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Water Levels: Galveston Pier 21
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Water Levels: Galveston Pier 21

Short Term Measurements: Past 10days
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Relative Sea Level Rise around the Gulf of Mexico and
its Impact: from Nuisance Flooding to Large Surges

* Importance of Measurements
e Local Planning
e Tidal Datums & Inundation Frequencies
e Communicating Datums
 Importance of Spatial Variability
e Sea Level Rise is Relative
e Storm Surges: Large & Nuisance Flooding
e Changes in Inundation Frequencies

e Requires Consistent Local Measurements

What information do you need on sea levels?
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http://en.wikipedia.org/wiki/Current_sea_level_rise
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Relative Sea Level Rise in the NW Gulf of Mexico
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RSLR Impact: Changes in Inundation Frequencies?
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RSLR Impact: Changes in Inundation Frequencies?
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As the century progresses coastal communities will have to deal with increasingly
frequent small to medium inundations resulting in growing insurance claims.
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 Goal: quantify, compare and estimate future changes
in inundation frequencies & spatial variability

Gulf of Mexico, Conservative scenario

= Pier 21
== Pensacola
m— Grande ||
St Peter
Koy West ||
w——Pleasure
Isabel
Rockport

e Results: Importance of Local

— Relative Sea Level Rise

— Surge Range

Ratios of Exceedence Probabilities

— Coastal Geology

— Hurricane Climatology

75 2
Water Level [m]

Publications:
Warner, N., and Tissot, P.E. (2012) Storm Flooding Sensitivity to Sea Level Rise for Galveston Bay, Texas", Ocean
Engineering, 44, 23-32. doi: 10.1016/j.0oceaneng.2012.01.011.

Warner, N., Sterba-Boatwright, B., Tissot, P.E. and Jeffress, G. (2012) Estimated Increase in Inundation Probability with
Confidence Intervals for Galveston, Texas. Proc. Estuarine and Coastal Modeling 2011, 528-541. doi:

10.1061/9780784412411.00031.
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Yearly Maximum Water Level [m]

Galveston Pier 21, TX, 19042008
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Galveston Pier 21, TX, 1904-2008

Surge Modeling for Galveston Pier 21
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Fit extreme value
distributions, GEV, Log
Logistic, Burr, Dagum...
and compare performance
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Annual
Exceedance Ratio =
Probabilities

Galveston Pier 21, Tx, Trend 6.39 mm/year

Exceedance Probability in 2100

Exceedance Probability in 2008
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 6.39 mml/yr: six fold increase for 1 m & two fold for 2.8 m (lke)

 RCP4.5/A1lFl based Scenario: 6 fold increase for 1 m, twenty
fold for 1.6 m & four fold 2.8 m (lke)
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Spatial Variability of
Relative Sea Level Rise

Distance
Station Years of Sea Level from
State Data Trend
Name Shelf

Available  [mm/yr] (km]

Rokport

Galeveston
Pier 21

—Grande Isle, 9.24 mmiyr
—Rockport, 5.16 mmiyr
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Port Isabel, Tx, 1944-2011 Galveston Pleasure Pier, Tx, 1958-2010 St Petersburg, Fl, 1947-2011 Key West, FI, 1913-2011
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Surge Distributions
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Substantial differences in surge ranges/distributions depending on
locations, in large part related to the extent of the continental shelf
offshore of the study stations
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Accelerating Sea Level Rise Scenario: A1FI, RCP 4.5, RCP 6.0

Global mean sea level rise
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Comparison of Spatial variability of relative sea level rise impact on
increased in inundation frequency

Gulf of Mexico, Conservative scenario Gulf of Mexico, A1FI scenario
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Use relationship between significant wave height (H, )

NN

and water level standard deviation (0) *: H,,, = ao

25 _
Data: 09/01/2014-08/31/2015 800 : : : .
(after removal of data affected by environmental impact) U n b I a S e d
2| Stdev =0.14m

oo 600 |

3 y = 6.406*x +0.1186 o

E 15 |

o © >

T S 400

o g T

g 1t o

s 0

= L
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Q2 05 200 |

= 0. ;

o & o .

& @@) —Linear Model

0] - | | | | | | | 0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
Water Level Standard Deviation [m] Model - Measurements [m]

*See: Park, Heitsenrether & Sweet (2014) Water Level and Wave Height Estimates at NOAA Tide Stations
from Acoustic and Microwave Sensors, J. Atm. Oc. Tech 31, 2294-2308. Also Park & Gill (1995), Shih &
Rodgers (1981).
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e Historical reconstruction of significant wave height:
swh = 6.406 (stdev of water levels) + 0.1186

e Applied to hourly data from Bob Hall Pier 9/1/2003-8/31/2015

I I I I I
Emily Reconstructed Wave Height History
R Rita i
E Iva ” ﬁ
£ o ke
o4 3 B
10 X %
= 1
g 1 -
8 L ©
©
.“é
> 6L 2 0 I | ! ! |
8 o 9/1/03 9/1/05 9/1/07 9/1/09 9/1/11 9/1/13 9/1/15
2
o
T
| | |

0 0.5 1 15 2 25 3 3.5

Significant Wave Height [m]

Tissot, P., and Larry Dell (2016) Coastal Currents and Waves along the Texas Coastal Bend: Measurements and Model
Comparisons, Proc. AMS 96th Annual Meeting, 10-14 January 2016.



Tidal Datums & Still Water Level Flooding Frequenmes
Bob Hall Pier, Texas - ==

In Texas tidal predictions Tidal Datums
do not meet NOAA @_
standards (e.g. CF(15cm))

Run up

0.66 HAT
0.36 MHHW

Still water level




Tidal Datums & Estimated Total Water Level Flooding
Frequencies, Bob Hall Pier, Texas

Tidal Datums
with Flooding Frequencies

0.66 HAT (51 % Flooding Frequency)
0.36 MHHW  (79% Flooding Frequency)
MS 1% F. ing Frequency)

Statistics based on NOAA Datums and data collected 09/01/2003-08/31/2015



Tidal Datums & Estimated Total Water Level Flooding
Frequencies, Bob Hall Pier, Texas

Estimated 5%: 1.65
Flooding 10%: 1.40

Frequencies

(incl. wave runup)

30%: 0.94
50%: 0.67

Tidal Datums
with Flooding Frequencies

0.66 HAT (51 % Flooding Frequency)
0.36 MHHW  (79% Flooding Frequency)
MS 1% F. ing Frequency)

Statistics based on NOAA Datums and data collected 09/01/2003-08/31/2015



Visualization of Tidal Datums & “Inundation Frequencies”
Bob Hall Pier, Texas

5% Inundation Frequency (0.79m)
10% Inundation Frequency (0.54m)

|

HAT (0.66m)
MHHW (0.36m)

Measurements & statistics approximate, for conceptual use, not survey grade
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Copano Bay: 4.6mm/yr Rockport: 7.2mm/yr

Sea Level Rise at TCOON Copano Station 1993-2015 Sea Level Rise at TCOON Rockport Station 1993-2015
3 1 | i
i
Port Aransas: 3.6mm/yr Ingleside: 6.0mm/yr

Sea Level Rise at TCOON Port Aransas Station 1993-2015 Sea Level Rise at TCOON Ingleside Station 1993-2015

g
£¢.
Ee
£
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Packery Channel: 5.1mm/yr Bird Island: 2.8mm/yr

Sea Level Rise at TCOON Packery Station 1993-2015 Sea Level Rise at TCOON S. Bird Island Station 1993-2015
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Relative Sea Level Rise around the Gulf of Mexico and
its Impact: from Nuisance Flooding to Large Surges

* Importance of Spatial Variability
e Sea Level Rise is Relative
e Consistent Local Measurements
e Storm Surges: Large & Nuisance Flooding
* [ncreases in Inundation Frequencies
e Planning Implications:
e Tidal Datums & Inundation Frequencies
e Communicating Datums

) What Information do you need on Sea Levels?
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Questions/Discussion
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Global Mean Sea Level Budget

Table 13.1 | Global mean sea level budget (mm yr-') over different time intervals from observations and from model-based contributions. Uncertainties are 5 to 95%. The Atmo-
sphere—Ocean General Circulation Model (AOGCM) historical integrations end in 2005; projections for RCP4.5 are used for 2006—2010. The modelled thermal expansion and
glacier contributions are computed from the CMIP5 results, using the model of Marzeion et al. (2012a) for glaciers. The land water contribution is due to anthropogenic intervention

only, not including dimate-related fluctuations.

Source

1901-1990

1971-2010

1993-2010

Observed contributions to global mean sea level (GMSL) rise

Thermal expansion

Glaciers except in Greenland and Antarctica®
Glaciers in Greenland®*

Greenland ice sheet

Antarctic ice sheet

Land water storage

0.54 [0.47 to 0.61]
0.15 [0.10 to 0.19]

=0.11 [<0.16 to =0.06]

0.8 [0.510 1.1]
0.62 [0.25 10 0.99]
0.06 [0.03 to 0.09]

0.12 [0.03 t0 0.22]

1.1 [0.8 to 1.4]
0.76 [0.39 to 1.13]
0.10 [0.07 to 0.13]*
0.33 [0.25 to 0.41]
0.27 [0.16 to 0.38]
0.38 [0.26 to 0.49]

Total of contributions

Observed GMSL rise

1.5[1.3 t0 1.7]

2.0 [1.7 to 2.3]

28[2.31t03.4]
3.2 [2.8 to 3.6]

Modelled contributions to GMSL rise

Thermal expansion
Glaciers except in Greenland and Antarctica

Glaciers in Greenland

0.37 [0.06 to 0.67]
0.63 [0.37 to 0.89]
0.07 [-0.02 to 0.16]

0.96 [0.51 to 1.41]
0.62 [0.41 to 0.84]
0.10 [0.05 to0 0.15]

1.49 [0.97 to 2.02]
0.78 [0.43 to 1.13]
0.14 [0.06 to 0.23]

Total including land water storage

Residual*

1.0 [0.5 to 1.4]
0.5 [0.1 to 1.0]

1.8 [1.3 to 2.3]
0.2 [-0.4 to 0.8]

2.8 [2.11t0 3.5]
0.4 [-0.4 to 1.2]

IPCC AR 5 Report: 13 Sea Level Change “cChurch, J.A., P.U. Clark, A. Cazenave, J.M. Gregory, S. Jevrejeva, A. Levermann,
M.A. Merrifield, G.A. Milne, R.S. Nerem, P.D. Nunn, A.J. Payne, W.T. Pfeffer, D. Stammer and A.S. Unnikrishnan, 2013: Sea Level Change.
In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth Assessment Report of the
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Measurements
October 13, 2014

Bob Hall Pier Conditions as of 04:00PM

Longshore current

0.46 ft/s North

2 # Cross-shore current
0.14 ft/s West

8 Significant wave height

3391t
o Typical wave period
1 7.2 sec
i Period: & vater level
7.2 sec 0311
Height:| 3.39 ft - -
1t sy
el \\ater Temperature
828°F
Air Temperature
Click chart to foggle between up-to-the-minute data and the last six hours. 86.4°F
Nind Speed
19.0 mph

Wind Direction
3086 ° from North

o App/website for general users (Near
Shore Conditions App)
http://cbi-apps.tamucc.edu/bhpwave/
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