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1. INTRODUCTION

One of the objective techniques commonly used in tropical
eyclons movement forecasting is that bamed on climatelegy. Hawever,
climatology is often represented in different waym in different forecast
cantres. In the Royal Observaiory, Hong Kong (Bell 1962, WMC 1982), it
is repreaented by the climatologicaul modal direction of movement and
mean speed computed by Chin {(1958) while in the Philippinea, the mean
climatological displacement im uged in deriving regressgion equations for
forecasting (Amadore and de la Cruz 1980). As pointed out by Chin (1976},
the performance of technigues employing the medal direction would depend
on the statistical behaviour of storms in variocus aress. Performance is
likely to be infarior in areas where the medal direction has a low frequency
of ocourrence. Low medal frequencies are cbserved over many areas in Any
month on climatological charta (Chin 1958, Wycmura and Miyazawa 1980).
Similar problems will arise in uaing the mean displacement, Cheng (1982}
therefors attempted to tackle tha prodblem by reprementing climaiology in
a different way. A climatological average direction of movement waa
computed for each of six eectors for sach area. In cperational {orscasting,
a choice will be made depsnding on the observed direction of movemsnt
during the past 12 bours, Thip wae fourd to produce satisfactory resultn
for September sterme in 1961 to 1950.

In the prasent study, another approach is adopted with a view
to finding out how climatology may be applied to Ipdicate and prediect a
change in the current dirsction of movemsnt of a tropical cyolope. Instead
of amsuming that a troplcal cyclone will meve in the same direction and
with the same ppesd as most of the paat storms which cccurred in the aame
locality and at the same time of the year regardleas of its current and
past movementa, the effect of the climatologieal influence is aupposed o
deflect a storm from its preasent track towards a climatological average
direction., The amount of deflaction will depsnd on the current direction
of ‘movemant and the season. The results of svaluating the magnituds of
the deflactions based on data from 1884 to 1980 are presented in thia
report, Verification results of movement forecasts using thim appreach
are almo presented.



2, CCMPUTATION OF THE CLIMATOLOGICAL DEFLECTION

Six-hourly tropical oyclone positions for tga pgriod 1554-1gan
were uged in preparing the climeatology for the area 5 =-30°NW, 105 -150°E
for the pugpose of the present study. Slow-moving storma (apeed of
movement during the past 12 hours sgqual to or less than 5 km/h} or storma
exhibiting looping tracks (doing a clomed loop within 48 hours with either
the latitudinal or lengitudinal width of the loop less than 2 degrees
latitude) were deleted from the data set, The data were stratified in
the following way i

(a) by area into 5°squares,

{b) by month tut grouping January to April together, and

(e} by the past 12-hour direction of movement with
Group 1 containing all northward {350°-020%) woving storus,
Group 2 northeastward (020°+060°) storums,

Group 3 eastward {Gﬁﬂ“—llﬂﬂ) atorms,

southwestward (210°-260°) storma,

3

Group 4 southeastward and scuthward (110°-210°} etorme,
Group 5
6

Group 6 westward (260°-290%) atorua,

Group 7 northwestward (290°-320°) storms, and
Group B north-northwestward (320°-350°) atorma,

The bourdary valuea of the eight direction groups have beesn
chngen to sneure that the number of data points in each group is
reapsonably large and the climatology compuied more reprezentative,

By comparing the subeequent 24-hour movement with the past 12-hour
movement, the angular defleétion in track and the changes in speed of movement
wers copputed. As illuatruted in Figure 1, the dsflection vector is defined
to ba the vector difference between the subasquent 24-hour movement vacior
and the 24=hour perslatence vecter projected from the past 12 hour movement,
For each of the 3240 atratifiesd data sets {8 groupa x 9 periods x 45 areas),
the means of the angular deflectionas and changes irn speed were calculated,
The anglam of the deflection vectors az measured from the north end their
lengths were almc averaged. The standard deviation of the daflection
veetora gives an indication of the pread of the data points around the
mean 24=hour positlion projected from persistence. The results of the above
calculations are presented in Tables 1 to 36.



3., THE PROPOSED FERSISTENCE-DEFLECTION FORECASTING SCHEMES

Peraiatence, extrapclated from the past 12-hour movemant, was
combined with different proportions of the climatclogy computed above to
arrive at a 24=hour foracasgt, 48-hour forecast waa then made ueing the
computed 24=hour forecaat and similarly the 72-hour foreesst was hade using
the computed 48-hour forscast. The schemes applied were descrided below,

{(a) Tha weighted scalar deflection scheme {FP+WSD)

Forecast direction of movement = Directicn of movement
during past 12 hours + scalar angular defleotlon x
welght

Porecast mpeed of movenent = Speed of movement during past
12 hours + climatologlical average change in speed x
welght

Using the same welght for both the forecast direction
and forecagt apeed of movement, the acheme was tested with
welghts of 1,0, 0.75, 0.5, 0.25, and O, With a weight of O,
the method would te squivalent to simples persliatence, 1.0 would
be similar to pure climatology while 0.5 would be similar to
tui closer to persistence than #{P+C}.

(b) The weighted vector deflection scheme (F+WVD)

Tha ¢limatelogical deflection vectur was resclved
ints the latitudinal and baglitudinal components, and

Forecast latitudinal {longitudinal) displacement =
latitudinal (lengitudinal) displacement during past
12 hours x 2 + climatological latitudinal {longitudinal}
deflection 2z weight

The same weights as the (P+WSD)} schemes were tried.



4, FERFOEMANCE (F TEZ FORECASTING SCHEMES

The performance of the proposed forecasting schemes in 24=-, 48-
apd 72-hour forecasts was tested with best track data for 1981 to 1988,

(a) 24-hour forecasis

Pables 37 and 34 list the digplacement errora of Z4-howr
forecasta gtratified by month and by meovemsnt sespectively, It
can be seen that (P+WSD) performed generally better than {P+WVD)
and the best scheme is (P+3}5D)., However, {P+0SD), l.a, persistence,
worked best in January to April, June and Augumt. (T+48D) parformed
better for northward, acutheastward and gouthweatward moving stormes
{P+2¥D) for northeastward storms and (P+£VD)} for eastward atorms,

Table 39 shows diaplacemsnt errors of 24-hour forecaste
made with the (P+2SD) method and gtratified by ares,

Hegults of varification of forecagsts made from 1981 1o
1985 with the vparational cbjlective forscast methods employed
in the Royal Observatory ism presented in Table 46 to compare with
the performance of (P+33D), It showe that (P+3SD) iz superior
to the others in the me=an, However 1t muat be noted that
operational data were used in the Hoyal Cteervatory cperatlonal
forecasts,

{p) 48-hour forecaste

Similar to the cape of 24=hour forecasts, diffarent
schemag perforped differently in dlfferent months ard for storms
moxing in different directions, Tablea 40 te 42 show that on the
whole the {P+&SD)} scheme ip better than the other persiatence=
deflection schemas and alac the ebjective methoda liated In
Table 45.

{c}) T2~-hour forecasts

From Tables 43 to 46, it can bs aeen that {P+&SD) is
alae the best among all the available meXhode.

{d) Modification of the 72~hour forecasting scheme

In view of the better performance of (P+:SD) in 24=hour
forecasts but (P+45D) for 48— and T2-hour forecasts, a medification
wag introduced inte the forecasting achems. {P+:5D) was applied
for 24 heura and then replaced by (P+25D) for the next 48 hours.
However, thia cholce of different welghts for different forecast
periodsy did not runuls in reduction in forecast errcrs (Tatles
40, 41, 43, 44 and 46).



5. BSCME CASE STUDIES

The performance of the (P+38D) method was further tested through
four case studies. The 4 troplcal cyclones mtudied were those lying within
the area of responsibility of the Reyal Obeervatory for issuing warninga
for shipping. The same 4 iroplcal cyclonee were in fact pelscted as
targat tropical oyclones during the 1981 Pre—Evperiment and 1982 Fipat
Operational Experiment of the WMQ/ESCAF Typhoon Qperational Experiment
{TOFEX) (World Metsorclogical Organization 1981, 1983),

In sach case, 24 hour forecasts were made with #(P+C) and {P+3SD)
using eet track data. The best tracks and forecast positions of the 4
tropleal oyelones are shown in Fig., 2 to 5, VYerification reaults given in
Table 47 reaveal the fellowlng charzcteriatice :

(a}) (P+iSD) gave amaller mean erzors than #(F+C),

(b) {P+1SD),being closer to peralatence than #{P+C}, responds
quicker to change in direction of movement,

(c) Comparing with (P+}SD), #{FP+C} tends to show a bias to the
wagt for storme not moving with a large wesatward component,
such as Royg (8113) and Cecil (8211),

(d) Although the climatology in the present project was developed
for storma moving at speeds greater than ¢ km/h, {F+iSD)
worked satisfactorily on the rather slow moving Cecil (8211},

(a) At the time when a storm takes a gharp turn in the truck,
such as Roy (8113), (P+%5D) will give large forecast errora.



&, CONCLUSIONS

The presant study aima at demonetrating another way of using
climatolegy in tropical cyclone movement forscasting. A rumber of
forecamting achemes uaing climatological deflecticns have been tested.
Results of verification with 1981 to 1985 data indicated that the (P+28D)
worked most satisfactorily for 24-heur forecasts while (P+43D) gave
smaller forecast errors comparsd with {P+}SD) for 48- and T2-hour forecasts,
In general the persistence-deflection schemes performed better than *(F+C).

Guick response may not always be a merit. A few case gtulies
suggest that the (P+4SD) may be superior to the #{P+() because of ite gquick
reaponge to change of track and in its ability to forecast storma not.
moving along the climatological modal directien, However, as climatology
ia chesen with due consideration being given to the past 12-hour movement,
(P+:3D) is probably more sensitive to initial poeition errors than #{P+C).
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Fig. 1 Diagram 1luatrat +the computation of the
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and, the deflection vecter
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