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ABSTRACT

Hurricanes result in considerable damage in the United States. Previous work has shown that Atlantic hurricane
landfalls in the United States have a strong relationship with the El Nifio—Southern Oscillation phenomena. This paper
compares the historical record of La Nifia and El Nifio events defined by eastern Pacific sea surface temperature with a
dataset of hurricane losses normalized to 1997 values. A significant relationship is found between the ENSO cycle and
U.S. hurricane losses, with La Nifia years exhibiting much more damage. Used appropriately, this relationship is of po-
tential value to decision makers who are able to manage risk based on probabilistic information.

1. Introduction cal records. This process makes the connection of

ENSO forecasts and societal benefits difficult for most
La Nifia and El Nifio are the popular terms for atlecision makersConsequently, few decision makers

ternating cold and warm phases of ocean temperatuassable to directly use information on Pacific sea sur-

in the eastern and central Pacific Ocean off the coteste temperatures to their benefit (Latif et al. 1998).

of South America (Glantz 2000). The entire cycle iBhis paper discusses the relationship of sea surface

referred to as the El Niflo—Southern Oscillatiolemperatures and Atlantic hurricane damages in the

(ENSO) and has gained prominence over the past ygaited States, and strongly suggests that a reliable

with the occurrence of one of the strongest El Nifforecast of Pacific sea surface temperatures is of po-

events on record (Bell and Halpert 1998). Reliabtential value to decision makers capable of hedging

predictions of the onset and development of variowsth probabalistic information.

phases of the ENSO cycle and their associated world-

wide climate anomalies [or teleconnections; see Glantz

et al. (1991)] hold the promise of benefits to decisich El Niflo-Southern Oscillation and

makers with the ability to use them effectively. To Atlantic hurricanes

date, the scientific community generally predicts sea

surface temperatures in one of several regions of theWhile there is general agreement in the scientific

Pacific and then forecasts general weather tendenciegimunity as to most El Nifio and La Nifia events of

based on documented relationships from climatolodjiis century, definitions of El Nifio and La Nifia dif-
fer (Trenberth 1997; Glantz 2000). The analysis in this
paper uses the definitions of El Nifio and La Nifia simi-

*Environmental and Societal Impacts Group, National Center f r to those of Trenberth (1997). That is, an El Nifio

Atmospheric Research, Boulder, Colorado. La Nifia) is said to occur when sea surface tempera-
*National Oceanic and Atmospheric Administration, AOML/Hurtures in the region of the Pacific known as Nifio 3.4
ricane Research Division, Miami, Florida. (5°N-5°S and 120°-170°W; Fig. 1a) are greater than

Corresponding author addresBr. Roger A. Pielke Jr., Environ-
mental and Societal Impacts Group, National Center for Atmo-
spheric Research, P.O. Box 3000, Boulder, CO 80307-3000.

E-mail: rogerp@ucar.edu 1Although there are important exceptions, e.g., Cane et al. (1994)
In final form 7 April 1999. show a remarkable relation between ENSO and maize yield in
©1999 American Meteorological Society Zimbabwe.

Bulletin of the American Meteorological Society 2027



or equal to 0.4°C warmer (cooler) than the long-term For many years, meteorologists have known that
average during August, September, and Octold&XSO strongly affects tropical cyclone activity around
(ASO). These months are of particular importancetie world. In some basins, El Nifio events increase
the Atlantic hurricane season as 95% of Saffitropical cyclone activity (e.g., the central North Pacific
Simpson category 3, 4, and 5 hurricane activity ocauear Hawaii, the South Pacific, and the northwest Pa-
during August to October (Landsea 1993). Figure tific between 160°E and the date line) (Chan 1985;
shows ASO Nifio 3.4 temperature anomalies duri@hu and Wang 1997; Lander 1994). Tropical cyclone
1925-97. The sea surface temperature dataset is actvity decreases in other basins (e.g., the Atlantic, the
construction of historical observations by Kaplan et alorthwest Pacific west of 160°E, and the Australian
(1998) to 1991, appended with data from Reynolds argjion) (Nicholls 1979; Revelle and Goulter 1986;
Smith (1994) using a methodology that minimizeSray 1984a). La Nifia events typically bring opposite
inhomogeneities between the two datasets (Landseaditions. Hurricane activity in the Atlantic basin is
et al. 1999). If months other than ASO or regions othafifected by ENSO remotely through changes in the At-
than Nifio 3.4 are utilized for studies of other climatantic atmospheric circulation, largely through the
teleconnections (such as U.S. wintertime temperatuvestical shear wind profile. During El Nifio events,
and precipitation), then the selection of El Nifio andcreased vertical shear is primarily due to increases
La Nifia years will vary. For the 73-yr period examin the climatological westerly winds in the upper tro-
ined in this paper (limited by the economic data diposphere (andeduced westerlies and shear during
cussed below), this definition results in 22 El Nifiba Nifia) (Gray 1984a; Shapiro 1987Mhe larger
years, 29 neutral years, and 22 La Nifa years (Table($)nmaller) vertical shear accompanying El Nifio
(La Nifia) events contributes directly
@) to decreased (increased) numbers of
160°E 150" W Atlantic tropical storms and hurri-

(o/f, ' canes. A tropical storm has sustained
ngﬁ i) Nifio 4
SNt

(1 min) surface wind speeds of 18—
0 32 m s%; a hurricane has wind speeds
of 33 m s!; and an intense hurricane
wind speeds of 50 n1idi.e., catego-
ries 3-5 of the familiar Saffir—
Simpson scale; Simpson (1974)].
Goldenberg and Shapiro (1996) iden-
(b) tified the area between 10° and 20°N
from North Africa to Central America
as having the largest sensitivity to
changes in vertical shear. Tropical
storms and hurricanes forming over
the subtropical waters farther north do
show a similar, though much weaker,
modulation due to ENSO (Landsea
et al. 1999).
Gray (1984a) has also shown a
5 three-to-one ratio in continental
152'5"'15';3'0”'1533'5"'1'950'"154'5"'155'0"'1335'5"'1\?%);'1%5”'157'0"'1'9?'5' 540 a3 | 1eed ' 1bds U.S. landfalling intense hurricanes,
with 0.74 per year striking during
. El Mino Hurncane Seasons . Meulral ENSO Hurricane Seasons - La Mina Hurncane Seasons non_EI NIﬁO years and Only 025 per

o year during EIl Nifio events. Recently,
Fic. 1. (a) Location of the Nifio 3.4 sea surface temperature region (5°N-5°S, 15ye et al. (1998) analyzed all conti-
170°W). Also shown are the Nifio 1, 2, 3, and 4 regions (figure provided courte : :
M. H. Glantz). (b) ASO Nifio 3.4 sea surface temperature anomalies for the pSePrilé)(F:i]taI Uhs' Igndfalllng]:cj hhqmcanes art])d
1925-97. Anomalies are from a 1950-79 base period. Values equaling or exce se hurricanes of this century by
+0.4°C (-0.4°C) are shown in red (blue) and termed “El Nifio” (“La Nifia”) yearthe concurrent phase of ENSO. They

Neutral years are in black. found that the probability of at least

10°S

o -

Nino 3.4 SST Anomalies (C)
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two hurricanes striking the United States is 28% durreased during the later decades of this century

ing El Nifio years compared with 48% during neutrélandsea 1993; Pielke and Landsea 1998). Neverthe-

years and 66% during La Nifia years. Likewise, thess, it is possible to normalize the dataset to present-
probabilities for at least one intense hurricane striday values by accounting for the most significant
ing are 23%, 58%, and 63% for El Nifio, neutral, arsbcietal changes.

La Nifia years, respectively. To normalize past impacts data to 1997 values,
losses are adjusted based on three factors: inflation,
wealth, and population. Data on all three factors are

3. Data on hurricane damages kept by the U.S. government and allow for the creation
of a normalized loss dataset for 1925-97. The result

The National Oceanic and Atmospheric Adminissf normalization is an estimate of the economic im-
tration’s National Hurricane Center has kept recorgsict of any storm had it made landfall in 1997. While
of total continental U.S. damages related to hurricarmsch estimates are likely conservative for several rea-
since 1900 (Hebert et al. 1997). The raw data are sons, it does allow for trend analysis of an underlying
appropriate for climate trend analysis because larganatic signal.

societal changes have resulted in a dramatic growth

in recorded losses, even as hurricane landfalls de-

4. ENSO and hurricane damages

Figure 2 shows the damage record normalized to

TasLE 1. Categorization of the Atlantic hurricane season i:i 97 wh the blue b t La Nifi red
El Nifio (based upon the ASO Nifio 3.4 SST anomalies war 9 » where (he blue bars represent La Nina years, red,

than or equal t#0.4°C) and La Nifia (ASO Nifia 3.4 SST anomaE! Niﬁo years; and black, neUtrall years. QV_er the 73-yr
lies cooler than or equal t®.4°C) events from 1925-97. The 10period, the mean annual loss is $5.2 billion and the

most intense events of each type are highlighted in bold. median loss is $1.1 billion. Table 2 shows the mean,
median, and standard deviation for La Nifia, neutral,

El Nifio La Nifia and El Nifio years. The large differences between the
mean and the median for each distribution indicates

1925 1933 that the data are highly skewed. This conclusion is
1929 1938 supported by observing the number of years with dam-
1930 1942 ages above and below one standard deviation from the
1940 1944 mean: four years above and none below for La Nifia
1941 1945 years, two years above and none below for neutral
1951 1948 years, and three years above and none below for
1953 1949 El Nifio years.
1957 1950
1963 1954
1965 1955 2The normalization methodology is described in detail in Pielke
1969 1956 and Landsea (1998).
1972 1961
1976 1964
1977 1967 TaBLE 2. Median and mean losses (with standard deviation) by
1982 1970 phase of ENSO cycle presented in normalized 1997 U.S. dollars.
1986 1971
1987 1973 Median Mean Std dev
1990 1974 (% million) ($ million) ($ million)
1991 1975
oo s La Nifia 3,292 5,887 6,991
1994 1988 Neutral 927 6,979 15,856
e 1995 El Nifio 152 2,056 4,228
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4[579.7  [s355 |4 significance at the 90th percentile
Billion Billion level.

Table 4 shows the number of years
in which $1 billion, $5 billion, and
$10 billion thresholds were exceeded
versus the phase of the ENSO cycle.
Table 5 shows that moderate%1 bil-
lion) and large events>($5 billion)
display a strong relationship with
ENSO, while the most catastrophic
01--[!2{%0 1935171-940 1945 1950 1955 1960 1965 1970 197 events% $10 bllllon) do nOt In com-
Year parisons versus the neutral years, only

- El Nino Hurmcane Seasons - Neutral ENSO Humcane Seasons . La Mina Humcane Seasons the number Of mOderate $1 b|”|0n)
I events shows significantly higher fre-

Fic. 2. Normalized U.S. hurricane damage record for 1925-97. Years desigrtl%é%ngles in La Nifia years. All O_f the
as La Nifia events are shown in blue, EI Nifio events in red, and neutral years in BlcRiiNO t0 neutral year comparisons
Values less than $500 million are shown as an ellipse onakis. demonstrated lower frequencies of

damaging events in El Nifio years,
though none are significant.

20

15

10

1997 U.S. Dollars (Bilions)

Table 3 shows that the mean and median values of
hurricane damage between El Nifio and La Nifia years
have strongly significant differences, with much mo/®. Discussion
damage in the La Nifia phas&gecause of the high
degree of skewness, significance of the mean valuesThis analysis suggests strongly that U.S. Atlantic
is calculated based on a logarithmic transformation lufirricane damages are modulated by the phase of
the dataThe mean damage values after the logaritBNSO, with increased losses during La Nifia events
mic transformation (log-meamye 2.26, 2.73, and 3.37and reduced losses during El Nifio events. These varia-
for El Nifio, neutral, and La Nifia years, respectivelfions are highlighted by the differences in the prob-
Median values are not transformddhe comparison abilities of incurring at least $1 billion in damages:
shows significant differences between El Nifio ar@l77 in La Nifa years, 0.48 in neutral years, and 0.32
La Nifia years for both the mediate and log-mean com-El Nifio years. Such modulation is not as apparent
parisonsFor La Nifia years versus neutral ENS®r the extremely catastrophie $10 billion) events.
years, both the median and log-mean values are higBeren the relatively small number of such catastrophic
in La Nifa years, but only significantly for the logstorms in La Nifia and El Nifio years in the normal-
mean comparison. El Nifio years have smaller daired record, further experience may show a sicpuift
age amounts versus neutral years in both the median
and log-mean comparisons, though neither geitesh

TasLE 4. Number of damaging events that exceed certain
thresholds by phase of the ENSO cycle, shown as years and
TasLE 3. Levels of significance in differences in losses betwe@ercentages.
phases of the ENSO cycle calculated using a two-taitedt.
Mean values calculated using a logarithmic transformation; me-
dian values are not transformed.

La Nifia Neutral El Nifio

>$1bilion 17 (0f22) 14 (of 29) 7 (of 22)

La Nifa Neutral 77% 48% 32%

Neutral Log-mean = 94% > $5 billion 8 (of 22) 8 (of 29) 3 (of 22)
Median = 61% 36% 28% 14%

El Nifio Log-mean => 99% Log-mean = 81% > $10 billion 4 (of 22) 6 (of 29) 3 (of 22)
Median = 98% Median = 83% 18% 21% 14%
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o _ ~landfall in the Florida panhandle—Alabama area with
TasLE 5. Levels of significance calculated using a two-tatiled

test, comparing phase of ENSO cycle for three Ioss-exceeda%(t:)eOUt $10 billion in losses.

thresholds. o .
b. El Nifio does not mearo hurricanes, as several

El Nifio years have seen large impacts
The 1997-98 EIl Nifio event depressed activity of
96% the 1997 hurricane season and losses were minimal
48% ($100 million). However, this is not always the case.
22% Two El Nifio years resulted in large losses: in 1965
Betsy resulted in more than $13 billion in normalized
losses, and in 1972 Agnes had more than $11 billion.
Three of the top five normalized storm losses occurred
in neutral years (the other two were in La Nifia years).
What this means for decision makers is that large
losses are possible in any year. However, the relation-
difference for these events as well. The analysis sgpips documented in this paper suggest that the prob-
ports the following four conclusions. abilities of losses exceeding $1 billion are significantly
different depending upon the state of the ENSO cycle.
a. La Nifia means a greater frequency of damaginig is imperative that decision makers do not equate
storms and more damage per storm El Nifio years with “no losses.” The occurrence of
During cold events in the eastern Pacific, the odédr El Nifio should not lead to complacency about hur-
are significantly higher that the United States will exicane impacts. Large losses can occur during any year,
perience greater impacts because of a larger numéed experience has shown that society is generally ill-
of tropical cyclones and higher intensities for eagirepared for hurricane impacts (Pielke and Pielke
storm. Over the 73 years covered by this study, th897).
total numbers of tropical storms and hurricane land-
falls were 58 during El Nifio years versus 82 duringg The ASO Nifio 3.4 SSTs provide a statistically
La Nifia years. The average Saffir—Simpson category significant indicator of damage, but the use of
of landfalling tropical cyclones (counting tropical this relation in decision making should be in
storms as zero) is 0.93 during El Nifio years and 1.33 consideration of its limitations
during La Nifia years. This translates to a modest, but The analysis in this paper strongly suggests that
significant (at the 94% level), difference of aboutith a reliable prediction of ASO sea surface tempera-
6 m st in wind speed (from 30.6 to 36.3 m")s tures, certain decision makers might be able to derive
Because damage increases with at least the squareeoifits. However, we offer three reasons for decision
wind speed (Pielke and Landsea 1998), the greatemmakers to exercise caution in the use of this informa-
tensity translates to a substantial increase in damagm. First, predictions of El Nifio or La Nifia condi-
The average damage per storm of El Nifio yearstisns are always uncertain, and a significant error in
$800 million versus $1,600 million in La Nifia yearghe prediction of SST might lead to costs rather than
Because the relation of ENSO and hurricane damdinefits, compared with a situation with no prediction.
is quite similar to climatological variations (Graysecond, these hurricane damage—ENSO relations,
1984a; Bove et al. 1998), it supports claims that a narile significant, provide information with which to
malization methodology can account for societdkedge, but should not be used to bet an entire stake.
change to provide useful climatological informatiolimate patterns change. There is always uncertainty
(Pielke and Landsea 1998). as to how closely the future will resemble the past.
Decision makers should focus on variance in losses
as well as central tendency, as even in a relatively #++——
active season a single storm can have significant iﬂﬁgesgéf'r(r(‘i‘ggzndmgnuf;? t(ﬁ%?“f‘tggh rgl?feA rf:;?”,\t/'lﬁxt é—gr“dsea
pacts,_ f.or e_xample, Andrew (1992), Wlth. more thag?)c) have shown that there Fs no skill in forecasting Nifio 3.4 SST
$30 billion in losses. The largest normalized loss Yhomalies above that of a simple climatology and persistence
the record is more than $65 billion in damages duent@del (ENSO-CLIPER) at 0-8-month lead times (cf. Barnston
the great 1926 Miami hurricane, which had a secoeichl. 1999).

La Nifia Neutral

Neutral > $1 billion
> $5 billion
> $10 billion

El Nifio > $1 billion
> $5 billion
> $10 billion

>99% > $1 billion 74%
90% > $5 billion 74%
27% >$10 billion = 48%
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Third, this information will likely be of most poten-States offers a tantalizing opportunity for the direct use
tial value to sophisticated decision makers who cahscientific information about the ENSO phenomenon
finely balance risk using probabalistic informatiorto society’s benefit. It also offers an opportunity for a
Consider the following two instances where such inloser connection of scientists and decision makers to
formation could be of value. the enrichment of both.

« The reinsurance industry and financial markets as- Acknowledgment3.he authors wish to thank Mary Downton,

sess the risk of catastrophic loss brimarily usin Rif:k Katz, Todd Kimberlain, Fid Norton, Jim O’Brien, Kevin
P p Yy g Cﬂ'enberth, Hugh Willoughby, and an anonymous reviewer for

tastrophe models (Musulin 1997). These modelgyable comments on an earlier version of this paper, and D. Jan
typically assume a stationary distribution of huiStewart for expertly preparing the text. The National Center for
ricanes; that is, they do not take into consideratidtmospheric Research is sponsored by the National Science Foun-
climatological variations such as are associaté@fion. The second author’s research on Atlantic hurricanes and
. : : : : NSO is supported by the Bermuda Biological Station’s Risk
with ENSO. The information presented in this p%— = e
. . rediction Initiative through Grant RP1 96-049.
per might be used in such models to develop a more
accurate understanding of risk based upon climate
variability. References
e The federal government typically does not budget
in advance for natural disasters (Sylves 199&8arnston, A. G., M. H. Glantz, and Y. He, 1999: Predictive skill
Instead, these costs are handled through suppleof statistical and dynamical climate models in SST forecasts
mental appropriations. The analysis in this paperduring the 1997-98 El Nifio episode and the 1998 La Nifia
might be used to set aside supplementary funéi onsetBull. Amer. Meteor. 80(30,2_17—242.
. . , e%l, G. D., and M. S. Halpert, 1998: Climate assessment for 1997.
for disaster-related costs during years that are idengy; amer. Meteor. Socz9(5), S1-S50.
tified as particularly active. Bove, M. C., J. B. Elsner, C. W. Landsea, X. Niu, and J. J. O'Brien,
1998: Effect of El Nifio on U.S. landfalling hurricanes, revis-
For an average coastal resident or community, thisited-Bull. Amer. Meteor. Soc79, 2477-2482. _
information might suggest accelerating preparedn e, M. A,, G. Eshel, and R. W. Buckland, 1994: Forecasting

| ith di La Nif but i d imbabwean maize yield using eastern equatorial Pacific sea
plans with a pending La Nina event, but improve surface temperaturdlature,370,204-205.

preparedness makes sense at any time (Pielke gpgh, J. c. L., 1985: Tropical cyclone activity in the northwest

Pielke 1997). Pacific in relation to the El Nifio/Southern Oscilation phenom-
enon.Mon. Wea. Rev113,599-606.

d. Nifio 3.4 ASO SST is not the onIy climate factof:h”‘ P., and J. Wang, 1997: Tropical cyclone occurrences in the

: vicinity of Hawaii: Are the differences between EI Nifio and
related to U.S. hurricane damage’ there are non—El Nifio years significant? Climate,10, 2683—-2689.

others that sophisticated users should considerg|ant;. M. H., 2000Currents of Change: El Nifio’s Impact on

Even though about 40% of the years analyzed incClimate and Societgd ed. Cambridge University Press, in press.
this study had no significant El Nifio or La Nifia evert—, R. W. Katz, and N. Nicholls, 199Teleconnections Link-
occurring during the peak of the Atlantic hurricane ing Worldwide Climate Anc_>ma|i_es: Scientific Basis and Soci-
season, substantial variations of Atlantic hurricanggEtal ImpactCambridge University Press, 534 pp.

d U.S. huri dd . denberg, S. B., and L. J. Shapiro, 1996: Physical mechanisms
an -S. hurricane-caused damage occur in neutr or the association of El Nifio and West African rainfall with

years (see Fig. 2). Other environmental factors impactatiantic major hurricane activityl. Climate 9, 1169-1187.
Atlantic hurricanes (at least partially independent airay, W. M., 1984a: Atlantic seasonal hurricane frequency. Part
ENSO)—such as the Atlantic sea surface tempera-l: El Nifio and 30 mb quasi-biennial oscillation influences.
tures, the stratospheric quasi-biennial oscillation, Car-Mon- Wea. Rev112,1649-1668.

. . , 1984b:Atlantic seasonal hurricane frequency. Part II: Fore-
ibbean sea level pressures, and West Sahel ra‘mlallasting its variabilityMon. Wea. Rev112,1669-1683.

(Gray 1984a,b; Gray et al. 1993; Landsea etal. 1999). ¢ w. Landsea, P. W. Mielke Jr., and K. J. Berry, 1993: Pre-
Judicious use of these environmental controls in Sta-dicting Atlantic basin seasonal tropical cyclone activity by 1
tistical models has produced skillful experimental sea- August.Wea. Forecasting3, 73-86.

sonal hurricane forecasts by the Tropical Meteorobglybert, P.J.,J. D. Jarrell, and M. Mayfield, 1997: The deadliest,

Project at Colorado State University led by Professorcostliest, and most intense United States hurricanes of this
century (and other frequently requested hurricane facts).

B. Gray (Landsea 1999). NOAA Tech. Memo. NWS TPC-1, Miami, FL, 30 pp. [Avail-
The strong relation of Pacific sea surface tempera-aple from National Hurricane Center, 11691 SW17th Street,

tures and Atlantic hurricane damages in the UnitedMiami, FL 33165.]

2032 Vol. 80, No. 10, October 1999



Kaplan, A., M. A. Cane, Y. Kushnir, A. C. Clement, M. B. cal cyclone activity in the Australian regidvlon. Wea. Rev.,
Blumenthal, and B. Rajagopalan, 1998: Analysis of global sea 107,1221-1224.
surface temperatures 1856-1991Geophys. Redlp3(C9), Pielke, R. A., Jr., and C. W. Landsea, 1998: Normalized hurricane
18 567-18 589. damages in the United States, 1925\9&a. Forecastindl,3,

Knaff, J. A., and C. W. Landsea, 1997: An El Nifio—Southern 351-361.
Oscillation climatology and persistence (CLIPER) forecasting—, and R. A. Pielke Sr., 199Furricanes: Their Nature and
schemeWea. Forecastingl2, 633-652. Impacts on Societyohn Wiley and Sons, 279 pp.

Lander, M., 1994: An exploratory analysis of the relationshiRevelle, C. G., and S. W. Goulter, 1986: South Pacific tropical
between tropical storm formation in the western North Pacific cyclones and the Southern Oscillatidfon. Wea. Revl4,

and ENSOMon. Wea. Rev122,636-651. 1138-1145.
Landsea, C. W., 1993: A climatology of intense (or major) AtlafReynolds, R. W., and T. M. Smith, 1994: Improved global sea
tic hurricanesMon. Wea. Rev121,1703-1713. surface temperature analyses using optimum interpolakion.

——, 1999: El Niflo—Southern Oscillation and the seasonal pre- Climate,7, 929-948.
dictability of tropical cyclone<l Nifio: Impacts of Multiscale Shapiro, L. J., 1987: Month-to-month variabilty of the Atlantic
Variability on Natural Ecosystems and SociétyF. Diaz and tropical circulation and its relationship to tropical storm for-
V. Markgraf, Eds., in press. mation.Mon. Wea. Rev115,1598-1614.

——, R. A. Pielke Jr., A. M. Mestas-Nunez, and J. A. Knaff, 1998impson, R. H., 1974: The hurricane disaster-potential scale.
Atlantic basin hurricanes: Indices of climatic chan@dsnate Weatherwise27, 169 and 186.
Change,n press. Sylves, R. T., 1998: Disasters and coastal states: A policy analy-

Latif, M., D. Anderson, and E. Schneider, 1998: A review of the sis of presidential declarations of disaster 1953-97, DEL-SG-
predictability and prediction of ENSQ. Geophys. Redl03 17-98, University of Delaware Sea Grant College Program,

(C7), 14 375-14 393. 155 pp. [Available from University of Delaware, Sea Grant
Masulin, R. T., 1997: Issues in the regulatory acceptance of com-College Program, Marine Communications Office, Newark,

puter modeling for property insurance ratemakihgnsur. DE 19716-3530.]

Regul.,15,342-359. Trenberth, K. E., 1997: The definition of EI Nifidull. Amer.

Nicholls, N., 1979: A possible method for predicting seasonal tropi- Meteor. Soc.78,2771-2777.

Bulletin of the American Meteorological Society 2033



