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DEFINTTIONS
Aﬂmic;@'n-'meoceanareaofﬂ)eentjrehtlanticincludj:gthe
Caribbean Sea and the Gulf of Mexico. .

ﬂmgm-atmpicalcyclmewims:staimdlcwlevelwirdsofnmiles
per hour (32 ms™l or 65 knots) or greater.

Iropjcal Cvclope - (IC) = a large-scale circular flow ccourring within the
tropics and subtropics which has its strongest winds at low levels. This
includes tropical storms, hurricanes, and other weaker rotating vortices.

Tropical ﬂ-'[gm-atrcpicalcyclcmewithmdnmmstamed' winds between
39 (17 ms™ or 35 knots) and 73 (31 ms™1 or 65 knots) miles per hour.

Named Storm - a hurricane or a tropical storm.

cane ction Potential (HDP) - A measure of a hurricane’s
potential for wind and stomm surge destruction. Defined as the sum of the
square of each lmrricane’s maximm wind for each 6-hour period of its
existence.

M_@y-anypartofadayinwhiduatmpicalcycloneisobsewed
or estimated to have hunricane intensity winds.

w-anypartofadayinmichat:wicalcyclmis
obsewedorestimatedtohavatmpialstamorh:rﬁmintersitywirﬂs.

Millibar - (abbreviated nb). A measure of atmospheric pressure. Often
used as a vertical height designator. 200 mb is at a level of about 12
kilometers, 50 mb at about 20 kilameters altitude. Meonthly averages of
surface pressure in the tropics show maximm seasonal summer variations of
about + 2 mb. These small pressure variations are asscciated with
variatiasinsaasonall‘nnrimactivity. Average surface pressure is
slightly over 1000 mb.

El Nino - (EN) = a 12-18 manth pericd in which anomalously warm sea
s&rfaoetap&ab.resminﬂneastmhalfoftheequatorial
Pacific. mdematecrsm'lgmNhne\mtsccmrirregularly. Their
average frequency is about ance every 5-6 years or so.

QR0 - Quasi-Biemnial Qscillation. These letters refer to stratospheric
(16 to 35 Jm altitude) equatorial east to west or west to east zonal winds
whidmva:ywithapeﬁ.odofabamzstosommhsormx;hlyzyeaxs.
They typically blow for 12-16 months from the east and then reverse
tha!selvesardblwlz-lsmfrmﬂxewestandthenbacktotheeast
again.

SLPA - Sea Level Pressure Ancmaly. Caribbean and Gulf of Mexico sea

lemlmmﬁffm&mlagtmmagacmﬁiﬁm. SLPA in the
spring and early swmer has an inverse correlation with late sumer and
early avtum hurricane activity. The lower the pressure the more likely

43 - Zonal Wind Ancmaly. A measure of upper level (~ 200 mb or 12 km
altibﬁe)warttoeastwﬁﬂstrergth. Positive values mean winds are
st:magerfrunthem.stormkerfrmtheeastthanmml.

11u‘xot=1.15mi1esperhmr=.515mterspersecmﬂ.
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ABSTRACT

This paper presents details of the author’s forecast of tropical
cyclone activity for the Atlantic Ocean region (including the Caribbean
Sea and the Gulf of Mexico) during 1989. This forecast is based on past
ard ongoing research by the author and his colleagues (Gray, 1984a, 1984b,
1989a; Gray, Berry, and Mielke, 1990) which relates the amount of seasonal
Atlantic tropical cyclone activity to four factors: 1) the El Nino (EN);
2) the Quasi-Biermial Oscillation of eguatorial stratospheric wind (QBO);
3) Gulf of Mexico ard Caribbean Basin Sea-Jevel Pressure Ancmalies (SLFPA);
and 4) lower latitude Caribbean Basin 200 mb Zonal Wind Ancmalies (ZWA).

Information received by the author up to 26 July 1989 indicates
that the 1989 hirricane season can be expected to have about 4 harricanes,
9 total named storms of both lrricane and tropical storm intensity, 15
hurricane days, Hurricane Destruction Potential (HDP) of 40 (55% of the
recent 40-year average), and 35 named storm days. This means that the
1989 Atlantic hrricane season will likely be a below average hurricane
season. This anticipated suppression is due to the harricane suppressing
effects of an easterly phase QBO and higher than normal SIFA in the
Caribbean Basin. The intensity of hurricanes that do form this year is
likely to be weaker than average, particularly as compared to the
hurricane intensities of last year or of the 1985 season.
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1. Introduction

The Atlantic basin (including the Atlantic Ocean, Caribbean Sea and
Gulf of Mexico) experiences a larger seascnal variability of hurricane
activity than any other glcbal hurricane basin. The mmber of hurricanes
per seasan can be as high as 12 (as in 1969), 11 (as in 1950, 1916), 10
(1933), 9 (as in 1980, 1955), or as low as zero (as in 1914, 1907), 1 (as
in 1919, 1905), or 2 (as in 1982, 1931, 1930, 1922, 1917, 1904). Until
recently there has been no dbjective method for indicating whether a
coming hurricane season was likely to be an active cne or not. Recent and
argoing research by the author (Gray, 1984a, 1984b, 1989a, 1988b; Gray,
Berry, and Mielke, 1989) indicates that there is a surprising 3-5 month
atmospheric predictive signal available for the Atlantic basin from glcbal
and regional predictors which are generally not cperative in the other
global hurricane basins or in the middle latitudes.

2. Factors Known to be Associated With Atlantic Seasonal Hurricane
Variability

The author’s Atlantic seascnal hurricane forecast is based on the
current values of indices derived from two global and two regional scale
predictive factors which the author has previously shown to be
statistically related to seasonal hurricane variations. Current values of
these predictive factors are available either by 1 June, the official
start of the hwrricane season, or an 1 August, the start of the more
active part of the hurricane season. The four predictive factors are:

a) The presence or absence of a moderate or strong warm water event
(El1 Nino) in the eastern tropical Pacific. Atlantic hrricane seasons
during moderate or strang El Nino events average only about 40 percent as

much lrricane activity as occurs during non-El Nino seasons. This
difference is related to stronger upper tropospheric (200 mb or 12 km)
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westerly winds which typically occur over the Caribbean Basin and western
Atlantic during El Nino seasons (See Fig. 1). Currently 1989 is not
expected to be a strong or moderate El Nino year.

b) The direction of the stratospheric Quasi-Biennial Oscillation
(QBO) which circles the glcbe over the equator - See Fig. 2. On average,
there is about twice as much Atlantic hrricane activity during seasons
when equatorial winds at 30 mb and 50 mb (23 and 20 km altitude
respectively) blow from a relatively westerly direction as campared to
when they are from a relatively easterly direction. In seasons of
westerly phase equatorial winds, stratospheric winds at latitudes near
10°N latitude tend to be weak and fraom the east (right diagram of Fig. 2).

Fig. 1. TIllustration of ancmalously warm surface temperatures in the
equatorial eastern Pacific which are associated with El Nino
events. Dark regions have the warmest water. Arrows show the
resulting anamalous upper tropospheric westerly winds which
result from the enhanced deep cumilus caonvection which ocours in
the equatorial Pacific as a result of these warm water events.



EAST PHASE QBO WEST PHASE QBO

Fig. 2. Illustration of the two basic stratospheric Quasi-Biermial
Oscillation (QBO) wind conditions which ocour over the
tropics at 50 mb or 20 km altitude during the summer seascns
of both hemispheres. The left diagram shows conditions
during the easterly phase of the QBO when easterly winds occur
on the equator and winds at 10°N (or 10°S) are strongly from the
east. The right diagram, by contrast, shows conditions during
the westerly phase of the QBO when stratospheric winds on the
equator are from the west and winds at 10°N (or 10°S) latitude
are typically very weak and usually from the east. Hurricane
activity is suppressed with conditions of the left diagram (east
phase) and enhanced with conditions of the right diagram (west
phase) .

These seasons are different from those easterly equatorial phase seasons
whereinstmtosphencwnﬂsmarlO‘Narestrmglyfrmtheeast (left
diagram of Fig. 2). Strong stratospheric easterlies at 10°N are
associated with reduced urricane activity. Weak stratospheric easterly
winds at 10°N are associated with enhanced seasonal hurricane activity.
This season’s stratospheric winds are expected to be stronger from the
east.

C) Sea level Pressure Ancmaly (SLPA) in the Caribbean Basin. Other
factors aside, negative pressure ancmalies in the Caribbean basin are
anamalies for April through July are well correlated with August to
Octoberamfacepr&amandofferadegmeofseascnalmm
predlctive signal. April-May 1989 SLPA is high and should be a
suppressing influence on the upcoming harricane activity.
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d) Lower latitude Caribbean Basin upper tropospheric (7 200 mb or 12
km altitude) west to east or zonal wind ancwmaly (ZWA). Stronger westerly
200 mb zonal wind anamalies are associated with suppression of seasonal
hurricane activity and vice-versa. April-May ZWA have been about neutral.
3. Fhysical Interpretation of Alterations in Seasonal Hurricane Activity

our knowledge of lrrricane structure and envirormental interaction is
advancing. We now have better explanations for why the physical factors
just discussed can cause season to season variations in Atlantic hwrricane
activity.

Hurricanes form only in conditions when tropospheric vertical wind
shear is a minimal, as shown by the top left diagram of Fig. 3. When
vertical wind shears are too strongly positive, as imdicated by the
diagram on the right, hrricane formation and intensification are

TROP

Fig. 3. Illust:ratimofﬂmetypeoftrcposplnncverticalwi:ﬂshear
vwhich is (left diagram) and is not (right diagram) conducive
to hrricane formation. The right diagram portrays conditions of
excessive westerly wirnd shear with height which causes the
tropical disturbance to be sheared to the east with height. This
shearing inhibits hrricane formation while the unsheared
corditions in the left diagram do not. Trop. signifies the top
of the troposphere (7 16 km altitude).
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inhibited. El Nino events and seasons of strong Zonal Wind Ancmaly (ZWA)
cause the envirommental vertical wind shear conditions shown by the right
diagram of Fig. 3 and contribute to a large reduction in Atlantic
horicane activity in El Nino and strongly positive ZWA seasons.

Horicane formation and hwrricane intensity is also influenced by
vertical wind shear corditions in the lower stratosphere. Huricane
formation is inhibited when lower stratospheric winds just above the
tropcpause (TROP.) blow too strorgly from the east, as shown by the upper
left diagram of Fig. 4. This configuration causes central cloud
cavection and related effects to be sheared off to the west, as shown

TROP TROP

\

TROR

= =m aan e amm e -

ha i

Fig. 4. Illustration of the types of vertical wind shear and
cloudiness which extend through the tropopause (TROP.) into
the stratosphere. Conditions in the diagrams on the right are
conducive to hurricane formation and more intense hurricanes
than corditions of the left diagrams.
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by the lower left diagram of this figure. These corditions inhibit
hurricane activity. The contrasting condition, when lower stratospheric
zanal winds blow anly lightly from the east, is shown by the upper right
diagram of Fig. 4. In this case, vertical wind shear conditions remain
weak and imner-core deep convection and related effects are not sheared
off to the west in the lower stratosphere. Corditions illustrated on the
right hand side of Fig. 4 are more favorable for hnrricane formation and
for the development of intense hurricanes. Consequently, we cbserve
camparatively more hurricane formation and more intense hurricanes in
corditions when lower stratospheric wirds at about 10°N latitude blow only
weakly froem the east during August and September (Quasi-Biennial
Oscillation (QRO) west wind phase) in relation to those times when they
blow strongly fram the east (QBO east wind phase). It is these weak vs.
strong easterly wind velocity changes which are associated with the Quasi-
Biemnial Oscillation or QBO.

Figure 5 shows the time variation of average September easterly
stratospheric winds measured at Balboa, Canal Zone (9°N). For the pericd
of record (since 1949), seascns of styong easterly winds (dots) have had
slightly less than half as much hwrricane activity as those seasons when
the Balboa stratospheric winds were only weakly from the east (crosses),
demonstrating that stratospheric wind speed is a strong influence on both
hurricane activity and intensity. Note that in 1989 the September 50 mb
zonal wind at Balboa is expected to be strongly from the east and should
cantribute to a suppression of haricane activity in general and dimish

the likelihood of more intense hurricane activity.



SO mb (20km} September Zonal Wind (ms™)
for BALBOA,C. Z. (9°N, 80°W)
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Fig. 5. 50 mb (20 km) September zonal wind (m s™1) for Balboa, C.Z.,
(9°N, 80°W). Heavy dots show seasons of strong easterly
stratospheric winds, X’s represent seasons of weak easterly
stratospheric wirds and open circles indicate seasons with
intermediate easterly winds.

The two other influernces affecting seasonal hurricane activity result
from variations of Sea level Pressure Anamaly (SLPA) and 200 mb (12 km)
Zonal Wind Anamaly (ZWA). These influences are often linked together and
are associated with the latitude at which the Intertropical Convergence
Zone (ITCZ) establishes itself relative to the north coast of South
America during August-September. When the ITCZ establishes itself more
equatorwards than normal, surface pressures and upper tropospheric zonal
winds over the Caribbean are typically stronger than normal, as shown by
the left diagram of Fig. 6. These corditions inhibit seasonal hurricane



activity.

By contrast, in those seasons when the ITCZ establishes itself
poleward of normal, the reverse condition occurs. Caribbean Basin SLPA
and ZWA are negative and seasanal hrricane activity is usually enhanced.
It is for these reasons that we closely monitor sea level pressure ard
upper tropospheric zonal wind conditions as indicators of the probable
location of the ITCZ during August-September and its consequent influence
on seascnal hurricane activity. These SLPA and the ZWA variations (where
ZWA is taken only in non-El Nino years) are independent of the El Nino and
QB0 influences.

It is important to closely monitor the conditions of the El Nino,
QBO, SLPA, ZWA in order to be able to better understand and predict the
variations of Atlantic seasonal harricane activity.

4. Cyclical Trends in Atlantic Hrricane Destruction Potential (HDP)
The wind and storm surge destruction of a hrricane is better
represented by the square of the storm’s maximum winds than by the maximum
wind itself. This potential for damage fram hnrricane winds and storm
surge might be termed Hurricane Destruction Potential (HDP). We define

Hurricane Destruction Potential (HDP) as
HOP = E (Vigay) 2
for Vpay equal or greater 65 knots for each 6-hour period a hurricane is
in existence. HDP is given in units of 10%mot2.
The HDP for the 23-year period of 1947-1969 was more than twice that
of the 18-year period of 1970-1987 (see Fig. 7). Although the mmber of
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hurricanes per season averaged anly 31% higher during the period of
1947-1969, as campared with 1970-1987, the Hurricane Destruction Potential
(HDP) was more than twice as great during the earlier period.

sz for
V. = Meon 98 —
mox“ESkts. 1947-1963 a3
Tayrs f——— Mean
" 2p 1970-1967
1 L Byrs
10* kis®
(f1] | |
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Fig. 7. Yearly variations of Hurricane Destruction Potential (HDP) for
1947-19838. HDP is defined as the sum of all lrricane maximm
wind speeds squared for Vi, > 65 knots for each 6-hour

ing period throughout the hurricane season.
Unitslgzktsz.

The more inactive hnrricane period between 1970-1987 parallels with
the extended period of west African drought which has persisted during
these years (campare Figs. 7 and 8). This inactive period is also related
to the ocaurrence of higher Carikbean Basin surface pressure and of
greater Caribbean Basin 200 mb (12 km or 40,000 ft) westerly zonal winds
which have been present during the summer periods since 1970.



SUBSAHARAN RAINFALL INDEX
(Courtesy of P. Lamb)
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Fig. 8. An estimate of Iamb’s West African rainfall index. Note the
general drought conditions between 1970-1987.

5. Possibilities for Prediction of Seasonal Hurricane Intensity

It is possible to offer a degree of skillful prcbabilistic estimates
of the potential for intense and long lived hrricanes duirng a coming
harricane season. For instance, intense and long track hurricanes
typically occur in seasons with camparatively weak easterly zonal winds at
50 mb (12 km) over stations near 10°N latitude (see Fig. 5). The majority
of intense hurricanes occur in situations with weak 50 mb winds. Of the
101 most intense hurricanes (Viay greater than 100 knots or 115 mph) in
the 40-year period of 1949-1988, 59 (58%) occurred in seasons when 50 mb
zonal winds at Balboa were anly weak from the east vs. 29 (29%) for
seasons when they were strong from the east. Easterly winds of
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intermediate strength for the cother 13 (13%) intense storms were present.
It is also of interest to note that 69 of these 101 most intense
hurricanes ocaurred during the 1950s and 1960s versus only 29 during the
period of 1970-1987; the other 3 cccurred in 1988.

The 50 mb zonal wind direction can be reliably forecast before the
start of the hurricane season. Primarily because of its camparatively
long record, we have used the stratosphere measuring station of Balboa
(9°N,80°W) in the Canal Zone. This station is fairly representative of
the western Atlantic latitude belt between 8 to 15°N where most of the
intense hurricanes of African origin form. In 1989 it is expected that
the Balboca 50 mb zanal wind will be strong from the east and should act to

6. Rainfall Conditions in West Africa

Although yet to be explicitly incoporated in the authar’s forecast
sdzene,WastAfﬁcansmmerrainfallcmﬂitimaremJatedtoAﬂarmic
harricane activity and need to be monitored. West Africa had higher
amounts of rainfall in 1988 than in any year since 1969. We camnot tell
if 1988 represents the begimming of a new multi-decadal regime of heavier
rainfall, but it may. It is important to note that through the 20th of
July of this year, seascnal West African rainfall has been generally
higher and vegetation is generally more advanced for this time of year
than it has been since 1969 with the exceptions of last season (1988) ard
1975. The current summer has seen few of the normal late June and July
dust cutbreaks that originate in West Africa and travel across the
Atlantic. The absence of these dust clouds is likely another indication
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of the advanced natire of West African vegetation for this time of year.

Camparatively, warm SST anamalies have recently appeared off the West
African coast and warm SST ancmalies in the tropical South Atlantic (an
inhibiting factor to West African summer rains) have recently cooled
samewhat. The mmerical model of the UK Met. Office predicts above normal
summer rainfall conditions for West Africa this year. The UK Met.
Office’s statistical prediction for West African summer rainfall (issued
in April) had forecast a dry year. This statistical prediction has
recently been amended in the direction of more rainfall. Zonal wind
ancmalies at 850 mb and 200 mb for June and the first-half-of-July over
West Africa and the eastern Atlantic indicate a more active west African
monsoon trough with conditions being generally favorable for more
rainfall.

All of the above factors taken in combination are indicative of 1989
West African Sahel precipitation being near normal for only the third year
since 1969. If this proves to be the casee, we may be seeiny the
beginning of the break in the multi-decadal West African Sahel drought.
Such a trend might also signal the start of a rehnmn to the more active
hurricane seasons as were experienced in the 1950s and 1960s. The next

couple of years of West African rainfall need to be carefully monitored.
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7. Rationale for Making a Seasonal Forecast of Atlantic Hurricane
Activity

Figure 9 shows the average anmal distribution of hurricane and
tropical starm activity by calendar date for a 95 year period. Note
that although the official start of the hurricane season is 1 June, the
active part of the huxrricane season does not begin in earnest until after
the 1st of August. In consideration of the distribution in Fig. 13, a
forecast scheme using QBO, EN, SLPA ard ZWA information is based on
several premises including:

1) the strength of the stratospheric 50 mb easterly QBO wind speed
changes on such a long time interval (° 14-18 months) and in such a
uniform manner, that the trend in these wind speeds can be reliably
extrapolated for 3 to 6 months into the future.
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Fig. 9. Number of tropical storms and hurricanes (open curve) and
horricanes (solid curve) dbserved on each day, May 1, 1886
through December 31, 1980 (fram Neumarm, et al., 198l).
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2) the cceancgraphy and meteorological cammnities are normally able
to detect the presence and approximate intensity of a forthcoming El Nino
event by late May with good success ard by late July with even greater
certainty. '

3) information on the Caribbean Basin-Gulf of Mexico sea level
pressure anamaly (SLPFA) and 200 mb zonal wind anomaly (ZWA) for the four
pre-harricane months of April through July are readily available.

8. Characteristics of Four (EN, QBO, SLPA, ZWA) Predictors for the
1989 Hurricane Season

An evaluation of these two glcbal and two regional predictors,
indicates that the coming 1989 hurricane season will be a below average
hurricane season.

a) El _Nino.

The intense cold water of the Ia Nina (IN) event of 1988 has mostly
dissipated and near normal Sea Surface Temperatures (SST) have returned to
much of the central and eastern tropical Pacific. Thermocline depths are
also near normal. Therefore, the 1989 hurricane season is not expected to
experience either the hurricane suppressing influence of a warm SST
ancmaly or of the enhancing influence of a cold SST event and this factor
is expected to be neutral.

b) QFO.

Stratospheric winds near 10°N at the key levels of 30 mb (23 km
altitude) and 50 mb (20 km) will be strongly from an easterly direction
during the remaining of the 1989 hnricane season. Winds at 50 mb have

only recently reserved themselves but are increasing rapidly from the
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east,

Figure 10 shows recent and anticipated (extrapolated) glabal relative
QBO zonal winds for the coming 1989 season (solid horizontal black line).
Table 1 shows the absolute value of the curremnt and extrapolated QBO zonal
winds near 10°N for Angust-October 1989 based on a cambination of the QBO
relative wind alteration ard anmual wind cycle variations at the low
latitude stations of Balboa (9°N), CQuracao (12°N), Trinidad (11°N), and
Barbados (13°N). Table 2 is similar to Table 1 but shows both the current
and the forecast relative zonal winds in this same latitude belt. Note
that during the 1989 hurricane season, the 70 mb (18.5 km) through 30 mb
(23 km) easterly stratosphere winds are expected to be substantially
stranger than normal. Figure 11 provides an estimate of where within the
QBO cycle the anrent harricane season fits. Note that at 30 mb, the 1989
season will be at the height of the easterly phase and will then start to
fade cut of its anrent easterly cycle. At 50 mb, the QBO zonal winds are
just now begimning the easterly phase. Because these winds will be
usually strong from the east at all lower stratospheric levels, the QBO
should act as a suppressing influence on both hurricane activity and the
intensity of these hurricanes that do form as discussed with Figs. 4 and
5).

c) SLPA.

Table 3 shows the average 1 April-May and 1 June-26 July 1989 SLPA
for both the Caribbean-Gulf of Mexico 6-station average and for the
special S-station low latitude average. Note that SIPA is above average
for nearly all stations. These higher pressure anamalies indicate that
1989 hurricane activity will likely be reduced. There have been very few
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TAEILE 1

April through October cbserved and extrapolated absolute value of

stratospheric zonal wind (U) in the latitude belt between 8-12°N as
cbtained fram lower Caribbean basin stations of CQuracao, Barbados,

Trinidad, and Balboca. Values in ny/s.

Qbserved . Extrapolated
*
Ievel Apr May Jun Jul - ag Sept Oct
3
30 mb -18 =23 =25 =33 N =33 =30 =25
{23 km) *»
*
50 mwb -1 -4 -1 -7 x -20 =22 -23
(20 Jam) *
»
70 mb -1 + - -1 N -14 -15 -4
(18.5 Xm) .
#*

TABLE 2

Same as Table 1 but for the relative zonal wind where the anrmal wind
cycle has been removed. Values in m/s.

Observed Extrapolated
Level Apr May Jun Jul . Ay Sept  Oct
.
30 mb -10 -9 -8 -8 * -9 -7 -6
(23 km) .
*
50 mb +1 +3 0 -3 * - -12 -16
(20 km) *
70 mb -1 45 0 -1 . -3 -6 -8
(18.5 km) *
L 2
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Fig. 11. Portrayal of where in the QBO zaonal wind cycle the 30 mb (top
diagram) and 50 mb (bottom diagram) zonal wind (U) are estimated
to be by month in 1989. CQurves have been constructed showing
the average amplitude and period of the QBO cyclane at both
levels over the last 35 years.
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TABLE 3
Average April-May and 1 June-26 July Gulf of Mexico~Caribbean Basin and

Low Iatitude Sea-level Pressure Ancmalies (SLPA) (data fram Colin McAdie
of NHC) from data of 1949-1988 - in mb.

Gulf of Mexico-Caribbean Basin SIPA Iow Iatitude SIPA
April 1 June April 1 June
-May =26 July SMay =26 July
Brownsville +0.5 =0.6 San Juan +0.5 +0.3
Merida (Mex.) +1.8 +0.9 Curacao +0.8 +1.1
Miami +0.7 +1.4 Barbados +1.1 +0.8
San Juan +0.5 +0.3 Trinidad +1.5 +1.1
Quracao +0.8 +1.1 Cayerme +0.6 +0.9
Barbados +1.1 +0.8
Average +0.9 +0.7 Average +0.9 +0.8

seasans during the last 40 years wherein SLPA during April through July
has been as high as has been cbserved during this season.

d) zwa

The April-May and 1 June-26 July Lower-Caribbean Basin Zonal 200 mb
Wind Ancmalies (ZWA), although not explicitly used in the 1 June forecast,
are important for the updated 1 August forecast. Table 4 shows these
values in campariscn to both the 1970-88 and 1954-69 zonal wind averages.
Since 1970, 200 mb lower Carikbean basin zaonal winds have been stronger
than in the earlier pericd. Note that ZWA values are about neutral in
camparison to the prior 19-year climatology but are about 2 m/s stronger
fram the west in comparison to the 1954-69 climatology. Although a high
ZWA acts to reduce hurricane activity, the auorent zonal wind ancmalies
are not judged to be large enough to warrent an addition or subtraction to
the anticipated 1989 hwrricane activity.



25
TARIE 4
Lower Caribbean basin 200 mb Zonal Wind Ancmaly (ZWA) for 1989 relative to

1970—881arﬂ 1954-69 Average (as supplied by Colin McAdie of NHC). Values
in m s™4.

Station 1970-88 Ave. 1954-69 Ave.
April 1 June April 1 June

May =26 July May =26 July
Kingston (18°N, 77°W) 0 -1 +2 +1
Curacao (12°N, 69°W) +1 0 +4 +3
Barbados (13.5°N, 60°W) 0 +1 +2 +4
Trinidad (11°N, 62°W) o 1) +2 +2
Balboa, C.Z2.,9°N,80°W +1 +1 +2 +2
Average 0 +0.2 +2.4 +2.4

o -
- = —

9., Aurthor’s 1989 Forecast
The author’s Atlantic seasonal forecast scheme takes the following

form:
Adjustment Terms
Predicted Amount
of Rurricane = [Averagel\+ ( QBO + EN + SIPA + ZWA + MEM ) (1)
Activity per Season Season
where
QRO = 30 mb and 50 mb Quasi-Biemnial Oscillation equatorial zonal
wind corrections, positive for west phase, negative for east
phase.
EN = El Nino influence. Warm water reduces hurricane activity,
cold water enhances it.
SIFA = Average SLPA for April-May, from selected Caribbean-Gulf
of Mexico and tropical stations. Subtract if SIFA is
significantly above average, add if below average. Make no
correction when SIPA is near normal (between -0.4 and 0.4 mb).
ZWA = Zonal Wind Anamaly at 200 mb (12 km) for five low latitude

upper air Carikbean stations. Valid for June and July wind
data in non-El Nino years. Not directly used for the
1 June forecast.
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MEM. = MEMORY correction term from last 5 years August-September
values of SLPA and ZWA. Applied to HDP forecast.

Table 5 shows the current values for the five adjustment terms arnd
how they enter the author’s seascnal forecasts for the mumber of
hurricanes, named storms, hurricane days, named storm days and Hurricane
Destruction Potential (HDP) for the caming 1989 hurricane season based on
the information as just discussed.

TAELE 5
1989 PREDICTED SEASCNAL HURRICANE ACTIVITY

Predicted No.
of Hurricanes = 6+ QB0 + EN + SLPA + ZWA
per Seasan
(-1) + (0) + (1) + (0) = 4
Predicted No. o
Hurricanes and 9 + QB0 + EN + SIFPA + ZWA
Tropical Storms Raise
Per Seascn + (=1) + (0)+ (-1) + (0) = Zito 9
Predicted No. ©
Huricane Days =25+ 5 ( QB0 + EN + SLPA + ZWA)
Per Season
( -1) + (0)+ (-1) + (0) = P
Raise
(Predicbed No. of) = 2.0 x (No. of Hur. Days) = ;g(to 35)
Named Storm Days

Hurricane Destruction| = 75 + (QBO + EN + SLPA + ZWA + MEM.)
Potential - HDP
75+ =15 +0 +-15 + (0) =5= 40
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10. New Statistical Forecasts

The author and two CSU research colleagues (Professors Paul Mielke
and Kenneth Berry of the statistics department) have, over the last 3
years, been performing a large variety of new statistical analyses of
Atlantic seasonal hurricane activity. We are attempting to find ways in
which the author’s (Gray, 1984a, 1984b) original seascnal hurricane
prediction scheme can be more thoroughly documented quantitatively and how
it may be improved by new predictive parameters and altermative
carbinations of the forecast parameters we presently use.

our statistical testing employs a method of analysis which has been
developed by Mielke and Berry called Multiple Regression Permitation
Procedure, or MRPP (Mielke, 1985; Berry and Mielke, 1985). MRPP is
bdievedtoimuvemstarﬂardstatisticzlm&mdsbecauseit.do&smt
square outlier deviations, a procedure which often tends to skew analyses
but rather treats variations as linear deviations.

Berry and Mielke have made over 1500 new statistical test runs to
examine a wide variety of parameters related to seascnal harricane
activity. These new analyses involve variations in Atlantic hurricane
activity occoxrring during the 40-year period of 1949-1988. A ‘jackknife’
type of statistical approach (see Efron, 1982) has been used whereby
forecast test statistics are developed fram all years of data other than
the year being forecast. Each forecast year is thus systematically
excluded from the developmental data set and in this sense may be
cansidered to be independent.

Besides the dbvious implications for forecast improvement and
testing, we also find that these statistical analyses are shedding new
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insights into relationships between seasanal envirormental parameters and
hurricane activity. We find that hurricane activity and intense hurricane
activity in particular can be better predicted than can the level of
activity for weaker tropical cyclones. The best seasonal predictors are
cbtained for the lower latitude hurricanes of African origin. The best
pre-seasonal predictions and current seasaon TC associations are found with
the most intense cyclanes. A significantly better prediction can be made
fram June-July data than can be made from April-May information.

Residual Corrector. As seasonal hurricane activity and especially
HDP have undergone a general multi-decadal decrease during the 1970s and
1980s from the more active period of the 1950s and 1960s, we have also
builtalongtemt:erﬂorRsidualCorrector(RC)intotmforecast. HDP
in the period 1970-86 was only 45% of the value for the period 1949-69.
This quasi-decadal decrease in HDP (less noticeable in seascnal mumbers
for named storms and hurricanes) is not related to the QBO or El Nino but
rather to changing decadal values of ZWA and SLPA. We have devised a
corrective term for these quasi-decadal changes which can either increase
or decrease the seasonal forecast made cn 1 June or 1 August according to
trends during the previcus 5 August-September values of ZWA and SLPA. If
values of the residual corrector have been higher than average in the five
previous hurricane seasons then one should expect the next seasan’s values
to also be higher or vice-versa. This trend or residual corrector

improves our forecast.
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11. Predictors

The data needed for a detailed statistical prediction of the mmber
of hurricanes (NH), mmber of named storms (NNS), rumber of hwrricane days
(NHD) and hurricane damage potential (HDP) for the updated 1 August
forecast are given in Table 6. Table 7 gives the author’s measured or
extrapolated values of these parameters for the 1989 seascn. These eight
variables are coded and linearly combined into 4 prediction equations. EN
can be classified as a weak or no El Nino year (0), a moderate El Nino
year (M), ard a strong El Nino year (S). _S_IEAT;Sforagivmyearisthe
average of the values of August-September SIFA for the preceding five
years. Similarly, ZWAag for a given year is the average of the values of

ZWhpg for the preceding five years.

TAELE 6
Definitions of the variables in the above equations.

SLPAyy ~ June-July average Sea Level Pressure Ancmaly at the 5 tropical
stations of San Juan, Quracao, Trinidad, Barbados, and Cayermne.

ZWAJT Jme-aulyaveragezgsgazmwmmlyataa]boa

SLPAxg = Average SLFA for the five previcus August-September periods.
ZWhpg - Average ZWA for the five previous August-September pericds.
Usp - Extrapolated September 50mb zonal wind near 10 N.
Uyg - Extrapolated September 30mb zonal wind near 10 N.
EN - El Nino event of zero or weak, moderate or strong intensity.
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TAELE 7
Eight forecast parameters used for assistance with the 1989 1 August
updated forecast of Atlantic Seasonal Hurricane activity as determined
from metecrological data available in late July 1989.

SIFAyy +0.8mb
Wy +l.2m/s

_SLPAsg = +.20mb
TWps = —.06m/s

Ugg = =22ny's
Usyg = =30m/s

U30-U§o = 8m/s
EN=0

The construction of the predictors for NH, NNS, NHD, and HDP is as
follows: SLPAyy and ZWAyy are linearly cambined into one predictor,
reflecting pressure and wind anamaly quantities in the Caribbean basin;
U3 and Ugg (the 30mb and 50mb September farecast wind data, respectively)
are combined into a second predictor, reflecting QBO; and SLPRyg, ZWAag
and EN are linearly cambined into a third predictor, reflecting historical

and trend quantities. The coefficients for each predictor are empirically

selected weights which maximize agreement between the cbserved and cross-
validated predicted values. The best prediction for the NMumber of
Hurricanes (or NH) is given by

RH = bo + bj[45(SLPA ) + ZWA, ] + b3 Uso — 6.0] Uso — Usef] (1)
+ bs{8.3(SLPA,,) + 0.9(ZWE, ) + EN]
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where EN takes on weights of 0, 5, and 10 for weak, moderate, and strong
El Nino years, respectively, by = 7.02817, b; = =0.19271, by = 0.0173583,
and by = -0.11192. Other parameters are defined as in Table 6. The
cross-validated probability value (i.e., the probability that the apparent
associations are due to chance) for these results is 2.53 X 1076 and the
cross-validated agreement measure (variance explained) is 0.424. Thus,
over 42 percent of the variability over and above that which could be
attributed to chance in the mmber of hurricanes for the updated 1 August
forecast is independently (by jackknife method) explained by this
equatiocn.

The prediction equation for the Number of Named Storms (NNS) is

NNS = by + b|[4.8(SLPAJJ) + ZWAJJ] + bz[Uao + 6.3|U3° - USO” (2)
+ bl14.3(STPE, o) + ZWE, _ + L9(EN)]

where EN takes on weights of 0, 5, and 10 for weak, moderate, and strong
El Nino years, respectively, bg = 11.2958, by = —0.295964, by = -.047477,
and by = ~.059556. The cross-validated probability value for these
results is 1.44 X 10~2 and the cross-validated agreement measure is 0.396.
Thus, almost 40 percent of the variability in the mmber of named storms
for the updated 1 August forecast is explained by the ecquation, over and
above that which could be attributed to chance.

The prediction equation for HDP is

HDP = by + h][lU.T(SLPA”) + ZWAJJ] + bz[Z.SUso + |Uszo— Uso” + (3)
bs[4.1(STPE ) - 3.0(ZWE, ) — EN]
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where EN takes on weights of 0, 8, and 10 for weak, moderate, and strong

El Nino years, respectively, by = 82.2966, by = =2.01461, by = 0.573187,

and by = 3.6121. The cross-validated probability value for these results
is 3.86 x 10™8 and the cross—validated agreement measure is 0.505. Thus,
more than 50 percent of the variability of seascnal HDP for the updated 1
Axgust forecast is explained by this equation, over and above that which

could be attributed to chance.

The prediction equation for NHD is

NHD = bo + byf45.4(SLPA ) + ZWA | + b5[3.2Us¢ + |Use — Uso|] (4)
o+ by{-1.7(SLPA, ) + L5(ZWA, ) + EN|

where EN takes on weights of 0, 8, and 10 for weak, moderate, and strong
El Nino years, respectively, by = 30.8599, b; = =0.122484, by = 0.204422,
and by = -1.60086. The crouss-validated probability value for these
results is 5.93 x 108 and the cross—validated agreement measwre is 0.523.
Thus, more than 52 percent of the variability in the seasonal mumber of
hurricane days for the updated 1 August forecast is explained by this
equation, over and above that which could be attributed to chance.

Note that more than half of the seasonal variance for Hurricane
Destruction Potential (HDP) and for the Number of Hurricane Days (NHD) are
independently explained by forecast equations (3) and (4). It is quite
unexpected that the potential for estimating the seasonal sum of such
infrequent and meso-scale events as Atlantic hurricanes have an

independent prediction signal this high. See the forthcoming paper by
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Gray, Berry, and Mielke (1990) which gives more background information on

this statistical forecasting scheme.

12. Comparison of Predictions for 1989

The above prediction equations when applied with the forecast
parameters of Table 6 yield the 1989 seascnal hwrricane forecasts shown in
Table 8. The author’s more simplified forecast of Table 5 is shown with

TARLE 8
Sumary of 1989 Forecasts
Final
Rectified Iast
Statistical Iate May 1 August 40-year
Prediction Forecast Prediction Climatology

No. of Hurricanes (NH) = 4.49 4 4 6
No. of Named Storms (NNS) = 8.59 7 9 9
No. of Hurricane = 14.44 15 15 24
Days (NHD)

Hurricane Destruction = 36,86 40 40 73
Potential (HDP)

No. of Named Storm Days (not made) 30 35 45

the urderline. Note how close the statistical forecasts are to the
author’s previous (May 1989) forecast and his rectified predictions (Table
5). Both forecast methods indicate a below average hurricane seascn. See
Apperdix A for the details of these statistical predictions.
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13. Discussion

With 50 mb QBO winds expected to be strongly cut of the east, the
prcbability of having a mmber of very intense hurricanes like those that
ocaurred in 1980, 1985 and 1988 is relatively low. Seasons with easterly
QB0 winds (as 1989 will be) usually have a suppression of low-latitude
(African spawned) systems which usually form the most intense hurricanes.
The statistical odds thus favor reduced huarricane activity for the
Caribbean Basin which was so devastated last year. Exxept for 1988,
Carihbean Basin hurricane activity has been very low during the 1980s.

Higher Caribbean basic surface pressure appear to be a consequence of
the ITC being shifted further south of its normal position. This is a

Indications as of late July are that the West African Sahel regions
will likely receive near normal amounts of rainfall in 1989. This is
consistent with recent reports of late June and July West African rainfall
and vegetation. Increased West African rainfall in 1989 is a factor which
may lead (cther factors held constant) to an increase in Atlantic

It is anticipated, however, that the hurricane inhibiting influences
of the easterly QPO and high Caribbean surface pressure, will, despite the
possible implications of increased West African rainfall, be the more
daminate influence and lead to a below average Atlantic hurricane season
for 198s.

Although it is anticipated that the upcoming 1989 hmrricane season
will be below average it is still expected to be more active than the four

recent hrricane seasons of 1982, 1983, 1986, and 1987. The Hurricane
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Destruction Potential (HDP)* this year should be much lower than last
season or of the recent 1985 seascn. In that there have already been two
minimal tropical storms (Allison and Barry) the author has chosen to raise
his prediction of named storms to 9, of which only 4 should be expectad to
became hurricanes.
14. Cautionary Note

It is important that the reader realize that this forecast scheme,
although showing promising statistical skill in the standard
meteorological sense, can anly predict about 50% of the total variability
in Atlantic seasonal hurricane activity. This forecast scheme will likely
fail in same years when other currently unknown factors (besides the QBO,
EN, SILPA and ZWA) which affect hurricane variability are more daminant.
It is impossible to determine beforehand those years in which the author’s
forecast scheme will work best or worst.

This forecast scheme also does not predict where within the Atlantic
Basin the storms will strike. For instance, although 1983 was cne of the
most inactive seasons on record, Hurricane Alicia caused over a billion

dollars of damage to the Houston area.

* The-wind and storm surge destruction of a hurricane is better

bythesqua:eofthesto:m’snmdmmwi:ﬂsthanbythemaxjmm
wind itself. This potential for damage fram hurricane winds and storm
surgemghtbetemedmrncarenatrucucnpotenual(mp) We define
Rurricane Destruction Potential (HDP) as HDP = E(Vmax) for Vi, equal
or greater 65 knots (74 mph) for each 6-hour pericd that a hurricane is in
existence during a full season.
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1.

Details of Statistical Prediction for 1989 Using Observed
or Forecast Parameter Variables as Given in Table 7.

NO. OF HURRICANES (NH)

NH = by + b1[4.5(SLPA”) + ZWA“] + b:[Uao - G.O!U;o - Uso”
+ b3[8.3(STJP7TAS) + O'Q(MAS) + EN]

(4.5) (SLPAy7)
(=0.19271) (4.5) (0.8)

(ZWAIJ)
(=0.19271) (+1.2)
(Usg)

(.0173583) (~30.0)

(-6.0) (|U3g-Usg| )
(.0173583) (=6.0) (8.0)

(8.3) (SLPAxg)
(-.11192) (8.3) (+.29)

(0.9) (ZHAys)
(-0.11192) (0.9) (~.06)

S §F §F F F ¥y &

(EN)
(-.11192) (0)
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APPENDIX A

7.02817

- .6938

= .2313

- .5207

- .8332

- .2654

+ .0060

(1)
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NO. OF NAMED STCRMS (NNS)

NNS = by + b1[4.3(SLPAJJ) + Z\VA”] + bz[Uso + 6.3|U30 - Uso“
+ b3[14.3(SIIPIAS) + m‘s + 1.9(EN)]

bo

by (4.8) (SLPAzy)

by
by
by
b3
b3

(=0.295964) (4.8) (0.8)

(ZW\17)
(~0.295964) (+1.2)

(Uz0)
(~.0474772) (~30.0)

(6.3) (U3g-Usq)
(-.0474772) (6.3) (8.0)

(14.3) (
(~.059560) (14.3) (+.29)

(
(-.0595560) (-.06)

(EN)
(-1.60086) (0)

Total NNS

39

11.2958

- 1.1365

1.4243

- 2.3929

-  .2467

=+ .0036

8.5924

(2)
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HURRICANE DESTRUCTION POTENTTAL (HDP)

HDP = b + b{10.7(SLPA ) + ZWA | + b [2.8Uso + [Uso— Usol] +  (3)
bsf4.1(STPX, ) — 3.0(ZWE, ) — EN]

bq
by (10.7 (SLPA3g) = 82.2966

{-2.01461) (10.7) (0.8) = =17.2451
by (ZWAz7)

{(-2.01461) (1.2) = = 2.417%
by (2.8 Usg)

(.573187) (2.8) (-22) = =35,3083

1l Usg = Usg l

(.573187) (8.0) = 4+ 4.,5855
by [4.1 (SLPAxg)

(3.6121) (4.1) (+.29) = <+ 4.,2948
b3 (ZWRpg

(3.6121) (-3.0) (=0.6) = <+ ,6502

EN)

(3.6121) (0) = 0

TOTAL HDP = 36.8562
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4. NO. OF HURRICANE DAYS (NHD)

NHD = b + bs{45.4(SLPA ;) + ZWA ] + b2[3.2Us + {Uso — Uso|] (4)
+ ba{-1.7(SLPA, ) + 1.5(ZWX, ) + EN]

bg = 30.8599
by (45.4) (SLPA3y)

(-.122484) (45.4) (0.8) = - 4.4486

(ZWATT)

(-.122484) (+1.2) = - .1470
by (3.2 Ugp)

(.204422) (3.2) (-22) = -14.3913
by (|U3g-Uspl)

(.204422) (8.0) =  1.6354
by (1.7) (SLPAyg)

(=1.60086) (=1.7) (+.29) = .7892
by (1.5) (ZWAag)

(-1.60086) (1.5) (-.06) = + .1441
bs (EN)

(~1.60086) (0) = 0

Total NHD = 14.4417
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APPENDIX B
Verification of the aathor’s Previocus Five
Seasons of Forecasts

Table Bl gives verification data for five previcus formal seascnal
forecasts of Atlantic hrricane activity by the author. Note the
difference between cbserved seasonal hrricane activity and climatology.
Over the last 40 years there has been an average of 6 hurricanes per year,
9 named cyclones of tropical stomm or hirricane imtensity, 24 harricane
days, 45 named storm days, and an HDP of 73.

Data in Table B2 campare the ratio of variance for the author’s 1984-
1988 forecasts (relative to cbservation) to variance for forecasts based
on the climatology of yearly activity for 1984-88 and relative to the
seascnal activity variances of 1949-88 (in parentheses). This table shows
that the yearly variance values of the author’s forecasts in relation to
cbserved hurricane data have been considerably lower than have the
cbserved seasanal hrrricane data in relation to climatology. The late
July forecasts have been superior to the late May forecasts and the
forecasts of named storm activity have been especially successful.
Forecasts for 1984-1988 have thus been a significant improvement over
climatology, the anly cbjective seasonal prediction that had previously
been available.



43

TAEIE Bl
Verification of thé previous seasonal predictions of Atlantic
tropical cyclone a°r 1984-1983.

Prediction
1984 of 24 May and
30 July Update Cbserved
No. of Hurricanes 7 5
No. of Named Stors 10 12
No. of Rrricane I 30 21
No. of Named Stoxx 45 61
Predicticon Updated
1985 of 28 May Prediction of
27 July Ohsexrved
No. of Hurricanes 8 7 7
No. of Named Stor 1n 10 11
No. of Hurricane 35 30 29
No. of Named Stox 55 50 60
Predictian Updated
1986 of 29 May Prediction of
28 July Observed
No. of Hurricane: 4 4 4
No. of Named Sto 8 7 6
No. of Hurricane 15 10 13
No. of Named Stol 35 25 27
Prediction Updated
1987 of 26 May Prediction of
28 July Observed
No. of Hurricane: 5 4 3
No. of Named St 8 7 7
No. of Hurricane 20 15 7
No. of Named Stao 40 35 36
Prediction
1988 of 26 May and
28 July Update Climatology Cbserved
No. of Hnrricanes 7 (6) 5
No. of Named Stor 11 (9) 12
No. of Hurricane 30 (24) 26
No. of Named Stor 50 (45) 56
Hurr. Destructian 75 (73) 81

(HDP)
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TABLE B2

Ratio of variance of author’s seascnal TC forecasts from cbservation to
the variance of cbserved seasonal TC activity from climatology during the
1984-88 period and to the variances fram climatology during the pericd
1949-88 (in parenthesis).

No. of No. of No. of
Hioricanes Named Hurricane
Storms Days
For late May .94 (.55) «29 (.23) .71 (.35)
Forecast
For late July .65 (.38) .21 (.16) .40 (.20)




