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HIGH TIDES IN SOUTH FLORIDA
- SIGNALS OF POTENTIAL FUTURE SLR IMPACTS -




SOUTHEAST FLORIDA REGIONAL CLIMATE CHANGE COMPACT

Sept — Nov 2010
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Broward County (Before/ After — Oct 2010)

Photo Credit: Paul Krashefski (Broward County)




Miami-Dade County
(Oct 2010)
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Florida Keys
(Monroe Co)

9/16, 17/ 2009

Photo Credit: The Nature Conservan




“COMPACT” BACKGROUND




Background

2009

@, - 15t Regional Climate
g - Leadership Summit

= 4 counties endorsed
landmark agreement

Py Py ‘Compact’
b ety
* Framework for
Ongoing Collaboration i
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Background

2010

= Several working groups were formed to develop,
among others:

= Agreed-upon projections

= Consistent SLR vulnerability mapping/analysis methods

= Met with the White House’s Interagency Climate
Change Adaptation Task Force

= 2"d |_eadership Summit

= Sustainability Leadership Award for
Process Innovation for a Large Community
from ICLEI — Local Governments for
Sustainability




Background

Pb o "One thing we know for sure is we're not
<~ going to be able to move forward doing
this alone. That's the reason the four
counties in South Florida have come
together [and] agreed to work on

> ‘i modeling in the same way, with the same
' timelines.”

i el
ian g — Honorable Kristin Jacobs, Broward
= g County Commissioner and Chair, Climate
"My Change Task Force at the Miami public
s outreach meeting
et

= BTW...

| Broward County Commaissioner Kristin Jacobs was recently appointed to
% Iy the National Ocean Council’s Governance Coordinating Committee



Unified SLR Projections

for SE FL Compact Planning Purposes Only
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DEVELOPMENT OF SLR
VULNERABILITY SURFACES




“Bathtub” scenario maps

= Commonly used to estimate areas that may be
vulnerable by future sea level rise

= Main inputs:
 Digital elevation model (DEM) for land topography
- Tidal water surface

= Present physical conditions are held constant

MHHW Level

Credit: NOAA Coastal Services Center
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FDEM LiDAR

ldentify “Best”
Available Topo

April 2010
NOAA Workshop
Agreements included:

* Florida Division of Emergency Mngt (FDEM)
2007-08 LIDAR elevation data

(primary source in urban coastal region)

USGS High Accuracy Elevation Dataset (HAED)

(Everglades region, using helicopter/GPS, collected over several yrs)

*To use regionally consistent digital elevation models
(DEMS)
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FDEM DEMs (Elevations in NAVD88 in feet)
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Land Elevation in South Florida
(100-ft Digital Elevation Model)

Based on 2007-08 FDEM LiDAR Data
(Project Vertical Accuracy @ 95% confidence level:
Open terrain: +/- 0.6 ft; other land covers: +/- 1.19 ft)

Legend Elevation in feet
_ (Datum: NAVDS88)
Canals, Rivers, Creeks - <=1

—— SFWMD Boundary - >1-0
_______ County Borders |:| 0-1

o2

DEM Sources (as of 521/2010)
- 100-ft DEM around Lake Okeechobee/Herbert Hoover Dike was produced by USACE.
- The other 100-ft DEMs were produced by SFVAWMD

IMPORTANT DISCLAMER:
This ma & & conceplual or planning tool only. The Soulh Florida Water Management Dislrict does not guarantse f make any
tion regarding the i harain. It is nol sell- ling of binding, and does vol aflect the nlareslso! any

persons of properties, including ary present or future right or usa of real property.
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The Ocean is Not a Flat Surface
(especially in bays/estuaries)

Complicated to

translate MHHW to
NAVD88 equivalent
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FLsouthO1:

Florida - South Florida, Naples
to Fort Lauderdale FL, and
Florida Bay

[

VDATUM
Regional
Transformation
Grids

NOAA release date: 04/09/2010
Version 1

FLGAeastO1:
Florida/Georgia - Fort
Lauderdale FL to
Sapelo Island GA

Included in NOAA'’s final
(version 1) MHHW Tidal Grid




Extrapolating the Tidal Grids Inland

sl

*The Underlying Issue:
tidal datums have no physical meaning inland,
until that inland location becomes inundated

-

= Complex Co-Dependant Dynamics:.
Tidal datums can vary for many reasons and the processes are inter-
related (e.g. bathymetry, tidal flats, barrier islands, engineering structures,
etc...) In some scenarios, the local tide patterns used to construct VDatum
may no longer be completely applicable...

=Assumptions must be made in order to be able to estimate potential
inundation from SLR, while also acknowledging the uncertainty that can arise
due to the associated factors.

Based on : "Technical Considerations for Use of Geospatial Data in Sea Level Change Mapping and Assessment”
NOAA NOS Technical Report, September 2010



NOAA'’s guidance and assistance

Current physical conditions are held constant

Assume current VDatum grids are valid w/ SLR

To lessen unrealistic interpolation bias, did not include
¥ Lake Okeechobee and its largest connecting
- waterways

MHHW Tidal Surface Grid
(NAVDSS in ft)
1500 ft cell size

Version 1
Developed by
NOAA Coastal Services Center

VDATUM grids used




- NOAA'’s CSC Uncertainty Analysis Methodology

(Using Z-Scores and Cumulative Probability)

= Assume errors are normally distributed with no bias

= “Standardize” variables (input grids) to get Z-scores

« each input cell is re-scaled SO th_at it has - ceore _ ODSeVation ~Mean e
w a mean=0 and a standard deviation=1 ~ Standard Deviation .,

« Z-score = how many standard deviations from mean
b

; \ L * assume the standard deviation is equivalent the root mean square of
i the vertical errors (RMSE)

Inundation , ier surace) —El€Vation, .,
RMSE(eIevatinn data)

Z- _
Z scores can be used to get SCOr€ )

£~7 cumulative probability
Gs@  (probability that a variable is
8l <=to agiven value)

RMSE vation cotsy = RMSE, + Water Surface?

LiDAR (Topo) MHHW
DEM Tidal Surface Grid

Fi ‘ — 0.30% +0.35% = 046 ft




NOAA CSC’s Example

Z-Score, y = Inundationater surface) = El€Vation, ) / RMSE gievation Data)

Inundation =70 cm

Elevation
& / ______ -
N -
7 < n "”.’
What’s TN - |
_____ S~ Inundation

{ the probability
i of inundation?

-
-
-_——

1 Level = 70cm

-3s -2s -1s

Elevation
@ 90cm
g o isam
~  ZScore (70-45)25=1.0  (70-70)/25=0  (70-90)/25 = -0.80
s Cumulative
Probability 84% 50% 21%

Figure Credit: NOAA Coastal Services Center



= Compact agreed to estimate vulnerability as follow:

25% to 74.9% (Possible) Z >=-0.67 and <+0.67
- 75% or greater (More Likely) Z >=+0.67

Graph: Probability Density vs. z-Score

0.36 25%

75% . standard normal
l left area
® left score

B right area
@ right score

Possible

http://zscorecalculator.com/index.php

= Using ranges to estimate vulnerabilities

slow estimate = # or % of affected resources at 75% or greater probability
*high estimate = # or % of affected resources at 25% or greater probability
(possible + more likely)

= Used ArcGIS Raster Calculator to generate Z-score/probability surfaces


http://zscorecalculator.com/index.php
http://zscorecalculator.com/index.php

Using Probability Layers Areas <= MHHW + 1 ft
(Inland Monroe/ Miami-Dade, Florida Keys not shown) (using probability)

Eve rgfédes
National Pk

# =0t DEM Tnundation Analysis

T\




i, Using Extent Layers

’ (Inland Monroe/ Miami-Dade, Florida Keys not shown)

Everglades
National Pk

DEMS0-Extent SLR 4
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[}
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= M DEMSO_3ftsLR_Extent s : 3 il

o R e ' ' i 10-ft DEM fop)



VEALESTUTE CoN o
L il e
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VULNERABILITY ANALYSIS




Analysis Scope

* Regional Compact Technical Committee was
tasked with analyzing impacts of 1-, 2-, and 3-foot
sea level rise using SFWMD’s inundation grids
(50-ft cell size)

= Existing water features removed from inundation
grids so as not to be counted in totals

= This analysis is merely an intersection of data
layers with inundation grids. Subject matter
experts needed for proper evaluation



» Spatial Analysis

y i - Taxable value of property

- - Miles of road by FDOT category
e « Habitats/ Land Use/ Land Cover
E - Future Land Use

Mwsy - Physical Features

- Ports and Airports
- Railroads
AT - Wastewater Treatment Plants
8 - Landfills
=T » Hospitals
™~  Emergency Shelters
%4y - Evacuation Routes
g » Schools



Resources Excluded from GIS Analysis

@,. - Power Plants
5 T - None in Broward County
© = Water Treatment Plants

7 g » Possible homeland security issues
? a0 - Beaches - assumed all affected

3¢ = Marinas - assumed all will be affected in some way
7 £ = Endangered Species - limited regional data sources

=mie¥ " Future Population Projections - regional source available at
et county-level only

-~ = = Drainage Infrastructure, Wellfield Protection Areas,
;.: Canal/ Salinity Control Structures
A%:E — Hydrologists should play a major role in analysis
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Taxable Value of Property

- Aggregated Parcel Methodology

e
pGrid
(150-ft grid)
& Solibs
r.;-:;{ Countywide
o g
= ; One Foot Two Foot Three Foot

$403,069,831 - $828,221,856 $1,751,104,870 - $3,779,685,458 | $6,900,509,868 - $12,109,037,156

- \ Low end of range = areas more likely to be inundated or vulnerable due to SLR
"=  High end of range = areas with at least a possible chance to be inundated or vulnerable
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Miles of Road by FDOT Category

= Results (in miles) at 1-ft SLR

Functional Class (One foot SLR)

Total Percentage of
Vulnerable Area

Total Miles of Potential
Vulnerable Roadways

1 — high volume, maximum speed 0.73 127.70
2 — high speed, channels traffic to FC1 0.00 251.28
3 - high speed, lower mobility, connects to FC2 0.28 464.39
® |4 — moderate speed, through neighborhoods 0.72 820.83
5 —low volume, i.e. access roads, parking lanes 7.74 5,414.99
Total 9.47 7,080.19




Ports and Airports

* Inundation occurs primarily in greenway space between
buildings, runways, and taxiways at FLL

" Fort Lauderdale Executive, North Perry, and Pompano
Municipal Airports not affected by inundation

- Facility Name More Possible Total Area of | % of Potential
§ ¥ Likely Vulnerability | Vulnerability
Q Fort Lauderdale-Hollywood Int'l Airport 13 32 45 3

O | port Everglades 44 19 63 4

- - More . Total Area of | % of Potential
§ L LT Likely e Vulnerability | Vulnerability
g Fort Lauderdale-Hollywood Int'l Airport 85 56 140 11

F | Port Everglades 82 28 110 8

o More Total Area of | % of Potential
o .pe .

2 Facility Name Likely Rl Vulnerability | Vulnerability
g Fort Lauderdale-Hollywood Int'l Airport 204 111 316 24

= | Port Everglades 148 51 199 14
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Landfills

= Selected landfill parcels

= Inundation mostly in retention/natural areas
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Evacuation Routes

Barrier islands vulnerable due
to bridges being inaccessible
from local roadway flooding

o 2-foot SLR shown, bridges
circled in green

D Possible
. More Likely
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ON-GOING EFFORTS




On-Going Efforts

= decorrugation (reduce ‘LiDAR” banding artifacts)
*Improve tidal surfaces

*Incorporate latest NOAA guidance

= extent to all District coastal regions

= cooperative efforts NOAA’s SLR web viewer

= identify/incorporate other best available
(composite topo) — not easy...



eiﬁ:;;’fm:- decorrugat|on) Areas <= MHHW + SLR Scenario

i S

Everglades
National Pk

DEMSD-Extent SLR L
0_OFSLR_Extent EIGRSEISS |

= B DEMSO_tFESLR_Extent [N =2 o, R My . e - e . Ly

m=p Tene OBt SR PR R, b s A 3
5 ¥ DEMs0_zftsir_Extent [NRERR U T R4S o - SRS Y ««  Calculated usipg0-ft DEMs
! b ] g o i R X Qo “Y(shown here gbgVe a

= E'-Ef'-'l!iIII_EiftSLF!._E::-::tent LR : - : e ' DEM = drop)




= W DEMSO0_LFtSLR_Extert
[

= W DEMS0_ZFtSLR_Extert
| =t

' [E W DEMSO0_3ftSLR_Extent
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National Pk




NOAA MHHW Tidal Surface
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Example
Problem Area

_decorrug-Extent SLR.
MMS0_OFESLR._Extent_NZ
i
£ W MMS0_1ftSLR_Extent NE
[
B W MMS0_2ftsSLR_Extent NE
[ !
= W MMS0_3ftSLR_Extent NZ
[}

e Sharp changes in
VDATUM grids
* small extrapolation area




'~ NOAA Tidal WL Network Needs

NOAA’s Technical Memorandum NOS CO-OFPS 0048, 4
L B0

‘A Network Gaps Analysis For The National
Water Level Observation Network (NWLON)" ll
1983 f2aet
& & M 2] Mote: numbars placed near recommendsd ‘u.
® 49 =m éwm wauld be accurately numbered 872____
-fﬁ:z!f:;lﬂ'a ll_lasm
i ‘m ,‘4.515 #“:
i 'rm ."_”:m
'.JIH i
g SR m s
Tr
- NOAA Identified Gaps o oD
b
) L o - asra
NOAA’s VDatum Assessment Gulr of S B o
Stations NOAA recommended for """ Fiodkda Bay 4
geodetic datums, new installation, or ey
historic reoccupation L
e
Compact Follow-up Question: -‘ P
Does NOAA have plans to X =
iImplement recommendations? = ol
e e e i




THANK YOU...
ANY QUESTIONS?

Photo Credit: Paul Krashefski (Broward County)
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