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Abstract 

Extratropical cyclones which form over the northwest 
Gulf of Mexico have produced strong winds, high waves, 
and significant flooding damage along the coastal areas 
of the region. Because previous cyclone climatologies have 
not included detailed intensity information (minimum 
central pressure), this study provides a long-term clima­
tology of the intensity values of winter cyclones forming 
over the northwest Gulf of Mexico. Extratropical cyclones 
which formed over the northwest Gulf of Mexico during 
the winters of 1966-67 to 1995-96 are classified as having 
either a weak or strong intensity, based on their minimum 
central pressure. The frequencies of the weak and strong 
intensity cyclones are calculated for each of the thirty win­
ter seasons. The influence of El Nino and La Nina events 
on the winter season totals of weak and strong cyclones is 
also investigated. Statistical tests reveal that the frequen­
cy of strong extratropical cyclones forming over the north­
west Gulf is significantly higher during El Nino winters. 
Although not statistically significant, there is also a ten­
dency for very few strong cyclones to occur during La Nina 
winters. 

1. Introduction 

Extratropical cyclones which fonn over the northwest 
Gulf of Mexico can produce strong sustained winds and, 
therefore, are important producers of flooding along the 
coastal areas of the region. An excellent example of the 
flooding caused by these stonns is provided by a cyclone 
which intensified over the northwest Gulf on 19-20 
January 1983. Winds associated with the cyclone helped 
produce above nonnal tides from southeastern Louisiana 
to the western part of the Florida panhandle. Because of 
the high tides, many businesses, homes, and automobiles 
in the New Orleans area were flooded, resulting in damage 
totals of $6.3 million in Orleans Parish and $5 million in 
St. Bernard Parish (Johnson et al. 1984). The strong winds 
and high waves associated with northwest Gulf cyclones 
also cause beach erosion and pose a threat to the regions' 
shipping interests and offshore oil platfonns (Hsu 1993). 

3 

Given the significant impact of extratropical cyclone 
winds on the coastal areas of the northwest Gulf, a 
detailed climatology of the intensity of Gulf cyclones 
would be of interest to meteorologists forecasting the 
coastal conditions as well as to the region's residents and 
shipping and oil interests. However, only one of the pre­
vious Gulf of Mexico cyclone climatologies (Saucier 1949; 
Johnson et al. 1984) has provided any data on cyclone 
intensity. Johnson et al. (1984) examined the frequency of 
Gulf cyclones during the winters 1972-73 to 1982-83 and 
included a category for those lows which attained a cen­
tral pressure at or below 1010 mb. Out ofthe ten cyclones 
which develop over the Gulf of Mexico during an average 
winter (Saucier 1949; Johnson et al. 1984), approximate­
ly five cyclones per year had a minimum central pressure 
at or below 1010 mb during the winters 1972-73 to 1982-
83 (Johnson et al. 1984). 

To show more detailed information on the intensity 
(e.g., minimum central pressure) of Gulf cyclones, the 
authors of this paper provide a long-tenn climatology of 
the intensity values of winter cyclones forming over the 
northwest Gulf of Mexico. The influence of the El 
Nino/Southern Oscillation (ENSO) on the year to year 
changes in the frequency and intensity of northwest Gulf 
cyclones is also examined. Previous research indicates 
that winter cyclone activity in the Gulf of Mexico is influ­
enced by ENSO (Johnson et al. 1984; Manty 1993). 
During El Nino winters, the upper-air westerlies are 
strengthened over the eastern North Pacific and the Gulf 
of Mexico CYamal 1985; Aceituno 1989; Cavazos and 
Hastenrath 1990). With a strengthened jet stream inter­
acting with the strong sea surface temperature gradient 
usually present along the northwest Gulf during winter 
(Hsu 1992), the Gulf may experience an unusually high 
number of strong intensity winter cyclones during El 
Nino events. This was the case during the El Nino winter 
of 1982-83, when several Gulf cyclones attained a central 
pressure at or below 1010 mb (Johnson et al. 1984). The 
influence of La Nina events on the intensity of northwest 
Gulf cyclones is also examined. Manty (1993) found, for 
the years 1960 to 1989, that the number of Gulf cyclones 
fonning during La Nina winters was significantly lower 
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than during non-La Nina winters. However, the intensity 
values of the Gulf cyclones during those La Nina winters 
were not studied (Manty 1993). 

2. Data and Methods 

a. Identification of cyclogenesis events 

Cyclogenesis over the northwest Gulf of Mexico is 
examined for thirty winter (November to May) seasons 
from 1966-67 to 1995-96. The study region is defined as 
the area bounded by 90° W to 100° W longitude and 25° N 
to 30° N latitude (Fig. 1). The northwest Gulfwas chosen 
as the region of study because: 1) it includes the majority 
of winter season cyclogenesis events in the Gulf (Saucier 
1949; Johnson et a1. 1984); and 2) the region's residents 
and shipping and oil interests are impacted by the extra­
tropical cyclone winds. Winter cyclones forming in the 
Gulf of Mexico can also produce significant property dam­
age and erosion along the eastern seaboard of the United 
States (Mather et al. 1964; Davis et a1. 1993). However, 
the intensity values of Gulf cyclones along the east coast 
are not included in this study, because Davis et al. (1993) 
has already examined them. 

l OOOW 

Fig. 1. Northwest Gulf of Mexico cyclogenesis study region. 

The Daily Weather Maps (DWM) (National Oceanic 
and Atmospheric Administration 1966-1996) series is 
used to identify each cyclone which formed over the study 
region. Each cyclone that formed over the study area and 
existed for at least 24 hours (present on two consecutive 
weather maps) is included in this study. It is important to 
note that although a cyclone must be present on two con­
secutive maps, it does not have to remain located over the 
study area on both maps. The cyclones are divided into 
"strong" and "weak" categories. The "strong" cyclone cate­
gory includes all cyclones that attained a minimum cen­
tral pressure less than or equal to 1012 mb while over the 
study region. The "weak" cyclone category includes those 
cyclones whose minimum central pressure was greater 
than 1012 mb while over the study region. 

The primary weakness of the DWM series is that there 
is only one map every 24 hours at 1200 UTC. This presents 
two problems for the development of a climatology of 
cyclone intensities. First, the minimum central pressure 
value that a cyclone reaches over the study area may not 
occur at 1200 UTC. Second, cyclones which form after 1200 
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Table 1. Intensity Categories for Strong Cyclones (modified 
from Hsu 1993) 

Cyclogenesis Minimum Maximum Wind 
Category Pressure (x) Speed (Vmax) 

Class 1 1006 < x:5 1012 mb 11 :5Vmax < 15 m/s 

Class 2 1000 < x :51006 mb 15 :5 V max < 18 mls 
Class 3 990 < x :51000 mb 18 :5 Vmax < 22 m/s 

Class 4 980 < x:5 990 mb 22:5 Vmax < 25 m/s 

Near Hurricane x:5 980 mb 25 m/s :5 V max 

UTC and move east of the study area by the next map will 
not have a measured central pressure value over the region. 
These cyclones that develop and move out of the region in 
between maps are included in the weak cyclone category, if 
they existed for at least 24 hours. Although the DWM does 
not always give the minimum central pressure reached by 
a cyclone over the study area, the DWM's long period of 
record makes it an excellent source for the development of 
a long-term cyclone climatology. 

Because the stronger storms produce higher wind 
speeds and are more likely to produce higher waves and 
water levels, the strong cyclogenesis events are further 
subdivided (Table 1) to get a better idea of the frequencies 
of the more intense storms. For each strong cyclone form­
ing over the study area, its intensity category is deter­
mined from its minimum central pressure value that is 
reached while over the northwest Gulf. Although maxi­
mum wind speeds are not used to determine cyclone 
intensity in this study, Table 1 can be used to get an idea 
of the wind speeds associated with the intensity cate­
gories of the strong cyclones. For the derivation of the 
maximum wind speeds associated with the cyclogenesis 
categories, see Hsu (1993). 

b. Analysis of cyclogenesis totals 

After completing the analysis of the daily weather 
maps and identifying the intensity category of each 
storm, the thirty-season total and the individual season 
frequencies are calculated for the weak cyclones, the 
strong cyclones, and the subclasses of the strong storms. 
The influence of ENSO on winter-season cyclogenesis in 
the northwest Gulf of Mexico is evaluated through a com­
parison of the frequency and intensity of Gulf cyclones 
during EI Nino, La Nina, and Non ENSO (neither EI 
Nino nor La Nina) winters. Six EI Nino events (1969-70, 
1972-73, 1976-77, 1982-83, 1986-87 and 1990-95) and 
four La Nina events (1970-71, 1973-74, 1975-76 and 
1988-89) occurred during the thirty-year study period 
(Kiladis and Diaz 1989; Trenberth and Hoar 1996). 

3. Results 

a. Thirty-season totals 

Of the 166 cyclones which developed over the north­
western Gulf during the thirty winters studied: 83 had a 
minimum central pressure> 1012 mb and 83 had a min-



Volume 22 Number 1 December 1997 

Table 2. CyclogenesisTotals by Intensity Category (minimum 
central pressure 51012 mb) 

Cyclogenesis 
Category 

Class 1 

Class 2 

Class 3 

a 

1966·1996 Total 

65 

11 

7 

Percentage 

78.31% 

13.25% 

8.44% 
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imum central pressure ~ 1012 mb. A typical winter sea­
son (based upon median values) is characterized by three 
weak cyclones and two to three strong storms (median = 
2.5) forming over the northwestern Gulf of Mexico. A 
breakdown of the more intense cyclones (Table 2) reveals 
that the majority of the strong cyclones only reach the 
class 1 intensity level while over the northwest Gulf 

Winter frequencies of the weak cyclones and the strong 
cyclones were also plotted and compared to their overall 
median values. Winter frequencies of the weak cyclones 

are: generally lower than the medi­
an from the mid 1960s to the mid 
1970s, generally at or above the 
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Fig. 2. Cyclogenesis frequencies in the northwest Gulf for the winter seasons 1966-67 to 1995-
96: a. Weak (central pressure> 1012 mb), b. Strong (central pressure 51012 mb). 

distinctive features of the strong 
cyclone frequency chart (Fig. 2b) are 
the two high frequency winters dur­
ing the 1980s (1982-83 and 1986-
87) and the cluster of high frequen­
cy winters during the 1990s. 

When cyclone totals are exam­
ined by decade, it is interesting to 
note that the first decade (1966-67 
to 1975-76) only had 41 cyclones, 
while the middle (1976-77 to 1985-
86) and final (1986-87 to 1995-96) 
decades had 66 and 59 cyclones 
respectively. The much higher 
cyclone totals in the second and 
third decades could be partly attrib­
uted to an increase in the amount of 
data available for the Gulf 
Deepwater buoys 42001, 42002, and 
42003 were put into operation in 
the mid 1970s and several Coastal 
Marine Automated Network 
(CMAN) stations were added in the 
mid 1980s. However, there were 
three La Niiia events in the first 
decade, which may have con­
tributed to the lower cyclone totals. 

b. Influence of the El Nifio­
Southern Oscillation (ENSO) 

There does not appear to be a 
clear El Niiio influence on the win­
ter frequencies of weak cyclones, 
even though the two highest fre­
quency winters (Fig. 2a) are during 
El Niiio events (1976-77 and 1982-
83). Out of the ten El Niiio years, the 
frequencies of weak cyclones are 
above the median during four win­
ters, below the median during four 
winters, and equal to the median for 
the winters of 1972-73 and 1986-87 
(Fig. 3a). There is some indication of 
fewer weak cyclones during La Niiia 
winters. For the four La Niiia years, 
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a _ EI Nino D La Nina ters and above the median during 
one winter (Fig. 3b). 

4 .... .. . ..... . . ... . . . ........ . ...... .. . . . •• • . . • .. • • 

To determine if northwest Gulf 
cyclone frequencies are significantly 
higher during El Nino winters and 
significantly lower during La Nina 
winters, the median test (Siegel and 
Castellan 1988, p. 124) is used. For 
both the weak cyclones and the 
strong cyclones, the median cyclone 
frequencies during El Nino, La 
Nina, and non ENSO winters (Table 
3) are compared. The difference in 
the frequency ofthe weaker (> 1012 
mb) cyclones during El Nino, La 
Nina, and non ENSO winters is not 
found to be statistically significant 
(Table 4). However, the frequency of 
the stronger (S; 1012 mb) cyclones 
during El Nino winters is signifi­
cantly higher than during non 
ENSO winters (Table 4). Although 
no strong cyclones formed over the 
northwest Gulf in three of the four 
La Nina winters, the frequency of 
strong cyclones during La Nina 
winters is not found to be signifi­
cantly lower than the frequency of 
strong cyclones during El Nino win­
ters or non ENSO winters (Table 4). 
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4. Conclusions 

The frequency of weak and strong 
extratropical cyclones forming over 
the northwest Gulf of Mexico has 
been examined for thirty winter sea­
sons. The winter totals of weak and 
strong cyclones were found to be 
highly variable, with some winters 
having no weak or no strong cyclones 
and other winters having as many as 
seven weak or seven strong cyclones. 
El Nino and La Nina events were 
investigated as possible contributors 
to cyclone variability in the north­
west Gulf of Mexico. The frequency of 
weak cyclones during El Nino, La 

Fig. 3. EI Nino and La Nina winter cyclogenesis frequency departures from the median: a. 
Weak (central pressure> 1012 mb), b. Strong (central pressure::; 1012 mb). 

Nina, and non ENSO winters was 
not found to differ significantly. It is 
somewhat surprising that the fre­

the frequency of weak cyclones are slightly below the medi­
an during three winters and equal to the median during the 
winter of 1975-76 (Fig. 3a). 

For the strong cyclones, there appears to be a good rela­
tionship between high frequency winters and El Nino 
events. The five highest frequency winters (Fig. 2b) occur 
during El Nino events (1982-83, 1986-87 and 1990-95). 
Also, the frequencies of the strong cyclones are above the 
median during nine out ofthe ten El Nino winters (Fig. 3b). 
For the four La Nina winters, the strong cyclone frequencies 
are below the median and equal to zero during three win-

quency of strong cyclones during La Nina winters was not 
found to be significantly lower than during El Nino or non 
ENSO winters. The lack of statistical significance may be 
the result of having only four La Nina events, with one of 
the La Nina winters having a strong cyclone frequency 
above the median. The frequency of the stronger intensity 
cyclones in the northwest Gulfwas found to be significant­
ly higher during El Nino winters than during non ENSO 
winters. During El Nino winters, the presence of strength­
ened upper-air westerlies over the Gulf of Mexico is a like­
ly contributor to the higher frequencies of strong cyclones. 
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Table 3. Median Number of Cyclones during EI Nino, La Nina, 
and Non ENSO Winters 

Season 

EI Nino 

La Nina 

Non ENSO 

> 1012 mb 

3 

2 

3 

~ 1012 mb 

4.5 

o 
2 

Table 4. MEDIAN TEST: Probabilities (significant in bold) 

Cyclone EI Nino vs. 
Intensity La Nina 

> 1012 mb 0.28 

~ 1012 mb 0.13 

EI Nino vs. 
Non ENSO 

0.48 

0.005 

La Nina vs. 
Non EN SO 

0.28 

0.66 

However, additional research is needed to identifY the 
importance of the upper-level westerlies and other atmos­
pheric circulation features for the formation of strong 
cyclones during El Nino winters. Another possible area of 
future research is the identification of the circulation fea­
tures that inhibit the development of strong cyclones over 
the Gulf during certain winters especially during La Nina 
events. 

Acknowledgments 

The authors wish to thank reviewers Philip 
Schumacher, Science and Operations Officer, NWS 
Forecast Office at Grand Forks, North Dakota and Dr. 
David Schultz of NOAAlNational Severe Storms 
Laboratory, Norman, Oklahoma for their many helpful 
suggestions for improving the manuscript. Thanks also to 
Dr. Keith Henderson, Dr. Barry Keim, and John M. 
Grymes III for their comments during the preparation of 
the manuscript. This study was supported in part by the 
Louisiana / Texas Shelf Physical Oceanography Program 
funded by the U.S. Minerals Management Service (MMS) 
under Contract 14-35-0001-30509 for work to be per­
formed by the Texas A & M University System and sub­
contractors. The contents of this paper do not necessarily 
reflect the views or policies of the MMS. 

Authors 

Jeffrey Hardy is a Ph.D. candidate in the Department of 
Geography and Anthropology at Louisiana State 
University. His primary research interests are in synoptic 
climatology and climate change and variability and include 
the investigation of the link between cold front variability 
in the southern United States and atmospheric circulation 
patterns. He earned his B.S. degree in Geosciences from 
Mississippi State University in 1991 and his M.S. degree in 
Geography from Louisiana State in 1993. 

Dr. S.A. Hsu has been a Professor of Meteorology at 
LSU since 1969, after he received his Ph.D. in 
Meteorology from the University of Texas at Austin. He is 
the author of Coastal Meteorology (Academic Press, 1988) 
and numerous papers on coastal and marine meteorolo-

7 

gy and air-sea interaction. Dr. Hsu is also an AMS 
Certified Consulting Meteorologist. 

References 

Aceituno, P, 1989: On the Functioning of the Southern 
Oscillation in the South American Sector. Part II: Upper­
Air Circulation. J Climate, 2, 341-355. 

Cavazos, T., and S. Hastenrath, 1990: Convection and 
Rainfall over Mexico and their Modulation by the 
Southern 0scillation. Int. J Climatol., 10,377-386. 

Davis, RE., R Dolan, and G. Demme, 1993: Synoptic 
Climatology of Atlantic Coast North-Easters. Int. J 
Climatol., 13, 171-189. 

Hsu, S.A., 1992: Effects of Surface Baroclinicity on 
Frontal Overrunning along the Central Gulf Coast. J 
Appl. Meteor., 31:8, 900-907. 

~=-----_, 1993: The Gulf of Mexico - A Breeding Ground 
for Winter Storms. Mar. Wea. Log, 37:2, 4-7. 

Johnson, G.A., E.A. Meindl, E.B. Mortimer, and J.S. 
Lynch, 1984: Features Associated with Repeated Strong 
Cyclogenesis in the Western Gulf of Mexico during the 
Winter of 1982-83. Postprints: Third Conference on 
Meteorology of the Coastal Zone, 9-13 January 1984, 
Miami, Florida, Amer. Meteor. Soc., 110-117. 

Kiladis, G.N., and H.F. Diaz, 1989: Global Climatic 
Anomalies Associated with Extremes in the Southern 
Oscillation. J Climate, 2, 1069-1090. 

Manty, RE., 1993: Effect of the El Niiio / Southern 
Oscillation on Gulf of Mexico, Wintel; F'rontal-Wave 
Cyclones: 1960-1989. Ph.D. dissertation, Louisiana State 
University, 768 pp. 

Mather, J.R, H. Adams III, and G.A. Yoshioka, 1964: 
Coastal Storms of the Eastern United States. J Appl. 
Meteor., 3:6, 693-706. 

National Oceanic and Atmospheric Administration, 
1966-1996: Daily Weather Maps. Washington, D.C., 
Climate Prediction Center. 

Saucier, W. J., 1949: Texas-West Gulf Cyclones. Mon. Wea. 
Rev., 77:8, 219-231. 

Siegel, S., and N.J. Castellan, Jr., 1988: Nonparametric 
Statistics for the Behavioral Sciences. McGraw-Hill Book 
Company. 399 pp. 

Trenberth, KE., and T.J. Hoar, 1996: The 1990-1995 El 
Niiio-Southern Oscillation Event: Longest on Record. 
Geophys. Res. Let., 23:1, 57-60. 

Yarnal, B., 1985: Extratropical Teleconnections with El 
Niiio/Southern Oscillation Events. Prog. Phys. Geog., 9, 
315-352. 


