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Abstract Since a tropical cyclone (TC) usually accompanies
a large amount of rainfall, it is estimated that average amounts
of rainfall in summer increase in Northeast Asia (NA) when
the genesis of TC in the western North Pacific (WNP) is
frequent. However, the present study found a negative corre-
lation between TC genesis number in summer over the WNP
and the amount of summer rainfall over the mid-latitudes of
NA from 1980 to 2009. The results of the analysis reveal that
in a positive TC genesis phase (years in which TCs occur
more frequently than on average), an anomalous cyclone
forms over the WNP, which generates anomalous cold and
dry northeasterly winds in the mid-latitudes of NA, resulting
in reduction of rainfall. In comparison, in a negative TC
genesis phase (years in which TCs occur less frequently than
on average), a large anomalous anticyclone develops over the
western Pacific, which generates anomalous warm and humid
southwesterly winds, resulting in increase of rainfall in the
same region. The comparisons of the TC tracks between the
two phases also reveal that in both phases, the TC passage
number is rather low in the mid-latitudes of NA regardless of
TC activities over the WNP. This suggests that TC number
does not greatly affect the total amount of summer rainfall in
NA; instead, a large-scale atmospheric circulation forming
favorable (unfavorable) rainfall conditions in the negative
(positive) TC genesis phase controls the summer rainfall in
that area.

1 Introduction

Countries in the mid-latitudes of Northeast Asia (NA), such as
China, Japan, and Korea, suffer occasionally from severe
flooding or drought. Since the annual rainfall in this area is
concentrated during the Asian summer (June, July, and
August), the management of water resources, including the
prediction of annual rainfall, has been one of the most difficult
and crucial concerns in these countries.

Over the past several decades, many studies have been
conducted to understand the mechanisms related to seasonal
variations of rainfall in East Asia (Huang and Sun 1992; Yoo
et al. 2004; Byun et al. 2001). In particular, some studies
focused on remote climate patterns that directly linked rainfall
in the mid-latitudes of East Asia to the sea surface temperature
(SST) of the subtropical western Pacific. Yoo et al. (2004)
compared the SST distributions of the subtropical western
Pacific between a flood year (1993) and a drought year
(1994) during summer in the mid-latitudes of NA. The study
showed that in a year with little summer rainfall, an anoma-
lous warm SSTwas observed, while in a year with substantial
summer rainfall, an anomalous cold SST appeared, demon-
strating a clearly different pattern between the 2 years.
However, the study only briefly explained that the high SST
near the Philippines strengthened the convective activity
which, in turn, repressed convection in the mid-latitudes of
NA to reduce precipitation. This result was consistent with
other research by Huang and Lu (1989) and Huang and Sun
(1992). On the other hand, Byun et al. (2001) and Yoo et al.
(2004) examined the remote interaction between rainfall in the
mid-latitudes of NA and El Niño Southern Oscillation
(ENSO) but did not find a clear link between them.

Recently, a few studies examined the relationship between
the rainfall in China and Korea and tropical cyclone (TC)
activities in the western North Pacific (WNP) where 30 % of
all TCs are generated. Since a TC is accompanied by strong
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gusts and heavy rainfall (Matsuura et al. 2003), countries in
NA (i.e., China, Korea, and Japan) are likely to see an increase
in annual precipitation when TC activities are strong.
However, Kim and Byun (2006) argued that when the amount
of summer rainfall is low in Korea, a TC might temporarily
relieve the problem of drought, but the dry state would then
return and the shortage of rainfall would continue.

Similarly, Xie and Zhou (2000) suggested a remote climate
pattern in which a higher TC genesis number in the subtrop-
ical western Pacific led to more severe shortage of rainfall in
the northeastern area of Tibet. Mujumdar et al. (2007) also
showed that a rise (fall) in TC genesis number in the subtrop-
ical western Pacific decreases (increases) rainfall in India.
They pointed out that changes in the east-west secondary
circulation between the subtropical western Pacific and India
caused the summer drought in 2002. On the other hand, Chen
et al. (2000) reported that during an anomalously cold summer
in China, a mid-latitude upper-level trough moves as far south
as the middle and lower parts of the Yangtze River, and
consequently, this keeps TCs away from mainland China,
leading to low TC activity in the South China Sea and a
shortage of summer rainfall in the mid and lower parts of the
Yangtze River.

These findings suggest that the rainfall in the mid-latitudes
of NA is closely related to the convection and SST in the
subtropical western Pacific, although consensus on the rela-
tionship between these factors has not yet been gained. In
particular, TC genesis number in the subtropical western
Pacific might have a remote interaction with the rainfall in
the mid-latitudes of NA. Based on that assumption, the present
study aims to investigate a possible linkage between the TC
genesis number over the WNP and rainfall over NA in sum-
mer and eventually to establish a theory explaining variations
of summertime rainfall in NA. Section 2 describes the data
and analytical methods used; Sect. 3 examines the relationship
between the TC genesis number in theWNP and rainfall in the
mid-latitudes of NA; Sects. 4 and 5 analyze how these two
variables can be linked by a large-scale environmental mech-
anism. Lastly, Sect. 6 summarizes the research findings and
presents a conclusion.

2 Data and method

2.1 Data

For the analysis of TC number, the present study uses the best
track data during 30 years (1980–2009) obtained from the
Regional Specialized Meteorological Center (RSMC) Tokyo
Typhoon Center. The data consist of TC position, central
pressure, and maximum sustained wind speed (MSWS) at
6-h intervals. In this study, the definition of TC includes the
following four grades: tropical depression (TD; MSWS≤

17 m s−1), tropical storm (TS; 17 m s−1≤MSWS≤24 m s−1),
severe tropical storm (STS; 25 m−1≤MSWS≤32 m s−1), and
typhoon (TY; MSWS≥33 m s−1).

To examine large-scale environments, we use reanalysis
data (2.5×2.5° spatial resolution and 17 vertical layers) from
the National Centers for Environmental Prediction–National
Center for Atmospheric Research (NCEP-NCAR), such as
geopotential height (gpm), air temperature (°C), zonal and
meridional wind (ms−1), vertical velocity (hPa s−1), and rela-
tive humidity (%) (Kalnay et al. 1996; Kistler et al. 2001). We
also use interpolated outgoing longwave radiation (OLR) data
retrieved by the National Oceanic and Atmospheric
Administration (NOAA) Climate Diagnosis Center (CDC),
which was compiled from 1974 to the present (Liebmann
and Smith 1996). Finally, we use the extended reconstructed
monthly SST data of a 2.0×2.0° spatial resolution obtained
from the International Comprehensive Ocean-Atmosphere
Data Set (ICOADS), compiled from 1854 to the present
(Reynolds et al. 2002).

The data on global oceanic precipitation were obtained
from the Climate Prediction Center (CPC) Merged Analysis
of Precipitation (CMAP). These data are derived by merging
rain gauge observations, five different satellite estimates, and
numerical model outputs. The data consists of the monthly
average precipitation and is available from 1979 to the
present.

2.2 Method

The genesis number of TC over theWNP (100–180° E, 0–60°
N) is calculated for the peak TC season (July, August, and
September) covering 60 % of the total TC genesis number in
the WNP and causing the majority of damage by TCs in NA,
including Korea, Japan, and China (Chia and Ropelewski
2002).

In this study, the classification of El Niño and La Niña is
determined by the SST anomalies (SSTA) over the Niño 3.4
region (5° S–5° N, 170°W–120°W) for a 30-year period. For
the significance test, we use the Student’s t test statistical
method (Wilks 1995).

3 Correlation between TC genesis number over the WNP
and rainfall over NA

Figure 1 shows a correlation map between rainfall and the TC
genesis number over the WNP in the summer for the past
30 years (1980–2009). Positive coefficients are predominant
in the subtropical western Pacific below 25° N where most
TCs occur. At the 90 % confidence level, the maximum
correlation coefficient value was 0.4. Presumably, this is due
to the influence of rainfall from the convective cloud band,
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which is related to TC genesis in the region during summer. In
comparison, negative coefficients are predominant in the mid-
latitudes (30–40° N) of NA. At the 90 % confidence level,
east–west bands through central China, South Korea, and
central Japan showed a 0.3 or higher negative correlation. A
part (160–170° E) of the north Pacific at the same latitude also
showed a similar negative correlation. This indicates that
when the TC genesis number in the subtropical western
Pacific is higher in summer, the rainfall in the mid-latitudes
of NA is less.

In order to examine the possible relationship between the
two variables, a time series analysis was conducted using the
average rainfall of the regions that are significant at the 90 %
confidence level (dotted boxes in Fig. 1) and the TC genesis
number in the WNP (Fig. 2). The result clearly showed a
strong negative relationship between them (r=−0.65, signifi-
cant at the 99 % confidence level). Over the last 30 years,
rainfall in the mid-latitudes of NA has been mildly increasing,
whereas the TC genesis number in the subtropical western
Pacific has been slightly falling. The trends of two time series
are not significant statistically. A highly negative relation

between them was maintained (r=−0.64, significant at the
99 % confidence level) when the trends in two times series
are removed.

4 Characteristics of rainfall in NA by TC genesis number

To examine the reasons leading to the negative correlation
between the two variables, we selected five of the highest TC
genesis years (hereafter, positive TCG phase) and five of the
lowest TC genesis years (hereafter, negative TCG phase) from
the last 30 years (Table 1). Here, the years are selected after
excluding the years in which either El Niño (Niño 3.4 index,
SSTA≥0.5 °C) or La Niña (SSTA≤−0.5 °C) occurred in order
to remove the impact of ENSO (Ho et al. 2005). This is
because, if we include the ENSO years in our analysis, the
results will be overwhelmed by features of ENSO years since
the ENSO signal is too strong.

The comparison reveals that the TC genesis number was 17
or higher during the positive TCG phase and 13 or lower
during the negative TCG phase. The averages of the two
phases were 17 and 11, respectively, which represent a statis-
tically significant difference at the 95 % confidence level. On
the other hand, the rainfall in the mid-latitudes of NA
exceeded 5 mm day−1 only once in 1993 during the positive
TCG phase, whereas all years exceeded 5 mm day−1 during
the negative TCG phase. On average, the difference between
the two phases is 1.5 mm day−1, which is a statistically
significant at the 90 % confidence level.

Figure 3 shows the difference in the spatial distribution of
rainfall anomalies in the mid-latitudes of NA between the
positive and negative TCG phases. In the positive TCG phase,
most regions in the subtropical western Pacific showed a
positive anomaly, with the exception of central China, the
Korean peninsula, and central Japan, which showed a slightly
negative anomaly (Fig. 3a). In the negative TCG phase, the
pattern was reversed (Fig. 3b); that is, a negative anomaly was
found in the subtropical western Pacific and a positive

Fig. 1 Correlation coefficient between rainfall averaged for July to
September (tropical cyclone (TC) season) and TC genesis number over
theWNP for July to September (TC season). Shaded areas are significant
at the 90 % confidence level. The contour interval is 0.1

Corr = -0.65
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Fig. 2 Time series of summer rainfall averaged for areas that are signif-
icant at the 90 % confidence level within dotted boxes of Fig. 1 (dotted
line) and TC genesis number over the WNP for summer (solid line)

Table 1 Rainfall and TC genesis number for the positive and negative
TCG phases

Positive TC genesis phase Negative TC genesis phase

Year Rainfall (mm/day) TC Year Rainfall (mm/day) TC

1992 4.2 17 1980 5.6 12

1993 5.6 17 1983 5.7 10

1996 4.0 17 2003 6.5 10

1989 4.8 18 2007 6.4 13

2001 3.7 16 2008 5.5 11

Average 4.5 17 Average 6.0 11
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anomaly in the east–west direction was found in the mid-
latitudes of NA (30–40° N). These differences between the
two phases are clearly seen in Fig. 3c.

5 Large-scale environments

In this section, we analyze large-scale environments to explain
why the rainfall in the mid-latitudes of NA rises (falls) when
TC genesis number in the WNP decreases (increases).

5.1 850-hPa streamline and the western North Pacific
subtropical high

In the 850-hPa streamline (Fig. 4), a strong anomalous cy-
clone was located along the subtropical western Pacific (10–
30° N, 120–160° E) during the positive TCG phase, which
indicates a favorable environment for TC genesis (Fig. 4a); an
anomalous anticyclone was located near the Kamchatka pen-
insula. Due to the circulation systems, the anomalous north-
easterly winds that started near the Bering Sea passed the mid-
latitudes of NA through China, Korea, and Japan and affected

regions as far away as the northern Indochina peninsula. The
northeasterly winds with a cold air may have influenced the
reduction of rainfall in the mid-latitudes of NA in the positive
TCG phase.

In the negative TCG phase, strong anomalous anticyclonic
circulation formed over most of the tropical and subtropical
western Pacific (Fig. 4b), which provided an unfavorable
environment for TC genesis. Due to the circulation, the anom-
alous southwesterly winds are strengthened in the mid-
latitudes of NA, which brought the warm and humid air of
the subtropical and tropical regions to the mid-latitudes of NA,
thus facilitating rainfall. These differences between the two
phases are distinctly seen in Fig. 4c.

The anomalous cyclone and anticyclone in the WNP dur-
ing the two TCG phases may be linked to the weakening or
development of the western North Pacific subtropical high
(WNPSH). Sun and Duan (2003) reported that cyclonic cir-
culation strengthens near the monsoon trough region during a
strong East Asian summer monsoon, which was related to
development of the WNPSH over the subtropical western
Pacific to the north. Similarly, we also analyzed the develop-
ment of the WNPSH in terms of the two TC genesis phases

Fig. 3 Composites of rainfall anomalies in a the positive TCG phase, b the negative TCG phase, and c the difference in rainfall between the two phases
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and climatology (Fig. 5). Here, the WNPSH was defined as a
5,875-gpm contour. As shown in Fig. 5, in the negative TCG

phase, the WNPSH expanded to the southwest toward south
China, while in the positive TCG phase, it shrank to the east.
The climatological mean WNPSH was located between the
WNPSHs of the two phases. This suggests that in the negative
TCG phase, the WNPSH located closer to the mid-latitudes
continent of NA, supplying a greater amount of warm and
humid air from the subtropical and tropical regions to the NA
as seen in Fig. 4b, which facilitates the formation of rainfall.

5.2 850-hPa air temperature and relative humidity

In order to examine whether the location of the WNPSH and
the atmospheric circulation system indeed affected the supply
of warm and humid air to the mid-latitudes of NA according to
the TCG phase, 850-hPa air temperature (AT) and relative
humidity (RH) were analyzed (Figs. 6 and 7). In the positive
TCG phase, the positive AT anomalies were located mostly
over the tropical and subtropical western Pacific, while the
negative AT anomalies were dominant in the mid-latitudes of

Fig. 5 Contours (5,875 gpm) in the positive TC genesis number phase
(solid line), the negative TC genesis number phase (dashed line), and
climatology (dotted line)

Fig. 4 Same as Fig. 3, but for 850-hPa streamline. Shaded areas are significant at the 95 % confidence level
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NA (Fig. 6). In the negative TCG phase, the pattern was
reversed; i.e., the positive AT anomalies were dominant in
the mid-latitudes of NA. Similarly, it is clearly seen that the
positive RH anomalies were dominant in the mid-latitudes of
NA in the negative TCG phase, while the negative RH anom-
alies are found in the same areas in the positive TCG phase
(Fig. 7). Combined with the negative AT anomaly, the mid-
latitudes of NA have conditions unfavorable for rainfall dur-
ing the negative TCG phase.

In summary, in the negative TCG phase, the WNPSH
expended to the southwest in the subtropical western Pacific,
leading to infrequent TC genesis. At the same time, the
anticyclonic circulation around the southwestern periphery
of a WNPSH brought the warm and humid air from the low
latitudes to the mid-latitudes in NA, increasing rainfall in that
region. In comparison, in the positive TCG phase, the
WNPSH shrank to the east and a strong anomalous cyclonic
circulation did develop. This led to frequent TC genesis and

reduction of rainfall in the mid-latitudes of NA resulting from
the influx of cold and dry anomalous northeasterly winds.

5.3 OLR and TC genesis locations

In the subtropical western Pacific, weakening and strengthen-
ing of the WNPSH in the positive and negative TCG phases
could be related to regional convective activity. To examine
the relationship, the characteristics of OLR were analyzed
(Fig. 8). Figure 8a shows that in the positive TCG phase,
negative anomalies were dominant in most of the subtropical
western Pacific (10–25° N) where TCs are generated,
resulting in active convection and higher TC genesis in this
region. In the negative TCG phase, negative anomalies were
mostly located in the mid-latitudes (30–40° N), while positive
anomalies were dominant in the low latitudes (10–25° N),
indicating that convection was strong in the mid-latitudes of
NA and weak in the subtropical western Pacific. Here, the

(a) Positive TCG phase : anomaly (b) Negative TCG phase : anomaly

(c) Positive minus negative

Fig. 6 Same as Fig. 3, but for 850-hPa air temperature. Shaded areas are significant at the 95 % confidence level. Contour interval is 0.2 °C
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smaller the OLR is, the stronger the convective activity
becomes.

Because of the difference in the convective activity over the
subtropical WNP between the two TCG phases, mean loca-
tions of TC genesis were changed. Figure 8 shows that, east of
150° E, 26 TCs were generated in the positive TCG phase,
while 13 TCs were generated in the negative TCG phase.
Similarly, north of 16° N, 48 TCs were generated in the
positive TCG phase, while 25 TCs were generated in the
negative TCG phase. Accordingly, the mean TC genesis lo-
cation in the positive TCG phase tends to move more toward
the northeast than that in the negative TCG phase (positive
TCG phase 17.7° N, 142.9° E; negative TCG phase: 14.3° N,
137.3° E). The average difference in latitude and longitude of
TC genesis location between the two TCG phases was signif-
icant at the 95 % confidence level.

The north–south distribution of convective activity
can be examined in the difference between the two

phases in the average meridional circulation for longi-
tude 100–180° E, where most TCs are generated
(Fig. 9a). In the subtropical western Pacific (10–30°
N), anomalous upward flow is dominant, while in the
mid-latitudes (30–40° N), anomalous downward flow is
dominant. Additionally, in the subtropical western
Pacific, anomalous warm and humid air exists through-
out the layers of the troposphere, while in the mid-
latitudes, cold and dry air prevails (Fig. 9b, c). This
result also indicates that atmospheric conditions during
the positive TCG phase are less favorable to rainfall in
the mid-latitudes.

5.4 TC passage number

Figure 10 reveals the differences of TC passage number
(TCPN) during the boreal summer within 5°×5° lati-
tude–longitude grid box between the two TCG phases.

(a) Positive TCG phase : anomaly (b) Negative TCG phase : anomaly

(c) Positive minus negative

Fig. 7 Same as Fig. 3, but for 850-hPa relative humidity. Shaded areas denote 95 % confidence level. Contour interval is 1 %
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In the positive TCG phase, TCs mostly moved farther
away toward the eastern seas of Japan or westward
through the Philippines to the Indochina peninsula,
while in the negative TCG phase, TCs mainly tend to
move from the southeast of the Philippines, passing
through the Philippines and South China Sea, and final-
ly land in southern China. This type of pattern is well
explained by the location (or extension) of the WNPSH
according to the phase (see 5,880-gpm lines in Fig. 10)
since TCs generally tend to migrate along the western
periphery of the WNPSH.

Although the pattern of TCPN between the two phases is
distinctly different, one common characteristic exists in the
both phases. That is, the TCPN was rather low in the mid-
latitudes of NA during the both phases, possibly suggesting
that the TCs in that area did not greatly affect the total amount
of summer rainfall.

6 Effect of ENSO on the relation between rainfall and TC
genesis

The effect of ENSO on the relation between rainfall in NA and
TC genesis in the WNP is briefly discussed in this section
although it is not within the main purpose of the present study.
During El Niño episodes, it is well known that the Walker
circulation moves to the east, resulting in an eastward shift in
the major location of TC genesis due to the change of vertical
wind shear and thermodynamic instability that affect TC
activity in the WNP (Chan 1985; Chen et al. 1998).
However, its influences on NA countries such as China,
Korea, and Japan are known to be, at best, moderate (Ho
et al. 2005).

Figure 11 shows the difference in the frequency of TC
geneses and passages between six El Niño and La Niña years.
The figure clearly indicates the eastward shift of the location

 

(a) Positive TCG phase : anomaly (b) Negative TCG phase : anomaly

(c) Positive minus negative

Fig. 8 Same as Fig. 3, but for outgoing longwave radiation (OLR). Shaded areas are significant at the 95 % confidence level. The contour interval is
2 Wm−2. In a, b, dots denote the TC genesis locations (positive phase 17.7° N 142.9° E; negative phase 14.3° N, 137.3° E)
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of genesis during El Niño periods (Fig. 11a). The average
genesis frequency over the WNP during El Niño (13.7) was
smaller than that during La Niña (14.7) although the differ-
ences were only significant at the 90 % confidence level
(Table 2). For the TC passages (Fig. 11b), we found more
frequent passages during El Niño in the most regions of the
WNP except countries (China, Japan, and Korea) in the mid-
latitudes of NA including the East China Sea. Comparisons in
the average rainfall over NA (Table 2) reveal that the rainfall
during El Niño years (5.7 mm/day) was larger than that during
La Niña years (4.3 mm/day) although the differences between
two episodes were only significant at the 90 % confidence
level. These results indicate that the inverse relationship be-
tween TC genesis frequency over the WNP and summer

(a) Meridional circulation

(b) Air temperature

(c) Relative humidity

Fig. 9 Composite differences of latitude–pressure cross section of a
meridional circulations (vectors) and vertical velocity (contours), b air
temperature, and c relative humidity averaged along 100–180° E between
the positive and negative TCG phases for summer. The values of vertical
velocity are multiplied by −100. The thick arrows and shaded areas are
significant at the 90 % confidence level. The contour intervals are
0.2 hPa s−1 for vertical velocity, 0.1 °C for air temperature, and 0.5 %
for relative humidity

(a) Positive TCG phase : anomaly

(b) Negative TCG phase : anomaly

Fig. 10 Anomalies of TC passage number in a the positive TCG phase
and b the negative TCG phase for summer corresponding position of the
5°×5° longitude and latitude grid box. Contour denotes 5,880-gpm line.
A small solid square indicates that the differences are significant at the
95 % confidence level
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rainfall in NA still exists for ENSO years although the relation
is not robust as much as in normal years.

7 Concluding remarks

This study reports an out-of-phase relationship between the
TC genesis number in summer over the subtropical western
Pacific and the amount of rainfall in the mid-latitudes of NA.
That is, the rainfall in the mid-latitudes of NA rises (falls)
when TC genesis number in the WNP decreases (increases).
This result is obtained from the analysis of the CMAP, TC best
track, and NCEP-NCAR reanalysis data during the past
30 years (1980–2009). We first selected five of the highest
positive TC genesis years (positive TCG phase) and five of the
lowest negative TC genesis years (negative TCG phase),
excluding the years of El Niño and La Niña, and we then
analyzed the anomaly of each phase and the difference be-
tween them.

The analysis of 850-hPa streamline showed that in
the positive TCG phase, an anomalous cyclone was
located in the subtropical western Pacific, and thus, an
anomalous cold and dry northeasterly winds were sup-
plied to the mid-latitudes of NA along the northwestern
periphery of the circulation, providing less favorable
conditions for rainfall in Japan, Korea, and China. By
comparison, in the negative TCG phase, a large anom-
alous anticyclone developed over the tropical and sub-
tropical western Pacific, with strong anomalous warm
and humid southwesterly winds in the mid-latitudes of
NA, facilitating rainfall. Similarly, we also confirmed
that other atmospheric conditions in the negative TCG
phase were also more favorable for rainfall formation in
NA than those in the positive TCG phases through the
analysis of 850-hPa AT and RH, the location of
WNPSH, OLR, and average meridional circulation for
longitude 100–180° E. On the other hand, the TCPN
was low in the mid-latitudes of NA during the both
TCG phases although the pattern of TCPN between
the two phases is distinctly different, possibly suggest-
ing that the TCs in that area were not a major factor
making a difference of the total amount of summer
rainfall between the two phases.

Overall results suggest that (i) the amount of summer
rainfall in the mid-latitudes of NA is mainly determined by
atmospheric conditions (dry/humid and warm/cold air inputs)
rather than direct precipitations due to TCs and (ii) a favorable
(adverse) atmospheric condition for TC genesis in the WNP
produces an adverse (favorable) condition for rainfall in the
mid-latitudes of NA. The finding in this work can be used to
estimate summer rainfall in the mid-latitudes of NA, provided
that an accurate seasonal prediction for TC genesis number in
the WNP is accomplished.

(b) TC passage frequency (El Nino minus La Nina)

(a) TC genesis frequency (El Nino minus La Nina)

Fig. 11 Difference in a TC genesis number and b passage number
between El Niño years and La Niña years during summer corresponding
position of the 5°×5° longitude and latitude grid box. Small solid squares
indicate that the differences are significant at the 95 % confidence level

Table 2 Comparisons of rainfall and TC genesis number for El Niño
years and La Niña years during summer

El Nino La Nina

Year Rainfall (mm/day) TC Year Rainfall (mm/day) TC

1982 5.8 13 1985 4.5 14

1986 5.4 11 1988 4.8 18

1987 5.2 14 1998 5.2 9

1991 5.4 15 1999 4.2 16

1997 6.3 14 2000 3.3 16

2002 6.0 15 2005 3.6 15

Average 5.7 13.7 Average 4.3 14.7
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