent of flooding, or collect data at vertical fences or 
buildings where visible high-water marks were clearly present.  In addition, staff interviewed residents and 
property managers in areas that had already been cleaned.  Many shared photos and videos as well which may 
be correlated with location data. 

It is our intent to make data available to researchers for further analysis.   

INTRODUCTION 

Information about flooding due to storm surge is typically gathered in a haphazard manner, long after flood-waters 
recede. While storm water and tidal flooding may be recorded via blocked roads and repeated complaints from residents, 
the intermittent and temporary nature of storm surge flooding makes accurate information difficult to find.  Flooding data 
is typically recorded by tabulating individual insurance claims filed by property owners.  Insurance data is imprecise due to 
varying floor heights and insurance types of properties.  For instance, a neighborhood with predominantly newer 
construction (such as Edgewater or Brickell in Miami), where properties built with high finished floor levels and complying 
with newer flood codes, may file fewer claims than a less flood prone area with lower houses, (such as areas southeast of 
Bayshore Drive in Coconut Grove).   Differing construction types and dates could skew overall results. 
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City of Miami staff determined that a more accurate set of flooding data could 
be a great resource for our own planning and zoning efforts, and could be made public 
and open to the larger community of researchers and scientists.  We redirected staff 
normally tasked with reviewing plans and meeting with applicants to field-work in 
order to directly observe evidence of flooding and interview constituents in areas 
where evidence had been cleaned.  Staff realized that time was of the essence since 
evidence and debris were being removed rapidly and eyewitness accuracy would also 
deteriorate over time.  Within 30 hours of conceiving the plan, staff was in the field 
gathering data. 

Since flood waters had all receded, we instructed data collectors to determine 
the maximum extents of flooding by looking for evidence in the form of remaining 
debris similar to wrack lines on beaches.  Dead or dying plants and turf grass, high 
water marks on buildings, and debris collected on fences also provided direct evidence 
of surge.  Interviews with residents and review of photos and videos provided 
additional data.  Using these techniques, staff collected data at over 700 locations 
within the City of Miami.   

Data points include the entirety of the coastal area fronting Biscayne Bay, 
inhabited islands, and Virginia Key.  Miami and Little Rivers, as well as other canals and 
waterbodies experienced minimal flooding due to Irma and were largely ignored after 
initial inquiries.  We set a goal of collecting data at 100 foot intervals along the coast, 
though private property often made this impossible.  We considered one point per 
block on streets perpendicular to the bay sufficient.  In heavily populated areas, like 
Downtown and Brickell Avenue, debris had been cleaned but there were abundant 
building managers with detailed information about water levels.  In less populated 
areas, such as parks and campuses, lines of formerly floating debris remained. 

The rapid conception and deployment of this technique, as well as varied 
teams of collectors, will create inaccuracies in the data.  Techniques should be refined 
for future events.   However, it is our hope that this data set provides a unique, (for 
now), opportunity for researchers to correlate and compare tidal gauges, storm surge 
models, climate change projections, and other predicted outcomes with hard data.  In 
addition, the readily accessible GIS format of the data will allow overlays with existing 
LiDAR, bathymetry and other data.  We hope this is fruitful to researchers and our own 
urban planning efforts. 

MATERIALS & METHODS 

The primary data collection tool was a map and surveying application for smart phones which allowed data 
collectors to quickly and accurately document locations throughout the city.  Our team realized time was of the essence, 
since direct evidence of flooding in the form of debris would be removed and memories would become less reliable.  It was 
easier to find debris evidence earlier in the week than later, in fact, by Thursday September 14th most of Downtown and 
Brickell Avenue were completely cleaned.   

We decided to limit data collection efforts to staff whom we could train, rather than make this a crowd-sourced 
effort. Crowd-sourcing can create excellent data when thousands of data points reinforce and confirm trends.  For instance, 
crowd-sourced information for tidal flooding from King Tides should become a reliable dataset.  The repetitive nature of 
tidal and storm water flooding allows confirmation by multiple data entries at similar locations over time to build 
consensus.   

Figure 1: Wrack line at Biscayne Island 

Figure 2: Vertical datum on Brickell Ave. 
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Limited ability to recruit a large number of people on a short schedule eliminated any possibility of crowd-sourcing 
in this instance.  In any case, a more limited number of better-trained data collectors are a better option for a single-
instance event such as storm-surge flooding from Hurricane Irma. Precision of each individual data point is more important 
in the case of surge-related flooding. 

Lack of time and practicality also guided our selection of the data-gathering application.  Staff knew of two pre-
existing applications which might be adapted to our needs.  Either Collector or Survey123, both for ArcGIS might have 
worked. Collector for ArcGIS may be more appropriate for crowd-sourcing using pre-defined quadrants and filling in 
information about zones, whereas Survey123 1 seemed appropriate for a discreet group of data collectors and would better 
sort the data.  Mike Sarasti and Mariela Del Rio set up specific forms within Survey123 on Wednesday, September 13.  They 
created a “Flood Area Survey” form which prompted users for the following information: location information with either 
automatic location or a map, an option to attach an image, optional comment field, and the flood depth, with default as 
zero. 

             

Figure 3: Screen captures of Survey123 with the Flood Area Survey form created in-house 

       Chief Innovation Officer Mike Sarasti and Zoning 
Administrator Devin Cejas field-tested the application for accuracy 
Wednesday evening.  Data was accurate within 20-40’ of location, 
though cellular data was limited in this area.  Zooming into 
locations on the map and manually dropping a pin could create 
more accurate locations, even with the limited automatic 
accuracy.  The ability to send data later if connectivity is limited 
was also tested.  All other aspects of the application were 
functional.      

The following morning, we assessed our physical 
requirements for data collection.  Typically simple items were 
complicated by the continued recovery from Hurricane Irma.  Staff 
needed personal phones with service and space for the 
application.  Staff also needed to use personal vehicles, since City 
vehicles were in-use after the storm.  While phones and vehicles 

                                                                 

1 Please refer to https://survey123.arcgis.com/help/faq for additional application information 

Figure 4: Example of zoom function on the map and ability to 
send information at a later time. 

https://survey123.arcgis.com/help/faq
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were available, cellular coverage and gasoline were both limited.  However, between 18 people forming 9 teams, we were 
able to meet all requirements. 

We instructed staff in data collection very briefly and without previous experience in this type of data collection.  
Our goal was to document the horizontal extents of storm surge flooding, i.e. the “bathtub ring” or high water mark 
throughout the city.  Evidence of flooding such as wrack lines and deposited floating debris should mark the location.  Staff 
were instructed to stand at the high water line and mark the location with the application.  Importantly, this allowed staff 
to avoid passing through potentially dangerous debris or standing water.  We also encouraged marking of clear data points 
on vertical surfaces and emphasized that these should be collected whenever available.  The application includes a depth 
measurement as an addition to the location information which allows for collection adjacent to vertical surfaces. 

The least certain data, for which we had very little protocol for collection, was the interview of residents and 
building managers in areas that had already been cleaned.  Teams were instructed to get as much evidence as possible from 
people and attempt to correlate it with physical evidence.  In reality, residents were willing to share quite a large number of 
personal and surveillance photos and videos which will need to be correlated with other information. 

We assigned the 9 teams to approximately 1.5 mile segments of coast, with some adjustments made for density 
and expected ease of data collection.  One team was dedicated solely to islands in Biscayne Bay.  Teams self-selected areas 
with which they were already familiar.  We also deliberately neglected coverage of the southern neighborhood of Coconut 
Grove which is an area with multiple civic groups upon which we intended to rely for information and possibly volunteers.  
In fact, within the day, members of Grove 2030 contacted Chief Resiliency Officer Jane Gilbert and volunteered assistance.  
We required roughly 90 hours of field work total with an additional 30 hours for in-office work.  

RESULTS 

Results are approximately 700 data points collected over three days.  In most 
cases, photos are included with each data point in order to determine the type of 
evidence indicating the high-water mark.  Data collectors expressed a high 
confidence in the accuracy of information gathered.  

We encountered occasional errors when finding more evidence of higher 
water in the same or a nearby place.  In some cases, we would mark a point, only 
to find additional evidence of higher water close by.  In these cases, there will 
likely be multiple nearby data-points with conflicting depth or elevation data.  The 
higher points should be considered accurate.  No instances of the opposite case 
were reported. 

We intend to make the data-set public and open to outside researchers free 
of charge.  We will make use of some of the data within the department of 
Planning and Zoning directly.  However, we expect most analysis and 
interpretation of the data to be conducted by outside researchers.  We expect to 
have access to analysis in exchange for the use of the data-set.  

There is an additional trove of information that is not yet organized.  We 
received many personal photos and videos from residents.  While people tended 
to record inundated areas with little depth information, there are cases of the 
high-water marks being recorded.  In addition, a wealth of information from 
building managers is available.  Many large buildings have time-lapse video or still 
images from surveillance cameras which accurately record locations, elevations, and times.  Fully classifying and correlating 
images is beyond the scope of this study. 

Figure 5: Map showing locations of data-points 
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DISCUSSION 

Discussion is currently centered on techniques for improving data-collection in the future.  Areas for improvement 
include preparation, timing, interactions with the public, and ways to make data collection more robust.  Since this is our 
first attempt at this data collection, we expect to be able to have improvements in place prior to any upcoming storms and 
to be able to share techniques with others. 

 Our teams would have been able to collect more and better data if we had deployed people sooner.  Direct 
evidence of flooding is more accurate than eye-witness accounts.  Marking points directly on the map also does not need 
correlation and analysis in the same way that reviewing photos and videos requires. However, safety is paramount, and 
roads must be sufficiently clear of debris for people to travel safely.  In the case of Hurricane Irma, one or two earlier days 
of data collection would have been very helpful and realistic considering the state of the roads.  Each future case will be 
unique, but by having procedures in place beforehand, and prioritizing neighborhoods which are cleaned first, we should be 
able to capture more direct evidence.  Improvements to our public interactions and technologies will become essential 
when we are able to deploy sooner after storms in the future. 

 We must make both old and new technologies more robust to capture data effectively sooner after storms.  
Personal phones are sufficient, but completely offline versions of the map and data-collection applications are vital to 
making these usable after storms in areas with little or no cellular coverage.  In addition, we must make back-up portable 
phone batteries, charged someplace with reliable power like the emergency operations center, available to staff.  Similarly, 
personal vehicles should be sufficient, but accommodation for gasoline must be in place.  Either fuel from General Service’s 
filling stations or pre-arranged commitments from staff to provide fueled vehicles are options.  Data collectors will be more 
robust as well with provision for food, water, mosquito repellant, and sunscreen. 

Better identifying staff as city employees should simplify data collection and interactions with the public. While 
some staff had department shirts, most people relied on I.D. cards exclusively as representation to the public and security 
guards.  Magnetic decals for private cars as well as logoed shirts are simple but effective means to make better first 
impressions.   

Our weakest point during Hurricane Irma was our preparation for public interaction.  In many cases, our staff were 
the first City or Government officials of any kind that people met.  Instances of being the first government contact will 
increase the sooner we deploy.  Thus, staff should be prepared to answer common questions and direct people to correct 
sources of information well outside our scope or typical fields.  A suggested script for handling interactions should be part 
of training.  A script should include a brief description of what and why we are collecting data and manage public 
expectations.   

We will also create a flyer or handout reiterating information in the script and containing vital contacts.  This will 
include responses to frequently asked questions with information on: debris removal, water and sewer utilities, power 
company contacts, and tree removal and repair options.  The flyer will also better establish procedures for the public to 
share information, photos, and videos.  A section of our handout will include a centralized email address for receiving 
information and criteria for sharing: date, time, address, exact location, source of image, and circumstance.  

 Finally, we intend to create training standards.  Staff need more uniform criteria for establishing high-water points.  
Now that we have collected data once, we have reference images to create a brief instruction manual for establishing 
points.  Determining accurate locations and high-water marks is difficult in the field when wind-driven and water-driven 
debris are mixed.  Clearer standards will create more accurate data.  Deploying people sooner after a storm will mean that 
safety training regarding avoiding floodwater, electrical lines, and other hazards should be included. 

CONCLUSIONS 

We have not yet drawn conclusions from the data.  Initial analysis of quality of the data is ongoing. 
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