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ABSTRACT

The influence of the El Niño–Southern Oscillation (ENSO) on tropical cyclone intensity in the western
North Pacific basin is examined. Accumulated cyclone energy (ACE), constructed from the best-track
dataset for the region for the period 1950–2002, and other related variables are analyzed. ACE is positively
correlated with ENSO indices. This and other statistics of the interannually varying tropical cyclone dis-
tribution are used to show that there is a tendency in El Niño years toward tropical cyclones that are both
more intense and longer-lived than in La Niña years. ACE leads ENSO indices: during the peak season
(northern summer and fall), ACE is correlated approximately as strongly with ENSO indices up to six
months later (northern winter), as well as simultaneously. It appears that not all of this lead–lag relationship
is easily explained by the autocorrelation of the ENSO indices, though much of it is. Interannual variations
in the annual mean lifetime, intensity, and number of tropical cyclones all contribute to the ENSO signal
in ACE, though the lifetime effect appears to be the most important of the three.

1. Introduction

The relationship between the El Niño–Southern Os-
cillation (ENSO) and western North Pacific (WNP)
tropical cyclones (TCs) has been examined by many
authors. The relationship is of obvious interest since
statistically based seasonal forecasts of tropical cyclone
activity in the western North Pacific use ENSO as one
of the main predictors (Chan et al. 1998 2001), though
other effects such as the quasi-biennial oscillation
(Chan 1995) and Madden–Julian oscillation (e.g., Lieb-
mann et al. 1994; Sobel and Maloney 2000) also affect
western North Pacific tropical cyclone activity. Most
studies have focused on the location of cyclogenesis and
the total number of tropical cyclones. The main empha-
sis here is on the influence of ENSO on tropical cyclone
intensity.

Atkinson (1977) first noted an above-normal number

of tropical cyclones developing in the eastern part of
the western North Pacific during the El Niño of 1972.
Since then many authors have examined the relation-
ship between ENSO and the number of western North
Pacific tropical cyclones. The results have not been con-
sistent in all cases, presumably because of differences in
both data and technique (e.g., Ramage and Hori 1981;
Pan 1982; Chan 1985; Dong 1988; Wu and Lau 1992;
Lander 1994). Though there is no significant linear re-
lation between the number of tropical cyclones and
ENSO, a nonlinear relation between ENSO and the
number of tropical cyclones has been found in several
studies, being evident when the ENSO forcing is strong
(Chan 1985; Chan and Shi 1996; Chan 2000; Chen et al.
1998; Wang and Chan 2002). This relationship is the
basis of Chan’s statistical seasonal predictions (Chan et
al. 1998, 2001).

A well-documented influence of ENSO on WNP
tropical cyclone activity is that on the mean location of
tropical cyclone genesis (e.g., Pan 1982; Chan 1985,
2000; Wang and Chan 2002; Chia and Ropelewski
2002). In El Niño years, there is usually a southeast-
ward displacement of the mean tropical storm and ty-
phoon genesis region.
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In El Niño years, a greater number of tropical cy-
clones form in the central Pacific region (Chu and
Wang 1997; Clark and Chu 2002). Some of these cy-
clones then move into the western North Pacific, as was
the case of Ele and Huko in 2002 (an El Niño devel-
oping year). Differences in landfall patterns in different
regions of Asia due to ENSO have been discussed in a
few studies (e.g., Saunders et al. 2000; Elsner and Liu
2003; Wu et al. 2004), as well as the differences in rain-
fall patterns in different ENSO phases (Rodgers et al.
2000).

In 1997, the year of the strongest El Niño of the
century, the western North Pacific had 23 typhoons (the
second-largest number of any year on record), an un-
precedented number of very intense tropical cyclones
(11 became supertyphoons), and a large eastward dis-
placement of the genesis location. That year, two tropi-
cal cyclones (Oliwa and Paka) formed in the central
North Pacific (east of the data line) and entered the
western North Pacific before reaching supertyphoon in-
tensity (Lander and Guard 2001).

Wang and Chan (2002) also noted that the mean life-
time of tropical cyclones tends to increase during strong
El Niño events, as more tropical cyclones form in the
southeast quadrant of the WNP, thus experiencing a
longer traveling time (westward and northward) before
encountering the continent or colder midlatitude water.
This is one possible explanation for the effect we docu-
ment in more detail here, the tendency toward more
intense typhoons in El Niño years.

A few previous studies have briefly documented a
relationship between TC intensity and ENSO. The
main ones of which we are aware are those of Pudov
and Petrichenko (1998, 2001), who found an increase in
the intensity of tropical cyclones in El Niño years. Chia
and Ropelewski (2002), in their Fig. 6, showed an
ENSO-related shift in the number of storms in different
intensity categories, in the sense of a greater number of
intense storms during El Niño. We are not aware of a
more thorough examination of the relationship be-
tween ENSO and TC intensity than the relatively cur-
sory ones mentioned above. This is surprising given the
large number of studies on other aspects of the ENSO–
tropical cyclone relationship. Chan and Liu (2004) dis-
cuss in a recent paper some aspects of this relationship
and their study is complementary to ours.

Here, we examine the relationship between ENSO
and several tropical cyclone–related variables in the
western North Pacific. We focus on the accumulated
cyclone energy (ACE; Bell et al. 2000), a quantity that
combines the number, lifetimes, and intensities of tropi-
cal cyclones occurring in a basin over a given period of
time. The ACE index for a basin is defined as the sum

of the squares of the estimated 6-hourly maximum sus-
tained surface wind speed (originally in knots2; we use
m s�2) for all tropical cyclones in the basin having tropi-
cal storm intensity or greater (tropical depressions not
included) summed over all 6-h periods.

We favor ACE as an index of tropical cyclone activ-
ity for a few reasons. It is useful for computing corre-
lations and regressions with other climate variables of
interest, as it is a continuous variable, in the sense that
its possible values are not quantized, as the number of
tropical cyclones, in particular, is. Its integration of
storm intensity over the lifetime of each storm as well
as over all storms is, arguably, appropriate for indexing
the effect of tropical cyclones on climate. The fact that
ACE measures storm intensity by maximum wind
speed (squared), as opposed to a more integral measure
that would account for storm size, is partly imposed by
the fact that maximum wind speed is a variable for
which we have data.

In section 2, the datasets and the methods used will
be described. Section 3 shows the relation of ACE and
ENSO, while section 4 discusses the relation of ACE
and other tropical cyclone activity indices. The conclu-
sions are given in section 5.

2. Data and methodology

We use the best-track dataset from the Joint Ty-
phoon Warning Center (JTWC 2005) in the period
1950–2002 to construct the ACE and other indices of
tropical cyclone activity. As the observed data quality is
considerably poorer in the presatellite than the postsat-
ellite era, all our calculations have been done using
both the longer period 1950–2002 and the postsatellite
era only (1970–2002). In most cases, only the results for
the latter period are shown.

The monthly sea surface temperature Niño indices
(1950–2002; Barnston et al. 1997) and the Southern Os-
cillation index (SOI; 1951–2002; Troup 1965) were ob-
tained from the Climate Prediction Center (CPC) Web
site (CPC 2005). El Niño and La Niña years are defined
according to the value of the Niño-3.4 index (Barnston
et al. 1997) averaged over the season of interest. In the
case of tropical cyclone activity indices for a whole year
or June–July–August–September–October–November
(JJASON), Niño-3.4 is averaged over the peak of the
typhoon season, July–August–September–October
(JASO), shown in the time series in Fig. 1a. The 13 yr
(approximately 25% of the 53-yr period) with the larg-
est (smallest) values of Niño-3.4 are defined as El Niño
(La Niña) years; the other 27 are defined as neutral
years. This definition avoids using thresholds, which are
season dependent and can have asymmetries between
cold and warm events. These El Niño and La Niña
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years correspond to the Northern Hemisphere sum-
mers before the peaks of the ENSO events (which usu-
ally occur in Northern Hemisphere winter), defined us-
ing other, more traditional definitions (e.g., Trenberth
1997; as discussed in Goddard and Dilley 2005).

The significance of correlations was determined us-
ing the t test (95% level). The Kolmogorov–Smirnov
test (Sheskin 2000) and bootstrap calculations (95%
level) were used to determine whether entire distribu-
tions of quantities such as ACE depend on ENSO
phase.

3. ACE and ENSO

In Fig. 1b the time series of ACE per year is shown.
The year with the smallest ACE on record is a La Niña
year (1999), and the highest ACE value occurred in the
summer prior to the strongest El Niño year of the past
century, 1997. Of the 13 El Niño years, only one (1969)
has an ACE value below the median of the period
1970–2002 (climatology), and eight of these years are
above the 75th percentile of the climatology. In con-
trast, 8 of the 13 La Niña years have ACE values below
the median, with 6 of them below the 25th percentile.

Only one La Niña year with above-normal ACE oc-
curred in the last 30 yr (1971), when the data are more
reliable. This could reflect either a stronger connection
with ENSO after 1970 or problems with the reliability
of the data prior to 1970.

ACE is not only significantly correlated with Niño-
3.4, but also with other ENSO indices. In Table 1 we
show the simultaneous correlations of ACE with vari-
ous ENSO indices (JASO). ACE has significant corre-
lations with all these indices, with the exception of
ACE in JASO and Niño-1�2. The highest correlations
occur for Niño-3.4 and Niño-4, implying that the central
Pacific is the most important region for western North
Pacific tropical cyclone activity. Higher correlation val-
ues occur when the whole year is considered. To further

FIG. 1. (a) Niño-3.4 index (°C) for the season JASO in the period 1950–2002. (b) ACE per
year in the period 1950–2002. The horizontal lines show the 25th and 75th percentiles (dashed)
and median (solid) in the period 1970–2002.

TABLE 1. Correlations of ACE (per year, JJASON, and JASO)
with Niño-1�2, Niño-3, Niño-3.4, Niño-4, and SOI in JASO in the
period 1970–2002. Significant correlations are in boldface.

ACE Niño-1�2 Niño-3 Niño-3.4 Niño-4 SOI

Year 0.43 0.63 0.70 0.68 �0.56
JJASON 0.37 0.54 0.61 0.63 �0.51
JASO 0.33 0.53 0.62 0.63 �0.52
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test the ACE and ENSO relationship, we used not only
correlations, but also (not shown) rank correlation,
Sommer’s delta, and Kendall’s tau (Sheskin 2000), ob-
taining similar results.

In Fig. 2 the scatterplot of Niño-3.4 and ACE in
JASO and the corresponding regression line are shown.
There is a relationship between ACE and Niño-3.4 over
the whole dynamic range of ENSO variability, though
the relationship is most obvious for the largest El Niño
events, consistent with the results of Wang and Chan
(2002) on storm number.

Figure 3 shows the lag correlations of ACE at JASO
with the Niño indices for different seasons. The auto-
correlation of Niño-3.4 in the different seasons with
itself at JASO of year 0 is also shown. Besides the high
significant values of the simultaneous correlations
(JASO of year 0) of ACE and the Niño indices, signifi-
cant correlations with Niño-4 start as early as Febru-
ary–March–April (FMA) of the year that ENSO devel-
ops (year 0) and last until May–June–July (MJJ) of the
year that the event ends (year �1). It is interesting that
the correlations stay high for such a long period. Much
of this is surely due to the autocorrelation of the Niño
indices (as shown in the figure for Niño-3.4), but none-
theless we find the structure of these curves somewhat
surprising. In particular, while the autocorrelation of
Niño-3.4 is much greater than the lag correlation of any
ENSO index and ACE over most of the period for
which any of the correlations are significant, the ACE–
ENSO curves stay flat or even trend upward from
northern fall through the following spring, while the

Niño-3.4 autocorrelation trends down during the same
period. This suggests that the autocorrelation of the
Niño indices is not the sole explanation for the fact that
ACE leads some of them.

A related result led Pudov and Petrichenko (2001) to
suggest that tropical cyclones cloud be used as an indi-
cator in forecasting ENSO. The autocorrelation shows
that in general, the current ENSO state is a much better
indicator. However, the crossing of the Niño-3.4 auto-
correlation curve with the others in the late spring or
early summer of year �1 shows that ACE in JASO of
year 0 becomes as good a predictor of some of the Niño
indices as Niño-3.4 in JASO of year 0 at that point (past
the “persistence barrier”), though both have at best
marginal significance during that time.

In another study (Sobel and Camargo 2005) we ar-
gue, from a shorter time-scale analysis of the relation-
ship between ACE and other atmosphere and ocean
variables, that while typhoons certainly do not cause
ENSO, they may play a small positive role in ENSO
dynamics, helping a developing El Niño to intensify as
anomalously intense cyclones (associated instanta-
neously with the influence of the developing El Niño)
act to generate or strengthen equatorial surface west-
erlies, which in turn favor further warming of the equa-
torial SST near and east of the date line. We suggest
that a small part of the structure of these lag-correlation
curves may be determined by such dynamics.

More straightforwardly, the high simultaneous corre-
lations during the peak typhoon season show that pre-
dictions of Niño indices can be used to generate pre-
dictions of ACE in the western North Pacific, as in
current operational statistical forecasts (e.g., Chan et al.
2001; TSR 2005).

In Fig. 4 several characteristics of the ACE distribu-
tion—mean, median, 75th and 25th percentiles, and in-
dividual extreme values above and below those percen-
tiles—are given, for different ENSO states, using the
entire data record. Though the sample size is small,
significant differences between the distributions are
evident. The entire distribution of ACE per year in El
Niño (La Niña) years is shifted to larger (smaller) val-
ues, and their differences are statistically significant.

The difference in the ACE patterns in El Niño and
La Niña years (Fig. 5) shows an increase in ACE values
for most of the basin, with a pronounced maximum at
20°N, 140°E. There is a clear east–west pattern, with
more tropical cyclone activity east of the Philippines
and the South China Sea. This is related to the known
shift in the genesis position (Chan 2000; Chia and
Ropelewski 2002; Wang and Chan 2002) in the western
North Pacific induced by ENSO.

FIG. 2. Scatterplot of ACE (m s�2) and Niño-3.4 (°C) for JASO
in the period 1950–2002; the dashed line is the linear regression.
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4. ACE and tropical cyclone properties

In this section we explore the relationship of ENSO
to other tropical cyclone indices, in particular, the num-
ber of tropical cyclones, number of tropical cyclone
days, and storm lifetime. The aim is to try to understand
how each of these factors relatse to ACE and influences
its relation to ENSO.

a. Number of tropical cyclones

We first examine the relation of the number of tropi-
cal cyclones (NTC) per year (tropical depressions not
included) with Niño-3.4 (Table 2). The total number of
tropical cyclones is not significantly correlated with
ENSO, although for strong ENSO events a relationship
can be identified (e.g., Chan 1985). By grouping the
tropical cyclones by intensity category, following the
Saffir–Simpson scale [Saffir 1977; Simpson and Riehl
1981; tropical storms (TS), typhoons (TY, categories
1–2), and intense typhoons (ITY, categories 3–5)], sig-
nificant correlations of some of the ENSO indices
(Table 2) with number of TS (NTS) and number of ITY
(NITY) are obtained.

Let us examine the characteristics of the distributions
(Fig. 6) of NTC, NTS, number of TY (NTY), and NITY
for all years and different ENSO states. There is a ten-
dency toward fewer named tropical cyclones in La Niña
years. The distribution in La Niña years is significantly
different from that in both El Niño years and neutral
years. In contrast, the distribution of NTC is very simi-
lar in neutral and El Niño years. A slightly smaller
number of tropical storms usually occurs in El Niño
years, compared to neutral years (significant result ac-
cording to the bootstrap calculation), consistent with
the significant negative correlation of the number of
tropical storms with Niño-3.4 (Table 2). A signal that is
statistically significant is the tendency toward more
(fewer) intense typhoons (ITY) in El Niño (La Niña)
years, consistent with significant positive correlations.

b. Lifetime and number of tropical cyclone days

We now consider whether the number of tropical
cyclone days (TCDAYS) is influenced by ENSO and
how this index is related to ACE. The TCDAYS in a
year (or season) is the number of 6-h periods during

FIG. 3. Lag correlations of ACE (JASO) with Niño indices for different seasons [JFM, FMA, MAM,
AMJ, JJA, JAS, JASO, ASO, SON, OND, NDJ, and DJF (months denoted by their first letter)] and lags
and autocorrelation of Niño-3.4 JASO for different lags (1970–2002). Significant correlations are indi-
cated by filled symbols.
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which at least one tropical cyclone occurs, divided by 4
and accumulated for the season.

In Fig. 7 the distributions of number of tropical cy-
clone days for all years and ENSO states are given.
There is a very small shift toward more tropical cyclone
days in El Niño years (not statistically significant) and a
large shift toward fewer tropical cyclone days in La
Niña years (statistically significant), contributing to
larger (smaller) ACE values in El Niño (La Niña)
years.

The correlation of TCDAYS and Niño-3.4 (Table 2)
is weaker than that of ACE and ENSO (not shown).
The number of tropical cyclone days is apparently one
factor contributing to the increase of the tropical cy-
clone activity, but not the only, or even the dominant,
one (as we will see more clearly below). Another inter-
esting point is that the correlation of TCDAYS and
Niño-3.4 is higher when averaged over the whole year
than when averaged over only the peak season, sug-
gesting that an increase of the number of tropical cy-
clone days occurs particularly in the early and late sea-
sons in El Niño years.

The shift in the number of tropical cyclone days with
ENSO could have two different explanations: either
more tropical cyclones occur, or those which do have
longer lifetimes. As the NTC and ENSO are not lin-
early related, we expect the latter explanation to be
more correct. To confirm this, we now examine how the

typical lifetimes of tropical cyclones are influenced by
ENSO.

Figure 8 shows the distribution of tropical cyclone
lifetimes in all years and ENSO states. Because the
lifetime is discretized to intervals of 6 h, some of the
points (outside the 25th/75th percentiles) represent
more than one storm. As expected, there is a shift (sta-
tistically significant) toward longer (shorter) lifetimes
in El Niño (La Niña) years, as noted by Wang and Chan
(2002). The tendency toward longer lifetimes is perhaps
to be expected, given the well-documented effect of
ENSO on the mean genesis location. In El Niño (La
Niña) years, the genesis location shifts southeastward
(northwestward), which we expect to result in longer
(shorter) periods spent over ocean before making land-
fall. The average lifetime is significantly correlated with
Niño-3.4 indices (Table 2).

c. Intensity

Next we examine how the distribution of ACE per
tropical cyclone—essentially a measure of the product
of storm intensity and lifetime for a typical individual
storm (i.e., a measure of ACE that takes out variations
in storm number)—differs in different ENSO states
(Fig. 9). Similar to the distribution of total ACE per
year, the distribution of ACE per tropical cyclone is
shifted to larger (smaller) values in El Niño (La Niña)
years, with a larger (smaller) standard deviation in El
Niño (La Niña) years. The El Niño ACE per tropical
cyclone distribution is statistically distinct from both
the La Niña and neutral ACE per tropical cyclone dis-
tributions. Therefore, the increase (decrease) in ACE
per year in El Niño (La Niña) years is mainly due to
tropical cyclones with greater ACE per storm, not to a
shift in the total number of storms. Still, this result
could be due to more intense storms, longer-lived
storms, or both, during El Niño years (and the converse
in La Niña years).

Our results show then that in El Niño years, there is
a large tendency toward more intense typhoons. These
intense typhoons dominate ACE and are mainly re-
sponsible for the relationship between ACE and
ENSO. In La Niña years, there is a slight tendency
toward a larger number of tropical cyclones with tropi-
cal storm intensity. The distributions of ACE per cat-
egory (not shown; see Camargo and Sobel (2004)) in
the Saffir–Simpson scale (Saffir 1977; Simpson and
Riehl 1981) confirm these results.

We now consider whether the number of days with
intense tropical cyclones increases in El Niño years. To
do that, we count the number of days during which
storms of different intensities (tropical storm, typhoon,
and intense typhoon) occur. The same calculation is

FIG. 4. Distribution of ACE per year in all years, neutral years,
El Niño years, and La Niña years. The boxes show the 25th and
75th percentiles, the lines in the boxes mark the median, the as-
terisks (*) mark the mean, and the crosses mark the values below
(above) the 25th (75th) percentiles of the distributions.
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also done for all intensities simultaneously. The num-
ber of days is weighted by the existing number of cy-
clones [weighted tropical cyclones days (WTCDAYS)]
on that day, so a day with two storms counts as two
days, etc.

In El Niño years, there are usually more days with
typhoons and intense typhoons than in neutral years,
while the distribution in El Niño and neutral years is
very similar for the number of tropical storm days (not
shown). In contrast, in La Niña years, there is a shift
toward a smaller number of weighted tropical cyclone
days in all categories (TS, TY, and ITY). The correla-
tions of the number of intense typhoon days are signifi-
cant and positively correlated with ACE, WTCDAYS,
and Niño-3.4 JASO (not shown). The relation between
the number of weighted intense typhoon days (WITY-
DAYS) and Niño-3.4 JASO is shown in Fig. 10. This
relationship is particularly strong and consistent over

the range of ENSO variability, more so even than the
relationship of ENSO and total ACE (cf. Fig. 10 to Fig.
4). Clearly the number and lifetime of intense typhoons
is particularly strongly influenced by ENSO.

d. Separate contributions of intensity and lifetime
to ACE

We want to quantify the contributions of intensity,
lifetime, and number separately to ACE. To do that, we
construct three other variables, essentially ACE time
series modified so that only either lifetime, intensity, or
number, excluding the other two factors, contributes to
the variations in the time series. For each individual
season, ACE can be written as the sum of the kinetic
energies of the individual tropical cyclone: ACE �
�N

1 Ki, where Ki � �tf i
t0i

�(t)2, �(t) is the maximum wind
speed of the storm at time t, i indices each individual
storm, t0i and tfi are the beginning and end times of the
lifetime of storm i, and N is the total number of storms
in the period under consideration (e.g., JASO of a
given year). A measure of the tropical storm intensity is
Ui � Ki/Li, where Li � �tf i

t0i
�t, with �t as the temporal

grid size (here, 6 h), is the tropical cyclone lifetime.
The first variable we define is ACE*1 � �L��N�Ũ,

where angle brackets represent an average over all
storms and all years in the sample (1970–2002), and the
tilde represents an average over the storms in a single
season only. Thus ACE*1 has the dimensions and typical

FIG. 5. Difference of ACE per year in El Niño and La Niña years.

TABLE 2. Correlations of Niño-3.4 JASO with NTC, NTS, NTY
categories 1–2, NITY categories 3–5, TCDAYS, and lifetime in
the seasons (year, JJASON, and JASO) in the period 1970–2002.
Significant correlations are in boldface.

Season NTC NTS NTY NITY TCDAYS Lifetime

Year 0.27 �0.43 0.07 0.63 0.61 0.62
JJASON 0.11 �0.51 0.01 0.57 0.41 0.62
JASO 0.03 �0.46 �0.08 0.46 0.46 0.60
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