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ABSTRACT

More than 90% of all seasonal Atlantic tropical cyclone activity typically occurs after 1 August. A strong
predictive potential exists that allows seasonal forecasts of Atlantic basin tropical cyclone activity to be issued
by 1 August, prior to the start of the active portion of the hurricane season. Predictors include June-July
meteorological information of the stratospheric quasi-biennial oscillation (QBO), West African rainfall, the El
Nifio-Southern Oscillation (ENSO) as well as sea level pressure anomalies (SLPA ), and the upper-tropospheric
zonal-wind anomalies (ZWA) in the Caribbean basin.

Use of a combination of these global and regional predictors provides a basis for making cross-validated
(jackknifed) 1 August hindcasts of subsequent Atlantic seasonal tropical cyclone activity that show substantial
skill over climatology. This relationship is demonstrated in 41 years of hindcasts of the 1950-90 seasons. It is
possible to independently explain more than 60% of the year-to-year variability associated with intense (category
3-4-5) hurricane activity. This is significant because over 70% of all United States tropical cyclone damage
comes from intense hurricanes, and over 98% of intense hurricane activity occurs after 1 August.

Empirical evidence suggests that least sum of absolute deviations (LAD) regression yields substantially more
improved cross-validated results than an analogous procedure based on ordinary least sum of squared deviations
(OLS) regression. This improvement surprisingly occurs even with the squared Pearson product-moment cor-
relation coefficient for which one might anticipate OLS regression to yield better cross-validated resuits than
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LAD regression.

i. Introduction

This paper investigates improved predictions of sea-
sonal Atlantic tropical cyclone (TC) activity. While an
earlier paper (Gray et al. 1992¢) considers predictions
from 1 December of the previous year, the present pa-
per deals with the notably stronger predictive capabil-
ities that are available each year by 1 August for making
forecasts for the likely incidence of TC activity for the
most active portion of the season during August—-Oc-
tober.

Earlier work by the first author (Gray 1984a,b)
demonstrates that seasonal predictability of Atlantic
basin TC activity above that specified by climatology
is feasible by the start of the hurricane season. Seasonal
variations of several global and regional climate pa-
rameters are associated with strong season-to-season
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variations of cyclone activity in the Atlantic basin. Ac-
curate seasonal predictions are possible through the
use of these climate controls. Similar predictive rela-
tionships of this degree of accuracy are generally not
available for the other global TC basins, wherein con-
ditions for cyclone activity are more robust and where
a monsoon trough (rather than easterly waves from
Africa) is the primary component for TC formation.
Cyclone activity in the other global cyclone basins is
also not as seasonally concentrated as in the Atlantic,
where the majority of intense hurricane activity occurs
in the comparatively short 50-day period between 20
August and 10 October. This temporal focus of Atlantic
TC activity allows for the concentration of seasonal
forecast parameters on the single month of September.
These forecast advantages are not available in the other
ocean basins, wherein seasonal forecasting shows less
potential skill (Chan 1991; Nicholls 1992).

Nine predictors can be used for 1 August Atlantic
basin seasonal forecasts. These include the global-scale
climatic factors of the stratospheric quasi-biennial os-
cillation (QBQO) and the El Nifio-Southern Oscillation
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(ENSO). The QBO is represented by three predictors:
50-mb zonal winds, 30-mb zonal winds, and the ab-
solute vertical shear of these two layers. ENSO is in-
cluded in the forecast scheme as two predictors: the
eastern equatorial Pacific sea surface temperature
anomaly (SSTA) and the normalized Darwin-to-Tahiti
pressure difference (i.e., Southern Oscillation index or
SOI). Regional-scale predictive factors also related to
ENSO include the 200-mb zonal-wind anomaly
(ZWA) and sea level pressure anomalies (SLPA) in
the Caribbean basin. The two remaining predictors in-
clude West African rainfall in the western Sahel during
June and July and in the Gulf of Guinea region during
the previous August-November period. The strong
concurrent association between western Sahelian rain-
fall and Atlantic basin inténse hurricane activity has
been recognized only recently (Gray 1990; Landsea
1991; Landsea and Gray 1992; Landsea et al. 1992).

Indexes of seasonal TC activity include the incidence
of named storms (NS), named storm days (NSD),
hurricanes (H), hurricane days (HD), intense hurri-
canes (IH), intense hurricane days (IHD), and hur-
ricane destruction potential (HDP). Precise definitions
of each of these indexes are provided in the Appendix.
Updated values for these seven indexes of Atlantic basin
TC activity for the years 1950-90 are given in Table
1 of Gray et al. (1992¢). The data were compiled from
Jarvinen et al. (1984) and Neumann et al. (1987).
Although 1 August is two months into the official At-
lantic basin hurricane season, the early season months
of June and July contribute little toward the total sea-
sonal TC activity. Only 9.4% of the NSD, 5.5% of the
HD, and 1.6% of the IHD (see Fig. 1) historically occur
by the end of July (Landsea 1991). Additionally, un-
usually high or low amounts of June and July TC ac-
tivity have little relation to the season as a whole.

This study involves the application of statistical
techniques for the development of accurate, indepen-
dent (jackknifed) 1 August hindcasts for each of the
seven measures of seasonal TC activity. We begin by
describing the predictive indexes and review the phys-
ical processes whereby they affect TC activity on sea-
sonal time scales. A discussion of our methods of anal-
ysis includes a description of the forecast equations
and supporting statistical studies. The comparative ad-
vantages obtained from least sum of absolute deviations
(LAD) regression over ordinary least sum of square
deviations (OLS) regression are described in section
4; the major findings of the statistical studies are con-
tained in Table 6. A final illustration summarizing the
remarkable forecasting capability of the derived rela-
tionships is presented in Fig. 11.

2. Meteorological parameters related to Atlantic
basin seasonal tropical cyclone activity

A number of pre-August meteorological parameters
have been observed to be related to variations in At-
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FIG. 1. Plot of Julian Day versus IH activity (9-day running mean)
using data for 1986-1989. Note that nearly all IH activity occurs
between | August (Julian Day 213) and 1 November (Julian Day
305).

lantic basin TC activity occurring after 1 August. These
predictive parameters are 1) three measures of the
stratospheric QBO zonal winds near 10°N latitude, 2)
two measures of West African rainfall, 3) two measures
of ENSO, and 4) SLPA and ZWA. Figure 2 shows the
geographical distribution of these predictive parame-
ters.

Predictive associations based on these parameters
are as follows.

a. The stratospheric QBO

Strong stratospheric QBO easterly winds and strong
lower-stratospheric vertical wind-shear conditions in-
hibit lower-latitude TC formation and intensification
(Gray 1984a,b; Shapiro 1989). We find that there are
only one-half as many Atlantic basin IHD during those
seasons when strong easterly stratospheric winds and
strong lower-stratospheric vertical wind-shear condi-
tions exist (i.e., during the easterly phase of the QBO)
than in those years when stratospheric zonal winds and
stratospheric vertical wind shear are weak (i.e., the
QBO westerly phase). Hence, Atlantic basin TC activ-
ity is inversely related to the value of the zonal winds
at 50 mb (Usg) and at 30 mb (Usp), and to the resulting
absolute wind shear between these two levels at lati-
tudes near 10°N. Figure 3 contrasts the composited
tracks of IH for the 10 QBO west-phase seasons be-
tween 1950 and 1990 wherein September 50-mb (20-
km) easterly zonal winds [extrapolated from July, the
method of extrapolation is detailed in Gray et al.
(1992c)] near 10°N were weakest with those 10 seasons
when extrapolated September 50-mb easterly zonal
winds were the strongest. Figure 3 graphically illustrates
that there were 3.5 times as many IHD in the 10 seasons
when the 50-mb QBO were weakest (west phase) as
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FIG. 2. Locations of areas from which meteorological parameters used in the 1 August Atlantic basin seasonal forecast were derived.
The stratospheric QBO is a global-scale tropical phenomena, occurring primarily between +15° latitude.

when they were strongest (east phase). A similar but
smaller modulation of TC activity occurs in seasons
of weak versus strong 30-mb (23-km) wind and in sea-
sons of weak versus strong 50-mb-30-mb vertical wind
shear (see Table 2). Further discussion on the physical
relationship of the QBO to Atlantic TC activity and of
the method of extrapolation from observed July data
to September conditions are found in Gray et al.
(1992c¢).
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FIG. 3. Contrast of the IH tracks for the 10 seasons between 1950
and 1990 when the two-month extrapolated (July to September)
QBO 50-mb zonal-wind speed at 10°N latitude was weakest from
the east (upper panel) versus those 10 seasons when the 50-mb wind
was strongest from the east (bottom panel). The ratio of difference
is3.51tol. .

b. West African rainfall

Two prior measures of West African rainfall have a
surprisingly strong association with the subsequent
seasonal Atlantic basin TC activity occurring after 1
August (Landsea 1991). These two prior predictive
signals (see Fig. 4) are

1) Gulf of Guinea rainfall during August-Novem-
ber of the prior year, and

2) western Sahelian rainfall for June-July just pre-
ceding the 1 August forecast.

Figure 10 of Gray et al. (1992c¢) contrasts differences
in the TH tracks for seasons following the 10 wettest
and the 10 driest previous-year August-November Gulf
of Guinea rainfall periods. The ratio of IHD for wet
versus dry Gulf of Guinea conditions is 4.17 to 1. It is
surprising indeed that rainfall that occurs 8-13 months
earlier in an area south of the Sahel could be so closely
related to IH activity in the following season. Note that
this rainfall has been little affected by the persistent
long-term Sahelian drought. Figure 5 portrays a similar
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FI1G. 4. Locations of rainfall stations that make up the western
Sahelian (Rs) and Gulf of Guinea (Rg) precipitation indices (from
Landsea 1991).
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FIG. 5. Contrasting composites of IH tracks during seasons fol-
lowing the 10 wettest (upper panel) versus the 10 driest (bottom
panel) June-July periods in the western Sahel between 1950 and
1990. The ratio of IHD between the two composites is 5.57 to 1.

contrast of IH tracks for seasons following the 10 wet-
test versus the 10 driest June~-July western Sahelian
precipitation amounts. Here the wet-to-dry ratio of
IHD is slightly stronger by a ratio of 5.57 to 1. These
two West African rainfall measurements offer unusu-
ally strong predictive signals for Atlantic basin TC ac-
tivity. .

¢. El Nifio-Southern Oscillation

Typically, less Atlantic basin TC activity occurs in
those hurricane seasons when warm SSTA conditions
exist in the eastern Pacific (e.g., an El Nifio event) and,

. hence, when the associated SOI is negative. By contrast,
TC activity tends to be enhanced when a cold La Nifia
event is in progress and thus when positive SOI con-
ditions are present. We can compare TC activity in
seasons with anomalously negative SSTA conditions
in the Nifio 3 (Fig. 2) region of the eastern Pacific
(from Wright 1984; Weare 1986) and (typically) pos-
itive values of the SOI to seasons with the opposite
conditions of warm SSTA and (typically) negative SOL.
The track composites in Fig. 6 show a greater than 2
to 1 ratio increase in Atlantic basin IH activity for those
ten seasons between 1950 and 1990 when the SOI in
June-July was highest versus the 10 seasons during
this period when the SOI was lowest. Similar variations
occur for those 10 seasons of highest negative versus
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10 seasons of highest positive Nifio 3 SSTA (not
shown). ’

d. Sea level pressure anomalies and upper-
tropospheric zonal-wind anomalies in the
Caribbean basin

Variable Caribbean basin June-July surface pressure
and upper-level (~200-mb) zonal winds also have a
profound influence on Atlantic basin TC activity. Fig-
ure 7 contrasts the composite of IH tracks, which oc-
curred in the 10 seasons between 1950 and 1990, with
the lowest values of Caribbean basin June-July SLPA
(see Fig. 2) versus the 10 seasons of highest SLPA; a
3.10 to 1 ratio of IHD is observed. A similar 10-season
stratification for June-July low- and high-value 200-
mb ZWA (Fig. 8) shows an even stronger modulation
(3.76 to 1). Obviously, June-July SLPA and ZWA
values should be taken into account when estimates
are made of the amount of TC activity to occur after
1 August. :

e. Summary of parameters

Table 1 lists yearly values of these nine candidate 1
August predictive parameters between 1950 and 1990.
Table 2 provides a summary of the ratios of the 10
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FIG. 6. Contrast of composite IH tracks during the 10 seasons
between 1950 and 1990 when the SOI in June-July was the highest
(upper panel) versus those 10 seasons when the June-July SOI was
the lowest (bottom panel). The ratio of IHD between the two com-
posites is 2.26 to 1.






