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In this paper, the impacts of the atmospheric circulation during boreal winter-spring on the western 
North Pacific (WNP) typhoon frequency (WNPTF) are studied. Several new factors in winter-spring in-
fluencing the typhoon frequency were identified, including the sea ice cover in the North Pacific and the 
North Pacific oscillation. Based on these results, the multi-linear regression was applied to establishing 
a new forecast model for the typhoon frequency by using the datasets of 1965̣1999. The forecast 
model shows a high correlation coefficient (0.79) between the model simulated and the actual typhoon 
frequencies in the period of 1965̣1999. The forecast model also exhibits reasonable hindcasts for the 
typhoon frequencies for the years 2000̣2006. Therefore, this work demonstrates that the new pre-
dictors are significant for the prediction of the interannual variability of the WNPTF, which could be 
potentially used in the operational seasonal forecast of the typhoon frequency in the WNP to get a more 
physically based operational prediction model and higher forecast skill.   

predictors, the western North Pacific typhoon frequency, forecast model 

1  Introduction 

The western North Pacific (WNP) is a region with fre-
quent typhoon genesis through out a year, with concen-
trated typhoon genesis in June-July-August-September 
October (JJASO). It has long been recognized in China 
that the typhoon genesis is closely associated with the 
large-scale atmospheric circulation and the sea surface 
temperature (SST) conditions. Many works have been 
done in the case studies of the typhoon activities and the 
related atmospheric circulation. 

Chen [1] invested the relationship between the typhoon 
track and the middle and high latitudes atmospheric cir-
culation. Xu et al.[2]  indicated that the transition of the 
flow pattern in the whole troposphere in the tropical 
western Pacific from a zonal pattern to a meridional 
pattern is usually associated with higher typhoon 
strength and frequency. Fang[3] studied the connection 
between the cloud types and the environmental flow 
pattern of upper troposphere during the genesis and de-
velopment of typhoon. While Ding et al.[4] compared the 

differences of the atmospheric circulation in both the 
tropics and the middle and high latitudes between the 
high and low typhoon frequency years over west North 
Pacific .  

In addition, Chinese meteorologists also noted the 
potential relationships between the Southern Hemi-
sphere (SH) atmospheric circulation and the East Asian 
climate and typhoon frequencies[5̣15]. They indicated 
that typhoon genesis is usually associated with merid-
ional flow patterns in SH, frequent cold surges in Aus-
tralia, strong cross-equatorial flow, and the associated 
intensification of the convergence zone. Researches also 
revealed that the SST anomalies in the tropical eastern 
Pacific could affect the typhoon frequencies, via affect-
ing the zonal circulation of the tropical Pacific and the 
convergence zone[16̣20]. At the same time, there are also 
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many studies outside China on the typhoon frequency 
and its variability. Among these, much of the studies 
were focused on the ENSO effects. In addition, Cray[21] 
and Chan[22] found the impacts of the quasi-biennial os-
cillation (QBO) in the stratosphere on the typhoon fre-
quency.  

For the operational purpose, it is important to develop 
a statistical forecasting tool to predict the typhoon activ-
ity[23,24]. Chan et al.[25] established the statistical models 
for the seasonal forecast of tropical cyclone activity over 
the WNP. The predictors that have been identified in-
clude the indices representing the El Niño-Southern Os-
cillation phenomenon and the environmental conditions 
over East Asia and the WNP from April of the previous 
year to March of the current year. However, their model 
predictions failed in 1997 and in 1998 during which a 
warm and a cold event of El-Niño-Southern Oscillation 
(ENSO) occurred, respectively. After that, Chan et al.[26] 
identified new predictors including Southern Oscillation 
index, strengthen of Australian monsoon and intensity of 
subtropical high in the south Pacific to improve the sta-
tistical model. However, seeking of the new predictors 
and improvement of the typhoon activity forecast are of 
extremely important and urgent, since the disasters 
caused by typhoon have been increasing recently in 
many countries like China. 

 Recently, Wang et al.[27] documented the relationship 
between the North Pacific oscillation NPO in JJAS 
(positive phase of NPO denotes a weakened Aleutian 
Low and the North Pacific High) and the annual WNP 
typhoon frequency as well as the annual tropical Atlantic 
hurricane frequency. They also proposed plausible 
mechanisms for the impact of NPO on the typhoon fre-
quency over WNP. Fan [28] revealed the negative correla-
tion between the winter-spring North Pacific sea ice 
cover and the WNP typhoon frequency and discussed 
the possible mechanism. Thus, NPO and sea ice cover 
over the North Pacific in boreal winter-spring are two 
new potential predictors for interannual variability of 
annual typhoon frequency over WNP. It is also worth 
mentioning that Wang et al.[29] made a first seasonal 
experimental prediction of the typhoon frequency over 
WNP by using the numerical climate model based on 
their previous studies. 

Therefore, this paper will discuss the impacts of the 
winter-spring atmospheric circulation on the annual 
WNP typhoon frequency, identify new predictors in-
cluding NPO and sea ice cover over the North Pacific 

and other circulation indexes in winter-spring, and try to 
establish a new seasonal prediction model of the ty-
phoon frequency over WNP. Such model should also be 
suitable for the operational use. Combined with the 
GCM-based numerical prediction approach, the pre-
dicted model could provide a better forecast with higher 
prediction skill.  

2  Datasets 

The WNP typhoon frequency (WNPTF) is defined as the 
numbers of the typhoons in a year. The typhoon is iden-
tified by the criteria of the maximum winds larger than 
74 m/h (miles per hour) or 119.1 km/h. The region of 
WNP includes the South China Sea. The dataset is ob-
tained from the Joint Typhoon Warning Center (JTWC). 
The Hadley 1°×1° resolution monthly sea ice extent 
dataset is also employed. We also make the use of the 
National Center for Environmental Prediction (NCEP) 
and the National Center for Atmospheric Research 
(NCAR) monthly atmospheric reanalysis with the resolu-
tion of 2.5°×2.5°. The length of the datasets is 43 years 
covering 1964̣2006. The NINO34 index is defined as 
the mean SST anomaly over the region of 120°Ẉ

170°W, 5°Ṣ5°N. Following Fan[28], the North Pacific 
sea ice occupation index is defined as the mean sea ice 
extent over the North Pacific. All the time series have 
been detrended before the analysis. The winter mean de-
notes December-January-February (DJF) mean and spring 
average denotes the March-April-May (MAM) average. 

3  The new predictors from the winter- 
spring atmospheric circulation and the 
typhoon frequency over WNP 

In this section, we will try to identify several new pre-
dictors based on the previous studies mentioned above 
and the analysis of the boreal winter-spring atmospheric 
circulation which will be described in the following.  

Figure 1 depicts the correlation coefficient between 
WNPTF and 850 hPa geopotential height in DJF and the 
correlation coefficient between WNPTF and SLP in 
MAM. We find that the significant positive correlation 
coefficients are located at high latitudes over the North 
Pacific. The negative correlation coefficients are located 
in the low-middle latitudes over the North Pacific, and 
the low-middle latitudes in SH. The variability in 
low-middle latitudes of SH are related to Australian 
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monsoon activity. The positive phase of NPO is clearly 
exhibited in Figure 1. (NPO can be defined as the nor-
malized SLP difference between the point (65°N, 175°E) 
and the point (25°N, 165°E)). The spring NPO is corre-
lated with WNPTF at 0.49, significant at 99% significant 
level, indicating that spring NPO is an important factor 
for WNPTF. The physical nature of the NPO-typhoon 
linkage, according to the recent study by Wang et al. [27] , 
may be illustrated through changes of the westerly jet in 
the middle latitudes Pacific at upper level (then resulting 
in variation of the vertical zonal wind shear). Therefore, 
based on their study and the analysis here, NPO in 
spring may be used as a new predictor for WNPTF. 

 
Figure 1  The correlation coefficients between WNPTF and 850 hPa 
geopotential height in DJF (a) and the sea-level pressure in MAM (b) 
during 1965̣1999. Shaded areas indicate significant correlation coeffi-
cients at 95% level, estimated by a local Student’s t-test.  

 
Another new predictor for WNPTF is the sea ice area 

in North Pacific in winter-spring as indicated in Fan[28]. 
It is found that the index for the sea ice area in the North 
Pacific both in DJF and MAM have out-of-phase rela-
tionship with WNPTF during 1965̣2004, with correla-
tion coefficients of �0.42 and �0.49 (above 99% sig-
nificant level). Large sea ice areas over the North Pacific 
in DJF and MAM tend to decrease WNPTF. They re-
vealed that positive sea ice (MAM) anomaly over the 

North Pacific is associated with the tropical circulation 
and SST anomaly over WNP that may lead to unfavor-
able dynamic and thermal conditions for typhoon gene-
sis in JJASO. Therefore, the index of sea ice cover over 
the North Pacific in DJF and in MAM should be consid-
ered in the formation of the seasonal forecast model for 
WNPTF. 

The correlation coefficients between WNPTF and 
1000 hPa air temperature in DJF are depicted (Figure 
not shown), showing the significant positive correlation 
at high latitudes over the North Pacific and significant 
negative correlation over WNP, tropical western Pacific 
as well as the low latitudes in SH. East Asia is also a 
region with negative correlation coefficients. This result 
demonstrates that the East Asia cold air activity and the 
cold surge in the South China Sea region are favorable 
to the typhoon genesis. Li et al.[30] suggest that persistent 
East Asia cold air activity favors the intensification of 
the convective activity and the zonal winds over the 
western Pacific, which is favorable to the ENSO occur-
rence, consequently, the ENSO occurrence is usually 
followed by more typhoon geneses. Therefore, the cold 
air activity over the western Pacific at low latitudes 
maybe selected as another key predictor for the WNPTF.  

As has been noted before, the negative SST anomaly 
in the tropical eastern Pacific is favorable to the typhoon 
genesis, and vice versa[10,12,14]. Hence, we use the SST as 
a predictor as well. Now, we consider the impact of the 
vorticity in low troposphere on WNPTF. The correlation 
coefficients between WNPTF and the 850 hPa vorticity 
fields in MAM and JJASO are analyzed. The tropical 
western Pacific (5°Ṇ20°N) is a region with significant 
positive coefficients during both the spring case and 
JJASO case. This means that the influences of the vor-
ticity in the tropical western Pacific on the WNPTF are 
persistent from MAM to JJASO due to the low fre-
quency oscillation. Thus, we consider the vorticity in 
MAM at 850 hPa as another key dynamic predictor for 
the typhoon frequency.  

The magnitude of the vertical zonal wind shear 
(MWS) is an important dynamic factor related to 
WNPTF[22,23]. The MWS is defined as the absolute value 
of the zonal wind difference between 200 hPa and 850 
hPa. The MWS both in MAM and JJASO cases are ana-
lyzed. The WNP is a region with weak MWS in clima-
tology in JJASO, the major typhoon genesis season. The 
MWS over WNP and WNPTF have negative correlation 
coefficient from MAM to JJASO due to the low fre-
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quency oscillation. Therefore, the MWS of MAM in 
WNP is a very important predicitor for the interannual 
variability of the typhoon frequency (see Figure 2(b)). 

Based on the above analysis, new predictors for 
WNPTF are identified including the NPO of MAM, the 
index of sea ice area over North Pacific both in DJF at in 
MAM. Based on the previous researches, the other pre-
dictors including the 850 hPa geopotential height fields 
of DJF in the high latitudes and low latitudes of the 
North Pacific, as well as the low latitudes of the southern 
Pacific (which is associated with the Australian mon-
soon), the air temperature at low latitudes in both 
Hemispheres at 1000 hPa in DJF representing the cold 
air activity; the index Niño 34 in DJF, the vorticity over 
WNP at 850 hPa in MAM, and the MWS over WNP in 
MAM as well.  

 
Figure 2  The correlation coefficients between WNPTF and 850 hPa 
vorticity (a) and the magnitude of zonal wind shear between 200 hPa and 
850 hPa (b). 

4  Discussion on the possible mecha-
nisms and the case study 

Wang et al.[27] revealed that the variability of NPO in 
JJAS is concurrent with the changes of the magnitude of 
vertical zonal wind shear, sea-level pressure patterns, as 
well as the sea surface temperature, which are physically 

associated with the typhoons and hurricanes genesis. In 
their research, the NPO-associated atmospheric circula-
tion variability is analyzed to explain how NPO is linked 
with variability of the tropical atmospheric circulation in 
the western Pacific and the tropical Atlantic, via the at-
mospheric teleconnection patterns. Besides, the NPO 
anomaly is connected to the change of the westerly jet at 
upper level which is associated with the MWS change in 
the tropical western Pacific. In our work, it is found that 
NPO of MAM has significant impact on WNPTF as well. 
The correlation coefficients between the NPO and SLP 
in MAM as well as in JJAS are plotted in Figure 3(a) 
and (b), respectively, in which the linear regressions on 
SOI have been removed so as to remove linearly the 
possible impacts of ENSO on the typhoon frequency. 
Figure 3 shows that NPO is a new predictor of WNPTF. 

 
Figure 3  The correlation coefficients between NPO in MAM and the 
sea-level pressure in MAM (a) and in JJAS (b) during 1965̣1999. 
Shaded areas indicate significant correlation coefficients at 95% level, 
estimated by a local student-t test. The linear regressions on the SOI have 
been removed before the plotting. 
 

Fan[28] studied how the sea ice cover over the North 
Pacific both in DJF and MAM is connected with the 
tropical atmospheric condition related to the typhoon 
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activity in the interannual variability. It shows that the 
variability of the atmospheric circulation over the North 
Pacific, associated with the sea ice area index anomaly 
in MAM, is connected to the tropical atmospheric circu-
lation variability in MAM via the teleconnection wave 
train (see Figure 4) and then to the WNPTF in JJAS due 
to good seasonal persistency of tropical circulations.  

 
Figure 4  The correlation coefficients between SLP at grid point (65°N, 
170°E) and zonal wind at 200 hPa in MAM, with shading areas as Figure 
1. The black line indicates the teleconnection train.  

 
To further illustrate the relationship between the new 

predictors and WNPTF, the years 1997 and 1998 are 
selected to make a case study. There are more (less) than 
normal WNPTF and less (more) than normal sea ice 
cover over the Pacific in 1997 (1998). The differences of 
the circulation between 1997 and 1998 are analyzed. 
The positive NPO anomalous pattern in MAM can be 
seen in Figure 5(a), with positive SLP anomalies at the 
high latitude over the Pacific and negative SLP anoma-
lies at subtropical WNP. Figure 5(a) is consistent with 
Figure 3.  

Our previous studies suggested that sea ice over Pa-
cific Ocean in MAM is linked with the tropical circula-
tion over WNP via the NPO or the teleconnection pat-
tern (see Figure 4). The teleconnection pattern between 
the high latitudes and low latitudes is remarkable in 
Figure 5(b), which is similar to Figure 4. Thus, Figure 
5(b) supports our conclusions. Figure 5(c) shows that the 
tropical WNP has much better seasonal persistency, in 
which the easterly wind anomaly still prevailes. We also 
analyzed the difference of vorticity at 850 hPa between 
1997 and 1998 (Figure not shown). The positive vortic-
ity anomalies at 850 hPa in tropical WNP are remarkable 
from MAM to JJASO which is favorable to the WNPTF 
genesis (Figure not shown). Therefore, the case study on 
the typical years well demonstrates our previous results, 
indicating that the new predictors found in this study are 
physically based important predictors. 

 
Figure 5  The differences between 1997 and 1998 for (a) sea level pres-
sure in MAM, (b) the zonal wind at 200 hPa in MAM (in m/s), and (c) the 
zonal wind at 200 hPa in JJAS (in m/s). 

5  The Seasonal Forecast Model for the 
WNPTF 

Through the analysis above, the major factors that have 
significant impacts on the WNPTF have been analyzed 
and selected. Since all these factors are for the winter or 
spring season, they have important implication for the 
seasonal forecast of the WNPTF. Therefore, the 
multi-factor linear regression method is used for the 
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formation of the forecast model of WNPTF. Nine factors 
(including the newly identified predictors in this re-
search) have been used in the regression process to build 
a new prediction model, and they are: X1 is NPO index 
in MAM, X2 area mean geopotential height in the region 
of ˄30°Ṣ20°N 9̍0°Ẹ180°E  ˅ in DJF representing 
the circulation of North Pacific and the Southern Hemi-
sphere, X3 area mean geopotential height in the region of 
(50°Ṇ60°N, 180°Ẹ140°W) in DJF representing the 
circulation of North Pacific at high latitudes, X4 area 
mean 1000 hPa air temperature in the region of (20°Ṣ
20°N, 100°Ẹ140°E) in DJF representing the cold ac-
tivity at low latitudes in both hemispheres, X5 Niño34 
index in DJF, X6 North Pacific sea ice cover (averaged 
over North Pacific) index in DJF, X7 North Pacific sea 
ice extent index in MAM, X8 area mean vorticity at 850 
hPa in the region of (5S°̣15°N, 130°Ẹ145°E) in 
MAM, X9 area mean MWS in the region of (5°̣15°N, 
140°Ẹ160°E) in MAM. Let y stand for the typhoon 
frequency over WNP. The correlation coefficients be-
tween WNPTF and these predictors are shown in Table 1, 
which are all significant above 95% level. Therefore, we 
get the following forecast model through the regression 
analysis: 

1 2 3 4

6 7 8 9

0.08 0.05 0.08 0.21 0.08
     0.11 0.29 0.14 0.3 .
y x x x x

x x x x
 � � � �

� � � �
5x
 

 

Table 1  The correlation coefficients between the WNPTF and each 
predictors For the periods of 1965̣1999 

 X1 X2 X3 X4 X5 X6 X7 X8 X8 

WNPTF 0.48 �0.49 0.51 �0.50 �0.44 �0.4 �0.48 �0.48 �0.63
 

The correlation coefficient is 0.79 between the mod-
eled typhoon frequency y and the actual WNPTF for the 
period of 1965̣1999. The coefficient for each item is 
very close to the respective correlation coefficient, ex-
cept the Niño34 index in DJF. This implies that the im-
pact of SST in the central and eastern equatorial Pacific 
in DJF on the typhoon activity is very complex, and 
there may be nonlinear relationships among the nine 
factors. Figure 6 shows the temporal variations of the 
actual WNPTF and the model simulated y, indicating a 
good agreement. The model can capture well the vari-
ability of WNPTF in 1997 and in 1998, during which a 
warm and a cold event of El Niño-Southern Oscillation 
(ENSO) occurred respectively. It also demonstrates the 
accuracy of the model established and indicates each of 
predictors in model has physical reasoning. 

 
Figure 6  The time series for actual WNPTF (solid line) and the model 
simulated (dashed line) and predicted WNPTF (dashed line). The model 
simulated WNPTF is for the period of 1965̣1999, and the forecasted 
WNPTF is for the period of 2000̣2006. 

6  The validation of the forecast model 

By using the new model, we made the hindcasts of the 
WNPTF for the years of 2000̣2006, in order to make a 
preliminary validation of the model. The results are also 
depicted in Figure 6. It can be seen that the hindcast re-
sults are consistent with the actual typhoon numbers for 
the years 2000̣2006. The model predicted (actual) 
typhoon numbers for the years 2000̣2006 are 15.7(15), 
16.6(20), 17.8(16), 16.6(17), 19.7(21), 19(16), 17.6(15). 
The hindcast results are reasonable both qualitatively 
and quantitatively. Therefore, the model has a reason-
able skill in forecasting the typhoon frequency, and can 
be potentially used in the operational forecast of the ty-
phoon frequency in the future. 

7  Conclusions 

Major WNP typhoon activities happen in JJASO. 
Therefore, the study of the effects of the atmospheric 
circulation in winter-spring on the typhoon frequency is 
crucial for establishing the forecast model of the ty-
phoon frequency. In this research, we tried to detect new 
predictors of the typhoon frequency, based on the analy-
sis of the atmospheric circulation associated with the 
typhoon genesis. Then we established a new prediction 
model for the typhoon frequency, by using the NPO in-
dex, the index of sea ice area over the Pacific in DJF and 
MAM, the area mean geopotential height in the region 
of (30°Ṣ20°N, 90°Ẹ180°E), the area mean geopo-
tential height in the region of (50°Ṇ60°N, 180°Ẹ�

140°W), the area mean 1000 hPa air temperature in the 

1422 FAN Ke Sci China Ser D-Earth Sci | Sep. 2007 | vol. 50 | no. 9 | 1417-1423 



 

region of (20°Ṣ20°N, 100°Ẹ140°E), Niño34 index, 
the area mean 850 hPa vorticity in the region of (5S°̣
15°N, 130°Ẹ145°E), as well as the area mean MWS 
in the region of (5°̣15°N, 140°Ẹ160°E) as key pre-
dictors. Some of the predictors are newly identified in 
this research. Each of the factors in the established 
model has not only a significant correlation with the 
typhoon frequency over WNP but also a physical basis.  

The new model shows a reasonable skill for the pe-

riod of 1965̣1999, including the variability of typhoon 
frequencies over WNP in 1997 and 1998 (some previous 
models have failed in the prediction for these two spe-
cial years). The model provides a reasonable hindcast of 
the WNPTF for the years of 1965̣2006. However, the 
validation of the model by more challenging cases needs 
to be done. We should also try to improve the model in 
future works by considering other factors that are 
physically important for the typhoon genesis.
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