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Prediction of the number of Tropicd Cyclones
over Wesern North Padfic in TC season

Keon Tae Sohn', Changkon Hong?, H. Joe Kwon® and Jung Kyu Park’

Abdract

This paper presants the seasond forecadting of the occurrence of tropica cyclone (TC)
ove Wesern North Pecific (WNP) using the generalized linear model (GLM) and dynamic
liner model (DLM) based on 51-year-data (1951-2001) in TC season (dune to November).
The numbers of TC and TY ae predictands and 16 indices (the El Nind Southern
Oxcillation, the synoptic factors ove East eda and WNP) ae consdeed as potential
predictors. With 30-year moving windowing, the estimaion and prediction of TC and TY
ae peformed usng GLM. If GLM forecasts have some systematic eror like a bias, DLM
is gpplied to remove the sysematic error in order to improve the accuracy of prediction.

1 Introduction

In order to reduce the damage from typhoons the improvement on the accurate prediction
of inforamtion about the typhoons is an important target. Mgor targets of forecasting are (1)
typhoon track, (2) typhoon intensity and (3) typhoon activity. Sohn et d. (2001) goplied
dynamic linear modd (DLM) to forecast typhoon tracks. Ther DLM uses the numericad modd
forecasts and obsarvsations as inputs. If numericd mode forecasts have some systematic error
like a bias, it should be the first ep to remove the sysemdic eror in order to improve the
accurecy of prediction. In this case DLM may be ussful. During the last two decades the
forecadting techniques on TC activity have been devdoped by many authors; Gray et d. (1993,
1994) have repoted the prediction of TC activity in Atlantic usng multiple linear regression
modds. e and Schmertamann (1993) goplied generdiized liner model (GLM) for Atlantic
hurricanes. Chan & a. (1998) and Sohn et d. (2002) considered a prgection pursuit regresson
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(PPR) for TC activity over WNP.

This pape concentrates on the prediction of occurrence of the tropicd cyclone (TC;
tropicd sorm and typhoon) activity in TC season (Jume to November) over the Western North
Pacific (WNP) based on 51 years daa (1951-2001). The number of TC and TY ae
predictands and 16 indices (the Bl Nind/ Southern Oscillation, the synoptic factors over East asia
and WNP) are condidered as potentid predictors. For the prediction, two ddisticd modds are
applied; GLM with log link (thet is, Poisson regresson) and DLM.

2. Data usd for our study

2.1 Predictands

This paper invedtigates the prediction of the number of TC and TY in TC season (dune to
November). The data st of monthly numbers of TC and TY over the WNP during 51 years
(1951-2001) is used for the sudy. Every predictand are the cumulative number of TC season
each year and their vdues are dbtained from RSMIC, Tokyo. Chan and Shi (1996) has shown
tha annud TC activity over the WNP for the 30 years (1965-1994) has a long-term trend and
short-term fluctuations with periods of 2 and 7 year. But the number of TC over the WNP for
the 51year (1951-2001) has the autocorrdation with lag 9 according to autocorrelation check.
And the number of TC has no dgnificant autocorrestion.
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Fig. 1 Time series plots of the number of TC and TY in TC season

2.2 Potentid Predictors

In order to choose the potentid predictars, Chan et ad. (1998) and rdated pgpas ae
referred. 16 indices ae consdered as potentid predictors (Teble 1). These vaues of predictors
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ae ootaned from Korea Meteorologicd Adminigration (KMA) and NCERNCAR reandyss
data. Every index has two vdues for each year: (1) the average during period June to
November of the previous year and (2) the average during period January to March of the
current year.

Table 1 Potentid predictars
Predictors
ENSO SOI, NINO4, NINO3, NINO1+2, NINO West
North Pecific High Index (Average of ZA, 10N-30N, J40E-140W)
Augrdian Monsoon Giraulation Index(Average of 850V, 5S-20S, J40E-170E)
Cross Equatorid How Index(Average of 850V, 5S-15N, J40E-170E)
Synoptic BO Index(Quasi-Biennid Cillation, 10, 20, 30, 50 hPg)
factors India-Burma Trough Index
Tibetan High Index
Western Pedific Pettern Index
SH mean 9P anomdy (5S35S, 180W- 150W/(150W- 120W))

3. Sdidicd Modds

Two datisticd modds, GLM and DLM, are conddered to predict the number of TC and
TY. Because the number of TC and TY is smdl and nonnegative integer, the GLM with log
link, cdled Poisson reyesson modd, may be useful. With moving 30-yer windowing, the
edimation and forecagting is peformed. For example, in order to forecast the number of TC
and TY in 1981, two step procedure is needed; (1) the edimatation of the Poisson regression
modd is paformed based on the previous 30-year data (1951 to 1980) and (2) the forecasts in
1981 ae gengated using the esimaed modds. For year 1982 to 2002, the same procedures
are repegted. If GLM forecads have some sysematic erar like a bias, DLM is goplied to
remove the sysemdic erar.

3.1 Poisson Regresson Modd

It is wdl known tha the Poisson didribution is preferred to the norma digribution when
reponses have nonnegative integer vaues like TC occurrence. When vy, Y,, -+, Y, ae

independent Poisson rnadom  variables and  ( xi;, X, -+, Xy ), 1= 1,2,---,n, &e vaues of
regressors, the Poisson regresson modd is given by

logpui = [ + _ilﬂjxij whee ;= E(Y;),i= 1,2,--,n.
i<



12 Keon Tae Sohn, Changkon Hong, H. Joe Kwon, Jung Kyu Park

3.2 Dynamic Liner Modd

Snce three decades, DLM as a Bayesan forecadting technique has been devedoped by
many authors induding West and Harison (1997). The procedures of DLMs ae essntidly
equivdent to those of the Kdman fitering( Kdman, 1960, 1963) in the norma DLMs with
known eror variances. Sohn et d. (2001) used the DLM for the mid-term prediction of daily
max/'min temperaures. Using numericdl modd forecasts and obsarvaions as inputs, the
paanges in DLM can move dynamicdly and then DLM has a charaerigtics diminating the
sysemdic erar. DLM with a prior digribution of eror vaiance condgts of two eguaions; the
gate eguation and the output equaion as fadlows:

£1= Fi 8+ vy, vi~N(0,V) ( output equation )
t

= 011t wy, wy~ T, (0, W) ( state equation)
n NS
651D6 ~ To(Mo, Co) . VDo~ 1G(—, —5)

whae Y, is an dosavaion & time t, F, is a input vectar (1, GLM forecasts and the
previous obsarvations), 4, is the coefficient vector changed dynamicdly, the output eror v,

has the univariae normd didribution with mean 0 and vaiance Vv which has an invase
gamma digribution 1G(«, 8) , the innovaion error w, has the multivariate T digribution with

mean vector 0 and covariance matrix W, v, and w, are independent to each other. m, and
C, ae the mean vectar and covariance matrix of 4, resectively.

4. Reallts

The forecadting draegy conssts of three step: [Sep 1] the edtimation and prediction of
the nembe of TC and TY ae paformed usng GLM and forward varicble sdection. [Sep 2]
Check whether GLM forecadts have some systemdtic eror or not. [Sep 3] If they have some
sysemdic eror, DLM is goplied to remove the systematic eror.

4.1 Prediction of the number of TC

Fig. 2 is the time series plot of forecasting eror of GLM forecests for TC. Average of
Forecagting arors is 0.005 and we decided that there is no dgnificant systematic eror in GLM
forecagts for TC. Fig. 3 shows the two time series plots of GLM forecasts and observations
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for TC. The corddion coefficient of TC and GLM forecasts is 0.574 and the root meen
square of forecadting erars is 3.78. The forecast far number of TC in TC season in 2002 is
223
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Fig. 2. Time series plot of forecasting erors of TC
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Fig. 3. Time sies plots of GLM forecasts and observation for TC

42 Prediction of the number of TY

Fig. 4 is the time saies plot of forecasing erar of GLM forecasts for TY. Because
GLM forecadts indine to underestimate the number of TY and the average of GLM forecadting
eras is -2.25, we decided to goply DLM with GLM forecasts and obsarvations as inputs. Fig.
5 dhows the reaults of DLM. Average of DLM forecasting eror is -0.68 and the corrdation
coefficient of TY and DLM forecadts is 0.704. The square root of the meen square of GLM
forecaging erors is 3.344 and tha of DLM forecasting erors is 2701 The forecast for
number of TY in TC season in 2002 is 11.8.
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Fig. 4. Time series plot of forecesting errors of TY
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Fig. 5. Time sies plots of GLM forecasts, DLM forecasts and observaion for TY

5. Concluding Remarks

This paper presents ddidicd forecagts for the number of TC and TY ove the WNP
based on 5l-year-data (1951-2001) using GLM and DLM. The numbes of TC and TY during
TC season in 2002 is expected to be nomd. In order to improve the accuracy of prediction
we think that the reandyss of potentid predictors is need based on the dimatdogica concegpts
and the long-term prediction numericd modd forecasts should be used as additiond inputs. As
a further work, the prediction of the numbers of TC and TY in Watch area, Emeagency area
and Direct effect area will be performed.
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