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1. EXECUTIVE SUMMARY

Tropicd Cyclone ISAAC, after causing damage and deaths in Haiti, moved towards
the coast of SE Louisiana (USA), where it made two landfalls as a Hurricane of Category 1
(with max 1-min sustained winds of 130 km/h): first a 23:45 UTC on 28 Aug 2012 in
Plaguemines Parish just SW of the mouth of the Mississippi River, second at 07:15 UTC on
Aug 29 near Port Fourchon (about 90 km SSW of New Orleans). After the second landfall, it
stated moving inland in SE Louisiana, passing W of New Orleans on Aug 29
afternoon/evening (UTC), weakening into atropica storm, then late on Aug 30 into atropica
depression.

During its path Tropicd Cyclone ISAAC affected the southern pats of Louisiang,
Mississippi and Alabama with heavy ranfall, strong winds and storm surge, causing
flooding, power outages, damage to property and killing at least 7 people. According to
media reports, most of this damage has been caused by heavy rains and storm surge.
Plaguemines parish was the areaworst hit by floodingdueto ISAAC. In &. John’s parish, on
Aug 30, 3000 people were evacuated to escape flooding caused by waters from Lake
Pontchartrain overflowing barriers. According to FEMA, as of Aug 30, there were around
6,000 pegple in shelters. Early on Aug 31 there were gill around 800,000 people without
power across Arkansas, Alabama, Louisiana and M ississippi.
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The Joint Research Centre (JRC) followed the event through the information
automaticaly collected and anay sed in the Global Disasters Alerts and Coordination Sy stem
(GDACS). GDACS cdlassification, for TC ISAAC in the USA, was: Green for the wind
impact, Orange for rain impact and Red for storm surge impact. On 27 August 2012, JRC
storm surge model indicated a possible storm surge in the order of 2.5-3.5m for Aug 29
morning (UTC) in the coastd aea E-SE of New Orleans, Louisiana (see Figure 1).
Observations in Shell Beach (Louisiana) showed a max sea level increase of about 3.3 m at
05:00 UTC on Aug 29 and in Bay Waveland Yacht Club (M ississippi) an incresse of 2.2 m at
14:14 UTC on Aug 29. This report analyses and discusses the GDACS automatic impact
assessments and compares the JRC HyFlux2 deterministic storm surge forecasts with the
probabilistic forecasts provided by NOAA.

2. ALERTS AND WARNINGS

2.1. GDACS- Event alert

Tropicd Cyclones have three dangerous effects: heavy rain, strong winds and storm
surge. In order to edimate the area and the population affected by acyclone, dl the three
types of physica impacts must be taken into account. GDACS dert levels are based on the
risk formula factors, cyclone swind speed (hazard), population affected, and vulnerability of
the affected country. Tropica Cyclone datafor | SAAC used in GDACS were provided by
PDC and daborated by JRC (see Vernaccini et a. 2007). These data, for the Tropicd
Cyclones in the Atlantic Ocean, are based on NOAA advisories data. Hereafter, these
bulletins will be called NOAA advisories.

According to media and FEM A reports, mog of the damage caused by Hurricane
ISAAC was dueto heavy rain and storm surge. GDACSAlerts for these effects were Orange
and Red.

The GDACSclassification was

e Green Alert for wind impact in USA
e OrangeAlert for ranimpact in USA

e RedAlert for storm surgein USA

Theimpact of dl thethree effects were anay sed as shown below. All the derts based
on the advisories 39 for ISAAC, are shown in Figure 2; blue boxes indicate the cases
analy sed in the next sections. The advisory duringthe landfall* is shown in red.

! Second landfdl landfdl in SW Lousiana occurred on Aug 29 a 07:15 UTC. Hereafter the term
“landfd1” will be used to indicate the second landfall.

NOAA first landfdl: http://www.nhc.noaa gov/archive/2012/a 09/d 092012. posest.08282356.shtml?

NOAA second landfal: http:/www.nhc.noaa gov/archive/2012/d 09/d 092012. posest. 08290803.shtml?
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Figure2 - GDACS Alerts for Tropical Cydone ISAAC (GDACS), asof Advisory 39. Bluebaoxes indicate
the cases analysed. Red bax shows the advisory duringthe landfdl.




2.2. NOAA NHC Warnings

Nationad Oceanic and Atmospheric Administraion (NOAA) Tropicd Storm and
Hurricane Warnings were in effect before and after | SAAC's landfdl (on Aug 29) for its
paentid effects. Theimage below, from NOAA, showsthelocations where landfall occurred
and the Warnings and Watch in effect (as of Advisory 33, 09:00 UTC Aug 29)

Hurricane Isaac Current Information: @& Forecast Positions:

Wedrresday August 29, 2012 Center Location 232 M 90.5 W @ Tropical Cyclone O Post-Tropical
#AM CDT Advisory 33 hMax Sustained Wind 80 mph Sustained Winds: D =39 mph

MWS National Hurricane Center Movement WHW at 8 mph 5 39-73 mph H 74-110 mph M > 110mph
Potential Track Area: Watches: Warnings:

(. Day 13 (CT Dayds Hurricane Trop.Storm [ Hurricane [ Trop Storm

Figure 3 - Coastal Watches/Warningsand 5-Day Forecast Conefor Storm Center (NOAA, as o Adv. 33).
Source http://www.nhc.noaa.gov/archive/’2012/graphics/d09/loop 5NL W.shtml

3. AFFECTED AREA AND POPULATION

ISAAC killed 7 people in the USA and affected the southern parts of Louisiana,
Mississippi and Alabama with heavy ranfall, strong winds and storm surge, causing
flooding, power outages, damage to property. Plaguemines parish (red areain Figure 1) was
the area worst hit by flooding due to | SAAC, with water of up to 3.5 m reported in some
parts; alevee in the east bank portion of thisparish was overrun on Aug 29, causingflooding
In &. John's parish, on Aug 30, 3000 people were evacuated to escape flooding caused by
waters from Lake Pontchartrain overflowing barriers. According to FEMA, as of Aug 30,
there were around 6,000 people in sheters. Early on Aug 31 there were ill around 800,000
people without power across Arkansas, Alabama, Louisiana and Mississippi. According to
mediareports, mog of this damage has been caused by heavy rains and storm surge.

The population affected by “hurricane force winds” (> 120 km/h), estimated by
GDACS (based on the High winds impact) was 1.3 million people, as of Aug 29 15:00 UTC
(seeFigureb).

Theimpacts of winds, rain and storm surge are shown in the next Section.



4, IMPACT ASSESSMENT

4.1. Wind I mpact

Tropicd Cyclone ISAAC madetwo landfalls in south-eastern Louisiana as a Category
1 Hurricane with a max 1-min sustained wind speed of 130 km/h: at 23:34 UTC on Aug 28 it
made the first landfal in Plaguemines Parish?, jugt SW of the mouth of the M ississippi, then
it moved again over water towards the coast of SE Louisianaand made asecond landf all near
Port Fourchon (ca. 90 km SSW of New Orleans) around 07:15 UTC on Aug 29. The second
landfdl occurred 7 years after the landfal of Hurricane KATRINA, in dmost the same area.
A comparison between the two Hurricanes is shown in Annex 1.

After the second landfal (hereafter indicated only as landfall) | SAAC started moving
inland in SE Louisiana, passing W of New Orleans on Aug 29 afternoon/evening (UTC).
Over land it weskened into atropica storm on Aug 29 evening (UTC). The reconstructed
wind field (during “landfdl-time’) for TC ISAAC is shown in Figure 4. The red area
representsthe areawhere the winds could reach 64 knots, orange area 50 knots, green area 35
knots. ISAAC affected pats of SE Louisiana with “hurricane force winds” (Red Area) as
shown in Figure 4.
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Figure4 - ISAAC wind fidd

The GDACS dert levels are based on the risk formula factors, cyclone's wind speed
(hazard), population affected, and vulnerability of the affected country (see Vernaccini et d.,
2007). GDACS issued a Green dert (for High winds3) for this event, when the center of
ISAAC (as aHurricane of Category 1) moved over SE Louisianaon Aug 28-29.

According to the data of 09:00 UTC Aug 29, 1.3 million people could be affected by
wind gpeeds of Hurricane strength (>120 kmvh). The event time line and population affected
is shown in Figure 4 (the storm evolution is shown in the table and the wind evolution also in
the figure below; the alert levels and population estimates are related to the areafrom apoint
to the next).

2 Firg landfall was in the south-eagerntip of Plaguemi nes Parish (howerer thetrack lineis not over Iand)
3 Thevulnerability ofthe USA is Low



Event time line

The storm evolution i= shown in the table below . Alert levels and population estimates are related to the area from a point to the next.

Advisory Alert color

Date (UTC)

Category

Wind speed

Wind gusts

Population affected
by cyclone winds (>120km/h)

Location (lon, lat
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1131413443111
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Date/time
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25 :j 272012 9.00:00 AM  Tropical storm 101 kmih (83 mph) 121 km'h (75 mph} no people -342 252
2% :j /272012 3:00:00 PN Tropical storm 101 kmi/h (83 mph} 121 km'h (75 mph} no people -85.3, 26.1
27 :j /272012 9:00:00 PM  Tropical storm 111 km/h (68 mph} 138 km'h (86 mph} no people -86.2 26.4
28 :j 8282012 3:00:00 AN Tropical storm 111 kmih 138 km/h (36 mph) no people 87, 271
29 : 8/28/2012 9:00:00 AM Tropical storm 111 kmi/h (59 mph)} 133 km'/h (85 mph) no people -83.1,27.5
30 : 8/28/2012 3:00:00 PM  Tropical storm 111 kmi/h (59 mph)} 135 km/h (85 mph) 4500 people -338.5, 28.1
3 : 282012 9.00:00 PM Category 1 130 kmi/h (81 mph} 158 km'h (32 mph) 33000 people -89.2 28.7
32 :j /252012 3:00:00 AWM Category 1 130 kmih (21 mph) 158 km'h (38 mph) 680000 people -88.7, 28
33 :j B/28/2012 5:00:00 AWM Category 1 130 kmih (81 mph) 158 km'h (38 mph) 860000 people -80.5, 28.2
34 : 8/29/2012 3:00:00 PM  Category 1 121 kmih (75 mph) 148 km'h (52 mph) 1.3 milion people -50.7, 296
35 : 8/28/2012 9:00:00 PM  Tropical storm 111 kmi/h (68 mph} 138 km'h (25 mph)} no people -91.1, 30
36 : &30/2012 3:00:00 AN  Tropical storm 93 kmi/h (58 mph) 111 km/h (69 mph) no people -91.2 303
37 : 2/30/2012 9:00:00 AN Tropical storm 74 km/h (48 mph} 93 km/h (58 mph)}  no people -91.6 309
38 :j 2/30/2012 3:00:00 PN Tropical storm &4 km/h (40 mph} 93 km/h (58 mph} no people 821,317
39 :j 8/30/2012 5:00:00 PM  Tropical depression 56 km/h (35 mph) 74 kméh (458 mph)}  no people -82.8, 327
39 : 8/31/2012 6:00:00 AN Tropical depression 47 kmi/h (25 mph) 64 kméh (40 mph)}  no people -93, 34
39 : 8/31/2012 6:00:00 PM  Tropical deprezsion 37 km/h (23 mph) 56 km/h (35 mph)}  no people -93.2 36
39 : 9172012 6:00:00 AN Tropical depression 37 km/h (23 mph) 56 km/h (35 mph)}  no people 927,377
39 : 9/1/2012 6:00:00 PM  Tropical depression 37 km/h (23 mph) 58 kmvh (35 mph)}  no people -915 386
39 :j 9272012 6:00:00 PM  Tropical depression 27 kmi/h (17 mph} 47 kmvh (23 mph)}  no people -88.5, 39.5
39 :j S/3/2012 6:00:00 PM  Tropical depression 27 kmih (17 mph) 47 kméh (25 mph)}  no people -85.5, 39.5
39 :j 9/4/2012 6:00:00 PM  Tropical depression 27 km/h (17 mph) 47 km/h (29 mph)  no people -825 385
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Figure 5 - GDACS Event timeline (storm evolution is shown in the table, thewind evolution also in the
figurebdow the table). Alert levds and pgoulation estimates are rated to the area from a point to the

next.




4.2. Rainfall impact

Tropica Cyclone | SAAC caused heavy rainfall in parts of south-eastern USA adong
its pah, in paticular in southeastern Florida, southesstern Louisiana, southesstern
M ississippi and western Alabama. Its center passed south of Florida on Aug 27 and moved
towards M ississippi, reaching the coast on Aug 29, then moved inland and late on Aug 30 it
started dissipating (last Advisory was available on Aug 30 21:.00 UTC). Therefore the
andysis of therainsin this reports coversthe period Aug 27-30.

Currently, GDACS uses the Ensemble Tropicd Rainfdl Potentid” (eTRaP)
accumulation data for its dert modd (more information in Ebert et d., 2009). The GDACS
model for therain impact is simple, and sets aert levels based on tota accumulation on land:

e Greenwhenthetotd rainis below 200mm;
e Orange between 200mm and 500mm;
e Red above 500mm.

For ISAAC in the USA, the GDACS dert level was Orange (the totad accumulation
reached values between 300 and 350 mm). NOAA €l RaP accumulation rainfall is shown in
Figure 6 and in Table 1. Accordingto NASA* “the highest totals of rain over the period Aug
27-Sept 05 were in southeast Louisiana, southeast M ississippi, wesern Alabama, and in
southeast Florida with tatds anywhere from 120 mm to upwards of 320 mm. Locdly, New
Orleans reported up to 500 mm of ran”. NASA “Tropicd Rainfal M easuring Mission”
(TRMM) accumulation rainfdl due to the passage of ISAAC is shown in Figure 7.
According to NOAA observationd data, over the period Aug 27-31, ca260 mm of rain has
been recorded in two stations near New Orleans (see Table 2).

Data (UTC) Maximum rain rate (mm/Gh) Maximum rain rate (mm/h)
19

00 1M 32

00 191 3z

o 193 a2
2N 21200 19 a2
2308/201206:00 169 28
2308/201200:00 131 22
22/08/201218:00 128 21
22082N212:00 128 21
22082012 06:00 128 21
22/08/2012 00:00 B4 11
21/08/2012 18:00 68 1
21/08/201212:00 96 16

Table1- ISAAC rainfall statistics: Maximum accumulation over time, aswdl as

countries affected by rainfall over 100mm (maximum accumulation doesnot necessarily
fall over land in the country).

4 http://www.nasa.gov/mission pages/hurricanes/ar chives/2012/h2012 |saac.html
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Table2- NOAA Rainfall data (27-31 Aug). Thetable above showsthe accumulation over the period 27-
31 Aug, the map in the middle showsthe locations of the stationsand thefigurein the middlethe 24h
accumulation rainfall.(source http://gis.ncdc.noaa.gov/map/cdo/?thm=themePrecip)

(*) 24h Accumulation Rainfdl in New OrleansDowntown were not availablefor 27-28 Aug.




4.3. Storm surge impact

Sorm surge is an abnormal rise of water above the predicted astronomica tides,
generated by srong winds and by a drop in the aamospheric pressure. The wind friction and
pressure gradient generate long waves that can be modeled by the shalow water equations.
Snce 2004, the JRC has developed experience in tsunami early warning sy sem (Annunziato,
2007) and inundation moddling using HyFlux2 code, which solves the shalow water
equations by afinite volume method (Franchello, 2008; Franchello, 2010). Thereforethe JRC
has introduced the aamospheric forcing in the shallow water equations, solved by HyFlux2
code, to simulate the storm surge phenomena (Probst and Franchello, 2012), see next Section.

The GDACSdert levels are based on the maxi mum storm surge hei ght:
e Green when the storm surgeis below 1.5m;
e Orange when the storm surge is between 1.5m and 3m;
e Red when the storm surgeis above 3m.
GDACSdert leve for Tropica Cyclonel SAAC was RED inthe US(see Table 3).

4.3.1. Model description

The atmospheric forcing - wind friction and pressure gradient - has been included in
the shalow water equations solved by HyFlux2 code. The Holland parametric mode
(Holland, 1980; Holland et d. 2010) is used to infer this forcing and uses it into the source
terms of the shadlow water equations. This modd develops an idedized representation of the
Tropicd Cyclone (TC), based on a few key paameters (named hereafter Holland
parameters): track, maximum wind speed (Vimax) Or minimum centra pressure (P.), and the
radius of maximum wind (Rna). The method solves simplified equations and therefore is
very efficient and widely used in gorm surge modedling (see Harper et d., 2001). The
Holland's parameters are not gobaly available; therefore the JRC has developed a Monte
Calo method to oktain the required parameters using the daa available in the cyclones
bulletins provided by the NOAA or by the Joint Typhoon Warning Centre (JTWC) through
the Pacific Disaster Centre (PDC). This method used as input the coordinates of TC centre
(Latitude and Longtude), the maximum veocity V. and wind radii at each quadrant JRC
storm surge cal culations for ISAAC are presented in Section 4.3.2.

Other than JRC gorm surge modd, severa other storm surge models are used to
predict the Tropica Cyclone impact (see Haper e a, 2001). In the Atlantic basins, the Sea,
Lake, and Overland Surge from Hurricanes (SLOSH) modd is used by NOAA (see Section
4.3.3).

JRC uses a deterministic approach to obtain the storm surge impact, other Centres
uses a probabilistic approach. NOAA NHC Storm Surge Product Decision Support Wedge
uses three different goproaches to utilize availabl e storm surge data for decision support (see
NOAA NHC slosh web site). In Section 4.3.3 the NOAA NHC probabilistic Storm Surge (p-
surge) product, based upon an ensemble of S .OSH mode runs using the current officia
hurricane advisory, are compared with the JRC sorm surge model calcul ations.

5 In the Atlantic basin NOAA data are used.

® Thewind radii represent the maximum radiad extent —in nautical miles - of winds reaching 34, 50,
and 64 knotsin each quadrant (NE, SE, SW, and NW).



4.3.2. JRC Calculations

The caculation has been performed using PDC-NOAA bulletins’, which include the
anaysis (time0) and the forecasts. An automatic procedure submits a simulation when anew
bulletinis avallable. Theinitid conditions of the simulation are taken from theresults at time
0 of the previous bulletin, i.e, a time -6 hour if a bulletin is delivered every 6 hours. A
forecast of 72 hour is performed. The published results are related from past to current
bulletins. Thefind caculated hel ghts and maps published in GDACSarereported below.

Locations affected by Storm surge [15 of 1474)
Cabculation based on advisory numiber 38 of 30 Aug 2012 15:00:00,
{Simulation using 2 minute resalution)

Date Hama Country Storm swrge height |m)
289 Aug 2012 090000  Chaf Mecdsar lnited St "_'_'Hl'n
“‘ﬂn'-l..q"tﬂ I:I'E'D:Il:l:l hliﬂlh:ll,'.-uul Untted States. F@ 3.1m
M-‘-u;"tﬁ 17 I:I':II:I{I Lrp;lr,rwl‘.u:-ﬂl Urm&aln " 1im
29Aug 2012090000 GresnsDiich  United States P8 27m
20 Aug 012 00000 Lake Caiherirg  Linded Sixes H L7m

a8 Aug 2012 080000 Yacloskey United Semtes 0 2
o Alag 2012 200000 Hennes United States. T'H 26m

o Aug 2012 080000 Whie Kiichen United States W
= dug 012090000 Jpckson Landing  Wnited Stales Fi:

L&

&m

29 Aug 2012 09:00:00  Ricists United Siates. T 25m
T 29 Aug 2012090000 Peardinglon United States T8 2

29 Aug 2012 090000 Anabey United States. T8 24m
!IM:DI:':I'I:-'J‘HI:I:I ] Linite=] Siales n:-il'n
29 Aug 2012 030000 Saint Mk United States T8 23m

Table3- List of locations affected by astorm surgegreater than 2.3m
(calculations based on NOAA Adv. 38)

.Inlnt Ilasaaﬂ:h Centre b
Figure 8- Maximum sea levd abovenormal tldesmulated by HyFqu2(usmg asinput data o Adv. 38)

"Tropical Qyclonedevedoped in the Atlantic Ocean. In this basin, the bulleins, provided by PDC, are based on
NOAA advisoriesdata. Hereafter, these bullginswil | benamed NOAA bull eti ns/advi ori es.



The JRC storm surge cal culations based on the advisories availabletwo and oneday s
before the landfal1?, few hours before landfall and after thelandfal | are presented below. The
Advisories used for each “ cases” anay sed arethe following

a) FORECAST: 2 days before landfal | (Aug 27 09:00 UTC, Adv. 25)

b) FORECAST: 1 day beforelandfall (Aug 28 09:00 UTC, Adv. 29)

c¢) FORECAST: few hours befor e the second landfall (Aug 29 03:00 UTC, Adv. 32)
d) POST-ANAYLIS morethan 1 day after the landfall (Aug 30 15:00 UTC, Adv. 38)

The caculations are compared with thetida gauges measures. Inthenext Section the
cdculations will also compared with the NOAA Storm surge probabilities.

a) FORECAST: Calculation 2 days befor e landfall

TC ISAAC a 09:00 UTC Aug 27 (Adv. 25), was a Tropicd Storm with a 1-min
sustained maximum wind speed of 101 knvh and its centre was located ca. 300 km W of
southern tip of Florida It was moving NW in the Gulf of M exico, in the direction of the
coasts of Mississippi and Louisiana, strengthening (see Figure 9). JRC storm surge modd,
using as input data the Advisories 25 of 27 August, indicates a possible storm surge in the
order of 2.5-3.8 min the coasta areas near New Orleans for 29 Aug between 04:00-06:00
UTC (see Table 4, Figure 10).

Locations affected by Storm surge (15 of 1547)
Calculation based on advisory number 25 of 27 Aug 2012 09:00:00.
(Simulation using 2 minute resolution)
Date Name Country Storm surge height (m)
29 Aug 2012 05:00:00 Little Woods n 3.8m
29 Aug 2012 06:00:00 Martello Castle n 3.8m
29 Aug 2012 06:00:00 Chef Menteur n 3.7m
29 Aug 2012 05:00:00 Huntington Park n 3.6m
29 Aug 2012 06:00:00 Camp Leroy Johnson H 3.4m
29 Aug 2012 06:00:00 Gentilly Terrace n 3.3m
29 Aug 2012 06:00:00 Lake Catherine n 3.3m
29 Aug 2012 06:00:00 White Kitchen n 3.2m
29 Aug 2012 06:00:00 Riolets n 3.1m
29 Aug 2012 05:00:00 Alluvial City H 3.1m
29 Aug 2012 06:00:00 Pearlington n 3.0m
29 Aug 2012 06:00:00 Jackson Landing n 3.0m
29 Aug 2012 04:00:00 Hopedale 2.9m
29 Aug 2012 06-:00:00 Ansley 29m

Table4- List of locations afected by astorm surge greater than 2.8m
(calculations based on NOAA Adv. 25)

8 |SAAC madetwo andfalls: firg at 23:45 UTC on Aug 28 in Plaguem nes Parish, second at 07:15 UTC on Aug
29 near Port Fourchon. Hereafter the landfall termis used to indi cate the second |andfall .



FORECAST MAP: Based on Adv. 25
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Figure 10 - JRC inundation height calculation (Based on thedata of Adv. 25).



b) FORECAST: Calculation 1 day before landfal |

The center of ISAAC a 09:00 UTC Aug 28 (Adv. 29) was located around 200 Km
SSE of the mouth of the M ississippi River. According to the data of Adv. 29, its center was
forecast to reach the Mississippi Ddta River on Aug 28 evening (UTC) and pass close to
New Orleans on Aug 29 morning/afternoon (UTC), seeFigure 11. The calculaions, using as
input the data of Adv. 29 of 28 August, indicated a possible storm surge in the order of 2.5 to
3.5 mfor Aug29 early morning(4:00to 6:00 UTC) inthe coasta area E- SE of New Orleans
(seeFigure 12).

Locations affected by Storm surge (15 of 1526)
Calculation based on advisory number 29 of 28 Aug 2012 09:00:00.
(Simulation using 2 minute resolution)
Date Name Country Storm surge height (m)
30 Aug 2012 00:00:00 Little Woods H 3.6m
29 Aug 2012 07:00:00 Martello Castle n 3.5m
29 Aug 2012 08:00:00 Chef Menteur H 3.5m
30 Aug 2012 00:00:00 Lee H 3.3m
30 Aug 2012 00:00:00 Camp Leroy Johnson H 32m
29 Aug 2012 08:00:00 Greens Ditch H 3.1m
29 Aug 2012 09:00:00 White Kitchen H 3.0m
29 Aug 2012 07-00:00 Lake Catherine H 3.0m
29 Aug 2012 09:00:00 Pearlington re 29m
29 Aug 2012 06:00:00 Yscloskey re 29m
29 Aug 2012 08:00:00 Riolets e 29m
29 Aug 2012 13:00:00 Ruddock Yd 2.8m
29 Aug 2012 12:00:00 Kenner Fd 2.8m
29 Aug 2012 12:00:00 Frenier e 28m

Table5- List of locations afected by astorm surge greater than 2.7m
(calculations based on NOAA Adv. 29)
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Figure 11 - Map o Forecast track of ISAAC, based on thedata of Adv. 29
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Figure 12 - JRC Inundation height calculation (Based on the data of Adv. 29)

Sea Level Measur ements

The maximum sea level @ove norma tide simulated by HyFlux2, using as input the
dataof Adv. 29, was compared with the observations of 5 buoy's (see Figure 14). The colours
in the squares in Figure 13 correspond to the colours of the calculated vaues in Figure 14.
The measured values are dways in purple. The agreement was good for al the quantities.
The highest measured sea leve increase (1 day before landfdl), of about 1m, was occurring
in Apaachicol g, Florida. The maximum expected hei ght, in the measured locations was about
2m in Bay Waveland Yacht Club. These comparisons allowed to confirm that the
accuracy of the storm surge forecasts performed for this Tropical Cydone were height,
therefore theinundation height map presented in Figure 12 might be used, in this case,
for evacuation with high confidence.

Figure 13 - Maximum sea levd abovethe normal tide calculated udng as input the data of Adv. 29. The
coloursin the squares correspond to the colours o the calculated values in the plots bdow. Green line
track indicates tropical storm status, yelow hurricane status; dotted line corresponds toforecast data.
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leve-predicted tide), the other colors-curves are the calculations (using as input dataof Adv. 29). The
colorsin thegqquares in Figure 13 are corresponding to the colors of the calculated values in these plots.



¢) FORECAST: few hours before the landfall

Tropica Cyclone | SAAC made the first landfal in Plaguemines Parish, just SW of
the mouth of the M ississippi, a 23:34 UTC on Aug 28 with a max sustained wind speed of
130 kmv/h; after the firg landfdl it moved agan over water towards the coast of SE
Louisiana. At 03:00 UTC on Aug 29 (Adv. 32), it was a hurricane of category 1 (with max
sust. wind speed of 130 km/h) and its center was located about 50 km E- SE of Port Fourchon,
Louisiana, where it made the second landfall few hours later (at around 07:15 UTC).

The JRC cdculations, using as input the data of Adv. 32, indicated a possible storm
surgein the order of 2.5to 3.5mfor Aug 29 between 08:00 and 15:00 UTC in the coasta area
E-SE of New Orleans (see Figure 15 and Table 1).

Sea Level Measurements:

In Figure 15 JRC cdculaions (blue line), using as input the data of Adv. 29, are
compared with the observations (purple line, measured level— predicted tide) in Bay
Waveland Y acht Club. Observations confirm the good agreement with the cal culations,
as at been pointed out one day before the landfall.

NOAA National Ocean Service Tide Gauge Observations: a 04:00 UTC Aug 29, a
storm surge of 3.3m was reported a Shell Beach in Louisiana and 2.1 m was observed in
Wavd and, Mississippi. At thistime (04:00 UTC) thewder level was still increasing.

Locations affected by Storm surge (15 of 1538)
Calculation based on advisory number 32 of 29 Aug 2012 03:00:00.
(Simulation using 2 minute resolution)
Date Name Country Storm surge height (m)
30 Aug 2012 08:00:00 Little Woods n 3.5m
29 Aug 2012 10:00:00 Chef Menteur n 3.5m
29 Aug 2012 10:00:00 Martello Castle n 3.4m
29 Aug 2012 18:00:00 Kenner n 3.2m
30 Aug 2012 15:00:00 Lee H 3.2m
30 Aug 2012 15:00:00 Camp Leroy Johnson n 3.0m
29 Aug 2012 12:00:00 Greens Ditch n 3.0m
29 Aug 2012 12:00:00 White Kitchen 2.9m
29 Aug 2012 10:00:00 Lake Catherine 2.9m
29 Aug 2012 12:00:00 Pearlington 2.8m
30 Aug 2012 15:00:00 Metairie 2.8m
29 Aug 2012 09:00:00 Yscloskey 2.8m
29 Aug 2012 11:00:00 Riolets 2.8m
30 Aug 2012 15:00:00 Lake Terrace 2.7m

Table6- List of locations afected by astorm surge greater than 2.6m (Adv. 32)




Based on Adv. 1-32 Data
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Figure 15 — JRC Inundation heght calculation (using asinput thedata of Adv. 32).
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Figure 16 - Blue curveisthecalculation and the purplecurveisthe sea level (measured leve — predicted
tide) in Bay Wavedand Yacht Club

d) POST-ANALYSIS: Calculation after landfall

Tropicd Cyclone ISAAC, dter the landfal in SE Louisiana on Aug 29, moved NW
over Louisiana, passing W of New Orleans on Aug 29 afternoon/evening (UTC), weakening
into atropica storm, then late on Aug 30 into atropica depression.

The max of storm surge in the areas E-SE of New Orleans (i.e. Shell Beach) was
observed few hours &fter the landfal on Aug 29 (morning, UTC), while in the areas NE of
this city (i.e. Bay Waveland) in the afternoon. JRC storm surge calcul ations, using as input
the data of the bulletins after the landfall (Adv. 38, Aug 30 15:00 UTC), estimated a possible
storm surge in the order of 2-3m in the coasta area E of New Orleans for Aug 29 morning
(around 09:00 UTC). JRC cdculations are shown in Table 7 and Figure 17.




Sea Level Measur ements:

In Figure 19 JRC caculations (blue line) are compared with the observations (purple
line, measured |evel— predicted tide). Periodical oscillations of the measured-predicted tide
are dueto the coarse method used to evauate the predicted tide. Thetide gauge in East Bank
provided measurements that first deviate from the calcul ations and then stops. In Pilot Station
East tide gauge the predicted values are lower than the measured: better accuracy is redised
in tide gauges tha arelocated in protected aress.

Final observations confirm the good agreement with the cal culations.

Locations affected by Storm surge (15 of 1474)
Calculation based on advisory number 38 of 30 Aug 2012 15:00:00.
{Simulation using 2 minute resolution)

Date Name Country Storm surge height (m)
29 Aug 2012 09:00:00 Chef Menteur  United States @ 3.1m

29 Aug 2012 09:00:00 Martello Castie  United States PRl 3.1m

20 Aug 2012 17:00:00 Little Wopds United States H 3.1m

29 Aug 2012 09:00:00 Greens Dilch United States T8 2.7m
29 Aug 2012 09.00:00 Lake Catherine  United States P ¥ 2.7m
29 Aug 2012 09:00:00 Yscloskey United States P 2.6m
29 Aug 2012 20:00:00 Kenner United States P8 2.6m
29 Aug 2012 09:00.00 White Kitchen  United States P8l 2.5m
29 Aug 2012 09:00:00 Jackson Landing United States P8 2.5m

29 Aug 2012 09:00:00 Riglets United States T 2.5m
29 Aug 2012 09:00:00 Pearlington United States I8 2.4m
29 Aug 2012 09:00:00 Ansiey United States P8l 2.4m
31 Aug 2012 00:00:00 Lee United States P8 2.4m
29 Aug 2012 03:00:00 Saint Malo United States T8 2.3m

Table7- List of locations afected by astorm surge greater than 2.3m (calculationsbased on Adv. 38)



Based on Ad 1-38 Data
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Figure 17 - JRC Inundation height calculation (usngas input thedata of Adv. 38)
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Figure 18 - Maximum sea leve abovethe normal tide calculated udng as input the data of Adv. 38.
Cirdes: tide gauge locations.
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4.3.3. Comparisons between JRC calculations and NOAA Storm Surge
Probabilities products

JRC uses a deterministic gpproach to obtain the gorm surge impact while other
Centres use a probabilistic approach. In this Section the NOAA NHC probabilistic Storm
Qurge (P-surge) ° product is compared with the JRC HyFlux2 deterministic storm surge
cdculations. The P-surge product is developed by the Mdeorologcal Development
Laboratory (M DL) of the Nationa Weather Service (NWS), in cooperation with the NHC.
The Tropicd Cyclone storm surge probabilities (2-25 feet) graphics show the overdl chance
that astorm surge greater than a specific height - between 2 and 25 fed - will occur & each
individual location on the map during the forecast period indicated. These graphics are based
upon an ensemble of Sea, Lake, and Overland Surge from Hurricanes (SLOSH) modd runs
using the current officia tropical cyclones advisories data
S.OSH Modd is a computer code developed by Federal Emergency M anagement Agency
(FEMA), United Sates Arnmy Corps of Engneers and by the Naionad Weather Service to
define flood-prone areas for evacuation planning. It is run by the NOAA Naiond Hurricane
Centre to estimate storm surge hei ghts and winds resulting from historica, hypotheicd, or
predicted hurricanes. S OSH mode solves the depth-integrated shadlow water equations
using a finite difference solution and a(E)oIar or dliptica/hyperbolic grid type (depending on
the gecific coasta area called basin* ). SLOSH uses a simplified, parametric wind and
pressure model, which required as input the radius Rmax and the pressure difference between
the center of the gorm and the ambient pressure (Deltgp) over time, derived from NHC's
advisory data M ore information on SLOSH modd can befound in Jel esnianski et d. (1992),
Glahn e al. (2009), Dube e al. (2010), on the NOAA NHC SLOSH website™ and FEM A
website™.

Snce the errors in the input provided to S OSH far exceed the error in the modd, a
probabilistic approach for the inputs seemed appropriate (see Harper e d, 2001). The
probabilistic hurricane storm surge (P-surge) mode B was developed to calculate the
probability of sorm surgefrom an ensemble of forecasts. The gpproach is, instead of using a
sing e run of the mode based on the current NHC hurricane forecast, to use an ensemble of
hypathetical storms based on both the current NHC hurricane forecast and combinations of
error distributions derived from historic NHC advisories, to estimate the probability of storm
surge.

The comparisons of the JRC deerministic calculations with the NOAA probabilistic
P-surge products are shown below. For the three analysed Advisories, the maximum water
hei ght forecasted by the JRC model is quite stablein value (from 2.5 mto 3.5 m) and spatid
distribution. The NOAA forecasted probabilities - for amaximum water hel ght exceedance of
2.4 m - increase from about 20-30% (2 days before landfal) to 70-90% (few hours before
landfall) whilethe spatid distribution of the forecasted probabilities is stable like for the JRC
caculations.

® NOAA NHC Storm Surge Product Decision Support Wedge uses three different goproaches
(deterministic, probabilistic, composite) to utilizing available storm surge data for decision support (see NOAA
NHC SLOSH web site  http://www.nhc.noaa gov/ssurge/ssurge slosh.sitml ).

9 The aress covered by SLOSH are U.S. East Coast, Gulf of Mexico, pats of Hawai, Guam, Puerto
Rico, Virginlslands, various basinsin Chinaand India

. http: /www. nhe. noaa. gov/HAW 2/english/surge/sl osh shtml

http:/www.fer a gov/hazard/hurricang/index.shtm
13 http:/mwww. nws.noaa.gov/mdl/psurge/archive php




The different behaviour between the two methods should be investigated: it seems
that the evadluated probabilities are too low or not consistent with the improvements in the
accuracy of therecent tropica cy clones forecast tracks.

a) Comparison with NOAA Storm Surge Probability of Advisory 25.

JRC storm surge model, using as input the data of Adv. 25 (09:00 UTC Aug 27, ca 2 days
before landfdl), estimated a max height of the order of 2.5-3.8m for Aug 29 mornings, UTC
(see Figure 20). On Aug 27 a 09:00 UTC, the NOAA storm surge probabilities of a storm

surge higher than 8 feet (2.4m) in the coagd area near New Orleans was in the order of 10-
30% (see Figure 21).
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Figure 20 - JRC Inundation height calculation (Based on the data of Adv. 25)
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Figure 21 — NOAA storm surge probabilities (Adv. 25). Chance of Storm Surge
>= 8feet (2.4m)"*. Valid from 05 AM EDT Aug 27 to 10AM EDT Aug 30.

1 Source http://www.nws.noaa.gov/mdl/psurge/ archi ve.php?S=Isaac2012adv25& T y=gt8& T h=8& 7=




b) Comparison with NOAA Storm Surge Probabilities of Advisory 29

On Aug 20 a 09:00 UTC (about 1 day before the second landfall), the NOAA storm
surge probabilities of astorm surge higher than 8 feet (2.4m) in the coastd E of New Orleans

was in the order of 20% to 60% (see Figure 23); in this area JRC storm surge mode
estimated amax height of the order of 2.5-3.5m (see Figure 22).
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Figure 23 — NOAA storm aurge probabilities (as of Adv. 29). Chance o Storm
Surge >= 8feet (2.4m)"

15 Source: hitp://www. nws. noaa. gov/mdl/psurge/archive. php?S=1saac2012adv29& Ty=qt8& T h=8& Z=




c) Comparison with NOAA Storm Surge Probabilities of Advisory 32
Few hours before the second landfall (Aug 29 03:00 UTC, Adv. 32) the JRC storm
surge modd estimated a max height of the order of 2.5-3.5m (see Figure 24). The NOAA
storm surge probabilities (as of Adv. 32) of astorm surge higher than 8 feet (2.4m) in the
coasta areas near New Orleans was 70-90% in the area SE of New Orleans with amax of 90-

100% in asma | areanear New Orleans (see Figure 25).
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Figure 25 — NOAA storm surge probabilities (as of Adv. 32). Chance of Storm Surge >=8fect (2.4m)16

18 Source: hitp://www. nws.noaa. gov/mdl/psurge/archive. php?S=1saac2012adv32& Ty=qt8& T h=8& Z=




5. CONCLUSIONS

JRC has deveoped GDACS an ealy waning sysem created to det the
humanitarian community about patentiad disasters which are under development. Tropica
cyclones are some of the most damaging events, affecting the coasta pagpulation with three
dangerous effects: strong wind, heavy rain and storm surge. GDACS d assification, for TC
ISAAC in the USA, was. Green for the wind impact, Orange for rain impact and Red for
storm surge impact.

On 27 August 2012, 2 days before landfdl, JRC storm surge mode indicated a
possible storm surge in the order of 2.5-3.5m for Aug 29 morning (UTC) in the coastd area
E-SE of New Orleans, Louisiana. Observations on thetidd gauges, 1 day before and after the
landfdl, confirmed the forecast vaues and alowed to publish the inundation height map with
high confidence.

This report analyses and discusses the GDACS automatic impact assessments (more
detaled for storm surge effect) and compares the JRC HyFlux2 deterministic storm surge
forecasts with the probabilistic forecasts provided by NOAA P-surge product. For thethree
anaysed Advisories, the maximum water height forecast by the JRC modd is quite gable in
vaue and spatid distribution. The NOAA forecast probabilities increase with time while the
spdid distribution of the forecasted probabilities is stable as in the JRC cdculations. The
different behaviour between the two methods should be investigated: it seems that the
evaluated probabilities aretoo low or not consistent withthe improvements in the accuracy of
the recent tropical cyclones forecast tracks.

Overdl, the GDACS modes performed well, providing dert levels for dl hazard
components, that should be validated with more field observations.

The method adopted to evauate the forecast of the $orm surge impact — comparison
of the cdculated sea level with online tidd gauges measurement — should continue and
vaidated case by case.



ANNEX 1-Track of ISAAC (2012) — KAT RINA (2005)

Hurricane | SAAC (2005) made landfal 7 years later Hurricane KATRINA (2005) on
Aug 29, in dmost the same area. Isaac reached the coast as a much wesker Category 1
hurricane (before it was a tropical storm), instead Ké&rina made landfal as a more powerful
Category 3 hurricane (previously was an extremely powerful Hurricane of Category 5)17. The
track and categories of both hurricanes are shown in Figure 26.

Hurricane Katrina was one of the most damaging Tropicad Cyclone disasters in the
history of the US causing fatdities and damage in several regons (S Florida, Gulf of
M exico, Louisiana and Mississippi, Georga and Alabama), killing 1836 people, most in
Louisiana
It formed over the Bahamas on 23 August 2005 and crossed southern Florida entering in the
Gulf of Mexico, and began strengthening rapidly, reaching Category 5 on Saffir-Smpson
Scale, with a maximum wind of 277 km/h, it to Caegory 3 and on 29 Aug 2005 it made
landfall in Louisiana (near Buras), then a landfall near LouisianaM ississippi border. Srong
winds and an elevated pressure drop created an extreme storm surge (8.4m was observed in
. Louis Bay Mississippi). M o4 of the damage caused by KATRINA had due to a secondary
effect of this surge: the surge caused arise of the leve of Lake Pontchartrain, straining the
levee system protecting New Orleans; severd of the levees and floodwalls were overtopped
and/or breached at different times on theday of landfdl, causingflooding.
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Figure 26 - Track and wind eed of hurricane KATRINA (2005) and | SAAC (2012)

17 Sustained wind speed (Saffi r-Simpson Hurr. Wind Scae): Ca 1 (119-153 km/h), Ca 2 (154-177
km/h), Cat 3 (178-208 km/h), Cat 4 (209-251 km/h), Cat 5 (> 251 km/h)
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surge in the order of 2.5-3.5m for Aug 29 morning (UTC) in the coastal area E-SE of New Orleans, Louisiana Online
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