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Abstract

Meteorologists at Weather Research Center have been using ArcGIS to re-create the windfields in past
significant Gulf of Mexico hurricanes in order to develop a hurricane windfield forecast tool in the Gulf
of Mexico. The tracks and windfields for the following hurricanes will be demonstrated: Carla 1961,
Hilda 1964, Betsy 1965, Camille 1969, Carmen 1974, Gilbert 1988, Andrew 1992, Lili 2002, lvan 2004,
Katrina 2005 and Rita 2005. By plotting the windfields in a layer, one can see that not all tropical
cyclones are alike. They come in all shapes and sizes. With the GIS software one can see where the
highest winds in the cyclone are tracking and what properties will be at the highest risk, with emphasis in
the deepwater leases such as: Green Canyon, Atwater Valley, Keathley Canyon, etc. This wind field
model has also been used in typhoons in the West Pacific and cyclones in the Indian Ocean.

Weather Research Center is a non-profit educational center whose mission is to inspire America’s next
generation of scientists and engineers. The GIS software is a new tool which WRC uses to capture the
interest of young scientists and engineers through the graphical depiction of the weather.

Introduction

Each year the deep water oil leases are at risk of experiencing an impact from a hurricane. Geographic
Information Systems [GIS] have improved a meteorologist’s abilities to study historical tracks of
hurricanes that have moved through the Gulf of Mexico. This software also gives researchers the ability
to map the Gulf of Mexico oil leases with the past tracks to find out which storms have moved through
the leases and what blocks within those leases experienced the worst winds and waves.

Weather Research Center meteorologists were also able to use the WRC Hurricane Wind/Wave Model to
generate the wind and wave fields of these past hurricanes as they moved through the deepwater leases to
determine which blocks in the lease experienced the highest maximum sustained winds and significant
wave heights. The GIS plots demonstrate how each hurricane is unique in size, track and intensity.

GIS Tools For Studying Cyclones

Meteorologists at Weather Research Center have been using ESRI’s ArcView to analyze the weather and
develop tools to study Gulf of Mexico hurricanes. Figure 1 shows how the software can be used to map
the oil leases in the Gulf of Mexico and how you can layer the platforms and MODUs over the leases.
Figure 2 from NOAA indicates the major hurricanes that have occurred in the Atlantic and Pacific basins
from 1851 to 2006.  GIS software gives the researcher tools to look at global tracks and sort out the
intense hurricanes for further study.

The GIS Interface located at NOAA’s Coastal Services Center was used to query historical cyclone
tracks in the Gulf of Mexico. The data from these queries was then used in WRC’s ESRI ArcView
program to plot the Gulf of Mexico historical hurricane tracks which moved through Walker Ridge,
Green Canyon, Keathley Canyon, Garden Banks, Atwater Valley and Mississippi Canyon oil leases.
Figure 3 is the plot of all of the known hurricanes in the Gulf of Mexico from 1900 to 2006 from the
WRC GIS Hurricane Model. The purple line indicates when the hurricane was classified as a Category 5
hurricane on the Saffir/Simpson Scale with maximum sustained winds over 135 knots, the red line
indicates when the hurricane was classified as a Category 4 hurricane with maximum sustained winds of
114 to 135 knots, the orange line is for when the hurricane was classified as a Category 3 hurricane with
maximum sustained winds of 96 to 113 knots, and the yellow line is for hurricanes classified as Category
1 or 2 with maximum sustained winds of 64 to 95 knots.
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Figure 1. GIS view of the Gulf of Mexico with layers showing the oil leases and the platforms and
MODUs

Major Hurricane History

Data from 1949 in the Pacific, from 1851 in the Atlantic

Figure 2: Plot of major hurricanes in the Atlantic and Pacific basins since 1851
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For this paper, WRC meteorologists selected the following deepwater oil leases: Walker Ridge, Green
Canyon, Keathley Canyon, Garden Banks, Atwater Valley and Mississippi Canyon. The number of
hurricanes since 1900 in each of the study blocks were :

Number of Hurricanes Number of Cat 3 or Greater Hurricanes
Walker Ridge 25 7
Green Canyon 20 6
Keathley Canyon 18 12
Garden Banks 16 11
Atwater Valley 15 5
Mississippi Canyon 14 5

The strongest sustained wind over the leases was caused by Hurricane Camille which had 165 knots over
Mississippi Canyon on August 17, 1969. Camille also caused maximum sustained winds of 160 knots
over the Atwater Valley Lease.  Thirty-six years later, in August 2005 Hurricane Katrina, caused
maximum sustained winds of 150 knots over the Atwater Valley Lease. Other Category 5 hurricanes that
occurred over Mississippi Canyon were Ethel in September 1960 which caused 140 knot winds and Betsy
in September 1965 which caused maximum sustained winds of 135 knots.

Figure 4 show the tracks of the hurricanes that have moved through each of the study oil leases. Note
that the stronger hurricanes have moved over the Atwater Valley and the Mississippi Canyon area. There
have been three Category 5 hurricanes that have moved through those leases, Hurricane Ethel [1960],
Hurricane Camille [1969], and Hurricane Katrina [2005]. The only other oil leases to have experienced a
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known Category 5 hurricane were Alaminos Canyon with Hurricane Carla in 1961 and South Padre
Island with Hurricane Beulah in 1967.
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Figure 4: 1900 to 2006 hurricanes over the deepwater blocks.

Figure 5 is a plot of all of the Category 5 hurricanes over the Gulf of Mexico oil leases from 1900 to
2006. There have been five Category 5 hurricanes, with maximum sustained winds greater than 135
knots, over the Gulf of Mexico oil leases. The portion of the track when the hurricane was at the Category
5 level is indicated in purple, the Category 4 level is indicated in red and the Category 3 level is indicated
in orange.

Figure 6 show the Category 4 and Category 5 hurricanes which have moved over the oil leases. There
have been 23 Category 4 and 5 hurricanes which have moved through the leases since 1900. Fourteen of
these strong hurricanes were east of 90W.
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Figure 6: Category 4 and 5 hurricanes over the GOM leases

Hurricane Windfields and Wave Fields

Weather Research Center has a Hurricane Windfield Model that uses the information from NOAA'’s
National Hurricane Center’s advisories to compute the wind and wave fields around a hurricane. The
model computes the maximum sustained winds in knots and significant wave heights in feet using the

radius of tropical storm force winds, the radius of 50 knots or radius of 64 knots winds, hurricane heading
and speed.
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WRC then uses ERSI ArcView to plot the wind and wave fields over the Gulf of Mexico oil leases.
Figure 7 shows a screen shot of the ArcView software with the tracks and hurricane wind fields for some
of the Gulf of Mexico Qil lease hurricanes. The yellow indicates the maximum sustained winds from 64
knots to 87 knots. Notice the different sizes of the windfields. By using the ArcView software, one is
able to visualize the different impacts that each storm would make on the Gulf of Mexico Oil leases. In
other words, size matters.
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Figure 7: Screen Shot of ArcView with Category 5 and Category 4 windfields plotted for selected Gulf
of Mexico hurricanes

Figure 8 shows the plotted windfields for both Hurricane Camille 1969 and Hurricane Katrina 2005 when
they were Category 5 hurricanes over the eastern oil leases. The plotted windfields of both storms
demonstrate how two very intense hurricanes can be so different in size. Yellow wind barbs indicate
maximum sustained winds of at least Category 1. The deep purple indicate the Category 5 maximum
sustained winds. The green wind barbs indicate the region of tropical storm force winds [34 to 63 knots].
Notice that the entire wind field for Hurricane Camille would fit into the area of Category 2 or greater
maximum sustained winds of Hurricane Katrina 2005.
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Figure 8 : Plotted windfields for Hurricane Camille 1969 and Hurricane Katrina 2005.

After Katrina and Rita, in 2005, one seems to forget about Hurricane lvan in 2004 which caused a
significant wave field as it moved over the eastern edge of the Mississippi Canyon lease. Figure 9 is a
plot of the significant wave field for Ivan in 2004. The region of 56 feet significant waves are indicated
with the purple arrows. The highest significant wave heights were along the border between the
Mississippi Canyon Lease and the Desoto Canyon Lease with most of the higher significant wave heights
over the western part of Desoto Canyon.

The software also demonstrates how the same hurricane can have two different size windfields as it
moves along its track . Figure 10 depicts windfields at two different times for Hurricane Rita 2005; when
Rita was a Category 5 hurricane moving toward the Walker Ridge Lease and Rita as it move through
Garden Banks. Notice the size of the windfield expanded as Rita weakened.
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Figure 9:  Significatn wave field for Hurricane lvan 2004

ArcView can also be used to analyze a hurricane in detail. Figure 11 demonstrates that by zooming into
the Garden Block lease blocks one can easily locate which specific blocks experienced the highest
sustained winds. One can locate the blocks which experienced the worst that the hurricane had to offer.
Figure 12 then adds a layer which has the radar image of the storm. This allows the users to see which
specific blocks are experiencing the heaviest squalls and locates the hurricane center. The red wind barbs
indicate maximum sustained winds of 114 to 120 knots and the orange wind barbs indicated maximum
sustained winds of 84 to 114 knots. This tool allows one to see which blocks would experience the
strongest winds.

One can also use GIS to layer the data such as radar, satellite, sea surface temperatures, etc. The software
allows you to zoom into a location and find out which blocks are experiencing the strongest squalls
during the cyclone.
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Figure 10: Hurricane Rita windfields

Eile Edit View Insert Selection Tools Window Help

DE S| B~ | v | & [r7esme BRI Y k?i
7 1 T —— =

= 358 | 367 [350 [160 63 1162 | Tje ) -
| R 170|171 | 1 (L
O lizonz ~ Q L | 378 amn wm gl
[ Gibert 1966 shasz a1 e 370 [s7s 178 [ 178 L1l Identify from: €3 Rita Garden Banks o
O Carmen 1974 B A o .ﬁa ] -
[ Betsy 1955 O e i e ] S 7 Rdbanen Batis Location:  [-91,334259 27.585148 Decimal Degress. <[
O Hida19e4 4 [ohaoa |63 | 402|401 Jaoo 198197 195 1 105 | 194 | of 27.5875 |
e am [ el i Field | value ]
P = ey [P nn| FEARESE
O tvanz004 L] lat  27.5875 -
O Ritawrsigwaves & m 0 81 | er | e 84 long  -91.3375
- [0 Rita WR Max Wave = (| ‘ 121 f1zz 13 | d | s 428 37 [ vae Zﬁeec‘ i;g‘:ig?
3 e — =1 - - - - : :
[ Rita Waker Ridge L e i wpve L83 L
= Rita Garden Banks - = period 16
speed M 5 T ¢ T2 e |13 | 2150 218 max 972 T
0.00000( - 30,000000 ; - — Shape  Foint 14
h=— 52 3 | 25 256
30000001 - 34.000000 k e | & ; 2 ol Y
| 236 | 207 | 298 | 299 0 1301 | 302 | 2032 | s04 b
35.000001 - £4,000000 e ottt all i
# S ST e —— [ A
£+.000001 - 54000000 ° FFss4 |385 | 036- | 387% 383 380 3a1 1392 393 [ 353 351 E‘ 356 | 357 lass 3_;9 |3sq 35;,_352 ¥ 366 |3&? 68
L || 4ze | 420 wan | ast fasz | ass lace 436 | 437 ‘397 208 | 309 laﬂn a0t | ane | 403 [10a G 03 [ s 4o | 4n |47
ey Fit \
£4.000001 - 97.000000 7 a7z [ary | 474 |a7s | avs | 477 | ave | aro et a1 |4z Jaas Lasa | a5 | aas | aar | e | 0 Lan | 4 A P
J( ° i 44;) % gﬁﬂ 454 &5 4&5
F 11816 517 | 618|519 | 520 | 521 [ 522 | 523 | 524 480 | 486 | 987 | 485 | 468 | 490 [4a1 492 493 | 494 49‘975
d g
97.000001 - 114,000000 ; i -] -
I 60 ;ﬁﬁi 562 | 563 | 564 | 565 | 566 | 467 | s08 | 569 a0 | 521 4632 |‘533 534 535’ 536 | 537 €35 % 547 ﬁa 55_
604 605 |eo6 | 607 [soe | 609 610 | 81 | &1z |61z | a7z 575 | 57 {577 | s7a 3 3 > = i o
E | | ! ara 53[!; 481 “632 53 Es.ﬂ 535“' 526 is? 5%
= 114,000001 - 135.000000 649 VB0 |Bs0 | 651 |62 |gs3 |o6d | 665 |ese | 657 le17 [eis 620 [o21 |03z [o23 024|026 | 628 [wer | 628 |o2n | 630 Joar |om
= =1 “a . 4
P 682 1 603 (604 | 605 | 600 607 | 698 |69 |7oo |01 [ 661 | 662 | Go3 665|666 | 667 |668 | 660 | 670 = &
[ 135000001 - 150.000000 f e e
736 |77 |733 739 | 740 (741 | 742 (743 | 744 745 |70s 708 | 707 | 0e ‘N EALR R SRR TR PR - RS- T Rt ol
2 . v o :
F 150.000001 - 170.000000 700 tra1 (782 (783 [7a4 '7e5 7as a7 |7ee [7es |7as lrsn 751 |52 | 763 755 | 756 [ 7a7 | ees Ipsn | 7e0 f7e1 | 7ea
« @ o8 el S gl
824 1525 | 826 827 | 828 | 829 [ 830 |831 |832 |33 |7e3 | 794 | 795 | 796 | 747 o ‘ 200 0T 07 | B0 04 02 i
Display | Source | Selection ..’E | ;\.}‘,, i_] 7l | ‘ . ! ! i
| rawng ~ & (0 @[ O~ A > =[] aal Zlfz=l[s z v |Ax B~ 8- =+~
191°20'3.33"W 27°35%.53"N

Figure 11: Screen shot showing how you can query ArcView to find the maximum sustained winds in a
certain GOM block
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Figure 12: Demonstrates how you can over lay radar as well as the wind field.

Other GIS Uses to Study Hurricanes

WRC'’s Hurricane Windfield model is also used in real-time to forecast the wind fields as the cyclone
moves through the Gulf. Figure 13 shows the forecasted windfields for Hurricane Rita. The green dots
indicate the past and current position of Rita and the red dots are the forecasted positions of Rita. The
forecasted windfields for the current position, 12 hour, 24 hour, 36 hour, 48 hour, and 72 hour positions
are given. This allows the user to find which part of the oil leases will experience the highest winds and
waves as the hurricane moves over the GOM oil leases. The line indicates the actual track of Rita.

This model has not only been used in the Gulf of Mexico but has been used to study and forecast
typhoons in the West Pacific and cyclones in the Indian Ocean. The model is a global model and has
enhanced the meteorologists ability to forecast real-time cyclones as well as analyze past cyclone events
for forensic meteorology. Figure 14 illustrates examples of a typhoon in the West Pacific and a cyclone
in the Indian Ocean.  These are samples of forecast that were issued using the model in real time.
Arcview can also be used to indicate the worst case cyclone impact for a particular location. This is
indicated in Figure 15.
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Figure 13: Forecasted windfield for Hurricane Rita
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Figure 14: Samples of the hurricane windfield model during real-time Events
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Figure 15: Samples of how ArcView can be used to show the worst case for a Location
CONCLUSION

Using GIS to study the weather and cyclones will continue to help the meteorologists understand the
impact to offshore facilities. =~ The software gives the researcher new tools to dissect and study each
parameter of the hurricane and its impacts caused by wind and waves.  This visual tool allows the user to
view several layers of historical storms as well as being used to forecast the impact of storms.
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