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Appendix A ¢ Stormwater Model Verification

Model Verification Methodology

Introduction

Stormwater model verification techniques are used to compare model results to actual conditions for a
known storm event for corresponding dates and times. Models are run with best available or empirical data
as a first pass and then iterative sensitivity analyses are run with small changes to the model input
parameters to finetune the results to obtain a statistically significant match to best available recorded field
data. The field data collected for this project for verification included surveyed highwater marks,
photographic and visual recordings, news media articles, and anecdotal evidence submitted to the City by
residents or City Operations Staff, or a combination of all three. Because a rainstorm is typically spatially
diverse and varies in intensity and volume as it moves through an area, different verification storms are
used for verification of different areas depending on both the amount of rainfall that was recorded for the
particular area and the available time-correlated visual evidence of the resultant flooding either from the
City, private reports, or publicly available media sources.

Four primary verification storms were available during the verification portion of this project for analysis
in various levels of detail depending on the impact in the City and the availability of corresponding
photographs or other evidence as follows:

1. May 5t, 2019 storm which produced a short (approximately one hour) intense precipitation event
that covered pats of the City of Miami and was used to verify the results of many of the models. The
locations of the corresponding photos from this event were either surveyed for a high-water mark,
or the flood level was estimated by inspection of the photo compared to the LiDAR DEM, or from
anecdotal reports.

2. June 16th, 2019 storm which produced concentrated areas of intense, high-volume rainfall in a few
areas of the City not severely flooded in the May 5t storm and was centered in the Coconut Grove
Area. The storm recorded over 3 inches of rainfall in 3 hours, 2 inches of which fell in the first hour.
The locations of the corresponding photos from this event were either surveyed for a high-water
mark, or the flood level was estimated by inspection of the photo compared to the LiDAR DEM, or
from anecdotal reports.

3. September 10th, 2017 Hurricane Irma which hit Cudjoe Key, 20 miles north of Key West, as a
upper end Category 4 storm. Miami did not get the core of Irma, but still received severe storm
conditions and is used to simulate storm surge and tidal flooding superimposed with rainfall.
According to the National Weather Service (NWS) data for this storm, “...in Miami-Dade County, an
average of 3-5 feet of inundation occurred along the Biscayne Bay shoreline from Homestead to
Downtown Miami/Brickell and extending inland 1-2 blocks, with peak surveyed inundation of
slightly greater than 6 feet in isolated spots in Coconut Grove and Brickell. Inundation decreased
north of Downtown Miami along the Biscayne Bay shoreline, with values generally around 2-3 feet.
Along the Atlantic oceanfront, including Key Biscayne and Miami Beach, inundation was generally
around 2-3 feet and confined to the immediate beachfront.” The 72-hr rainfall total was wide-
spread and ranged between 4-8 inches over the area.”

4. May 24t - May 27t 2020 storm which was a high intensity, high volume, back to back rainfall
event, and provided a data-rich series of storms occurred on in the study area, affecting the whole
City. The storm duration allowed the ground to become saturated, the groundwater table to rise,
and the tides to cycle through several high tide periods. As the schedule and timing of this storm
event was such that the project work had already moved into the CIP planning phase, the storm
was not able to be used for direct verification analysis. However, the storm rainfall intensity and
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volume data, groundwater data, and tide data was located, correlated, analyzed, and simulated in
parallel with the on-going CIP work in the models, and the major flooding was well-correlated and
of sufficient accuracy in the model to assist the City with the root causes of, and design guidance
parameters for, early-out projects in many the worst flooding areas.

The stormwater service area is naturally divided by elevation, topography, and interconnected
infrastructure into eight major drainage areas or basins (Figure A-1).

Figure A-1 City Limits and Major Watersheds
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Verification Storm Data

To simulate a verification storm within the models, rainfall volume, intensity, and spatial distribution over
the study area are required, as well as corresponding evidence of flooding, and the boundary conditions at
the time of the storm event.

Figure A-2 shows the spatial distribution of the NEXRAD rainfall grid and subbasin assignment within the
City for the May 5th, 2019 Storm. The May 5th storm was chosen because it included recent, intense
precipitation and simulations of rainfall driven events rather than tide driven events provide better
verification of the rainfall /runoff characteristics of the model and potential hydraulic bottlenecks or
deficiencies and had the best storm data available for the area and included pictures and videos of flood
levels during the event. For the May 5t Storm, gage corrected rainfall-radar data was used as described in
detail in the Model Development Technical Memorandum. Most of the rainfall occurred within
approximately a one-hour period. Though the volumes are less than the 5-year storm, the peak hour is
greater than the 5-year storm. The total volume NEXRAD grid was researched and downloaded from the
SFWMD using the DBHYDRO database and then corrected for the observed local gage values from
published Weather Underground as described in detail in the Model Development Technical Memorandum.
The sub-basins were then assigned by grid volume. There was significant variation in volume across the
basin from over 4 inches in the north to about 1.5 inches at Frost Museum near downtown Miami. The
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boundary conditions for this storm was set to the observed data at the SFWMD MRMS4 tide gage at the
mouth of the Miami River, under the Metro Mover bridge (between South Miami Avenue and Brickell
Drive). Small variations in timing and peak amplitudes in Biscayne Bay did not affect the verification
results.

Figure A-3 shows the spatial distribution of the rainfall gages and subbasin assignment within the City for
Hurricane Irma which affected Miami on September 9t and 10t, 2017. Hurricane Irma was simulated with
the model to show surge and tidal flooding, and because it was the only recent storm at the time of
verification with city-wide coverage. Data from multiple rainfall gages were taken into account for both
spatial and temporal variability. Hurricane Irma was simulated with the model to show surge and tidal
flooding, and because it was the only recent storm at the time of verification with city-wide coverage. Data
from multiple rainfall gages were considered for both spatial and temporal variability. For Hurricane Irma,
model subbasins are provided precipitation data from the rain gage the subbasin is closest to. For
Hurricane Irma, model subbasins are provided precipitation data from the rain gage the subbasin is closest
to. The rainfall volumes and intensities for the S-26 and S-27 rainfall gages were similar for this storm;
therefore, it was unnecessary to attempt further discretization. The Miami Beach (MIAMI 2_R) was not
recording during the storm, so the coastal sub-basins used either the S-27 or S-26 gage data. The boundary
conditions for this storm was set to the observed data at the SFWMD MRMS4 tide gage at the mouth of the
Miami River, under the Metro Mover bridge (between South Miami Avenue and Brickell Drive). Small
variations in timing and peak amplitudes in Biscayne Bay did not affect the verification results.

Figure A-4 shows the rainfall gage used while validating the watershed C3BS for the June 16, 2019 storm.
This storm was chosen based on its characterization as an intensity driven rainfall runoff event due to the
severe localized rainfall intensity within the Coral Gables area. Specifically, the rain-gauge used in Coconut
Grove showed 2.65 inches of rainfall in three hours with 2 inches falling during the first hour. Due to the
localized nature of the event, this storm and accompanying flood photos were only used during the
validation of watershed C3BS. The rainfall event time series was downloaded from the KFLMIAMI394
Wundermap™ rain gage. The boundary conditions for this storm was set to the observed data at the
SFWMD MRMS4 tide gage at the mouth of the Miami River, under the Metro Mover bridge (between South
Miami Avenue and Brickell Drive). Small variations in timing and peak amplitudes in Biscayne Bay did not
affect the verification results.

Figure A-5 shows the spatial distribution of the rainfall gages and subbasin assignment within
the City for the May 25-27, 2020 storm. Similar to the May 5t, 2019 storm, this event was chosen
because it included recent, intense precipitation corresponding with the best storm data available
for the area as well as pictures and videos of flood levels during the event. Simulations of rainfall
driven events rather than tide driven events provide better verification of the rainfall/runoff
characteristics of the model and potential hydraulic bottlenecks or deficiencies. Unlike the May
5th storm, this event occurred over an approximate 72-hour temporal domain. Though the
spatially varied rainfall volumes bracket the 10-yr. storm, the peak hour is significantly less than
the 10-year storm. This storm is a good measure of the model’s ability to simulate a volume
driven rather than a peak intensity driven runoff condition. For the May 25t Storm, gage
corrected rainfall-radar data was used as described in detail in the Model Development Technical
Memorandum. The total volume NEXRAD grid was researched and downloaded from the
SFWMD using the DBHYDRO database and then corrected for the observed local gage values from
published Weather Underground as described in detail in the Model Development Technical
Memorandum. The sub-basins were then assigned by grid volume. There was significant
variation in volume across the basin from over 7.5 inches in the south to approximately 13.4
inches on the west side of Miami International Airport. The boundary conditions for this storm
were set to the observed data at the SFWMD MRMS4 tide gage at the mouth of the Miami River,
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under the Metro Mover bridge (between South Miami Avenue and Brickell Drive). Small
variations in timing and peak amplitudes in Biscayne Bay did not affect the verification results.
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Figure A-4 Gage and Subbasin Assignment for July 16, 2013 Storm
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Model Verification Events and Locations
May 5t, 2019 Storm Event

Photographs and videos of flooding for the May 5%, 2019 Storm were acquired from different sources for
multiple neighborhoods in the City including City Staff and by concerned citizens and local businesses.

Neighborhood: Wynwood Industrial District (East)

The first location in the Wynwood Neighborhood was taken at the intersection of N.E. 2nd Avenue and N.E.
25t Street as shown in Figure A-6. The corresponding model indicates a peak flood stage of 10.3 ft-NAVD,
which matches the approximate elevation of the flooding in the photograph based on the aerial extent and
the LiDAR DEM. However, the picture was taken some time after the likely peak, so the model is probably

slightly underestimating peak stages at this location.

Figure A-6 Flooding Near N.E. 2" Ave and N.E. 25t Street and Model Prediction
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Neighborhood: Wynwood Industrial District (West)

The second location in the Wynwood Neighborhood includes multiple photographs as shown in Figure A7
along North Miami Avenue between N.W. 26t Street and N.W. 23rd Street. Flooding extents and depths
match well with the model predictions in this area.

Figure A-7 Flooding Near North Miami Avenue between NW 26 St and NW 23 St and Model Prediction
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Neighborhood: Wynwood Industrial District (South)

Further south on North Miami Avenue, there was significant flooding near that occurred near N.W. 20th
Street. This location has no PSMS in the City GIS and is a low area along North Miami Avenue, immediately
west of the railroad. The DEM indicates that areas west, north and south may runoff to this intersection,
while the only overland route for flow is east over the tracks. The peak stage in the model is determined by
the LiDAR DEM ridge where the tracks are located. The model peak is about 0.3 ft lower than the observed
estimate (taken from a video, with multiple points of observation) as presented in Figure A-8.

Figure A-8 Flooding Near North Miami Avenue at N.W. 20" Street and Model Prediction
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Neighborhood: Edgewater

There were multiple photographs and videos available along North Bayshore Drive, Biscayne Boulevard,
N.E. 17th Terrace, and N.E. 18t Street in Edgewater, including the North Bayshore in front of the Bay Parc
Condominium shown in the Figure A-9. The model peak stage is slightly below the observed stage in this
instance, most likely because the PSMS is modeled as a “well maintained” (clean) system at these outfalls,
and the actual conditions are usually partially silted or clogged. It is also likely that the area has been re-
graded since the LiDAR was flown, which may cause more flooding than expected in the model.

Figure A-9 Flooding Near North Bayshore Drive at Bay Parc Residence and Model Prediction
- .
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Neighborhood: North Grapeland Heights

Multiple photographs taken in the front yard of 1715 NW 33rd Ave including one looking south to the
intersection of NW 17th St (Figure A-10). The photo shows flooding above the road crown on 33rd Ave
and limited flooding above the road crown along NW 17th St. Based on the sky and the headlights being
turned on the picture was taken at or near dusk. This coincides with flooding which starts at approx. 6:00
pm peaks at 6:45 pm and recedes below the 33rd Ave road crown by 9:00 pm. The model simulated the
flood depth well showing a dry crown on 17th St with significant flooding along 33rd Ave.

Figure A-10 Flooding Near the intersection of N.W. 33" Ave. at N.W. 17t" St. and Model Prediction
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June 16, 2019 Storm Event

Photographs of flooding for the July16th, 2013 Storm were acquired from different sources for multiple

neighborhoods in the City including City Staff and by concerned citizens and local businesses. The nature of
the storm event

Neighborhood: North Grove

A pair of Photos were provided showing indicating flooding in the vicinity of 2222 Tequesta Way, an
example of which can be seen in Figure A-11. The photo was taken in the front yard looking north across
Tequesta Way. Flooding stage was identified specific to the hubcap on the parked Lexus SC430. The model
simulation predicts flooding in this area and represents the depth of flooding well.

_Figure A-11 Flooding in front of 2222 Tequesta Way and Model Prediction
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Neighborhood: Shenandoah South

A pair of Photos shown in Figure A-12 were provided indicating flooding in the vicinity of Wynn Dixie. The
photo was taken in the intersection of W 16t Ave. and SW 22 ST looking towards the west exterior face of
Wynn Dixie. While the photos are low resolution flooding is indicated by reflected imaging on the surface
of the water. The model simulation predicts flooding in this area however an accurate depth of flooding is
difficult to determine in these figures.

Figure A-12 Flooding in front of 2222 Tequesta Way and Model Prediction
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September 10, 2017 Storm Event (Hurricane Irma)

Photographs and videos of flooding for Hurricane Irma were acquired from different sources for multiple
neighborhoods in the City including City Staff and by concerned citizens and local businesses.

Neighborhood: Brickell Village

A photo taken on SW 1st Ave looking east down SW 9th St indicates severe flooding during Hurricane Irma
(Figure A-13). Due to the extensive flood volume, flooding extents cannot be accurately determined.
Additionally, based on the wind induced turbulence on the surface of the flood waters, it is difficult to
determine the actual depth of flooding. The model simulation does predict severe flooding in this area.

Figure A-13 Flooding Near S.W. 1% Ave. and S.W. 9" St. and Model Prediction
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Neighborhood: Shorecrest

A photo taken on NE 81st Ave looking east across NE 10th Ave indicates severe flooding during Hurricane
Irma (Figure A-14). Due to the extensive flood volume, flooding extents cannot be accurately determined.
The model simulation does predict severe flooding in this area and represents the depth of flooding well.

Figure A-14 Flooding Near N.E. 815t St. and N.E. 10t" Ave. and Model Prediction
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Neighborhood: Brickell Business District

Multiple photos and videos were provided showing extensive flooding in the vicinity of Colonnade Plaza, an
example of which can be seen in Figure A-15. The photo was taken in the intersection of SE 13t St. and SE
12th Ter. The model simulation does predict severe flooding in this area and represents the depth of
flooding well.

Figure A-15 Flooding Near S.E. 13 St. at S.E. 12" Ter. and Model Prediction
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May 24th-27th 2020 Storm Event

Photographs and videos of flooding for the May 24t to 27th 2020 storm event were acquired from different
sources for multiple neighborhoods in the City including City Staff and by concerned citizens and local
businesses.

Neighborhood: Shorecrest & Haynesworth & Pelican Harbor

The first location in Shorecrest includes a photograph from the second story of the Casa Bianca apartment
complex overlooking the intersection of NE 86t St, E. Dixie Highway and Arboretum Lane (Figure A-16).
Due to the extensive flood volume, flooding extents cannot be accurately determined, however the flood
depth is well represented in the model simulation.

Figure A-16 Flooding Near N.E. 86t St at Casa Bianca Apartment Complex and Model Prediction
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Neighborhood: Allapatah

Multiple photographs and videos are available in the Allapatah neighborhood two examples of which can
be seen in Figure A-17. The first photograph was taken from 2149 NW 32nd St. looking east toward NW
22nd Ave. The second photo was taken at 1950 NW 31st St. looking east toward NW 21st Ave. Both photos
indicate sever flood inundation with a depth of flooding well represented by the model simulation.

Figure A-17 Flooding Near N.W. 32"¢ St. at N.W. 22" Ave. and Model Prediction




Appendix A ¢ Stormwater Model Verification

Neighborhood: Flagami

The first location in Flagami includes a photograph from the front porch of 3974 NW 4th St looking east
toward NW 40t Ct (Figure A-18). The clear skies as well as the date submitted by the concerned citizen
(May 27%) indicates that the photo was taken after the 72-hour storm event and there is continued severe
flooding. The model represents the severe flood inundation well and maintains the high flood stage in this
region at the end of the simulation reporting period (May 27t 8:00 AM)

Figure A-18 Flooding Near N.W. 4t St. at N.W. 40" Ct. and Model Prediction
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Neighborhood: Flagami

The second location in Flagami includes a photograph the front of 511 NW 59t Ct. looking south at the
intersection of NW 5t St. (Figure A-19). Due to the extensive flood volume, flooding extents cannot be

accurately determined, however the flood depth and overall inundation is well represented in the model
simulation.

Figure A-19 Flooding Near N.W. 59" Ct at N.W. 5" St. and Model Prediction
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Neighborhood: Flagami

The third location in Flagami includes a photograph taken from the apartment building on the south side of
W Flagler St looking North to the Renedo Apartment Building (Figure A-20). Flood inundation can be seen
on W Flager as well as around the corner on SW 62nd Ave. The date of the photo is May 26t and the time is
unknown. While the model shows the road crown intermittently flooding on May 24th and 25, on the 26th
the road crown represented in the picture is inundated starting at 5:25 PM peaking at 6:35 PM and
receding at 9:30 PM. This coincides with the illuminated hotel and street lighting indicating dusk.

Figure A-20 Flooding Near S.W. 62" Ave at Renedo Apt. Building. and Model Prediction
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Neighborhood: Edgewater

A photograph taken from an apartment building at 435 NE 23rd St looking south across NE 234 St indicates
flooding in the roadway but not in the parking spaces (Figure A-21). The photo was taken on May 25,
2020 while the maximum simulated HGL used to make the accompanying flood map occurred in the
evening of the 26th. There are intermittent simulated flood stages on the 24th and 25t that more closely
match the photograph flood extent and depth.

Figure A-21 Flooding Near 435 N.E. 234 St. and Model Prediction
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Neighborhood: Douglas Park

Multiple photos and movies were provided for the Douglas Park Neighborhood in the vicinity of SW 27th
Ter. and SW 334 Ct. indicating severe flood conditions and example of which can be seen in Figure A-22.
The photo on the left was taken from 2746 SW 33rd St. looking across the street to the east and shows flood
depths submerging the road crown and reaching the exterior walls of the house. The second picture was
taken from 3280 SW 27t Ter looking toward SW 33rd Ave. The same flood conditions are depicted in this
photo. Due to the extensive flood volume, flooding extents cannot be accurately determined, however the
flood depth is well represented in the model simulation.

Figure A-22 Flooding Near S.W. 27th Ter. At S.W. 334 Ct. and Model Prediction
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Neighborhood: Fair Isle

Multiple photos and movies were provided for the Fair Isles Neighborhood in the vicinity of W Fairview St
and S Bayshore Ct indicating severe flood conditions. The photo on the left was taken from the corner of W
Fairview St and S Bayshore Ln looking north towards the canal (Figure A-23). Severe flooding is indicated
submerging the road as well as the sidewalk. The second picture was taken from an elevated position at
3532 Bayshore Ct and shows severe flooding at the corner of Bayshore Ct and to the north along E Glencoe
St. Due to the extensive flood volume, flooding extents cannot be accurately determined, however the flood
depth is well represented in the model simulation.

Figure A-23 Flooding Near S.W. 27th Ter. At S.W. 334 Ct. and Model Prediction
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