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2014 FEMA Base Flood Elevation: 15’ NAVD

Finished Floor Elevation: 14.5’ NAVD

Broward County 100-YR Elevation: 12.5’ NAVD

Built Finished Floor 
Elevation

14.5’ NAVD

FIRM (1992; 2014)
X Zone; 15’ 
NAVD

License 100-YR Elevation 
(on site calculations)

14.5’ NAVD

Broward County 100-YR 
Elevation

12.5’ NAVD

Broward County Future Conditions 100-Year Elevation Map
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Future Conditions Flood Elevation Map

• Mapping Future Floodplains:
 Increased rainfall due to warming climate
 Year 2060-2069 sea level rise
 Increased runoff due to higher water table
 Land use changes

• Accomplished through integrated 
GW/SW modeling

• Will enhance infrastructure resilience:
 Regulatory purpose
 Finished floor elevations, streets, 

sanitary manholes, etc.
Source: DHI, Inc.
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Future Extreme Rainfall Analysis – Proposed Steps

Large associated 
uncertainties

(Bias correction)
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Future Rainfall Analysis Climate Datasets
• Evaluated Datasets

– CLIMsystems
• BCCA
• Hyperion
• FSU COAPS
• CORDEX
• Raw GCMs

– Jupiter Intelligence
• LOCA
• Jupiter WRF

• Leverage Atlas 14 Rainfall Stations
• Target Future Year 2060
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Model x Observation Data: Bias estimation 

Despite large biases calculated 
between climate model data and 

observations… 
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Calculating Changing Factors

All results and associated 
uncertainty ranges show 

increasing extreme rainfall



Future Conditions 100-Year Flood Elevation Map

Future Rainfall – Experts Panel

• Workshop on September 17
– Representatives from:

• Broward County
• SFMD
• FIU
• USGS
• Consultant Team
• Other interested parties

– Consensus on strategy for moving forward: 
Super-Ensemble approach
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Combining Results for Broward

• Best available approach

• No significant difference for the 
calculated CF among stations (small 
spatial variability)

• Apply CF to NOAA Atlas 14 values

ADOPT SINGLE AVERAGE FACTOR (%) 
FOR THE ENTIRE URBAN AREA
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IPCC Recommendations

• Evaluating Results from Multiple Models
• Measure of Model Skills (model performance): yet to be identified
• Importance of characterizing uncertainty:

– More than one dataset to represent observations
– Multi-model calculations out-perform individual models
– Multiple sources (Raw GCMs, Regional Models statistical & dynamical 

downscaled data)
– Weighting or Subsets Approaches: need to determine statistical 

significance of the difference between models – given metric
– Super Ensemble Approach, plus documentation of all individual results
– Sample uncertainty space

Aligned with IPCC 
Recommendations
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Super Ensemble Approach

– Different subsets of all the individual model 
projections from the different datasets are 
chosen and fittings are calculated from each 
of these subsets (prob. analysis)

– This approach more explicitly calculates the 
uncertainty in the median change factors and 
reduce the generalization error of the 
predictions

– This approach converges on providing a single 
model domain-wide scaling value to use for 
storm events

All 
Datasets 
(SUPER)

Dynamic 
Datasets 
(DDSM)

Statistical 
Datasets 
(SDSM)
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Ensemble Results
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Super-ensemble Results for Design Storms 
(Longer Durations - 3 days)

Whisker diagram of SUPER ensemble medians of spatially aggregated DDF change factors with uncertainty ranges. 

Single model domain-
wide scaling values for 
design storm events

• 10 year/3 day    =  9% increase*
• 25 year/3 day    =  12% increase*
• 50 year/3 day    =  12% increase*
• 100 year/3 day  =  13% increase*
• 500 year/3 day  =  18% increase*

*To be applied over NOAA Atlas 14 
precipitation frequency estimates
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Super-ensemble Results for Design Storms 
(Shorter Durations – 24 hours)

Whisker diagram of DDSM ensemble medians of spatially aggregated DDF change factors with uncertainty ranges. 

Single model domain-
wide scaling values for 
design storm events

• 25 year/1 day    =  19% increase* 
• 100 year/1 day  =  20% increase*

*To be applied over NOAA Atlas 14 
precipitation frequency estimates
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