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Broward County Leadership: Dr. Jennifer Jurado, P.E.

Geosyntec: Prime Consultant
> Data Collection and Compilation

> Stakeholder Outreach
G I: D > Rainfall Analysis (current and future conditions)
eosyn eC > Model Tool Development
consultants >  CRS Evaluation and Recommendations
. Taylor Engineering: Hydrologic & Hydraulic Modeling

TAYLOR > Update Current Conditions Model
ENGINEERING, INC. > Future Conditions Model Development
m- > Integration with Coastal Analysis
N —
—_—_— *  CLIMsystems and Jupiter Intelligence: Future Rainfall Development

— . Stoner & Associates: Surveying

— . Adept Strategy and Public Relations

— . Special Acknowledgement to Dr. Carolina Maran and Michael Zygnerski

ENGINMEERING., 1NC.
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Project Goals

* Mapping Future Flood Risk:

> Increased rainfall due to warming climate '"mc:"umﬁ
> Year 2060-2069 sea level rise precpation B8
> Increased runoff due to higher water tables Snowmel
> Land use changes
> Accomplished through integrated GW/SW 'm
modeling
Unsaturated
* Will enhance infrastructure o
resilience:
> Design standards
> Finished floor elevations, streets, sanitary SR

manholes, critical infrastructure, etc.
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Current Conditions Modeling Updates
and Results




Model Development

Covers urban boundaries of Broward
County and contributing areas to the
north, west, and south.

*  1-D Surface Water Model

2-D Overland Flow Model
*  Unsaturated Zone Module
*  3-D Groundwater Model

> 5 layers representing stratified
surficial aquifer

> Includes high permeable zones of
the Biscayne aquifer

 All Components fully integrated with

each other
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Model Validation

* June 2017 storm event
— Up to 16” of rainfall in 72 hours

* Calibrated to multiple surface water
and groundwater measurement sites

Jun 5.7, 2017
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@aiay Design Storm Results

Geosyntec

consultants

10, 25, 50, 100, and 500-year,
3-day rainfall events
NOAA Atlas 14 for rainfall

depths w/ SFWMD 3-day
distribution

Implemented rules-based
operations for control
structures and pumps

Current conditions average wet
season groundwater levels

No storm surge
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Future Conditions Modeling




Future Conditions Model Updates
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iy Future Land Use g

B | egend .
- —\ Future Land Use Change ' __.
Undeveloped and A s

agricultural parcels
were assumed to be
developed by 2060.
Exceptions:

— Wetlands .
— Parks/preserves % g
Several golf courses oty
assumed redeveloped =. 2

to residential, per input
from County Planning B g ot A e
Dept. &5 W ae
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BRIGWARD

séta| Future Groundwater

F L © R I D

e Started with USGS
MODFLOW Inundation
Model results

e Subtracted Current
Conditions map from
Future Conditions to
create difference map

 Zeroed out negative
values and modeling
artifacts
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BRIGVWARD

ey Future Tidal Outfalls and Boundaries

a0 Unified Sea Level Rise Projection

(Southeast Florida Regional Climate Change Compact, 2015)
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BRIGWARD

edtsl Future Conditions Results ™

1100

Future 100-year / 3 day
storm flood depth results

Future Conditions Maximum Overland Water Depth, 125-t Grid
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B ~bove 3.0 500
B :s-:0
Bl co0-2c a0
B s-20
Bl 10-15
Bl o0s-10
B o0s5-08 20
] o04-0s
[] o0z2-04 1009
Below 0.2
Undefined Value o
Geos teCD ?T--AYLUR 'EN-GIN.E_ERINC.. { I ol
comtants = S m— T ——

T T T T T T T T T T T
100 200 300 400 500 600 700 800 a00 000 1100
(Grid spacing 28.1 meter)

111080 12:00:00 AM. Time stap: 0. Laver. 0

Figure 41: 100-Year Design Storm Maximum Overland Water Depth
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et Future Conditions

Spatial difference
comparison 100-year
storm results

Future conditions
maximum depths minus
current conditions

maximum depths
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* Preliminary
Future 100-year /
3 day storm
flood elevations
(FT NAVD 1988)
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Future Conditions Results

Legend
Broward County Boundary
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Future Conditions Results - Detail
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Future Rainfall Projections




Estimate and
Distribute
Future Rainfall
Projections

Calculate
Change Factors
(ratio future to

historic)

(Bias correction)

Obtain Global
Climate Models /
Downscaled
Datasets

Obtain Rainfall
Observations
Dataset

Fitting .
Distribution Curve
to both
Observations and
Downscaled Data

Compare Extreme
Observations vs.
Downscaled Data
{historical period)

Available Data / Approaches:

. _ ctati
* NOAA Atlas 14 BCCA - Statically
(Reclamation)

* CPC Merged Analysis over + LOCA (UCSD) - Stat. * Partial Duration Series

*  Annual Maxima * Correlation metrics *  Quantile Mapping x +  Add calculated deltas
(RMSE, IVSS, Taylor Quantile Delta Mapping individually to each

CONUS Diagram) Multiplicative x i\ddltl\e station x regional average
+  SFWMD GARR (Baxter) ) ?ff& (WCRP) — . il
* MNEXRAD Jcoses 1asca Deterministic vs. perform
* SFWMD Regular Gauges o stochastic simulation on
i bl ranges of calculated deltas
Dynamically ensemble verSiDset
: Paramefers L-Mom x MLE of best performing models *  Hourly distribution

» BCSA(UF)
* WRF — Jupiter
* Raw GCMs - 5imClim

approaches (Santa
Barbara, SFWMD, NOAA
Atlas 14)

* Regional Frequency vs. At
site Frequency * Fit IDF Curves to selected
distributions urarlons and frequencies

unce rta | ntles

General Goals / Co

B Represent extreme
rainfall precipitation
+  Sub daily datasets

preferable -
+  Appropriate Broward iirerences
. 2060 Horizon projection . NOAA scaling factors Modefs'-’ Spatially? among changing factors
fov;:ig:f 6 . Min. 20 years of historical (constrained x non- : :
- en ime series ) .
(min 25-30 years) 5|mu_lat|on . constrained) +  Select best performing
+  Spatial Resolution (less Bias Correction Steps methods or combine

Geosyntec”

consultants
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than 30km)

ENGINEERING,

INC.

Delivering

ing £dge Solutions.

applied previously?

them all together?
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Future Rainfall Analysis

Datasets

Raw

. Juplte
ve

e

4 \s 14
uture Y

SESTAYLOR EWCIWEERING.

<M oG

INC.

CUMvtm, O JUPITZ

Delivering Leading £dge Soluions

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATE
Data description
Data type: | Precipitation depih T

Units: [English ¥ | Time series type: [ Annus|

Select location
1) Manually:

" for Sand Wi Latitude: |

Submit

a) By location (decims! degress. use

b) By station (list of FL stations): [ 3A-25+8 (20-0001)

c:Byaddless[ Sean | a, ]

ctive magp is not loading, try sdding the host: https-iijs arcgis.com! to the firewsll, or contact us at hdsc questig

2) Use map (if ESRI intera,

¥ Terrain
[Frospatt
Nassau
o
THE BAHA
100km
mi

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES

WITH 30% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
HOAA Atlas 14, Volume 3, Version 2

R




BRIGVWARD

Bias estimation

Bias in 72-hour DDF precipitation depths in inches for downscaled models versus observations Bias in 72-hour DDF precipitation depths in % for downscaled models versus observations
Under RawGCM Hist (1956-2005). 5-95th percentiles across models shown Under RawGCM Hist (1956-2005). 5-95th percentiles across models shown
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BCCA Ensemble Med\ans Df Spatiall
under RCP8.5 (2 -~ 1
68% and 90%,

-2005) across Broward County.
are also presented as bars.

Aggregated DDF Change Factors

NAM44i Ensemble Medians of
uny r RCP8.5 (2041-2090]

éjﬂm(

patially Aggregated DDF Change Factors
. 1956-2005) across Broward County.
ranges are also presented as bars.

y Aggregated DDF Change Factors

JupiterWRF Ensemble Medians of Spatig
£2005) Cross Broward County.

under RCP8.5 (2041-2090 vs. 199
68% 0vgunagitainty g

63% (16-B4%) mmm median (50%)

ult:

14
- 118 ° | hes
112 12 = | | 112 115 5
107 107 1% LY 113 110 112 112 11 1
|| || 1
10 d
4
3
08
120 121
05 12 — i16 Lis || b ]
T BRIZSHzA  ARIIODHZ4  ARILOHTZ  ARZS 172 ARISOHTZ  ARILODHTZ  ARISOD_HTZ B T S T e T
RIL00_S ARIZS 1T 50172 ARILOO 500_17 o
;. ICTSRCTTY  guTITATE A ARty ARG
NAMZ an Sp ly
'20 Ve 6-21 aw Aggragated DDF Change Factors
Lomeﬁ";\} ” S i EB. e [ggges & und RC 6-2005) across Broward County.
1- B cr C | el % i % .
60 and HOJ}ULH ertumwranues are also prasented as bars 90% {5-95%) 68% (16-84%)  mmm median (50%) % and 90» unceernly rdnges are also presented as bars.
. 2.0 0% (5-959%
a0 90% (5-95%) Ga% (16-84%) WM median {50%) ! 0% (5-95%)
18 18
16
e 16
14
14
L4
12
12
10 12
10
08 10
an
06 08
AR HZA ARION M2 ARDO A2 ANIZS M2 ARISOH/Z  AMILDUH/Z  ARISODHJZ
ARIZS_H24  ARILDO_H24  ARILDHT2  ARIZ5.H7Z  ARISO_HTZ  ARILOO_H72  ARISQD_HT2 00 R e anng ks ARILOH2 ARISO_HTZ  ARILOD_HT
== TAYLOR ENGINEERING, INC.

Geosyntec®

T ————

consultants

Future Conditions 100-Year Flood Elevation Map

Delivering Soluttons

O Ooueiir

Decision making i a climate changed workd



Future Rainfall — Experts Panel

24-hr Precipitation DDF Change [%]
RCP8.5 Future [2041-20%0)
G56-R:(26.328°N, 80.131°W)

W upiterVWRF [$km]
W LOCA Ensemble Mean

e  Workshop on September 17
— Representatives from:

* Broward County
* SFMD

* FIU

e USGS

* Consultant Team

Percent Change Relative ta Atlas-14

* Other interested parties

— Consensus on strategy for moving forward:

GeOS teCD == TAYLOR ENCINEERING.INC. ﬁ
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@atsk  Combining Results for Broward

F L O R 1 D A

* Best available approach
» T ti'_

* Nosignificant difference for the
calculated CF among stations;
small spatial variability:

RDALE INTL AP

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

C,eosynte(;(> S==TAvion eNCIN S i, ﬁ JUPITI:R N )
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IPCC Recommendations

* Evaluating Results from Multiple Models
 Measure of Model Skills (model performance): yet to be identified

. Lm&%r::rﬁrchargﬂ2|\&li tamt“athCC

— Multi-m | calculations out-perform ivigual models
— Multiple £®mm eﬁdaﬁleaSQI & dynamical

downscaled data)

— Weighting or Subsets Approaches: need to determine #tatistical
significance of the difference between models — give [

— Super Ensemble Approach, plus documentation of al§in resulls
— Sample uncertainty space

Geos teCD == TAYLOR ENGINEERING., INC. ﬁ
ym T —— e i o o CLIMsystems JUPITER Future Conditions 100-Year Flood Elevation Map
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BREVVARD Super Ensemble

F L O R 1 D A

e Super-ensemble Approach:
— Different subsets of all the individual model

projections from the different datasets are Statistical
chosen and fittings are calculated from each Dynamic '?;‘It)asslslt)s
of these subsets (prob. analysis) JEEEE

(DDSivij

— This approach more explicitly calculates the

uncertainty in the median change factors, All
and reduce the generalization error of the '(DSSTDSEGI;‘)S
predictions.

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

GeOS teC‘> SE=TAYLOR ENGINEERING, INC. ﬁ -y
ym — i tre e CIMsystems JUPITcR Future Conditions 100-Year Flood Elevation Map
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BR,QWARD

Ensemble Results

FLORIDA

COMPARISON OF ENSEMBLE MEDIANS OF SPATIALLY AGGREGATED
DDF CHANGE FACTORS CROSS BROWARD COUNTY UNDER RCP8.5
(2041-2090 VS. 1956-2005)
mSDSM mDDSM Super

1.19
1.20
1.18
118

1.15

=
=

1]
1] 2] o
= o " |-I
— — =

ARI25_H24 ARI100_H24 ARI10_H72  ARI25_H72  ARIS0_H72 ARI100_H72 ARI500_H72

12
1.12
1.12
12
1.12
1.12
1.12
1.12
113
1.12
1.13

Note: (1) SDSM=Raw + BCCA + LOCA, DDSM=NAM22i + NAM44i + JupiterWRF, Super=SDSM + DDSM; (2)
JupiterWRF only contributed to H24 in DDSM and Super.
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BRICG:VWARD

VARD Ensemble Results

F L O R 1 D A

Ensemble Medians of Spatially Aggregated DDF Change Factors
under RCP8.5 (2041-2090 vs. 1956-2005) across Broward County. 68% uncertainty ranges are also presented.

L [ | b L [ L L

1.6

14

1.2

1.0

0.8

L b et b braa br e b

SDSM DDSM Super SDSM DDSM Super SDSM DDSM Super SDSM DDSM Super SDSM DDSM Super SDSM DDSM Super SDSM DDSM Super
ARI25_H24 ARNOO_H24 ARINQ_H72 ARI25_H72 ARIZ0_H72 ARI0Q_H72 ARIS00_H72
16% 84%
ian
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BRIGVARD Super-ensemble Results for Design Storms

UNTY

(Longer Durations - 3 days)

Super Ensemble Medians of Spatially Aggregated DDF Change Factors
under RCP8.5 (2041-2090 vs. 1956-2005) across Broward County.

Single model domain— - 68% and 90% uncertainty ranges are also presented as bars.

Wlde Scaling values for B 90% (5-95%) MWW 68% (16-84%) EEE median (50%)
. 2.0
design storm events

1.8 A
* 10vyear/3 day 9% increase*
e 25vyear/3day = 12% increase* 101
* 50vyear/3day = 12% increase* Lal
* 100 year/3 day = 13% increase*
* 500vyear/3 day = 18% increase* 1.2 1

1.0 4
*To be applied over NOAA Atlas 14 0
precipitation frequency estimates

0.6

ARI25 H24 ARIlOO H24 ARIlO H72 ARI25_| RI50 H72 ARI100 RI500 H72

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

GeosynteCD ETAYLOR ENCINEERING. 1NIG: OJUPITER

consultants Dbty Liodly g Solains CLINIs stem
45
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COUNTY

F L O R 1 D A

Single model domain-
wide scaling values for
design storm events

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

*To be applied over NOAA Atlas 14
precipitation frequency estimates

Super-ensemble Results for Design Storms
(Shorter Durations — 24 hours)

DI:;SM Ensemble Medians of Spatially Aggregated DDF Change Factors
under RCP8.5 (2041-2090 vs, 1956-2005) across Broward County.

68% and 90% uncertainty ranges are also presented as bars.

2.0
18
1.6
1.4
1.21
1.0
0.8

0.6

BN 00% (5-95%) BN 68% (16-84%) EEE median (50%) '

ARIZS_H24

ARI100_H24 ARITOD_H72 ARI25_H72 ARISO_HT72 ARILOD_H72  ARISO0_H72

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

GeosynteCD SESTAYLOR ENCGINEERING

T ————

consultants

y NG, -y
e i o o CL|M!y5tem5 , o JUPITER Future Conditions 100-Year Flood Elevation Map



Questions?

John Loper, PE
jloper@taylorengineering.com
813-336-5169
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King Tide Flooding in Hollywood, FL
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