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ABSTRACT

This is the first of two papers on Atlantic seasonal hurricanc frequency. In this paper, seasonal hurricane
frequency as related to El Nifio events during 1900-82 and to the equatorial Quasi-Biennial Oscillation
(QBO) of stratospheric zonal wind from 1950 to 1982 is discussed. It is shown that a substantial negative
correlation is typically present between the seasonal number of hurricanes, hurricane days and tropical
storms, and moderate or strong (15 cases) El Niiios off the South American west coast. A similar negative
anomaly in hurricane activity occurs when equatorial winds at 30 mb are from an easterly direction and/or
are becoming more easterly with time during the hurricane season. This association of Atlantic hurricane
activity with El Nifio can also be made with the Southern Oscillation Index. By constrast, seasonal hurricane
frequency is slightly above normal in non-El Nifio years and substantially above normal when equatorial
stratospheric winds blow from a westerly direction and/or are becoming more westerly with time during the
storm season.

El Nifio events are shown to be related to an anomalous increase in upper tropospheric westerly winds
over the Caribbean basin and the equatorial Atlantic. Such anomalous westerly winds inhibit tropical cyclone
activity by increasing tropospheric vertical wind shear and giving rise to a regional upper-level environment
which is less anticyclonic and consequently less conducive to cyclone development and maintenance. The
seasonal frequency of hurricane activity in storm basins elsewhere is much less affected by El Nifio events
and the QBO.

Seasonal hurricane frequency in the Atlantic and the stratospheric QBO is hypothesized to be associated
with the trade-wind nature of Atlantic cyclone formation. Tropical cyclone formation in the other storm
basins is primarily associated with monsoon trough conditions which are absent in the Atlantic. Quasi-
Biennial Oscillation-induced influences do not positively enhance monsoon trough region vorticity fields as
they apparently do with cyclone formations within the trade winds.

Part II discusses the utilization of the information in this paper for the development of a forecast scheme
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for seasonal hurricane activity variations.

1. Introduction

This is the first of two companion papers on
Atlantic seasonal hurricane activity. This paper dis-
cusses seasonal hurricane frequency as related to El
Nifio/Southern Oscillation phenomena and the 30
mb equatorial Quasi-Biennial Oscillation (QBO) of
zonal wind direction. El Nino years are those in
which anomalous warm water develops off the South
American tropical west coast and in the equatorial
central Pacific. The QBO of zonal wind in the tropical
stratosphere between 15 and 20° latitude has been
measured since 1950. This zonal wind oscillation also
has a surprising association with Atlantic seasonal
hurricane activity.

a. El Nirio

This paper will show that tropical eastern and
central Pacific sea-surface temperature (SST) warming
events associated with E! Nifio reduce hurricane

activity in the western Atlantic during the season
following the onset of the El Nifio event. Sea-surface
temperatures and hurricane activity usually return to
normal in the second summer following such an
event. Figure 1 shows the 1982 warm anomaly in
SST which developed in the eastern half of the
tropical Pacific during the most recent El Nifio event.

The occurrence of such an El Nifio-Atlantic hur-
ricane activity relationship appears to be related
to the associated extra-deep cumulus convection found
in the eastern Pacific during such warm water episodes.
This enhanced convection is associated with anoma-
lously strong westerly upper tropospheric wind pat-
terns over the Caribbean basin and equatorial Atlantic,
These enhanced westerly wind patterns are believed
to be the major cause of the reduction in hurricane
activity.

Fourteen strong and moderate El Nifio events (as
determined by Quinn ef al., 1978) for the years 1900
to 1976, together with the recent 1982-83 El Nifio
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FIG. 1. Sea-surface temperature anomaly (°C) for October 1982 (from Oceanographic Monthly Summary
Report of NOAA Earth Satellite Service, 1982). Shading denotes regions of El Nifio-induced warming.

event, have been studied. Comparisons are made
with the non-El Nifio years. See Rasmusson and
Carpenter (1982) for a physical description of the
usual meteorological events occurring before, during
and after the onset of El Nifio events. The 1982-83
El Nifio was one of the strongest of this century. The
onset and the sequence of warming with this El Nifio
were different from the average El Nifio as described
by Rasmusson and Carpenter in that the initial
warming of SST occurred in the central rather than
the eastern Pacific, and the warming came a number
-of months later in the year than typically occurs. The
1982 El Nifio event was also unusual in that it
persisted 8-10 months into the following year.

b. The equatorial 30 mb QBO of zonal wind direction

Seasonal hurricane activity occurring in the years
1950-82 with easterly equatorial 30 mb QBO wind
during non-El Nifio years is studied and compared
with seasonal hurricane activity in non-El Nifio years
‘when 30 mb equatorial QBO winds are westerly.

When 30 mb equatorial winds are from the west
and/or are becoming more westerly during the hur-
ricane season, hurricane activity is typically 50-100%
higher than when 30 mb winds are from the east
and/or are becoming more easterly during the hurri-
cane season. Easterly QBO events appear to have a
similar suppressing influence on hurricane activity as
do El Nifio events.

The following sections present statistical evidence
for such a surprisingly strong association of El Nifio/

QBO events with Atlantic seasonal hurricane activity.
A physical hypothesis for such relationships is also
advanced. Such phenomenal linkages to west Atlantic
seasonal hurricane activity are, to the author’s knowl-
edge, yet to be generally realized or formally substan-
tiated. -

2. Observational evidence for an association between
El Nifio and seasonal hurricane activity

Information on El Nifio was obtained from Quinn
et al. (1978), who list strong, moderate, weak and
very weak El Nifio years for the Tast two centuries.
The intensities of recent El Nifio events have been
determined by a number of criteria such as reported
disruptions of the anchoveta fishery and marine bird
life off the coast of Peru, rainfall and runoff data for
the Peruvian coast, SST data along the Peru and
southern Ecuador coasts, and other related parameters.

To better isolate El Nifio influences on tropical
cyclone activity, we will only consider the 15 moderate

-and strong El Nifio events that have occurred since

1900 (Table 1). Recent evidence has shown that 1982
experienced one of the strongest El Nifio events of
this century. If we can accept these 15 periods as
significant El Nifio events, then the number of hur-
ricanes, hurricane days, etc., occurring in each of
these 15 El Nifio years can be compared with the
number of such events occurring during the other 68
non-El Niiio years of this century.

Figure 2 is a plot of the seasonal number of
hurricane days for the years 1900-82. In most El
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TABLE 1. El Nifio years since 1900 by intensity as determined
by Quinn et al. (1978).

Strong Moderate Weak Very weak
1983* 1976 1969 1975
1982%* 1965 1951 1963
1972 1953 1943 1948
1957 1939 1932 1946
1941 1929 1923

1925 1914 1917

1918 1905

1911 1902

* 1983 was also a strong El Nifio year but this was not known
at the time of the development of the forecast scheme appearing in
Part II. .

** 1982 has been added to this table from recent observational
evidence of quite widespread anomalous warm water in the eastern
tropical Pacific (see Fig. 1).

Nifio years, hurricane activity as measured by the
number of hurricane days is typically much less than
for non-El Nifio years. Hurricane-day information
has been tabulated from Neumann et al. (1981) and
from the recent information of Lawrence and Pelissier
(1982) and Clark (1983) on the 1981 and 1982
hurricane seasons. These reports give track informa-
tion on all west Atlantic tropical cyclones from 1871
to 1982, and list the hurricane stage of each storm
since 1886. A hurricane day is defined as any day
when a tropical cyclone was considered to have a
maximum sustained wind in excess of 34 m s™!. In
the few cases when two hurricanes simultaneously
occurred on a single day, two hurricane days were
recorded. :
This general tendency for a reduction in hurricane
activity in El Nino years is also indicated in Table 2,
which lists in decreasing order the number of hurri-
cane days occurring in each year since 1900. Note
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that most of the strong and moderate El Niho years
are placed in the lower part of the right-hand column
of this table. Of the 16 years of this century with the
lowest number of hurricane days, nine are strong or
moderate El Nifo years. Of the 22 years with the
largest number of hurricane days, none are El Nifio
years. The highest five values of El Nifio-year hurri-
cane days range from 15 to 27, while values for the
five highest non-El Nifio-year hurricane days are.
between 46 and 57. The mean number of hurricane
days in moderate and strong El Nifio years (as defined
by Quinn et al., 1978) was. 10.9, versus 23.2 during
non-El Nifio years. The medians are 9 and 20.5.

A ranking of the number of hurricanes per year
gives similar results. Of the 28 years with three
hurricanes or less, 12 years (or 43%) were moderate
or strong El Nifio years. Of the 56 seasons with four
or more hurricanes, only four (or 7%) were El Nifo
years. The mean numbers of hurricanes per season
during El Nifio and non-El Nifio years are 3.0 and
5.4, respectively.

Similar results also are found for the seasonal
number of hurricanes and tropical storms (maximum
sustained winds > 22 m s7'). Of the 22 years with
five or fewer tropical storms and hurricanes, 11 (or
50%) were El Nifo years. By contrast, only three of
51 years (or 6%) with seven or more tropical storms
and hurricanes were El Nifio years. The average
numbers of hurricanes and tropical storms per season
for El Nifio and non-El Nifio years are 5.3 and 9.0,
respectively.

A Wilcoxon (Brownlee, 1960) two-sample statistical
rank test of the null hypothesis that there is no
relationship between El Nifio and non-El Niiio years
and hurricane activity is significant at the 0.1% level
for seasonal number of hurricanes, seasonal number
of hurricanes and tropical storms, and for the seasonal
number of hurricane days.
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FIG. 2. Number of hurricane days (given at top of lines) in El Nifio and
‘non-El Nifio years from 1900 to 1982.
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TABLE 2. Ranking of Atlantic tropical cyclone seasons from 1900 4. Track alterations during El Nifio years
to 1983 by number of hurricane days in decreasing order. An in-

dication of moderate or strong El Nifio for each year is given on The tracks of hurricane-intensity tropical cyclones

the right of each column. in each of the 15 moderate and strong El Nifio years
of this century show that hurricane activity is strikingly
Hurricane ~ El Nifio Hurricane  El Nifio suppressed for most El Nifio years, and also that only
Year  days strength  Year  days strength 3 few hurricanes cross the Caribbean-West Indies
1950 57 1975 18 region from an east to west di'rection during.these
1926 56 1960 18 years. By contrast, in non-El Nifio years, hurricanes
1933 52 1953 18 Moderate are more frequent, and tracks crossing the Caribbean
1961 46 1974 16 : are much more frequent. These differences are better
1955 46 1937 16 illustrated by comparing Figs. 3, 4 and 5. Figure 4
1916 46 1941 15 Strong . . :
1964 43 1938 15 shows the hurricane intensity storm tracks for a
1906 42 1927 15 composite of 14 El Nifio seasons (1982 and 1983 are
1966 41 1942 14 not included). Figures 3 and 5 show, respectively, 14
1969 39 1934 14 seasons of hurricane intensity storm tracks one year
igg? ;’7‘ : }ggg :2 Moderate  pofore and one year after each El Nifio event. Notice
1903 37 1917 14 the decreased number of hurricane-intensity storm
1963 36 1913 14 tracks during El Nifio years and the even greater
1967 35 1978 13 increased number of westerly-tracking systems in the
}ggi gg _ :ggg }:; southern part of the hurricane basin during non-El
1915 32 1956 2 Nifio years. The El Nifio-year suppression of westerly-
1936 31 1945 12 tracked cyclones in the Atlantic equatorward of 20°N
1948 29 1962 10 is substantially larger than the overall difference in
1971 28 1922 10 hurricane activity between El Nifio and non-El Nifio
1932 28 1919 10 years: B
}82? %; Moderate :gzg 3 There can be little doubt that seasonal hurricane
1935 26 1930 9 activity during the El Nifio years of this century has
ig‘g %g }g(l); g i}rgglg . been much suppressed compared with activity during
cratlc 1R
1976 24  Moderate 1946 8 non-El Nifio years.
e B o83 Jwons b Statistics before 1900
1952 23 1970 7 Thi . . L. . ..
1908 23 1920 7 s strong negative association of hurricane activity
1959 22 1904 7 with El Nifio events for the 1900-82 period is not
1924 22 1977 6 verified for the shorter 1871-99 period, however.
1909 22 1972 6 Strong Recognition of El Nifio events before this century is
1910 21 1939 3 Moderate  p50ed primarily on Peruvian rainfall data and other
1957 20 Strong 1982 5 Strong . . .
1949 20 1983 5 Strong related historical records. The eight strong and mod-
1921 20 1931 4
1912 20 1925 1 Strong
1900 20 1914 0 Moderate
1901 19 . 1907 0

It is also interesting to note that of the 54 major
hurricanes! striking the United States coast during
1900-76 (as determined by Hebert and Taylor, 1978)
plus 1977-83 (determined by the author), only four
occurred during the 16 strong and moderate El Nifio
years. During the other 68 non-El Nifio years from
1900 to 1983, there were 50 major hurricane strikes
on the coast. The rate of major hurricane strike per
El Nifio year is 0.25, while that per non-El Nifo year
is 0.74, a three to one ratio. ‘

FIG. 3. Fourteen years of hurricane-intensity storm tracks occur-
! Saffir/Simpson Hurricane scale classification of 4 or 5 [surface ring one year before each of 14 El Nifio years between 1900 and
pressure < 944 mb, sustained winds > 130 mph (Simpson, 1974)].  1976.
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FIG. 4. As in Fig. 3 but during each of the 14 El Nifio years.

erate El Nifio events of this earlier period as listed by
* Quinn et al. (1978) occurred during 1871, 1877,
1880, 1884, 1887, 1891, 1896 and 1899. These nine-
teenth-century El Nifio years actually show more
hurricane activity than the non-El Nifio years, an
opposite correlation to that observed in this century.
The year 1887 was reported to be particularly active,
with 10 hurricanes, 7 tropical storms and 73 hurricane
days. This year was also reported by Quinn et al.
(1978) to be a moderate El Nifio year. The author
cannot explain why the El Nifio-hurricane activity
association during the period 1871-99 is opposite to
the much longer twentieth century association. A
possible explanation is that the El Nifio and hurricane
data for this earlier period are less reliable than more
recent data. Or, it-may be that the physical association
of El Nifio and hurricane activity (to be discussed in
the next section) was just not present during this
earlier period. This latter explanation seems less
likely, however.

3. Physical processes responsible for suppression of
hurricane activity by El Nifio

Satellite imagery shows that the warm water that
develops in the eastern tropical Pacific during a
typical El Nifio year is associated with extra amounts
of deep cumulus convection throughout this region.
It is suggested that this enhanced deep convection
develops anomalous upper tropospheric (~200 mb)
outflow patterns. Other factors being equal, these
outflow patterns act to produce an enhancement of
westerly winds (or weaker easterly winds) over the
Caribbean and western equatorial Atlantic regions
and thus create conditions different from non-El
Nifio years. An idealization of this process is shown
in Fig. 6.

These atypical upper tropospheric westerly winds
that occur during El Nifio years lead to a situation
in which seasonal 200 mb anticyclonic wind flow
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over the Caribbean basin and western Atlantic is
significantly reduced from conditions normally oc-
curring in non-El Nifio years. For a large number of
hurricanes t0 form and be maintained through an
active hurricane season, it is necessary that seasonal
200 mb winds in the latitude belt 0-15°N be from
an easterly direction and that 200 mb westerly winds
be present in the subtropical latitude belt 20-30°N.
Such seasonal climatological flow patterns are a nec-
essary background ingredient for individual pre-storm
weather systems to develop into cyclones. As discussed
by the author in previous studies (Gray, 1975, 1979)
the more favorable the background seasonal environ-
ment, the greater the probability that individual cloud
cluster systems will develop into cyclones rather than
remaining as traveling depressions and disturbances.

Figure 7 is taken from data composited around the
early stages of tropical disturbances as they began to
develop into tropical storms in the Caribbean basin
region (Gray, 1968). Similar information on the
necessary environmental conditions for tropical cy-
clone formation is also contained in the more recent
papers of McBride (1981) and McBride and Zehr
(1981). Figure 7 shows the type of 200 mb north-
south zonal wind shears that are usually associated
with individual cases of hurricane development and
maintenance. Figure 8 is a meridional vertical cross
section showing the typical zonal wind patterns which
are necessary for tropical cyclone formation. The
greater the seasonal easterly winds at point A, or
westerly winds at point B, the greater the likelihood
of an above average number of seasonal hurricanes.
Hurricane activity is made greater or less by any
process which enhances or suppresses such seasonally
averaged upper tropospheric wind patterns.

Since El Nino events are usually associated with
low values of surface pressure in the southeastern
Pacific subtropical high, it is to be expected that West
Atlantic hurricane activity will also be below normal

FIG. 5. As in Fig. 3 but for one year after each.
of the 14 El Nifio years.
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FIG. 6. Deviational upper tropospheric (~200 mb) outflow wind patterns due to enhanced deep-cumulus convection in the
eastern tropical Pacific in moderate and strong El Nifio years. These wind patterns are hypothesized to result from anomalously
warm eastern Pacific water. [Numbers indicate upper-air stations at Swan Island (1), Grand Cayman (2), Kingston, Jamaica (3),

Curagao (4), San Juan (5), St. Maarten (6) and Barbados (7)].

in years when the Southern Oscillation Index (SOI)
is low; this is observed to be true. An inspection of
the Santiago, Chile (33°S) minus Darwin, Australia
(12°S) surface pressure as presented by Quinn et al.
(1978) shows that all 14 strong and moderate El Nifio
events from 1900 to 1976 had distinctly lower than
normal values of this time-averaged surface pressure
difference. The lowest values of this pressure difference
were usually associated with the strongest El Nifio
events. The SOI was also very low during the 1982
El Nifio year. Thus, a positive correlation between
Atlantic hurricane activity and the Southern Oscilla-
tion is definitely present.

0O 4 8
8
. - °Lat
FIG. 7. Composite of 200 mb zonal winds (m s™') about the
center point (large dot) of Caribbean basin tropical weather systems

in an early stage of cyclone development (adapted from Gray,
1968).

Figure 9 has been adapted from the recent paper
by Arkin (1982). It shows 200 mb wind differences
over the tropical Atlantic between 17 seasons with
high SOI (>0.65) and 14 seasons with low SOI
(< —0.65). The greater seasonal 200 mb anticyclonic
flow which is associated with high SOI (shown by the
cross-hatched region of this figure) should be asso-
ciated with higher values of seasonal hurricane activity.
The opposite wind patterns related to low SOI will

Pressure (I0°mb)

20°N

EQ I0°N |

F

FiG. 8. Schematic north-south vertical cross section of zonal
winds in the western Atlantic and Caribbean basin during August-
September relative to the typical latitudinal position of tropical
cyclone formation indicated by the dashed line F. Westerly and
easterly winds are denoted by W and E, respectively, and strong
and weak wind speeds by plus and minus signs, respectively.






