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ATLANTIC BASIN SEASONAL HURRICANE FORECAST FOR 2003
Forecast Parameter and 1950-2000 6 December 4 April

Climatology (in parentheses) 2002 2003

Named Storms (NS) (9.6) 12 12

Named Storm Days (NSD) (49.1) 65 65

Hurricanes (H)(5.9) 8 8

Hurricane Days (HD)(24.5) 35 35

Intense Hurricanes (IH) (2.3) 3 3

Intense Hurricane Days (IHD)(5.0) 8 8
Hurricane Destruction Potential (HDP) (72.7) 100 100

)

Net Tropical Cyclone Activity (NTC)(100% 140 140

PROBABILITIES FOR AT LEAST' ONE MAJOR (CATEGORY 3-4-5) HUR-
RICANE LANDFALL ON EACH OF THE FOLLOWING COASTAL AR-

EAS:

1) Entire U.S. coastline ~ 68% (average for last century is 52%)

2) U.S. East Coast Including the Florida Peninsula — 48% (average for last
century is 31%)

3) Gulf Coast from the Florida Panhandle westward to Brownsville -~ 38%
(average for last century is 30%)

4) Expected above-average major hurricane landfall risk in the Caribbean



DISTINCTION BETWEEN CSU SEASONAL HURRICANE FORECASTS AND THOSE
ISSUED BY NOAA

Seasonal hurricane forecasts have now been issued for 20 years by the tropical meteorology
research group of Prof. William Gray of the Department of Atmospheric Science, Colorado State
University (CSU). The forecasts, which are issued in December of the prior year, and in April, June,
August and September of the current year, have steadily improved through continuing research.
These forecasts now include predictions of Atlantic basin activity and U.S. and Caribbean hurricane
landfall probabilities for seasonal as well as individual monthly periods.

The National Oceanic and Atmospheric Administration (NOAA) has also recently begun to
issue Atlantic basin seasonal hurricane forecasts. The NOAA forecasts are independent of our CSU
forecasts although they utilize prior CSU research augmented by their own insights. The NOAA and
the CSU forecasts will typically differ in some aspects and details. Chris Landsea and Eric Blake,
former CSU project members presently employed by NOAA, have made important contributions
to both forecasts.



DEFINITIONS

Atlantic Bagin - The area including the entire North Atlantic Ocean, the Caribbean Sea, and the Gulf of Mexico.
El Nifio - {EN) A 12-18 month period during which anomalously warm sea surface temperatures occur in the eastern
half of the equatorial Pacific. Moderate or strong El Nifio events occur irregularly, about once every 3-7 years on

average.

! or 64 knots) or

Hurricane - (H) A tropical cyclone with sustained low level winds of 74 miles per hour (33 ms~
greater.

Hurricane Day - (HD} A measure of hurricane activity, one unit of which occurs as four 6-hour periods during which
a tropical cyclone is observed or estimated to have hurricane intensity winds.

Hurricane Destruction Potential - {(HDP) A measure of a hurricane’s potential for wind and storm surge destruction
defined as the sum of the square of a hurricane’s maximum wind speed (in 10* knots?) for each 6-hour period of its
existence.

Intense Hurricane - (IH) A hurricane which reaches a sustained low level wind of at least 111 mph (96 kt or 50 ms™?)
at some point in its lifetime. This constitutes a category 3 or higher on the Saffir/Simpson scale (also termed a
“major” hurricane).

Intense Hurricane Day - (IHD) Four 6-hour periods during which a hurricane has intensity of Saffir/Simpson category
3 or higher.

MATL - Sea surface temperature anomaly in the Atlantic between 30-50°N, 10-30°W

MPD - Maximum Potential Destruction - A measure of the net maximum destruction potential during the season
compiled as the sum of the square of the maximum wind observed (in knots) for each named storm. Values expressed
in 10% k.

Named Storm - (NS) A hurricane or a tropical storm.

Named Storm Day - (NSD} As in HD but for four 6-hour periods during which a tropical cyclone is observed (or is
estimated) to have attained tropical storm intensity winds.

NATL - Sea surface temperature anomaly in the Atlantic between 50-60°N, 10-50°W

NTC - Net Tropical Cyclone Activity - Average seasonal percentage mean of NS, NSD, H, HD, IH, THD. Gives overali
indication of Atlantic basin seasonal hurricane activity (see Appendix B).

ONR. - Previous year October-November SLPA of subtropical Ridge in eastern Atlantic hetween 20-30°W.

QBO - Quasi-Biennial Oseillation - A stratospheric (16 to 35 km altitude) oscillation of equatorial east-west winds
which vary with a period of about 26 to 30 months or roughly 2 years; typically blowing for 12-16 months from the
east, then reverse and blowing 12-16 months from the west, then back to easterly again.

Saffir/Simpson (S-S) Category - A measurement scale ranging from 1 to b of hurncane wind and ocean surge mtensity.
One i1s a weak hurricane; whereas five is the most intense hurricane.

SLPA - Sea Level Pressure Anomaly - The deviation of Caribbean and Gulf of Mexico sea level pressure from observed
long term average conditions.

SOI - Southern Oscillation Index - A normalized measure of the surface pressure difference between Tahiti and
Darwin.

83T(s) - Sea Surface Temperature(s).

SSTA(s) - Sea §urface Temperature(s) Anomalies.

Tropical Cyclone - (TC) A large-scale circular flow occurring within the tropics and subtropics which has its strongest
winds at low levels; including hurricanes, tropical storms, and other weaker rotating vortices.

Tropical Storm - (TS} A tropical cyclone with maximum sustained winds between 39 (18 ms™! or 34 knots) and 73
(32 ms~! or 63 knots) miles per hour.
TATL - Sea surface temperature anomaly in the Atlantic between 8-22°N, 10-50°W.

ZWA - Zonal Wind Anomaly - A measure of upper level (~ 200 mb) west to east wind strength. Positive anomaly
values mean winds are stronger from the west or weaker from the east than normal.

1 knot = 1.15 miles per hour = 0.515 meters per second.



ABSTRACT

Information obtained through March 2003 indicates that the 2003 Atlantic hurricane
season will be an active one. We estimate that 2003 will have about 8 hurricanes (average is
5.9), 12 named storms (average is 9.6), 65 named storm days (average is 49), 35 hurricane days
(average is 24.5), 3 intense (category 3-4-5) hurricanes (average is 2.3), 8 intense hurricane
days (average is 5.0) and a Hurricane Destruction Potential (HDP) of 100 (average is 71). We
expect Atlantic basin Net Tropical Cyclone (NTC) activity in 2003 to be about 140 percent
of the long-term average. The probability of U.S. major hurricane landfall is estimated to be
30 percent above the long-period average. We foresee an above-average probability of U.S.
and Caribbean landfall. This 1 April forecast is based on an older (1994) statistical scheme
and a newly devised extended range statistical forecast. We also utilize an analog technique
which selects prior years which have global conditions similar to this year. Qur final forecast
consists of a qualitative adjustment of these three separate methodologies. The influence of
El Nifio conditions are implicit wihtin our statistical schemes. We do not utilize a specific
ENSOQ forecast as one of our predictors. We anticipate that the current weakening El Nifo
will be largely dissipated by this summer.

1 Introduction

This is the 20th year in which the first author has made forecasts of the coming season’s
Atlantic basin hurricane activity. Our Colorado State University research project has shown
that a sizable portion of the year-to-year variability of Atlantic tropical cyclone (TC) activity
can be hindcast with skill significantly exceeding climatology. These forecasts are based on
two statistical methodologies derived from 45 (older scheme) and 52 (newer scheme) years
of past data and a separate study of analog years which have similar precursor circulation
features to this year. Qualitative adjustments are added to accommodate additional pro-
cesses which may not be explicitly represented by our statistical analyses. These evolving
forecast techniques are based on a variety of climate-related global and regional predictors
previously shown to be related to the forthcoming seasonal Atlantic tropical cyclone activity
and landfall probability.

2 Forecast Methodology

We believe that seasonal forecasts must be based on methods showing significant hind-
cast skill in application to long periods of prior data. It is only through hindcast skill that
one can demonstrate that seasonal forecast skill is possible. This is a valid methodology
provided the atmosphere continues to behave in the future as it has in the past. We have
no reason for thinking that it will not. Our initial early April seasonal hurricane forecast
scheme demonstrated hindcast skill for the period of 1950-1994. Our new, recently devel-
oped forecast scheme uses more hindcast years (1950-2001) and shows improved hindcast
skill and better physical insights into why such precursor relationships have an extended
period memory.

2.1 Newly Developed 1 April Forecast Scheme

The last few years have seen tremendous growth in the accessibility of global atmo-
spheric data on the Internet. An example of this accessibility is the NOAA/NCEP reanalysis
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which archives historical atmospheric and ocean surface data and makes. this data easily avail-
able on the Internet. Other cooperative research groups are developing similar reanalysis
products. Many of these reanalysis data sets are available from the late 1940s and offer
exciting and unique opportunities for the development of new and skillful extended range
empirical climate forecasts. This development is very useful for the improvement of both
empirical climate prediction and understanding.

Through extensive analyses of NOAA/NCEP reanalysis products, Phil Klotzbach of our
forecast team has recently developed a new set of 1 April extended range predictors which
shows superior hindcast prediction skill over our previous 1 April forecast scheme. Qur earlier
1 April statistical scheme used West African rainfall data as an important predictor. We
do not understand why, but the previously observed (1950-1994) strong association between
West Africa rainfall and Atlantic hurricanes has not worked since 1995. Our newer 1 April
forecast scheme does not use West African rain as a predictor.

The location of each of these new predictors is shown in Fig. 1. The pool of six predictors
for this new extended range forecast is given in Table 1a, and forecast values based on the
new April 1 forecast scheme are given in Table 1b. Strong statistical relationships can be
extracted via combinations of these predictors (which are available by the end of March) and
the Atlantic basin hurricane activity occurring that summer and fall.
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Figure 1: Location of predictors for our new early April forecast for the 2003 hurricane season.

2.2 Physical Associations among Predictors Listed in Table 1

Brief descriptions of our new early April predictors follow:



Table 1: (a) Listing of our new 1 April 2003 predictors for this year’s hurricane activity. A plus
(+) means that positive values of the parameter indicate increased hurricane activity this year,
and a minus (—) means that positive values of the parameter indicate decreased hurricane activity
this year.

2003 Observed Values
(1) - March SLP (0-30°N, 7.5-35°W) (-) 0.0 SD
(2) - February 200 MB U (5°S-10°N, 35-55°W) (=) +0.6 SD
(3) — March 700 mb geopotential height (75-90°8, 0-360°) (+) +0.2 5D
(4) - February-March 200 MB V (35-62.5°S, 70-95°E) (-) +0.6 SD
(5) - February SLP {0-45°S, 90-180°W) (+) +0.2 5D
(6) — February SST (35-50°N, 10-30°W) () +0.7 SD

Table 1: (b) New 1 April statistical forecast for 2003.

Predictors New 1 April Statistical Forecast for 2003
Named Storms (NS) 9.8

Named Storm Days (NSD) 46.9

Hurricanes (H) 5.9

Hurricane Days (HD) 20.4

Intense Hurricanes (IH) 2.3

Intense Hurricane Days (IHD) 5.6

Hurricane Destruction Potential (HDP) 63

Net, Tropical Cyclone Activity (NTC) 104

Predictor 1. March SLP in the Eastern Tropical and Subtropical Atlantic (-)
(0-30°N, 7.5-35°W)

Low pressure in this region implies that the Azores High is weaker than normal and that
consequently, trade winds across the Atlantic Ocean are weaker. Weaker trade winds reduce
upwelling in the tropical Atlantic off northwest Africa and act to keep the ocean’s tempera-
ture warmer than normal. The reduced trade wind-warm sea surface temperature feedback
is likely to persist through the remainder of the spring and summer (Knaff 1998). Warm sea
surface temperatures are known to be favorable for enhanced tropical cyclone activity.

Predictor 2. February 200 MB U in the Central Tropical Atlantic (-)
(5°S-10°N, 35-55°W)

Easterly upper-level zonal wind anomalies off the northeast coast of South America imply
that the upward circulation associated with the Walker Circulation of a warm ENSO event
has shifted westward and that cool La Nina conditions are likely to be present for the next
4-6 months. El Niiio conditions shift the upward portion of the Walker Circulation eastward
and cause 200 mb westerly anomalies in this area. Such 200 mb westerly wind anomalies are
associated with increased upper-level divergence in the East Pacific which occurs with warm
ENSO conditions.

Predictor 3. March 700 MB Antarctic Geopotential Height (+)
(75-90°S, 0-360°)
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High heights near the South Pole result in weaker westerlies throughout most of the South-
ern Hemisphere midlatitudes. Anomalously cool upper-level temperatures and lower geopo-
tential heights throughout the tropics are also associated with this feature. Cool tropical
temperatures are associated with cool ENSO conditions. Weaker zonal winds and a more
globally asymmetric Hadley Cell circulation help reinforce cool ENSO conditions.

Predictor 4. February-March 200 MB V in the Southern Indian Ocean (-)
(35-62.5°S, 70-95°E)

Anomalous southerly flow at 200 mb in the southern Indian Ocean is associated with a
northeastward shift of the South Indian Convergence Zone (SICZ) (Cook 2000), a more
longitudinally concentrated upward branch of the Hadley Cell near Indonesia and warm sea
surface temperatures throughout most of the Indian Ocean. This implies that warm ENSQO
conditions have likely been prevalent throughout the past several months due to the lag
teleconnected effect of a warm Indian Ocean with a warm eastern Pacific Ocean. Strong
lag correlations (r > 0.4) with this predictor indicate that a change in phase of ENSO from
warm to cool is likely during the coming summer if southerly 200 mb wind anomalies are
observed in February-March.

Predictor 5. February SLP in the Southeast Pacific (+)
(0-45°S, 90-180°W)

High sea level pressure in the eastern Pacific south of the equator indicates a positive South-
ern Oscillation Index (SOI) and stronger-than-normal trade winds across the Pacific. In-
creased trades drive enhanced upwelling off the west coast of South American typical of La
Nina conditions. Cool sea surface temperatures associated with this higher pressure tend
to persist throughout the spring and summer thereby reducing vertical wind shear over the
tropical Atlantic and providing more favorable conditions for tropical cyclone development.

Predictor 6. February SST off the Northwestern European Coast (+)
(35-50°N, 30-50°W}

Warm sea surface temperatures off the northwest coast of Europe correlate quite strongly
with warm sea surface temperatures across the entire North Atlantic Ocean. A warm North
Atlantic Ocean indicates that the thermohaline circulation is likely stronger than normal
and the Azores subtropical high and trade wind strength across the Atlantic are weaker
than normal. Weaker trade winds induce less upwelling which keeps the tropical Atlantic
warmer than normal. This pattern tends to persist throughout the spring and summer and
implies a warmer tropical Atlantic during the following hurricane season.

2.3 Hindcast Skill of New 1 April Scheme

Table 2 shows the degree of hindcast variance explained by our new 1 April forecast
scheme based on a 52-year developmental dataset (1950-2001). To reduce overfitting, we use
no more than five predictors. Note that there is substantial independent (jackknife) skill for
predictions of NTC and HDP.

The 1 April forecast picks the best combination of five predictors from a pool of six
predictors or until the hindcast variance explained increases less than three percent through
the addition of another predictor.



Table 2: Variance explained based upon 52 years (1950-2001) of hindcasting.

Jackknife Skill
(Year of Forecast Not in the
Variables Selected Variance (r?) Explained  Developmental Data Set)

NS-456 0.372 0.277
NSD-2456 0.571 0.482
H-1345 0.499 0.398
HD-12345 0.621 0.515
IH-1456 0.563 0.483
IHD-456 0.460 0.388
HDP-12456 0.629 0.531
NTC-13456 0.650 0.570

3 New 1 April Forecast Scheme as Related to the Basic Bi-Modal
Functioning of the Ocean-Atmosphere

The ocean-atmosphere global circulation has been observed to deviate from its long-
term climatological average in two basic modes of opposite activity. These modes involve the
temperature gradient between the tropics and poles. Tropical-polar temperature gradients
are observed to vary inversely with the strength of the Atlantic Thermohaline Circulation
(ATC).

A) Atlantic Thermohaline Circulation Weak:

The temperature gradient from the tropics to the polar regions becomes greater than
average. The tropics are warmer than normal, and the poles are colder than normal.
It is during this period that mid-latitude westerly winds are anomalously strong, and
the AQ and NAO are positive. The Eastern Hemisphere warms relative to the Western
Hemisphere. El Nifio activity is more frequent. The temperature of the globe becomes
slightly warmer than normal. A weaker A1'C results in less ocean energy being advected
to the high latitudes in the Atlantic. This causes more energy to be concentrated in the
tropics. This is the general condition we have been in for the quarter century periods
between 1900-1925 and 1970-1994. It is at these times that Atlantic basin hurricane
activity (particularly major or intense hurricane activity) is reduced.

B) Atlantic Thermohaline Circulation Strong:
The opposite of the above conditions occurs when the ATC is stronger than average.
A stronger thermohaline circulation causes more ocean energy to be advected out of
the tropics into the far North Atlantic. This reduces the tropical to polar atmospheric
and oceanic temperature gradient and results in the earth’s surface becoming slightly
cooler than average. Although the small area of the Arctic is anomalously warm, the
much larger area of the tropics, in net, loses more energy than the Arctic gains. The
net effect is a slight cooling of the globe. It is during these times that Atlantic basin
hurricane activity (particulary major or intense hurricane activity) becomes enhanced.

The atmosphere and the ocean are observed to swing back-and-forth between these two

basic modes of circulation on yearly to multi-decadal time scales. We believe that the primary
driver for these back-and-forth swings of global circulation is the varying strength of the ATC.
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We hypothesize that the ATC variations on multi-decadal time scales is primarily driven by
variations in Atlantic subtropical salinity content. Salinity will gradually build up when
the ATC is weaker than average and will gradually be reduced when the ATC is stronger
than average. Thus, the variation of salinity in the Atlantic subtropics is believed to be
the primary driver for climate changes on mutli-decadal time scales that have been well
documented in ice~core and ocean floor core measurements.

There is an inverse relationship between the strength of the ATC and the sign of the
rate of change of Atlantic sub-tropical salinity. These salinity changes bring about the
observed long period back-and-forth swings of the ATC and the accompanying lag response
in the alteration of the functioning of the whole global ocean-atmosphere system. When the
ATC is weaker than average, less salt is being advected to the Arctic region for subsidence.
This causes a gradual buildup of oceanic salt content underneath the sub-tropical Atlantic
anticyclones. The opposite occurs when the ATC is strong.

Global parameter changes occurring with these two basic global modes of atmosphere-
ocean circulation are shown in Figure 2.

Strong Atlantic Weak Atlantic
Thermohaline Thermohaline
+ North Atlantic Sea Surface Temperature .
{SS8TA)

— Arctic Oscillation (AO) +
— North Atiantic Oscillation (NAO) +
— Pacific North America (PNA) Oscillation +
— Pacific Decadal Osciltation (PDO) +
—_ El Nino Activity +
_ Symmetry of Southem Hemisphere Polar +
Vortex
_ Longitudinal Symmetry of the Global Hadley .

Cell
+ Indian Monsoon Rainfail —

+ West Sahel Rain —

+ Allantic Hurricane Activity —_
— Global Surface Temperature +

Figure 2: Features typically associated with a strong (left) and weak (right) thermohaline circula-
tion, respectively. A plus (+) indicates that this parameter is typically stronger than average, and
a minus (-) indicates that this parameter is typically weaker than average.

The majority of the six forecast parameters listed in Table 1 are global responses related
to the bimodal functioning of the ocean-atmosphere system. The basic mode of stronger
ATC and reduced tropical to polar temperature gradient that we have been in since 1995 is
the mode that causes an enhancement of Atlantic basin hurricane activity. It is to be noted
that Atlantic basin hurricane activity during the last eight years (1995-2002) has been the
highest of any eight consecutive year period on record.
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4 Analog-Based Predictors for 2003 Hurricane Activity

Certain years in the historical record have global oceanic and atmospheric trends which
are substantially similar to 2003. These years also provide useful clues as to likely trends in
activity that the forthcoming 2003 hurricane season may bring. For this 1 April forecast, we
project atmospheric and oceanic conditions for August through October 2003 and determine
which of the prior years in our database have distinct ocean-atmosphere features which are
similar to current 2003 conditions. Table 3 lists our analog selections.

Analog Years. We have found four prior hurricane seasons since 1949 which appear to
be similar to current March 2003 conditions and projected 2003 August-October conditions.
Specifically, we expect the North Atlantic (50-60°N, 10-50°W) warm SST anomalies to re-
main warm for the 2003 hurricane season indicative of a stronger than average thermohaline
circulation. This assumption carries the implication that the recent global atmosphere and
ocean circulation regimes which have been present in all but two of the last eight years will
continue to be present in 2003. In addition, we look for years that had warm ENSO condi-
tions the previous fall and winter with cooling sea surface temperatures in the eastern and
central Pacific observed during the summer of the year being selected. Finally, years that
tended to be in the east phase of the QBO were selected.

There were four hurricane seasons since 1949 with characteristics similar to what we have
observed through March 2003 and what we anticipate will occur in the summer/fall 2003
period. These best analog years are 1952, 1954, 1958 and 1998 (Table 3). We expect that
the 2003 seasonal hurricane conditions will be slightly above the average values for these
four analog years due to an anticipated active thermohaline circulation. Thus, based on this
analysis, we expect 2003 to be an active hurricane season and in line with the average of six
of the last eight years (1995-1996; 1998-2001). We anticipate 2003 to be considerably more
active than the average season during the inactive 1970-1994 period or during the two recent
years of El Nifio activity (1997 and 2002).

Table 3: Best analog years for 2003 with the associated hurricane activity listed for each year.

NS NSD H HD IH IHD HDP NTC
1952 7 40 6 23 3 400 70 93
1954 11 52 8 32 2 850 9 123
1958 10 56 7 30 4 825 9 133
1998 14 88 10 49 3 950 149 168
Mean 10.0 59.0 7.8 340 3.0 7.50 101 129
2003 Forecast | 12 65 8 35 3 8 100 140

5 Earlier 1 April Statistical Forecast Scheme

Our earlier 1 April hurricane forecast scheme was developed in 1994, and the initial
1 April forecast was made in 1995. The current set of predictors for this earlier 1 April
forecast scheme are shown in Table 4. The statistical skill of this forecast in hindcast data
for the years 1950-1997 is summarized in Table 5 with the specific number of predictors
(three to six) used for each seasonal forecast parameter given in parentheses. We attempted
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to minimize the skill degradation (i.e., limit statistical “overfitting”) of these equations when
making independent forecasts by optimizing the least number of predictors for the highest
amount of hindcast skill. We stopped adding predictors when the hindcast improvement did
not significantly raise the total explained variance.

Table 4: Earlier pool of predictors (and their values as of 1 April 2003) used to develop the 2003
prediction based on meteorological data available through March 2003.
2003
Specific 1 April
For 1 April 2003 Prediction (see Figs. 1a-c for location) Fest Parameters

1) U50 (Mar extrapolated to Sep) — Actual -7Tm/s
2) U30 (Mar extrapolated to Sep) - Actual -18 m/s
3) AbsShe - absolute shear (Mar extrapolated to Sep) 11 m/s
4) Balboa - U50 (June-Aug, 2002) -2 m/s
5) Rain - Aug-Nov Guinea Coastal Area +0.25 5D
6) Rain - June-Sep West Sahel Area -1.00 8D
7) R-ON - Ridge SLPA (Oct to Nov) -0.55 SD
8) R-M - Ridge SLPA (Mar) -1.35 SD
9) NATL (Jan to Mar) SSTA (50-60°N, 10-50°W) +0.45°C
10) TATL (Jan to Mar) SSTA (8-22°N, 10-50°W) +0.00°C
11) Nino 3.4 Mar SSTA +40.60°C
12} Nino 3.4 (Mar minus Feb) SSTA -0.20°C

13} Nino 4 (Jan, Feb, Mar minus Oct, Nov, Dec) SSTA -0.30°C

Table 6 lists our 1 April statistical predictions for the 2003 hurricane season. These
include the variable (column 1) and fixed predictors (columns 2 and 3) and the comparison
with climatology (column 4). Since the observed shift of Atlantic Ocean SST in 1995 (and
implied increase in strength of the ATC), our statistical forecasts have tended to consistently
underpredict Atlantic basin hurricane activity.

We have less confidence in the earlier 1 April scheme compared with our new scheme
because:

1. Our old scheme includes West African rainfall that has not been a skillful parameter
since 1995.

2. Our new scheme has been developed on eight more years of data.

3. Qur new scheme has been able to use the recently developed NOAA /NCEP reanalysis
data that was not available to us at the time we developed our earlier scheme. The
reanalysis has allowed us to more readily search for new forecast parameters.

6 Individual Prediction of Caribbean Basin SLPA

Another 1 April predictor not yet quantitatively incorporated into our statistical fore-
cast scheme is the estimated June through September Caribbean basin SLPA. Lower SLPA in
this area is typically associated with enhanced hurricane activity, and higher SLPA typically
occurs with reduced activity. This SLPA-linked predictor was developed by J. Knaff (1998),
a former project member. These SLPA forecasts are based on the March Atlantic subtropi-
cal ridge, January through March SSTs in the North Atlantic (50-60°N, 10-50°W), and the
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Table 5: Hindcast (i.e., regression testing on data for past years) statistical predictor skill (measure
of agreement or 2} of our separate 1 April hindcasts for 1950-1997. Column (a) gives our best
prediction with the minimum number of predictors shown in parentheses. Columns (b} and (c)
give our hindcast skill obtained with the best 4 and 6 predictors, respectively.

Fixed Number
of predictors
Variable
Predictors 4 6
(a) (b) (c)
N 531 (4) 531 .569
NSD .541 (5) AR89 .559
H 459 (4) 459 .506
HD .505 (5) 460 517
IH 510 (4) 520 .552
IHD .362 (3) 378 465
HDP .504 (5) 455 518
NTC .566 (6) .490 573
MPD 613 (5) 573 630

Table 6: April 1 statistical forecasts for 2003. These forecasts include one forecast obtained with
a variable number of predictors (column 1) and two other forecasts with 4 and 6 fixed predictors
(columns 2 and 3). Column 4 gives climatology.

M @ 1 ® 1 @

Fult Fixed predictors
Forecast Variable 4 6 1950-2000
Parameter Predictor | Predictors | Predictors | Climatology
Named Storms (NS) 7.2 (4) 7.2 7.2 9.6
Named Storm Days (NSD) 62.4 (5) 61.2 63.6 49.1
Hurricanes (H) 5.8 (4) 5.8 6.9 5.9
Hurricane Days (HD) 23.4 (5) 24.6 12.8 24.5
Intense Hurricanes (IH) 2.0 (4) 14 2.4 2.3
Intense Hurricane Days (IHD) | 6.7 (3) 6.9 0.9 5.0
Hurricane Destruction

Potential (HDP) 48.1 39.6 43.2 72.7
Net Tropical Cyclone Activity

(NTC) 82.9 (6) 59.5 59.0 100
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January through March Nifio 3.4 (5°N-5°S, 120°W-170°W) SST anomalies. Hindcasts using
this SLPA parameter (since 1903) show good skill and a significant association with varia-
tions of seasonal hurricane activity. This year, the 1 April prediction of the Caribbean and
western Atlantic SLPA for June through September 2003 (Table 7) indicates below-average
SLPA, giving more credence to our final adjusted forecast of an above-average hurricane
season.

Table 7: April 1 multi-month independent statistical prediction of 2003 summertime Caribbean
basin and Western tropical Atlantic Sea Level Pressure Anomaly (SLPA) expressed in mb from
Knaff (1998). Separate regression analyses are made for each monthly category.

June-July August-September June-September
SLPA 0.47 —0.33 0.67

7 Comparison of Forecast Techniques

Table 8 provides a comparison of all of our forecast techniques along with the final
adjusted forecast and climatology. Columns 1-2 give our original 1 April statistical forecasts
with our current estimates of West African rain (column 1) and assumed average (SD zero)
African rain {column 2) and variable numbers of predictors. Column 3 gives our new 1 April
statistical scheme, column 4 is our analog scheme, and column 5 is our qualitatively adjusted
final forecast. The last column (6) on the right shows the 1950-2000 seasonal climatology.

Table 8: Comparison of all our forecast techniques along with our final adjusted forecast.

& (2 (3) (4) (5) (6)

Full Variable Predictors New Adjusted
Forecast Variable | Assuming West African April Analog 4 April 2003 1950-2000
Parameter Proedictor Rainfall SD of Zoro Scheme | Scheme Actual Fest || Climatology
Named Storms (NS) 7.2 (4) 8.0 9.8 105 12 95
Named Storm Days (NSD) 61.2 (5) 61.2 46.9 59.0 65 49.1
Hurricanes (H) 5.8 (4} 6.7 5.9 7.8 8 5.9
Hurricane Days (HD) 24.6 (5) 28.8 20.4 34.0 35 245
Intense Hurricanes (TH) 1.4 (4) 14 2.3 3.0 3 2.3
Intense Hurricane Days (IHD} 6.9 (3) 6.2 5.6 7.5 8 5.0
Hurricane Destruction

Potential (HDP) 39.6 56.4 63 101 100 72.7
Net Tropical Cyclone Activity

(NTC) constructed from 59.5 (6) 75.8 104 129 140 100

first six parameters

8 Discussion

Our analysis through March and the last 50-100 year records indicate that we should
have above-average Atlantic basin hurricane season for 2003. We expect the current El Nino
event to dissipate by the beginning of the active part (mid-August onward) of the 2003 season
and the atmosphere and oceans to return to the average conditions that were experienced
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in non-El Nifio years since 1995 (1995-1996; 1998-2001). We foresee 2003 as being typical
of hurricane seasons where the tropical-polar temperature gradient is weaker than average,
vertical wind shear is reduced, and consequently hurricane activity is increased.

Note that we are calling for a more active hurricane season than indicated by our two
statistical schemes but very much in line with the average of our four analog years. We do not
feel that our statistical scheme fully accounts for all the positive environmental conditions
that will likely be in place to make this an active hurricane season. These factors include:

1. The very warm North Atlantic SSTA conditions that are indicative of a strong Atlantic
thermohaline circulation and the prospects for a significant warming of Atlantic tropical
SSTAs by this summer (due to weak Azores High). We are in a new multi-decadal era
for hurricane activity that is similar to that of the 1940s and 1950s. In six of the last
eight years (1995, 1996, 1998-2001) when El Nifio conditions were not present we have
seen a yearly average of 9.2 hurricanes, 43 hurricane days, 4.33 major hurricanes and
an NTC value of 177.

2. The low values of the March 2003 subtropical ridge (or Azores High) which are indica-
tive of weaker trade winds this coming summer and fall.

3. The anomalously strong trade winds in the tropical eastern Pacific that should lead to
the full dissipation of the El Nifio event of the last year.

4. Knaff’s forecast of below-average SLPA for 2003. This is consistent with the very
high SSTA values we are observing and are anticipating for the low and high latitude
Atlantic for this summer.

9 Landfall Probabilities for 2003

A significant focus of our recent research involves efforts to develop forecasts of the
probability of hurricane landfall along the U.S. coastline. Whereas individual hurricane land-
fall events cannot be accurately forecast months in advance, the total seasonal probability of
landfall can be forecast with statistical skill. With the observation that, statistically, landfall
is a function of varying climate conditions, a probahility specification has been developed
through statistical analyses of all U.S. hurricane and named storm landfall events during the
last century (1900-1999). Specific landfall probabilities can be given for all cyclone intensity
classes for a set of distinct U.S. coastal regions.

Figure 3 provides a flow diagram showing how these forecasts are made. Net landfall
probability is shown linked to the overall Atlantic basin Net Tropical Cyclone activity (NTC;
see Table 9) and to climate trends linked to multi-decadal variations of the Atlantic Ocean
thermohaline circulation which we infer from recent past years of North Atlantic sea surface
temperature anomalies (SSTA*). SSTA* is expressed in units of hundredth (1072) of a °C
for the ocean location of {50-60°N, 10-50°W) over the last six years with primary weight
given to the most recent year. The long period average of SSTA* is zero.

Higher values of SSTA* indicate a stronger thermohaline circulation and higher amounts
of Atlantic hurricane activity, especially for intense or major hurricanes. Atlantic basin NTC
can be skillfully hindcast, and the strength of the Atlantic Ocean thermohaline circulation
can be inferred from SSTA* which is a measure of North Atlantic SST anomalies over the past
few years. The current (March 2003) value of SSTA* is 30 or 0.30°C. Hence, in combination
with a prediction of NTC of 140 for 2003, the combination of NTC + SSTA* of (140 + 30)
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Figure 3: Flow diagram illustrating how forecasts of U.S. hurricane landfall probabilities are made.
Forecast NTC values and an observed measure of recent North Atlantic (50-60°N, 10-50°W) SSTA*
are used to develop regression equations for U.S. hurricane landfall. Separate equations are derived
for the Gulf and for Florida and the East Coast (FL+EC).

yields a value of 170. If NTC 4- SSTA* were averaged over 50 to 100 years its value would be
100. Regression equations have been developed to relate the seasonal value of NTC+SSTA*
during the last 100 years to U.S. landfall probability.

As shown in Table 9, NTC is a combined measure of the year-to-year mean of six indices
of hurricane activity, each expressed as a percentage difference from the long-term average.
Whereas many active Atlantic hurricane seasons feature no landfalling hurricanes, some
inactive years have experienced one or more landfalling hurricanes. Long-term statistics
show that, on average, the more active the overall Atlantic basin hurricane season is, the
greater the probability of U.S. hurricane landfall. For example, landfall observations during
the last 100 years show that a greater number of intense {Saffir-Simpson category 3-4-5)
hurricanes strike the Florida and U.S. East Coast during years of (1) increased NTC and (2)
above-average North Atlantic SSTA* conditions.

Table 9: NTC activity in any year consists of the seasonal total of the following six parameters
expressed in terms of their long-term averages. A season with 10 NS, 50 NSD, 6 H, 25 HD, 3 IH,
and 5 IHD, would then be the sum of the following ratios: 10/9.6 = 104, 50/49.1 = 102, 6/5.9 =
102, 25/24.5 = 102, 3/2.3 = 130, 5/5.0 = 100, divided by six, yielding an NTC of 107.

1950-2000 Average

1) Named Storms (NS) 9.6
2) Named Storm Days (NSD) 49.1
3) Hurricanes (H) 5.9
4) Hurricane Days (HD) 24.5
5) Intense Hurricanes (IH) 2.3
6) Intense Hurricane Days (IHD) 5.0
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Table 10 lists strike probabilities for different T'C categories for the entire U.S. coastline,
the Gulf Coast and Florida, and the East Coast for 2003. The mean annual probability
of one or more landfalling systems is given in parentheses. Note that Atlantic basin NTC
activity in 2003 is expected to be greater than the long-term average (140), and North
Atlantic SSTA* values are measured to be above normal (30 units or 0.30°C). U.S. hurricane
landfall probability is thus expected to be above average owing to both a higher NTC and
above-average North Atlantic SSTAs. During periods of positive North Atlantic SSTA*,
a higher percentage of Atlantic basin major hurricanes cross the Florida and eastern U.S.
coastline for a given level of NTC.

Table 10: Estimated probability (expressed in percent) of one or more U.S. landfalling tropical
storms (TS), category 1-2 hurricanes (HUR), category 3-4-5 hurricanes, total hurricanes and named
storms along the entire U.S. coast, along the Gulf Coast (region 1-4), and along the Florida and East
Coast (Regions 5-11) for 2003. The long-term mean annual probability of one or more landfalling
systems during the last 100 years is given in parentheses.

Coastal Category 1-2 | Category 3-4-5 All Named
Region TS HUR HUR HUR Storms
Entire U.S. (Regions 1-11) 85% (80) 79% (68) 68% (52) 93% (84) | 99% (97)
Gulf Coast (Regions 1-4) 66% (59) 51% (42) 38% (30) 70% (61) | 90% (83)
Florida plus East Coast (5-11) | 56% (51) 56% (45) 48% (31) 77% (62) | 90% (81)

10 The 1995-2002 Upswing in Atlantic Hurricanes and Global
Warming

Various groups and individuals have suggested that the recent large upswing in Atlantic
hurricane activity (since 1995) may be in some way related to the effects of increased man-
made greenhouse gases such as carbon dioxide (CO,). There is no reasonable scientific way
that such an interpretation of this recent upward shift in Atlantic hurricane activity can be
made. Please see our recent 21 November 2002 verification report for more discussion on
this subject.

[http://tropical.atmos.colostate.edu/forecasts/index.html]

11 Forecast Theory and Cautionary Note

Our forecasts are based on the premise that those global oceanic and atmospheric con-
ditions which precede comparatively active or inactive hurricane seasons in the past provide
meaningful information about similar trends in future seasons. It is important that the
reader appreciate that these seasonal forecasts are based on statistical schemes which, owing
to their intrinsically probabilistic nature, will fail in some years. Moreover, these forecasts
do not specifically predict where within the Atlantic basin these storms will strike. The
probability of landfall for any one location along the coast is very low and reflects the fact
that, in any one season, most US coastal areas will not feel the effects of a hurricane no
matter how active the individual season is. However, it must also be emphasized that a
low landfall probability does not insure that hurricanes will not come ashore. Regardless of
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how active the 2003 hurricane season is, a finite probability always exists that one or more
hurricanes may strike along the US coastline or the Caribbean Basin and do much damage.

12 Forthcoming Update Forecasts of 2003 Hurricane Activity

We will be issuing seasonal updates of our 2003 Atlantic basin hurricane activity forecast
on Friday 30 May (to coincide with the official start of the 2003 hurricane season on 1 June),
Wednesday 6 August and Wednesday 3 September 2003. The 6 August forecast will include
separate forecasts for 2003 August-only and September-only activity and probabilities of U.S.
landfall during these individual months. The 3 September update will include a separate
updated forecast for 2003 September-only activity and an outlook for the October-November
period. All these forecasts will be available at our web address given on the front cover
(http:/ /tropical.atmos.colostate.edu/forecasts/index.html).

13 Acknowledgments

John Knaff has made many important contributions to the conceptual and scientific
background for these forecasts. The authors are indebted to a number of meteorological
experts who have furnished us with the data necessary to make this forecast or who have given
us valuable assessments of the current state of global atmospheric and oceanic conditions. We
are particularly grateful to Professors Paul Mielke, Jr. and Ken Berry for extensive statistical
analysis and advice over the past 15 years. We thank Arthur Douglas, Richard Larsen, Ray
Zehr and Mark DeMaria for very valuable climate discussions and input data. In addition,
Barbara Brumit and Amie Hedstrom have provided excellent manuscript, graphical, and
data analysis assistance. We have profited over the years from many indepth discussions with
most of the current NHC hurricane forecasters. These include Lixion Avila, Miles Lawrence,
Richard Pasch, Jack Beven, James Franklin and Stacy Stewart. The first author would
further like to acknowledge the encouragement he has received for this type of forecasting
research application from Neil Frank, Robert Sheets, Robert Burpee, Jerry Jarrell, former
dircctors of the National Hurricane Center (NHC), and from the current dircctor, Max
Mayfield. We also thank Bill Bailey of the Insurance Information Institute for his sage
advice and encouragement in these forecast endeavors.

The financial backing for the issuing and verification of these forecasts has in part been
supported by the National Science Foundation, but this NSF support is insufficient. We
are very grateful to the Research Foundation of the United Services Automobile Association
(USAA) and to AIG - Lexington Insurance Company (a member of the American Interna-
tional Group) for providing support to the first author’s research project. It is this support
which is allowing our seasonal predictions to continue and expand.

14 Citations and Additional Reading

Blake, E. S., 2002: Prediction of August Atlantic basin hurricane activity. Dept. of Atmos. Sci. Paper No.
719, Colo. State Univ., F't. Collins, CO, 80 pp.

Cook, K. H., 2000: The South Indian Convergence Zone and interannual rainfall variability over southern
Africa. J. Climate, 13, 3789-3804.

18



DeMaria, M., J. A. Knaff and B. H. Connell, 2001: A tropical cyclone genesis parameter for the tropical
Atlantic. Wea. Forecasting, 16, 219-233.

Elsner, J. B., G. S. Lehmiller, and T. B. Kimberlain, 1996: Objective classification of Atlantic hurricanes.
J. Climate, 9, 2880-2889.

Goldenberg, 8. B., C. W. Landsea, A. M. Mestas-Nunez, and W. M. Gray, 2001: The recent increase in
Atlantic hurricane activity: Causes and Implications. Science, 293, 474-479.

Goldenberg, S. B. and L. J. Shapiro, 1996: Physical mechanisms for the association of El Nifio and West
African rainfall with Atlantic major hurricane activity. J. Climate, 1169-1187.

Gray, W. M., 1984a: Atlantic seasonal hurricane frequency: Part I: El Nifio and 30 mb quasi-biennial
oscillation influences. Mon. Wea. Rev., 112, 1649-1668.

Gray, W. M., 1984b: Atlantic seasonal hurricane frequency: Part II: Forecasting its variability. Mon. Wea.
Rev., 112, 1669-1683.

Gray, W. M., 1990: Strong association between West African rainfall and US landfall of intense hurricanes.
Seience, 249, 1251-1256.

Gray, W. M., C. W. Landsea, P. W. Mielke, Jr., and K. J. Berry, 1992: Predicting Atlantic seasonal hurricane
activity 6-11 months in advance. Wea. Forecasting, 7, 440-455.

Gray, W. M., C. W. Landsea, P. W. Mielke, Jr., and K. J. Berry, 1993: Predicting Atlantic basin seasonal
tropical cyclone activity by 1 August. Wea. Forecasting, 8, 73-86.

Gray, W. M., C. W. Landsea, P. W. Mielke, Jr., and K. J. Berry, 1994: Predicting Atlantic basin seasonal
tropical cycione activity by 1 June. Wea. Forecasting, 9, 103-115.

Gray, W. M., J. D. Sheaffer and C. W. Landsea, 1996: Climate trends associated with multi-decadal vari-
ability of intense Atlantic hurricane activity. Chapter 2 in “Hurricanes, Climatic Change and Socice-
conomic Impacts: A Current Perspective”, H. F. Diaz and R- S. Pulwarty, Eds., Westview Press, 49

pp-

Gray, W. M., 1998: Atlantic ocean influences on multi-decadal variations in El Nifio frequency and intensity.
Ninth Conference on Interaction of the Sea and Atmosphere, 78th AMS Annual Meeting, 11-16 January,
Phoenix, AZ, 5 pp.

Henderson-Sellers, A., H. Zhang, G. Berz, K. Emanuel, W. Gray, C. Landsea, G. Holland, J. Lighthill, S-L.
Shieh, P. Webster, K. McGuffie, 1998: Tropical cyclones and global climate change: A post-IPCC
assessment. Bull. Amer. Meteor. Soc., 79, 19-38.

Horel, J. D. and J. M. Wallace, 1981: Planetary scale atmospheric phenomena, associated with the southern
oscillation. Mon. Wea. Rew., 109, 813-829.

Klotzbach, P. J., 2002: Forecasting September Atlantic basin tropical cyclone activity at zero and one-month
lead times. Dept. of Atmos. Sci. Paper No. 723, Colo. State Univ., Ft. Collins, CO, 91 pp.

Knaff, J. A., 1997: Implications of summertime sea level pressure anomalies. J. Climate, 10, 789-804.

Knaff, J. A., 1998: Predicting summertime Caribbean sea level pressure. Weather and Forecasting, 13,
740-752.

Landsea, C. W., 1991: West African monsoonal rainfall and intense hurricane associations. Dept. of Atmos.
Sci. Paper, Colo. State Univ., Ft. Collins, CO, 272 pp.

Landsea, C. W., 1993: A climatology of intense (or major) Atlantic hurricanes. Mon. Wea. Rev., 121,
1703-1713.

19



Landsea, C. W. and W. M. Gray, 1992: The strong association between Western Sahel monsoon rainfall and
intense Atlantic hurricanes. J. Climate, 5, 435-453.

Landsea, C. W., W. M. Gray, P. W. Mielke, Jr., and K. J. Berry, 1992: Long-term variations of Western
Sahelian monsoon rainfall and intense U.S. landfalling hurricanes. J. Climate, 5, 1528-1534.

Landsea, C. W., W. M. Gray, K. J. Berry and P. W. Mielke, Jr., 1996: June to September rainfall in the
African Sahel: A seasonal forecast for 1996. 4 pp.

Landsea, C. W., N. Nicholls, W. M. Gray, and L. A. Avila, 1996: Downward trends in the frequency of
intense Atlantic hurricanes during the past five decades. Geo. Res. Letters, 23, 1697-1700.

Landsea, C. W., R. A. Pielke, Jr., A. M. Mestas-Nunez, and J. A. Knaff, 1999: Atlantic basin hurricanes:
Indices of climatic changes. Climatic Changes, 42, 89-129.

Larkin, N. K. and D. E. Harrison, 2002: ENSOQ warm (El Nifio) and cold {La Nifia) event life cycles: Ocean
surface anomaly patterns, their symmetries, asymmetries, and implications. J. Climate, 14, 3904-3931.

Mielke, P. W., K. J. Berry, C. W. Landsea and W. M. Gray, 1996: Artificial skill and validation in meteo-
rological forecasting. Wea. Forecasting, 11, 153-169.

Mielke, P. W., K. J. Berry, C. W. Landsea and W. M. Gray, 1997: A single-sample estimate of shrinkage in
meteorologlcal forecasting. Wea. Forecasting, 12, 847-858.

Pielke, Jr. R. A., and C. W. Landsea, 1998: Normalized Atlantic hurricane damage, 1925-1995. Wea.
Forecasting, 13, 621-631.

Rasmusson, E. M. and T. H. Carpenter, 1982: Variations in tropical sea-surface temperature and surface
wind fields associated with the Southern Oscillation/El Nifio. Mon. Wee. Rev., 110, 354-384.

Renwick, J. A. and J. M. Wallace, 1996: Relationships between North Pacific wintertime blocking, El Nifio,
and the PNA pattern. Mon. Wea. Rev., 124, 2071-2076.

Rodwell, M. J., D. P. Powell, and C. K. Folland, 1999: Oceanic forcing of the wintertime North Atlantic
Oscillation and European climate. Nature, 398, 320-323.

Shapiro, L. J., 1989: The relationship of the quasi-biennial oscillation to Atlantic tropical storm activity.
Mon. Wea. Rev., 117, 1545 1552.

Sheaffer, J. D., 1995: Associations between anomalous lower stratospheric thickness and upper ocean heat
content in the West Pacific warm pool. Presentation at the 21st AMS Conference on Hurricanes and
Tropical Meteorology, Miami, FL, April 22-28.

Sheaffer, J. D. and W. M. Gray, 1994: Associations between Singapore 100 mb temperatures and the intensity
of subsequent El Nifio events. Proceedings, 18th Climate Diagnostics Workshop, 1-5 November, 1993,
Boulder, CO.



15 Verification of Previous Forecasts

Table 7: Summary verifications of the authors’ four previous years of seasonal forecasts of Atlantic TC
activity between 1999-2002.
Update Update  Update |

1999 5Dec 1998 7 April 4 June 6 August Obs.
No. of Hurricanes 9 9 9 9 8
No. of Named Storms 14 14 14 14 12
No. of Hurricane Days 40 40 40 40 43
No. of Named Storm Days 65 65 75 75 77
Hurr. Destruction Potential(HDP) 130 130 130 130 145
Major Hurricanes (Cat. 3-4-5) 4 4 4 4 5
Major Hurr. Days 10 10 10 10 15
Net Trop. Cyclone (NTC) Activity 160 160 160 160 193
Update Update  Update |
2000 8Dec 1999 7 April 7 June 4 August Obs.
No. of Hurricanes 7 7 8 7 8
No. of Named Storms 11 11 12 11 14
No. of Hurricane Days 25 25 35 30 32
No. of Named Storm Days 55 55 65 55 66
Hurr. Destruction Potential(HDP) 85 85 100 90 85
Major Hurricanes (Cat. 3-4-5) 3 3 4 3 3
Major Hurr. Days 6 6 8 6 5.25
Net Trop. Cyclone (NTC) Activity 125 125 160 130 134
Update Update Update |
2001 7Dec 2000 6 April 7 June 7 August Obs.
No. of Hurricanes 5 [} 7 7 9
No. of Named Storms 9 10 12 12 15
No. of Hurricane Days 20 25 30 30 27
No. of Named Storm Days 45 50 60 60 63
Hurr. Destruction Potential(HDP) 65 65 75 75 71
Major Hurricanes (Cat. 3-4-5) 2 2 3 3 4
Major Hurr. Days 4 4 5 5 5
Net Trop. Cyclone (NTC) Activity 20 100 120 120 142
Update Update Update Update
2002 7 Dec 2001 5 April 31 May 7 August 2 Sept | Obs.
No. of Hurricanes 8 7 6 4 3 4
Nn. of Named Storms 13 12 1 9 R 12
No. of Hurricane Days 35 30 25 12 10 11
No. of Named Storm Days 70 65 55 35 25 54
Hurr. Destruction Potential(HDP) g0 85 75 35 25 31
Major Hurricanes (Cat. 3-4-5) 4 3 2 1 1 2
Major Hurr. Days 7 6 5 2 2 2.5
Net Trop. Cyclone (NTC) Activity 140 125 100 60 45 80
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