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Appendix 1: ADCIRC+SWAN Model Updates and Validation

Introduction

As part of the 2017 Coastal Master Plan improvement pro cess, the CPRA 2012 (Cobell et al.
2013) ADvanced CIRCulation (ADCIRC) and Simulating Waves Nearshore (SWAN) models,
referred to as the ADCIRC+SWAN model , were upda ted to improve the representation of  storm
surge across Louisiana while maintaining  the mission of providing a high -speed , physics-based
modeling approach . The model geometry was updated in three critical ways: geometry
enhancements to account for features that were underrepresented, additional model resolution

in areas that enhance model skill, and inclusion of protected areas . With these enhancements in
place, the model is now referred to as the CPRA 2017 ADCIRC+SWAN model.

After applying the aforementioned updates, the model was validated using Hurricane lke  (lke;
2008) and Hurricane Gustav (G ustav; 2008) observations like the CPRA 2012 ADCIRC+SWAN
model . Additionally, the CPRA 2017 model was compared to observations collected during
Hurricane Katrina (Katrina; 2005) and Hurricane Rita (Rita; 2005). For the purposes of validation,
the g eometry of the CPRA 2017 model was altered to remove major  features that have been
constucted since the storms occurred, such as the Seabrook Gate, the Inner Harbor Navigation
Canal Lake Borgne Surge Barrier, and the Gulf Intracoastal Waterway = West Closure Complex .

Model Geometry Updates

Model geometry was updated to enhance the representati
The geometry was specifically updated in the following ways:

1. Texas and the Louisiana -Texas Shelf 8 Additional model resolution  on the conti nental
shelf improves SWAN model performance , specifically in transform ing waves from deep
water to the more shallow coastal areas . Additionally, increased model resolution in
Coastal Texas improves model performance in southwestern Louisiana. Figure 1 shows
the change in model resolution between CPRA 2012 and CPRA 2017.

2. Coastal Mississippi and Alabama 6 The model boundary was extended inland to mimic
the extent used in the  Federal Emergency Management Agency ( FEMA) models
developed for the Flood Insurance Rate Map (FIRM) development in this area (U.S. Army
Corps of Engineers [ USACH, 2008b). This allows surge to propagate inland naturally
enhancing model performance for storms and scenarios that result in high flood levels in
these areas . Figure 2 shows th e model with and without the extended model boundary.

3. Protected Areas 0 Areas that were previously excluded from the model in order to
reduce computational costs have been introduced to provide both additional
numerical accuracy and better visual understan ding of model outputs . With the
protected areas included, a more accurate head differential across the protection
system can be computed in ADCIRC  , thereby enhancing the exterior calculation while
providing results on the interior as well . (Note: The Coast al Louisiana Risk Assessment
[CLARA] model does not directly use ADCIRC model results in protected areas .) Figure 3
shows the model with and without the protected areas included.

4. West Shore of Lake Pontchartrain & Under high sea level rise conditions, the CPRA 2012
model boundary was near the edge of surge inundation limits. To prevent possible
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boundary effects, the boundary was extended further to the west , and the Mississippi
River was extended north to Baton Rouge. Figures 1 and 3 show this model extensi on.

5. Feedback 0 Relatively minor changes were made to select a reas that were specifically
recommended for updates by individuals familiar with the CPRA 2012 model or as part of
CPRA studies since the 2012 Coastal Master Plan . Update swere based upon availab le
survey and satellite images. The most noteworthy update is  near Des Allemandes , which
was upgraded as part of a separate CPRA study in the Upper Barataria Basin

Upon completion of these updates, the CPRA 2017 model contained 1.39 million vertices. This  is
a significant reduction from the current high -resolution model in Louisiana, SL18, which contains
6.9 million vertices. In the following sections , validation results for the CPRA 2017 model are
analyzed and com pared to the SL16 model, the predecessort o SL18 The SL16model contains
5.0 million vertices , and its validation has been published in multiple journal articles (Dietrich et
al., 2011; Dietrich et al. , 2012).

Figure 1: A) CPRA 2012 Model Resolution and B) CPRA 2017 Model Resolution. Warmer colors
indicate greater model resolution.

Page | 2



2017 Coastal Master Plan: Storm Surge

31"

-88°

Figure 2: Model D omain in Mississippi and Alabama for t
Models. Warmer colors indicate greater elevation S.

he A) CPRA 2012 and B) CPRA2017

A

30°

-94° -93° -92° 91"

—NwW

Lo —=nood

-94° -93° -92° -91°

Figure 3: Protected Areas in the A) CPRA 2012 and B) CPRA 2017 Models. Warmer colors indicate

greater elevations.

Black boxes identify areas of model improvement for CPRA

—Nw

-2

2017.

Page | 3



2017 Coastal Master Plan: Storm Surge

Model Validatio n

The 2017 CPRA model va lidation was conducted using the same two storms as were used for the
2012 Coastal Master Plan , Gustav and lke, as well as two additional storms, Katrina and Rita.
Oceanweather, Inc. , produced data -assimilated wind , and pressure fields were applied . These
Katrina and Rita wind and pressure fields were created during the 2007 FEMA Flood Insurance

Study (FIS) in Louisiana, and the Gustav and lke wind and pressure fields were created during the
2011 FEMA FIS in TexasThe studies were conducted to develop coas tal FIRMs in both states
(USACE, 2008a; USACE 2008b; USACE 2008c; USACE, 2011).

Tidal forcing for the model was provided by the Oregon State University Tidal Database
(TPXO7.2). The constituents Q1, O1, P1, K1, N2, M2, S2, and K2 were used  to force the model
open boundary as well as tidal potential forcing throughout the model.

River discharges were applied for both the Mississippi and Atchafalaya Rivers. Currently, the
ADCIRC model only allows a single flow rate to be applied for the entire simulation a nd,
therefore, an averaged flow rate was applied from measured discharges during the individual
events . The Mississippi Riverdischarge was appl ied at Baton Rouge , Louisiana with measurement
from United States Geological Survey (USGS) Sation 07374000 . The Atchafalaya River flowrate
was applied near Splice Island with the discharge measurement at Simmesport, L ouisiana from
USGSSation 07381490.

The model tidal and river forcings were allowed to reach a dynamic equilibrium for a minimum

of 18 days before wi nd and pressure forcing was applied , during which time the SWAN wave
model was not active. Once the wind and pressure information was applied to the model,

ADCIRC and SWAN computed hydrodynamic and wave calculations , respectively, passing
information betwe en the models every 10 minutes. The wind velocity vectors were applied to
the water surface in both the ADCIRC and SWAN model using the wind drag formulation

described in Appendix 4.

Note that the 2005 and 2008 model versionsr  em oved various newly construc ted protection
features to reflect the conditions  under which these storms occurred

The model was validated with data from the following sources:

1 National Oceanographc and Atmospheric Administ ration (NOAA) water level
measurement time series ;

1 USACEwater level measurement time series ;
1 Coastal Studies Institute (CSI) wave information and water level in formation ;

1 Andrew Kennedy (Kennedy etal., 2011) deployed gage s in the path of both Gustav and
Ike in 2008. These gage s measure both wave informat ion and wate r level information;

1 USGSwater level measurement time series

1 Coastwide Reference Monitoring System (CRMS)  water level measurement time series
and

1 High water mark measurements collected post -storm by FEMA, USACE, and their
contractors .
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Unless otherwise n oted, the data used in this  study are the
same as used in Dietrich etal. , 2012.

Hurricane Katrina (2005)

Katrina entered the Gulf of Mexico (Gulf) and quickly became a Category 5 storm while
approaching Louisiana. Shortly after weakening to a Category 3 s torm, Katrina turned north
across the Mississippi River Delta , making landfall and building surge against the Mississippi River
levees and the Greater New Orleans hurricane protection system. The storm continued north

before making another landfall in Miss  issippi and eventually degrading while moving north across
the southern United States.

The CPRA 2017 model simulation of Katrina began on August 7, 2005 , and concluded on

August 31, 2005. River discharges of 4,842 cubic meters per second (m3/s) and 2,067 m3/s were
applied for the Mississippi and Atchafalaya River  model boundaries , respectively. Other
freshwater inputs such as the Pearl River are not included in the model setup due to model
resolution limitations. The lack of freshwater inputs may impact wat er surface elevation
calculations locally. However, the Mississippi and Atchafalaya Rivers are included to ensure that
regional impacts from the large river basins are included in the analyses.

Katrina provides an excellent test for the updated model, part icularly because of the observed
storm surge elevations in Missisippi and Alabama, which can be used to validate the recently
added portions of the model domain. Many of the measured high water marks are concentrated

in this region.

Figure 4 shows the max imum computed surge from the ADCIRC+SWAN model ,and Figure 5 shows
the maximum computed significant wave height. Figure 6 show gage locations used for the
validation of all four storms. Table 1 reflects the station names as they  relate to the numbers shown

in these figures. Figures 7 through 9 show the comparison to National Data Buoy Center (N DBC)
wave gage s.Figures 10 and 1 1 show the water level comparisons to gage data. Comparisons to
high water mark information are shown in Figures 12 and 1 3. For this storm, high water mark data
were available in Mississippi as well as Louisiana. Figures 12 and 1 3 include high water marks west of
High 110 near Biloxi, Mississippi. The ADCIRC model resolution east of Biloxi Bay is more coarse than
areas west of the bay i n order to minimize computational costs. Previous studies, including analyses
of a barrier from New Orleans to the Pearl River Basin, have shown that projects in Louisiana have
very limited, if any, impacts on storm surge levels east of Biloxi Bay ( Ben C. Gerwick, Inc., 2012).
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Gage Locations
Used for CPRA2017 Model Validation
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Figure 6: Gage L ocations used for CPRA 2017 Model Validati on.
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Table 1: CPRA 2017 Validation Gages

2017 Coastal Master Plan:

Station Number Longitude Latitude Name
1 -90.117000 30.025000 17th Street Canal (USACE)
2 -89.791547 30.100333 CRMS 0002-H01
3 -90.325165 30.303964 CRMS 0030-H01
4 -90.543070 30.093135 CRMS 0059 W01
5 -89.765495 29.397287 CRMS 0174-H01
6 -89.796239 29.408751 CRMS 0176-H01
7 -89.692874 29.419984 CRMS 0272-H01
8 -90.355854 29.311394 CRMS 0337-H01
9 -92.728166 29.665219 CRMS 0581-H01
10 -92.665070 29.606958 CRMS 0599-H01
11 -92.604395 29.693726 CRMS 0626-W01
12 -89.937500 29.847779 CRMS BS0830
13 -90.100000 29.466667 CRMS DCPBAO07
14 -89.614445 29.592222 CRMS DCPBS03
15 -92.061333 29.441167 CSI 03
16 -90.533333 29.053333 CSI 05
17 -90.483333 28.866667 CSI 06
18 -90.832000 28.833167 CSlI 15
19 -89.963300 29.267100 Grand Isle (NOAA)
20 -90.026397 29.966639 IHNC Lock (USACE)
21 -90.865100 29.001033 Kennedy 1
22 -89.759817 29.306183 Kennedy 11
23 -88.844850 29.590567 Kennedy 12
24 -89.605633 29.520317 Kennedy 13
25 -87.715150 30.127117 Kennedy 19
26 -92.053183 29.499367 Kennedy 6
27 -94.708950 29.281267 Kennedy X
28 -94.388400 29.496333 Kennedy Y
29 -94.125333 29.584683 Kennedy Z
30 -89.667000 25.900000 NDBC 42001
31 -88.769000 30.090000 NDBC 42007
32 -95.360000 27.913000 NDBC 42019
33 -94.803000 29.003000 NDBC 42035
34 -84.517000 28.500000 NDBC 42036
35 -86.008000 28.791000 NDBC 42039
36 -88.205000 29.205000 NDBC 42040
37 -88.075000 30.250000 NOAA 8735180
38 -88.798330 30.391670 NOAA 8743281
39 -89.366700 30.281700 NOAA 8747766

Storm Surge
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Station Number Longitude Latitude Name
40 -93.341670 29.766670 NOAA 8768094
41 -93.870000 29.728330 NOAA 8770570
42 -89.406700 28.931700 Southwest Pass (NOAA)
43 -90.466131 30.001667 USACE 01275
44 -92.849242 29.862933 USACE 70750
45 -92.209250 29.787019 USACE 76800
46 -93.294886 30.088719 USACE 76960
47 -90.110556 29.669444 USACE 82875
48 -90.922888 30.365797 USACE 85575
49 -90.092289 30.365797 USACE 85575
50 -90.115644 30.022164 USACE 85625
51 -89.861900 30.141700 USGS 300830089515000
52 -89.740600 30.166900 USGS 30D01089442600
53 -90.336000 30.296400 USGS 301748090200900
54 -93.014730 29.770570 USGS DEPLA11
55 -93.114940 29.786100 USGS DEPLA12
56 -92.192500 29.783110 USGS DEPLA9B
57 -93.582580 29.761980 USGS DEPLC11
58 -93.187500 30.284920 USGS DEPLC2B
59 -93.328860 29.797640 USGS DEPLCSA
60 -90.135430 29.936750 USGS DEPSSSLA-ORL-001
61 -89.943340 30.077170 USGS DEPSSS.A-ORL-014
62 -89.678340 29.855790 USGS DEPSSS.A-STB004
63 -90.660810 29.243140 USGS DEPSSSLA-TER024
64 -89.719444 29.708056 USGS PERM73745257
65 -93.247222 30.236944 USGS PERMB017044
66 -93.348800 29.815500 USGS PERMB017118

Storm Surge
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2017 Coastal Master Plan: Storm Surge
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Figure 7: NDBC Sgnificant Wave Height Comparisons for Hurricane Katrina.  Observations are in
blue; CPRA 2017 model results are in red.
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2017 Coastal Master Plan: Storm Surge

Figure 8: NDBC Peak Wave Period Comparisons for Hurricane Katrina.  Observations are in blue;
CPRA 2017 model results are in red.
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