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ABSTRACT

This is the second of two papers on Atlantic seasonal hurricane activity. It is an extension of Part I, which
discussed the association of El Nifio and the phases of the stratospheric Quasi-Biennial Oscillation (QBO) of
equatorial zonal wind with Atlantic seasonal hurricane variability. It is shown how the addition of regional
sea-level pressure data from Caribbean basin meteorological stations can be combined with the more global
El Nifio and QBO information to form a forecast scheme for Atlantic seasonal hurricane activity. Seasonal
forecasts might be issued on 1 June of each year and updated prior to the commencement of the most

active part of the hurricane season on 1 August.

Although this forecast scheme, of necessity, has been developed on dependent data, the expected forecast
skill degradation when applied to independent data sets has been estimated. It appears not to be large enough
to significantly negate the rather substantial degree of potential forecast skill that is evident in the

developmental data set.

1. Background

Forecasts of yearly hurricane activity in the western
Atlantic are not being made at present. This is
because forecast techniques which show skill have yet
to be developed. Attempts to link hurricane activity
with the large-scale Atlantic wind and pressure field
patterns (Ballenzweig, 1959; Namias, 1955, 1969,
1973; Ding and Reiter, 1981, 1983) have so far
proven only marginally beneficial as far as seasonal
forecasting is concerned. Although a number of broad-
scale hurricane frequency correlations have been
found to exist and have been shown to be statistically
significant with many years of data, such associations
usually show a rather low correlation. They typically
do not offer much assistance in seasonal hurricane
activity forecasting. Any simultaneous association of
monthly and/or seasonal surrounding flow, sea-surface
temperature or pressure patterns with hurricane ac-
tivity does not by itself indicate a useful predictive
skill. How does one predict the monthly or seasonal
large-scale flow or pressure patterns from which a
hurricane season forecast can be made?

This study presents a technique whereby western
Atlantic seasonal hurricane activity might be forecast
with some degree of useful skill. This forecasting
technique is based on the observed decrease of Atlantic
hurricane activity associated with El Nifio years and
with the observed alteration of hurricane activity with
different phases of the stratospheric Quasi-Biennial
Oscillation (QBO) of zonal wind as discussed in Part
I (Gray, 1984). This forecasting technique is also
based on the observed association of seasonal hurri-
cane activity with Caribbean basin springtime and
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early summer mean monthly sea-level pressure
anomaly.

2. Monthly Caribbean basin sea-level pressure anom-
aly (SLPA) and seasonal-hurricane activity

Although the influence of QBO and El Nifo events
on hurricane frequency are of primary importance,
regional influences of springtime monthly sea level
pressure anomaly (SLPA) also appear to exert a
detectable and significant influence on seasonal hur-
ricane modulation.

a. Shapiro’s analysis of seasonal hurricane activity
as related to SLP

Shapiro (1982a,b) has recently performed a detailed
analysis of West Atlantic seasonal hurricane activity
for the period 1899 to 1978. He has made an extensive
analysis of the association of seasonal hurricane ac-
tivity with sea-level pressure (SLP), 500 mb height,
and sea-surface temperature (SST) fields in the Atlantic
region poleward of 20°N from analyzed National
Meterological Center (NMC) grid point data. Shapiro
finds that August-September~October (ASO) sea-level
pressure poleward of 20°N is negatively correlated
with seasonal hurricane activity. At some Atlantic
locations this correlation is as high as —0.6 in the
hurricane months of ASO. Sea-surface temperature
also shows correlations nearly as high as those for
SLP; however, SST and SLP are not independent
parameters. Overall, Shapiro shows that SLP is a
slightly better predictor than SST. Very little additional
skill is obtained by treating both parameters together,
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Shapiro further shows that at the best location
points, pre-season May-June-July (MJJ) SLP is cor-
related with hurricane activity at about the 0.3 to 0.4
level. Such correlations explain about 15% or less of
the variance in the following ASO hurricane activity
(significance level of 1%).

b. Lag-correlation of SLPA between different months

The SLP analysis here is different from that of
Shapiro because it uses individual station pressure
information from all available Caribbean basin sta-
tions (many are south of 20°N).

Figure 1 shows the yearly variation of April-May
average SLPA for the period 1950-82. The solid line
in these represents a special six-station average. The
dashed line represents the SLPA that was determined
by averaging all available (15-20) individual Carib-
bean basin stations. Anomalies were determined for
each month by obtaining each station’s individual
month SLP difference from that station’s long-term
(1950~-82) mean for that month. Note that month-
to-month SLPA variations are in the range +1.5 mb.
- Some Caribbean basin station pressure data were
not available for the entire 1950-82 period and some
station pressures appeared somewhat less reliable
than other- first-order stations. To standardize the
monthly pressure records as much as possible and to
reduce the need for too many calculations if applied
in real forecast situations, it was decided to perform
SLPA calculations for just six of the more represen-
tative and more reliable stations: Barbados, Curacao,
San Juan, Merida, Miami and Brownsville (Fig. 2).
The other stations included in the calculation of the
all-station Caribbean basin monthly SLPA are shown
unlabeled in Fig. 2. Figure 1 shows that there is not
much SLPA difference between the six-station and
the all-station Caribbean basin monthly means. Be-
cause the SLPA for both data sets were quite similar,
most of the results to follow will employ only the
six-station data.
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Fi1G. 1. Six-station avefage of Caribbean basin SLPA for April-
May (solid line). All-station ayerage is shown by the dashed curve.
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FIG. 2. Locations of meteorological stations used to determine
the all-station mean monthly SLPA for the Caribbean basin.
Stations used in the six-station average are named.

Individual springtime Caribbean basin SLPA is
also found to have a significant correlation with the
following summer SLPA. Table 1 shows these various
monthly lag correlations for the special six Caribbean
basin stations for the 33-year period 1950-82. Data
are correlated for all 33 years and also for the 27
non-El Nifio years of this period which are shown in
parentheses. Adjacent monthly SLPA are correlated
at about the 0.5-0.6 level. Months which are two or
more apart correlate at a level of about 0.3-0.5. Note
that April-May SLPA correlates with August-Sep-
tember SLPA at about the 0.5 level and June-July
SLPA shows a correlation with August-September
SLPA of about 0.55-0.60. These month-to-month
pressure anomaly correlations may be higher than
some readers would suspect. Also, because SLPA is
known to correlate directly with hurricane activity in
the month in which such activity occurs, the existence
of statistically significant one to five month lag rela-
tionships between SLPA and hurricane frequency
should be expected. Such a pre-season SLP-hurricane

" TaBLE 1. Correlation array of Caribbean basin SLPA between
different months for the period 1950-82. Correlations involving only
the 27 non-El Nifio years are shown in parentheses.

May Apr-May Jun-Jul Aug—Sep.
May — — 0.49 0.30
’ (0.45) (0.34)
Apr-May — —_ 0.60 0.48
(0.57) (0.53)
Jun-Jul 0.49 0.60 —_ 0.58
(0.45) (0.57) ' 0.61)
Aug-Sept 0.30 0.48 0.58 _—
(0.34) (0.53) (0.61)
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activity relationship, even if at a rather low level of
0.3 to 0.4, may still prove useful if it can be shown
that there is little association of pre-season SLP with
the El Nifio (EN) and 30 mb QBO zonal wind events
discussed in Part I. Such a quasi-independence of
pre-season monthly SLP from EN and QBO phenom-
ena, as appears to be the case, offers a unique
possibility for combining the global-scale EN and
QBO hurricane relationships with the more regional
Caribbean Basin SLP and hurricane association. This
will allow a more skiliful seasonal prediction scheme
than would be possible using either the global or
regional relationships by themselves.

¢. Influences of El Nifio and the QBO on Caribbean
basin SLP

There is only a small difference in monthly SLPA
between springtime El Nino years and non-El Nifo
years. Also, there is not such a large difference (<0.3
mb) in springtime (April-May) SLPA between the
different easterly and westerly wind phases of the 30
mb QBO signal. Table 2 shows mean monthly SLPA
differences between the last six moderate and strong
EN vyears of 1953, 1957, 1965, 1972, 1976 and 1982,
and the other last 27 non-EN years. Note that SLPA
differences of El Nifio minus non-El Nifio years,
although of the order of +0.2 mb for the August-
September period, are generally of opposite sign and
of magnitude 0 to —0.2 mb in the earlier pre-
hurricane-season months. The SLPA in El Nifio and
non-El Nifo years thus shows little difference in the
three to four month period prior to the hurricane
season. Part I contains more individual station infor-
mation on these SLPA differences between EN and
non-EN years.

Table 3 is similar to Table 2, showing the same
monthly SLPA differences between the various com-
ponents of the 30 mb equatorial QBO zonal wind for
the last 27 non-El Nifio years. Slightly greater SLPA
differences are noted than with the EN versus non-
EN cases. However, such springtime SLPA differences
associated with the different easterly and westerly
QBO zonal wind categories are still small (0 to 0.3
mb) in comparison with the +1.5 mb observed year
to year variations of springtime SLPA.

These pre-season SLPA differences of about 0.3
mb or less indicate that the EN and QBO are quasi-
independent of such springtime SLPA. This being
the case, it is likely that the larger +£0-1.5 mb year-

TABLE 2. El Nifio- minus non-El Nifio-year SLPA differences
(mb) by month for the six-station Caribbean basin average.

May Apr-May Jun-Jul Aug-Sept

Six-station

average -0.17 —0.19 -0.02 0.18
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TABLE 3. Sea-level pressure anomaly (mb) by month for various
phases of the 30 mb equatorial QBO zonal wind for the Caribbean
basin six-station average. Data include the 27 non-El Nifio years in
the 1950-82.period. The number of years in each average is given
in parentheses.

Phases of QBO signal May Apr-May . Jun-Jul Aug-Sep
West wind (W) cases (12) 0.01 —0.14 -0.12 ~0.14
East wind (E) cases (12) -0.05 0.15 0.10 +0.07
W—-E 0.06 -0.29 -0.22 -0.46
West wind increase (W+) :

cases (12) 0.03 —0.05 0.03 ~0.29
East wind increase (E+)

cases (12) 0.15 0.08 0.03 0.10
(W+) ~ (E+) ~0.12 -0.13 0.0 ~0.39
(W) + (W+) Cases (9) —0.10 -0.12 —0.01 —0.26
(E) + (E+) Cases (7) ~0.20 0.20 0.23 0.23
(W+ W+) - (E+ E+) 0.10 -0.32 -0.24 -0.49

to-year monthly variations of SLPA (which by them-
selves have been shown to be correlated with seasonal
tropical cyclone frequency) can be utilized as an
additional and somewhat independent predictive pa-
rameter. ‘

Table 4 shows the monthly correlation of SLPA
with seasonal numbers of hurricanes, hurricanes plus
tropical storms, and hurricane days for all 33 years
and for the 27 non-El Nifio years; non-EN years
correlate best. It was expected that August-September
SLPA would show the best correlation with hurricane
activity. In a predictive sense, however, August-
September cannot be used. It is of interest that May
and April-May SLPA correlate almost as well with
seasonal hurricane activity as does the June-July
SLPA. Note that the correlation of April-May SLPA
with hurricanes and with hurricane plus tropical
storm activity for non-El Nifio years is as high as
—0.45 to —0.48.

The fact that the correlation of May and April-
May SLPA with hurricane activity is as high as for
June-July SLPA is fortunate because of the longer
lead time forecast which is possible. All information
needed to make a seasonal forecast of hurricane

TABLE 4. Correlation of six-station average Caribbean basin SLPA
and seasonal hurricane activity by month for the period 1950-82.
The correlation of the 27 non-El Nifio years in this period with
hurricane activity is shown in parentheses.

May Apr-May Jun-Jul  Aug-Sep

Number of hurricanes —0.28 -0.34 -0.34 ~0.39
(—0.45) (—0.48) (—0.40) (—0.61)

Number of hurricanes -0.31 -0.50 -0.40 —0.52
plus tropical storms (—0.36) (—0.45) (—0.34) (—0.51)

Number of hurricane days -0.12 -0.20 -0.36 —0.61
(~0.29) (—0.32) (—0.42) (—0.59)
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activity could be made available on 1 June, the
official start of the hurricane season. For these reasons
it was decided to give primary attention to the year-
to-year variation of the May and April-May SLPA.

d. Association of April-May SLPA with seasonal
hurricane frequency

Inspection of the April-May SLPA (Fig. 3) and
tropical hurricane frequency shows that SLPA seems
to alter seasonal cyclone frequency by about one
cyclone for every 0.4 mb of mean pre-season anomaly.
In seasons where the SLPA is between —0.4 mb and
—0.8 mb, hurricane activity can be expected to in-
crease by about one cyclone; when SLPA is less than
—0.8 mb, then seasonal hurricane activity (all other
factors remaining constant) can be expected to be
greater than the multiyear seasonal average by about
two hurricanes. The reverse situation occurs with
SLPA > +0.4 mb and > +0.8 mb, respectively. No
alteration of cyclone frequency should be considered
if monthly SLPA is between +0.4 and —0.4 mb.

Such a multimonth lag in hurricane activity with
springtime SLPA is similar to observations by Nicholls
(1979) of Australian region seasonal hurricane varia-
tion. Nicholls showed that when Darwin, Australia
surface pressure is higher than normal during the
winter-spring season, Australian tropical cyclone ac-
tivity in the following summer (particularly in the
early part of the season) was suppressed. Such a
positive winter-springtime SLPA appears to be related
to later establishment of the monsoon trough over
northern Australia and a generally weakened trough
when it established. Such conditions lead to a quite
noticeable reduction in early season hurricane activity.
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3. Multiple linear regression analysis of QBO, EN
and SLPA associations with seasonal hurricane
activity

To try to better delineate the relationships between
these combinations of predictors and seasonal hurri-
cane activity, a multiple linear regression analysis was
made. This analysis was performed on the four
prediction parameters shown on the left side of Table
5 and the three measures of seasonal hurricane activity
shown on the right side of the table.

Activity of the QBO was broken into two categories
by 30 mb wind direction and 30 mb wind speed
change. Westerly winds at 30 mb or increasing west-
erly wind speed during the hurricane season are each
denoted by +1, and easterly winds or increasing
easterly wind speed are each denoted by —1; O is
used when 30 mb wind direction or speed acceleration
are changing sign during the hurricane season.

El Nifio activity is denoted by —2 and —4 in
moderate and strong EN years, and 0.7 in non-EN
years; SLPA is given in millibars for the six Caribbean
basin stations for the months of April and May.

Table 6 shows the correlation coefficient arrays
which relate each of these four predictors to seasonal
number of hurricanes, number of hurricanes plus
tropical storms, and number of hurricane days.

Note that the QBO wind direction is better related
to hurricane activity than is QBO wind change, but
this relationship can vary for the three activity param-
eters. This is also true of the EN and SLPA predictors.
The dominance of the QBO direction influence is to
be noted. This is the single best predictor of hurricane
activity.

The low internal correlation between each of the
QBO, EN and SLPA predictors is evident. El Niiio

~0.51
-1.01
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FIG. 3. Yearly variation of April-May mean Caribbean basin SLPA
for the six stations of Fig. 2.
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TABLE 5. Yearly distribution of QBO direction, QBO change, EN, and April-May SLPA factors which went into the multiple linear
regression analysis. (See Part I for more information on these parameters.)

Observed seasonal number of:

Hurricanes
QBO QBO Apr-May SLPA plus tropical Hurricane
Year direction change EN correction factor Hurricanes storms days
1950 1 NS | 0.7 -0.43 11 13 57
1951 1 -1 0.7 —1.18 8 10 37
1952 -1 1 0.7 0.07 6 7 23
1953EN 1 -1 -2.0 —2.06 6 14 18
1954 -1 0 0.7 -0.06 8 11 33
1955 1 0.7 0.51 9 12 46
1956 -1 -1 0.7 0.15 4 8 12
1957EN 1 0 -4.0 —0.01 3 8 20
1958 -1 -1 0.7 -1.35 7 10 33
1959 1 1 0.7 0.57 7 1t 22
1960 - -1 0 0.7 —0.36 4 7 18
1961 1 1 0.7 0.82 8 11 46
1962 -1 -1 0.7 - 140 3 5 10
1963 0 1 0.7 0.82 7 9 36
1964 1 -1 0.7 0.64 6 12 43
196SEN -1 -1 -2.0 0.37 4 4 27
1966 1 1 0.7 0.05 7 11 41
1967 0 -1 0.7 0.65 6 8 35
1968 ~1 -1 0.7 0.67 4 7 9
1969 1 0.7 —1.00 10 14 39
1970 ~1 -1 0.7 0.28 5 10 7
1971 1 0.7 0.07 6 13 28
1972EN .~1 -1 -40 0.27 3 4 6
1973 1 -1 0.7 0.15 4 7 9
1974 ~1 -1 0.7 0.52 4 7 . 16
1975 1 1 0.7 -0.25 6 8 18
1976EN 0 -1 -2.0 0.54 6 8 24
1977 -1 1 0.7 1.14 5 6 6
1978 1 -1 0.7 -~0.66 5 11 13
1979 -1 1 0.7 -0.41 5 8 23
1980 1 1 0.7 -0.41 9 11 38
1981 -1 -1 0.7 -0.28 7 12 23
1982EN -1 1 —4.0 -0.27 2 5 5

and SLPA correlate at only 0.09, while EN and QBO
direction, and EN and QBO change correlate at only
0.10 and 0.14, respectively. Sea-level pressure anomaly
and QBO change have only a 0.01 correlation, but
SLPA and QBO direction correlate at —0.28. These
low internal correlations of predictors allow for a

TABLE 6. Correlation coefficient array relating each of the four
predictors and the three seasonal hurricane activity parameters.

significant forecast improvement when all four pre-
dictors are used in combination.

Table 7 gives the Wilcoxon two sample rank test
of the probabilities (or P values) of the null hypothesis
that no relationships exist between these four predic-

TABLE 7. Probability (or P value) of the null hypothesis that no
relationship exists between each of the four predictors and seasonal
hurricane activity. The null hypothesis for the combination of pa-
rameters is also given on the bottom line.

QBO QBO SLPA
direction change EN (Apr-May)

QBO direction 1.00 0.30 0.10 —0.28

QBO change 0.30 1.00 0.14 0.01

EN 0.10 0.14 1.00 0.09

SLPA -0.28 001 0.09 1.00

Hurricane number 0.51 042 049 -0.34
Hurricane plus tropical

storm number 0.63 023 039 -0.50

Hurricane days 0.52 036 033 -0.20

Number
Number of hurricanes Number of
of plus tropical hurricane
hurricanes storms days
QBO direction 0.0312 0.0007 0.0192
QBO change 0.0478 0.7287 0.1987
EN 0.0013 0.0028 0.0833
SLPA (Apr-May) 0.0271 0.0021 0.4738
Combination of 4
Predictors 0.000 0.000 0.006
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tors and seasonal hurricane activity. These P-values
are observed to be quite low except for QBO wind
change and hurricanes plus tropical storms, and for
SLPA and hurricane days. The P-values (of the null
hypothesis) using the four predictors in combination
is, of course, very much lower. The level of confidence
that a relationship exists between these combined
predictors and hurricane activity is thus higher than
99.9% for hurricane and hurricane plus tropical
storms, and about 99.5% for hurricane days.

This information will now be used to develop
hindcast predictive equations for the seasonal number
of hurricanes, number of hurricanes plus tropical
storms, and seasonal number of hurricane days.

4. The rationale for developing an Atlantic seasonal
hurricane activity forecast

A forecast scheme using the previously discussed
QBO, EN and SLPA information would be based on
the premises that:

1) The phases of the QBO of zonal wind which
have such a long period (~26 months) and change
- in such a uniform manner will be known and can be
extrapolated for three to five months into the future.
2) The oceanographic community will be able to
detect the presence and intensity of an El Nifio event
by 1 June or 1 August at the latest and notify
hurricane forecasters of such an event.

3) Information on the Caribbean basin monthly
average SLPA for the four pre-hurricane months of
April-July would be readily available to forecasters
at the end of each month. ‘

Of these three data requirements, knowledge of the
onset and intensity of an El Nifio event is likely the
most uncertain.

Figure 4 shows the average distribution of hurricane
and tropical storm activity by calendar date. Note
that although the official start of the hurricane season
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is 1 June, the active part of the season does not begin
until after 1 August.

Recent information of Rasmusson and Carpenter
(1982) on the most recent El Nifio events prior to
1982 indicates that it is possible for pre-hurricane
season detection of a typical El Nifio event starting
around the beginning of the year to be made by early
June. The unusually strong and late-starting El Nifio
of 1982 could also likely have been detected by 1
June. In comparison with April and May 1981, the
months of April and May 1982 showed distinctly
warmer SST at the typical places where warm SST
occurs in El Nifo years. If the 1982 late-commencing
El Nifio event could not have been detected with
confidence by early June, it almost surely could have
been detected by early August.

Assuming such information on the QBO, El Nifio,
and pre-season SLPA will be available to forecasters,
an attempt has been made to use this, information
for the development of a seasonal hurricane activity
forecast scheme. This forecast scheme is based solely
on the 33-year data sample 1950-82, the only period
when QBO information is available.

Table 8 contains individual season information on
the QBO, El Nino and April-May SLPA, together
with the associated seasonal hurricane activity. This
table shows that the most active hurricane seasons
are usually those in which an El Nifio event does not
occur, 30 mb equatorial winds are from a westerly
direction and are increasing toward the west, and/or
the April-May Caribbean Basin SLPA is negative.
Seasons with fewest hurricanes are either El Nifo
years, seasons in which 30 mb equatorial winds are
from the east and/or are increasing toward the east,
and/or April-May SLPA was positive.

a. Other parameters related to seasonal hurricane
activity

As discussed in Part I, other monthly pre-hurricane
season meteorological . parameters such as rainfall,
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TABLE 8. West Atlantic seasonal tropical cyclone activity for the
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period 1950-82 with the associated 30 mb wind direction, direction

changes, EN years, and April-May Caribbean basin SLPA. Also shown are seasonal numbers of observed hurricanes, hurricanes plus

tropical cyclones, and hurricane days.

30 mb 30 mb Six-station

Hurricanes plus Hurricane wind wind Apr-May
Year Hurricanes tropical storms days direction increase SLPA (mb)
1950 11 13 57 w w —-043
1951 8 10 37 w E -1.18
1952 6 7. 23 E w 0.07
1953EN 6 14 18 w E -2.06
1954 8 11 33 E No change -0.06
1955 9 12 46 w w -0.51
1956 4 8 12 E E 0.15
1957EN 3 8 20 w No change -0.01
1958 7 10 33 E E -1.35
1959 7 11 22 W W 0.57
1960 4 7 18 E No change -0.36
1961 ° 8 11 46 - w w 0.82
1962 3 5 10 E E 1.40
1963 7 9 36 — w 0.82
1964 6 12 43 w E 0.64
1965EN 4 4 27 E E 0.37
1966 7 11 41 w w 0.05
1967 6 8 35 — E 0.65
1968 4 7 9 E E 0.67
1969 10 14 39 w w —1.00
1970 S 10 7 E E 0.28
1971 6 13 28 w w 0.07
1972EN 3 4 6 E E 0.27
1973 4 7 9 w E 0.15
1974 4 7 16 E E 0.52
1975 6 8 18 w w -0.25
1976EN 6 8 . 24 — E 0.54
1977 5 6 6 E W 1.14
1978 5 11 13 w E —-0.66
1979 5 8 23 E w —0.41
1980 9 11 38 w w -0.41
1981 7 12 23 E E —-0.28
1982EN 2 5 ‘ 5 E w -0.26
Average 59 9.2 249

temperature, upper-level heights, etc., do not appear
to contain a predictive signal. Despite extensive anal-
ysis we have also not been able to detect any pre-
hurricane season Caribbean basin wind pattern fea-
tures which have a predictive signal that is at all
comparable to either the QBO, EN or SLPA predictive
signals. For these reasons, the seasonal hurricane
forecast proposed in the next section will rely solely
on information-from the QBO, EN and SLPA.

5. Seasonal hurricane activity hindcast forecasts

The following seasonal hurricane activity hindcast
forecast equations have been developed from the
dependent data set information of Part I and the
previous sections. These equations are used to predict
the: number of hurricanes per year, the number of
hurricanes plus tropical storms per year, and the
number of hurricane days per year from QBO, EN
and April-May SLPA information available on 1
June.

a. Number of hurricanes

Equation (1) is a simple formula for the hindcast
prediction of the seasonal number of hurricanes:

(Hindcast-predicted number
of hurricanes per season)

= 6 + (QBO, + QBO,) + EN + SLPA, (1)

where

QBO, 30 mb equatorial wind direction correction
factor: if westerly, add 1, if easterly, subtract
1. Set to zero if zonal wind direction
during the season is in a changeover phase
from east to west or west to east.

correction factor for change in 30 mb equa-
torial zonal wind u during the hurricane
season: if uniformly increasing westerly
(positive du/ar), add 1; if uniformly de-
creasing westerly (negative du/d¢), subtract
1. Set to zero if there is a change in sign

QBO;






