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ABSTRACT

A bogus typhoan scheme, designed for the initialization of a typhoon track prediction model, is developed in this
paper. This scheme includes both effects of axisymmetric wind and asymmetric wind. Experimental forecasts using a
two—way inleractive movable nested mesh model show that the forscast skill of typhoon tracks has clearly improved

after introducing the bogus typhoon into the initial fields.
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1. INTRODUCTION

The gale and the heavy rainfall caused by typhoons are one of the major natural disasters
that influence the coastal areas of China, so typhoon forecasting {primarily the typhoon track
forecasting nowadays) is very important both theoretically and practically. Because typhoons
form and develop over oceanic regions where conventional synoptic observations are sparse
and are not well reliable, typhoon track forecasting is often failure by using a numerical mod-
el initialized from the assimilation of a large—scale model. On the other hand, computers of
today are capable of running high—resclution primitive equation numerical prediction models
operationally. Therefore, in order to perform the numerical prediction of typhoon tracks, we
must enhance the information that could represent a typhoon as realistic as possible in ob-
served analysis fields. A common way is, based upon a set of observational parameters, to
construct a semi—empirical model typhoon (usually called as 2 bogus typhoon), and then to
implant the bogus typhoon into the analyzed field. In this way some experimental forecasts of
typhoon tracks have shown encouraging results, examples have included the works of Iwasaki
et al. (1987), Mathur (1991) and Kurihara et al. (1993).

Following the above works, we present here a bogus typhoon scheme. It includes both an
axisymmetric typhoon structure and an asymmetric wind structure related to the
axisymmetric one. Prediction experiments using a movable nested mesh model show that this
scheme is feasible.

1I. OUTLINES OF THE NESTED MESH MODEL

A primitive equation model and ¢ (in the veriical) and latitude—longitude (in the hori-
zontal) coordinate system are adopted. It is formulated in 15 levels and C—type staggering
grid mesh. The model physics includes horizontal diffusion, surface boundary friction,
large—scale precipitation and cumulus parameterization (for details see National Meteorolog-
ical Center, 1990). Time integration uses an economical explicit scheme (Tatsumi, 1983).
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The coarse mesh model (CM) is fixed with a horizontal resolution 1.875°, and a model
domain covering the area of (—48.75°N, 84.375—-159.375°E, which consists of 27 x 41 grid
points. The CM lateral boundary is updated by using a technique suggested by Davis (1976).
The fine mesh model (FM) follows the movement of a typhoon, with a resolution of
0.46875° and a domain size of 18.75°x 18.75° or 41 x 41 grid points. So the ratio of grid
lengths of CM to FM is 4:1. The vertical structures are identical for both CM and FM.

Time integrations proceed with CM fields firstly. The latest tendency, AX = Xx""' — X"
of CM variable X, is obtained after completion of one step integration from time steps 7
to n + 1. The CM tendency, AX, is spatially and temporally interpolated to get time—depen-
dent FM tendency that is used to update the FM lateral boundary. Then the FM integrates
four successive time steps (here assuming that the ratio of time steps of CM to FM is also 4:1)
until reaching the time level same as that of the CM. At this time level the forecasted CM
fields are superseded by the smoothing values of the latest FM forecasts over the FM domain
where FM fields overlap with CM ones, this means that a feedback of FM to CM is per-
formed. The smoothing is a nine—point spatial filter. After above steps one cycle of integra-
tions of the nested mesh model is completed. From the above procedure, the updating of FM
boundary by the CM forecast result implies the forcing of large—scale motions on the FM
fields, and the feedback of the FM forecasts to the CM ones represents the influences of a ty-
phoon on large—scale flow. For those who want other details about the nested mesh model,
please refer to Wang et al. (19935).
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Fig. t. Flow diagram of initialization processes for the nested model.
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The initialization processes of the nesied model is given in Fig.l. The bogus typhoon is
added to the interpolated FM isobaric analysis fields. After the initialized FM have been
formed, the feedback operation as used in the forecast model is applied in order to introduce
the bogus typhoon information into the CM model.

1. BOGUS TYPHOON SCHEME
1. Removal of an Analyzed Typhoon

A typhoon existing in the large—scale analysis field is usually a weak vortex, its intensity
and location differ much from those of the real situation. Before implanting the bogus ty-
phoon we have to remove this unrealistic weak vortex (hereafier called as analyzed typhoon).
The approach to temove an analyzed typhoon is the two-step filterings proposed by
Kurihara et al. (1993). Zonal and meridional filterings are first applied to analysis field to iso-
late an analyzed typhoon from the disturbance field. An operation of subtracting an analyzed
typhoon from analysis field results in the large—scale environmental field. As seen from Fig. |
this operation is carried out in the CM mesh domain.

Zonal direction filtering is a local three—point smoothing operator given by

by =h, +olhy_y thyro — 20, (1}

where 4 is an arbitrary scalar variable, subscripts (J,f) refer to the meridional and zonal indi-
ces respectively, and « is the filtering parameter defined as

u=—(1—cos—)_l . 2)

To eliminate waves with wave length less than 9°, Eq.{1) is performed successively for m
=2,3,4,5 in Bq.(2). After the completion of filtering in the zonal direction, a similar filtering
is applied in the meridional direction, that is,

}TJ,I =i’—!,f +d(“:J—1J +5J+u '“2;?1,1) . {3)
The disturbance field is defined as
hy=h-— i {4)

In order to perform a cylindrical filtering we need identifying the center position (;,94}
and the radius R of an analyzed typhoon. These parameters can be estimated from the 850

172
hPa disturbance wind speed ¥, = (uf, +vh ) . The center position is then given by

Z(V.D }J‘J * (31.1,‘171,:) * ﬂsu

(‘lu:‘Po) = Z(VD )-” . AS_;J ’ (5)

where the summation includes those grid points within a 9x 9 CM grid point rectangle
subdomain centered at the point nearest to the observed typhoon position (4,.¢,), AS,; is
the area assigned to grid point (J,7), and (.¢),, are the grid point longitude and latitude,
respectively.

The disturbance field, #,, then is projected to a polar coordinate system centered
at (49,9 ), and is expressed by h,, (r,8), where r is radial distance and 6 is azimuth. R, is now
determined from Fp(r), which represents the azimuthal mean of ¥, . The ¥, (-} increases
with radins and reaches maximum at some position. Beyond that position, V', (r) tends to
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monotonically decrease. The first time that the condition of ¥, {r) €3 ms™' is met, that ra-

dius is used for R, . From this point of view, the radius R, is ensured to enclose the main
portion of the analyzed typhoon.

Having known /y.¢,; and R, the analyzed typhoon &, is obtained through a cylindri-
cal fillter:

ho(r8)=[1— ElAp (r,0) — hp(R,)] (6)

where %, (R,) is the azimuthal average of 4, at radius R,. The cylindrical filter function
takes the formw:

_exp[— (R, —=r)’ /'] ~exp(— R / I)

E
) I —exp(— R / %)

; (M
where [ is a parameter controlling the £(r) shape, and hereis setto R, / 5.

The analyzed typhoon so obtained is near axisymmetric, its strength decreases gradually
outwards from the center, and vanishes at r = R, . The large—scale environmental field, A, is
then defined by subtracting the analyzed typhoon from the original analysis field:

hy=h—h, . (8)

After completing the above processes of obtaining %, the #; field would vary continuously
and smoothly over the area of an analyzed typhoon.

2. Axisymmetric Typhoon

In the polar coordinale system centered at the location of the observed typhoon, based
on the observed typhoon’s central pressure p, , the pressure of the outermost closed isobar p,
and the corresponding radius R, (see Appendix for the estimates of p, and R, ), an empiri-
cal formula is used lo generate the axisymmetric profile of the surface pressure:

Pn—[Ap cexp(— "))/ (1 +ax’)'"? . r<R,
Py - r> R,

pot)={ ©)
where 7 is radius distance, x =r / R, ,a is parameter controlling the location of maximum
cyclonic winds and is set to 100, the constants p, and Ap can be evaluated from the
conditions p,(0y=p_ and p (R, )=p;.

The surface pressure, through an empirical relation (see Appendix (A2)), is used to ob-
tain the geopotential height at 1000 hPa: -

@, (r)=8.8g(p,(r)— 1000) , (10)

where g is the acceleration due to gravity. Frem the gradient wind equation:

VRSV 80/ r=0 (11)

the wind at 1000 hPa, ¥, (r), can be obtained within » < R, . Here f;, is the Coriolis parameter
at the position of the typhoon center.

Set the wind to be zero at r = R, the wind within the zone of R, <r < R is evaluated
by assuming that the wind decreases linearly from V (R,)at r=R, to ¥ (R, }=0at
r=R,. To eliminate weak discontinuity, a fifth order polynomial fit is applied to the
symmetric flow defined within r < R, . The tangential wind thus obtained is used to derive an
asymmetric flow (see next subsection). After this siep the target tangential wind at
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1000 hPa, ¥, (r,1000), is determined.
Introducing the empirically determined structure functions:

Fip) =%[1 +tanh(:%£)] : (12a)
G(p) = sech (%P&) , (12b)
H(r) = sech (’ ;r") , {12¢)

the winds on the other mandatory levels are given by

Vilrp)=[Fp)— GM() « V,(r,1000) . (13)

The parameters p’, Ap, r’ and Ar in (12) control the decreasing rate of cyclonic winds in the
vertical and the height of anticyclonic winds in the upper level, and they are set to 150 hPa,
200 hPa, 280 km and 200 km, respectively.

Set the geopotential height to be zero at r=R,, the axisymmetric deviations of
geopotential on each level, AB(r, ) can be evaluated also by use of the gradienl wind equation
from the above obtained target tangential wind.

The moisture field related to the bogus typhoon is estimated by a very simple way. Let
the relative humidity (RH) deviation at 1000 hPa be

AH(r,1000) = AH, » (1 —RL) : (14)

a

The AH on the other levels is given by

. g—r =
AH(r.p) = {sinlio05— 53
'

1} + AH(r,1000) , (13)
where AH, issetto 8%, and p, is 300 bPa. Since the R is about 90% over the coverage of a
typhoon and surroundings in the lower troposphere, the RH in bogus typhoon is specified to
be aboul 98% near the lower level central region.

3. Intreduction of Asymmetric Winds

Dynamical analysis on typhoon motions has shown that, in the absence of basic flow, the
typhoon’s moticn is aimost caused by the nonlinear interactions of the symmetric flow and
the § effect, this kind of movement is usually termed as B drift (Smith and Ulrich, 1990). In
performing typhoon track predictions by a dynamical model, the § drift mechanism will be an
important factor that could improve the track forecast skills. It is apparent especially when
the environmental steering flow is very weak. Kurihara et al. (1993) have made an interesting
attempt to include the effects of asymmetric winds associated with the f drift by using a
simplified barotropic model and have given encouraging results. Guided by their work, we in-
troduce here the asymmetric winds into the symmetric bogus typhoon described in the pre-
vious subsection.

According to Ross and Kurihara(1992), the wavenumber—one structure around the ty-
phoon is the predominant part of the asymmetric winds related to the j drift, they could be
accurately simulated by a three—component barotropic vorticity equation model. In other
words, the total wind can be decomposed in a polar coordinate system moving with the ty-
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phoon center as
Vir@)=Ve()+V,(r,0+ V,0r.0) , {16)
or the vorticity field is expressed as
{r8) =)+ L (n8) +[5(r6) a7

where the subscript denotes the azimuthal wavenumber, with the wavenumber 0 being the
symmetric component. Set the § drift velocity at the typhoon center to be C, the governing
equations for the components can be deduced from the bartropic vorticity equation as

a5,

F7 _(Fl * VC])O _('72 * Vi +(C- Ve _ﬁUn '71)0 * (18)
d — — — .
BL:I ==V, V= F, =NV =V - Vi), —(F, « V),

+C- Vi +(C~ Vi "'ﬁJT-' l_':m _ﬁ(f' Vz)l s (19)
a _ _ _ _ - —
'ac‘f" ==V VGV VG~V s V), (€ VUL —BG V), . (20

where (4 « B), is the wavenumber # component resulting from the inner product of vectors
Aand B, and j is the unil vector pointing to the north. Given an initial symmetric wind
Vo (r), Eqs.(18Y~(20) can be solved numerically with estimating the radial derivative by finite
differencing. We take the tangential wind ¥, () in the previous subsection as ¥ (r). The inte-
gration shows that, in general, the asymmetric flow becomes fully developed in about 20
hours. However an extended integration to 36 hours has been conducted to reach a
quasi—steady state of the asymmetric flow that could be assumed as a representative of a real
typhoon asymmetric flow. Such assuming may be reasonable for cases of mature and steady
typhoon, but further considerations are necessary for those typhoons in developing, decaying
or intensity sharp changing stages.

1t is shown from Eq.(18) that the development of asymmetric flow could influence the in-
itial symmetric flow as well, however this influence is not significant. Stated as above, the re-
vised symmetric wind is taken as the ¥, {r,1000) in Eq.(13}.

The generated surface asymmetric flow is distributed vertically to upper levels by an em-
pirical method. Because there is no practical understanding of the realistic vertical structure of
asymmetric flow, we have simply assumed here, as proposed by Kurihara et al. (1993), that
the strength of the asymmetric winds decreases monotonically with the height:

7., (r,8,1000) = ¥, (r,8,1000) + ¥, (r.6,1000) ,
V,(r,0.0)=1) = ¥,(r.5,1000) , (21)

where y(p) is the coefficient with the numerical values given in Table L.

Table 1. Numerical YValues for Coefficients y(p).

p (hPa) 850 T00 500 400 <300

1.0 095 0.85 0.3 0.0 if p, <990 hPa

#(P)
1.0 0.2 0.60 0.0 0.0 if p. > 990 hPa
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Fig. 2. Pressure—longitude cross section nearest the typhoon center for analyzed meridional wind,
the contour interval is 5 ms™!, abscissa is in longitude with intervai of 1.875°% vertical coordinate is
in hPa.

4, Discussion

It is shown by the above processes that only three parameters {longitude, latitude of ty-
phoon center and central pressure) are needed to generate a bogus typhoon by this sheme. 1t
alleviates somewhat the subjective determining of parameters. Moreover, for the bogus ty-
phoon is implanted, as the form of & deviation field, in the environmental field with an ana-
lyzed typhoon excluded, the initial positioning error of an analyzed typhoon is removed as
well.

From (9) we see (hat the p, has a direct impact on the strength of the symmetric flow.
Because an intense typhoon cannot be prescribed well with the models, the g, is set to 975
hPa whenever a p, less than 975 hPa is observed. Though this process usually results in a
weakening of a typhoon, the study by DeMaria (1985) has shown that, in concerning the
movement of a typhoon, the size is more important than the strength of a typhoon.

1V. EXAMPLES

Six case experiments have been conducted for typhoon Judy, Tip and Hope of year 1979
by using the bogus typhoon scheme described previously. Among the above six cases, three of
them started from 0000 UTC 23 August, 0000 UTC 11 November and 0000 UTC 30 July,
respectively, and another three started just one day later than the former three cases
correspondently. The observed tracks of these three typhoons were in directions of
northwestward to northeastward, westward, and northwestward, respectively. Here only one
case results of 30 Tuly are given in detail.
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Fig. 3. Winds at 1000 hPa; {a) analyzed, (b) same as (a) but with the analyzed typhoon removed
(Ra = 1000 km). The line frame within the figure domain represents the FM boundaries at the ini-
tial time.

From the best estimates . for typhoon Hope, the central position is at
2, = 133.5°E, @, = 17.0°N, central pressure is 955 hPa and maximum wind is 40 ms™" at 0000
UTC 30 July. Fig. 2 shows the analyzed meridional wind near the typhoon center on
pressure—longitude cross section, The intensity and strength of the typhoon based on analysis,
as seen from the figure, are much weaker than those of the observed typhoon which can be in-
ferred from parameters given in the best estimates. The analysis winds at 1000 hPa is dis-
played in Fig. 3a, and the corresponding wind fields with the analyzed typhoon removed
(Ra= 1000 km) is shown in Fig. 3b. Comparing these two figures, we see that the analyzed ty-
phoon has been effectively filtered out. The same is true for other fields (figures not shown).

With 975 hPa as p, input value, the scheme generates an initialized state with estimaied
p, =1007.1 hPa, R, =648 km. Fig. 4 shows the pressure—longitude cross section of the
initialized meridional wind and Fig. 5 shows the wavenumber—1 asymmetric wind field.
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Fig. 5. Streamlincs of wavenumber—one asymmetric wind at 850 hPa. Abscissa is in longitude and

ordinate is in latitude with intervals of 1.875".

Forced by the initial symmettic wind, the asymmetric wind develops progressively. It is seen
from Fig. 5 that, up to 36h, a uniform flow with the velocity speed of 3.2 ms™ and the direc-
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tion of 316°cver the typhoon central area, and a dipole—like patiern with an anticyclonic gyre
te the east and a cyclonic gyre to the west 900 km far from the center, are formed.

The combination of the symmetric and asymmetric winds leads to an asymmetry in the
initialized tangential winds at middle and lower levels, in other words, the south wind in the
east side is stronger than the north wind in the west side of the typhoon center, which can be
seen in Fig. 4. In addition, we see that there exists an anticyclonic circulation at and above
200 hPa level. Fig. 6 shows the initialized CM wind at 1000 hPa. Compared with Fig. 3a, the
main advantages of bogus typhoon are in intensification and improvement of typhoon struc-
tures over the typhoon area. Also we notice that the winds vary smoothly across the model
inner boundaries. The thermal dynamical fields match well each other with a warm core ob-
served around the typhoon center (figure not shown). Therefore the bogus typhoon structures
generated by this scheme in general agree with the observational typhoon structures. Using
the initialized fields, the track predictions performed by a two—way movable nested mesh
model are shown in Fig. 7. The track errors at 24h and 48h are 58 km 170 km, respectively.
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Fig. 7. Observed versus forecasted typhoon tracks. Symbol o represents observed positions, sym-
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Experimental forecasts are also conducted for other five cases. [t is shown that the mean
track errors for all six cases at 24h and 48h are 125 km and 382 km, respectively, which dem-
onstrates some forecast skills.

V. DISCUSSIONS
1. Comparison with Aralyzed Initialization

The cases used here are taken from FGGE dataset, it means that the resclution and qual-
ily in the analysis are weli—conditioned. Nevertheless, the track prediction performed by the
same model but directly using the analysis as initial fields, for example the 30 July case,
showed that the track errors at initial time and at 12h are 98 km and 269 km, respectively, af-
ter that the track errors increase slowly but the typhoon moves disorderly, This demonstrates
that the direct use of the analysis as initial data is inappropriate.

2. Comparison with Symmetric Flow Initialization

To investigate the effect of asymmetric winds on the initialization in the bogus typhoon
scheme, additional experiments are also conducted in which no asymmetric flow is included.
1t is shown that when the typheon locates near the edge of 2 subtropical high (a case of clear
steering current), the effect of asymmetric flow is not important; when the typhoon is far from
the subtropical high or the high is weak (cases of weak steering currents), the inclusion of
asymmetric winds could improve the prediction skill of typhoon tracks. These results proba-
bly indicate that the dynamical mechanism related to the asymmetric flow within a typhoon is
responsible for the improvement in the forecase skill of typhoon tracks when the steering cur-
rent is weak. However, how this mechanism works is not clearly known, and a series of
specifically designed prediction experiments should be conducted so as to confirm the roles
played by the inner mechanism associated with the typhoon's asymmetric flow.

V1. CONCLUSION

A new bogus typhoon scheme is proposed in this paper. This scheme is based on the
syntheses of a few other typhoon initialization schemes. A detailed description of the scheme
as well as the case experimental predictions are given. The main conclusions are as follows.

(1). According to this scheme only three parameters (central longitude and latitude, and
central pressure of a typhoon) are needed for the system to automatically generate a bagus
typhoon, few parameters are specified subjectively.

(2). In the bogus typhoon scheme an asymmetric flow effect is introduced. This
asymmetric flow is derived from a simplified model through the forcing of a target symmetric
winds. Experimental results show thal the introduction of asymmetric flow could improve the
forecast skill of typhoon tracks.

(3). Because the bogus typhoon is added, as a deviation field, to the environmental field
from which a poor resolved analyzed typhoon is removed, this scheme automatically removes
the initial positioning errors of the analyzed typhoon as well.

(4). Results of six case experimental forecasts up to 48h indicate that this bogus typhoon
scheme is applicabie.

Although the performance of the model using the initial conditions generated by the bo-
gus typhoon scheme has been satisfactory in the cases tested so far, prediction experiments
under the operational environments are needed in order io improve further the present
scheme. Moreover, studies on exploring the mechanism, to which the forecast skill improve-
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ment in typhoon tracks could be attributed by introducing the asymmetric flow into the initial
conditions, are also necessary.

Appendix: Estimation of p, and R,

The analysis datasets used here do not include the sea level pressure p; , but contain the
geopotential at 1000 hPa, Z,,,. An empirical relation is adopted to obtain p,; from Z g

Po = Z 1o / 8.8+ 1000 , (A1}

The p, , as indicated by Mathur (1991), is the pressure of the outermost closed isobar around
a typhoon, R, is the corresponding radius. To avoid subjective determination of p, and R, .
the automated estimations of g, and R, from Z,y, are used.

In a polar coordinate system (r,f) centered at the minimum of Z o, in FM domain, the
azimuthal average of Z,, is expressed as Z, (r). At point {r.8), the maximum difference be-
tween Z,u and Z (r)is AZ_, (). If the Z ., were an ideal symmetric field, then
the AZ .. (r) would be zero everywhere. In general the AZ__ (r) is a monotone increasing
function of r. Setting AZ_ 1o be a critical value, a condition of AZ,, {r) Z AZ  means that
the quasi—axisymmetry of a typhoon is no longer sustained {or an isobar is not closed). The
minimum radius that meets the condition is defined as R, . Then from (Al) p, can be evalu-
ated as

ps =Z,(R,)/ 8.8+ 1000 . (A2)

The iest results show that, when AZ, is set to 25 m, the values of p, and R, by the automat-
ed eslimation and by a subjective evaluation are very close to each other.
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